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— Tests.  Boiler — Determination  of  the  radia- 
tion   correction    of    a   throttling   calori- 
meter.      Alexander 577 

— Tube      blowing      and      blowoff      opening. 

Records     •870 

— Tube  end.  Coleman's  no-lcak  safe,  ,.!,'.' •468 
— Tube   ends   of  fire-tube  boilers.    Beading.  t351 

— Tubes   for  r.-t.   boilers.    Sizes   of 1191 

— Tubes.  The  constitution  and  properties  of 

boiler.       White    ^9.59.    Correction 1038 

— 'Tubes  unaffected  by  forcing  boiler.  Mate- 
rial    of     clean f  151 

— Waste-heat  and  coql-fired  boilers.  Sections 

through.     Spooner.   Annett •771    791 

— Waste  heat  supplied  to  boilers.  Crediting 

value    of $517 

— Waste-heat  utilization.  McDermott  Will- 
cox    ^992 

— Water-column     blowdowns,     improvement 

on      ^553 

— Water-column    connections 150 

— Water  column    of  r.t,   boiler.    Connecting' 1 351 

— Water    hammer    fractured    valve ^230 

— Water   level    enualization    impractical.  .!    ±517 
— Water    level    indicator    for    boilers,  .  ,  .         114 
— Welding  in  steam  boiler.s  and  other  pres- 
sure vessels    (53 

—World's    largest    boilers.  ...........'..'  *828 

Bolt,    Easily    made    expansion '  •674 

Bolt      heads       Standardization      of     widths 

across  flats  on  nuts  and 278 

Bolts,    Connecting-rod 197 
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Pafre 

Bolts,  Detecting  elongation  of  connecting- 
rod    •832 

Both  suffering  from  past  ill  repute.  ,  .  ,511,   662 

Braden  Copper  Co.'s  power  system  in  Chile    ^730 

Brake  briefly  explained  The  principle  of 
the  prony.     Phelps •543 

Brazil  has  plans  for  development  "of  interior 
transportation    875 

Breeching  for  the  new  boiler  house  of  the 
Armour     Co ^969 

Brick.  Test  for  softening  point  of  fireclay.  .'6.30 

Brighter    economic    skies 512 

Brine  cooler.  Connections   to  shell.      Ryan. '614 

Brine   cooler.    Double-pipe,      Hill •SSS 

Brine  cooler.  Handling  the  flooded-type. 
Hill ^464 

Bristol,  Pa. — 10.000-hp.  station  for  operat- 
ing  shipyard.      Berger    ^284.    305 

British  Coal  Conservation  Plan.  Lazarovich- 
Hrebelianovich    ^745,    753,    Correction,  .  .    811 

British  coal  production  in   1919 156 

British   coal   strike 671 

British  control  of  the  oil  business — If  true, 
we   are   glad   to   know   it 262 

British   regulating   coal    export 314 

British  thermal  unit.  The,  and  the  mechan- 
ical   equivalent    of    heat.      Low *& 

B,t,u,  vs,  kilowatt-hoiirs  per  ton  of  coal  as 
measure   of   efficiency 232 

Browne  and  Nichols — Inventors  of  Thorn- 
ley  coalometer •500 

Brushes  and  brush-holders.  Connections  be- 
tween.      Kalb •SeS,   399 

Brushes,  Elevator  worm-shaft  bushing  worn 
caused   sparking  at ^309 

Buffalo.  N.  Y. — Duplex  unaflow  pumping- 
engine   water   valves ^734 

Buhl.  Minn. — Improved  operating  conditions 
save  $13,585   in   fuel   p'r  year.  Craig.,,  ^585 

Bunkers.  Spontaneous  combustion  of  coal  in 
"Silo"    ^428.    ^675 

Bureau  of  Chemistry — The  production  of 
gas  by  the  destructive  distillation  of 
straw.      Roethe ^853 

Bureau  of  Mines — O.  P.  Hood.  Chief  Me- 
chanical Engineer  '184.  Fuel  utilization 
and  smoke  abatement  in  Salt  Lake  City. 
Monnett  ^204.  Utah  coals  and  the  fuel 
supply  of  Salt  Lake  City.  Monnett 
•347.  How  a  smoke  cloud  forms.  Mon- 
net  ^290.  ^593,  Agreement  between  Bu- 
reau of  Mines  and  Coal  Exchange  .3,53, 
"The  Story  of  Petroleum"  •SOD,  Fuel- 
inspection  work  545,  Tests  at  Northwest 
Experiment     Station 880 

Bureau  of  Standards — Cleaning  and  putting 
vehicle-type  lead-acid  batter.v  in  service 
376.  National  Electric  Safety  Code  Ex- 
planatory Edition  400,  Study  of  the  Rela- 
lation  Between  the  Brinmll  Hardness  and 
the  Grain  Size  of  Annealed  Carbon 
Steels.  Rawdon,  Jimeno-Gil  tl038. 
Slushing    Oils.      Walker.    Steele tl038 

Burner.  Sectional  view  through  Burrell  liquid 
fuel    •268 

Btiming  coal  under  emergency  conditions 
106,    Burning    screenings 232 

Burning    hog-fuel.    Had    trouble.  •592,    758. 

•873.    '989 

Burning   sawdust   to   reduce   the    fuel   bill..^l90 

Busch-Sulzer  two-cycle  Diesel  engine  ^46. 
T.vpe   "A"   Diesels •SOS 

Buzby.    A.    C,    Death   of    525.    602 


Cabinet    for   emergency    ga-skcts    ^630 

Cable       experiences.       Some       distribution. 

Arnold    ^1021.    1025 

Cables.   Socketing  hoisting    ....  ^474.    872.    •950 
Cables     Use     and     inspection     of      flexible 

steel     956 

Cableway  excavator  rehandling  coal.  Drag- 
line      ^360 

California.    Electric    development    In     61 

California.     Hearings    on    boiler    code    in..    483 

California.    Industrial    load   in    481 

California  sugar  refinery.  Automatic  oil- 
burning  plant  in.     Brown    ^538 

Calories    per    long   ton.    Reduction    of    B.t.u. 

per    pound    to     $555 

Calorimeter,    Determination    of   the   radiation 

correction    of    a    throttlinir,      Alexander.  .    577 
Cambridge      Mass. — Exiilosi<tn     of     blowoff 

tank.       Longstreet      •10.3 

Cammellaird — Fullagar    Diesel    engine     ....    '98 
Can.ada — High     speed     d.-c.     generator     and 
turbo-blower   power   plant.     Spooner     An- 
nett     •768.    791 

Canada.    Registration   of  engineers  in 763 

Canadian  Ass'n.  Stationar.v  Engrs.*  con- 
vention            3.5 

Capacity  and   maintenance       Cahill    6.39 

Car  supply  at   all  mines.   Improvement  in .  .    314 
Carbon  dioxide  exploration  to  detect  air  leak- 

ae-e.       Grunert     '.54     64 

Cnrbon   in  hibricating  oil    t7.59 

Carbon  Steels.  Study  of  the  Relation  Be- 
tween the  Brinnell  Hardness  and  the 
Grain       Size       of       Annealed.         Rawdon 

.limeno-Gil      t1  038 

n.irgo   vessels    Electric  drive   applied   to.      •706 
Cai-man,     E.     S..    new    president    of    A.    S 

M     E ^984 

r'asehardeninp'    pins    of    roller   expander .... +51  7 

'"'emcnt    for    faced    steam    ioints    t271 

'^cment-lined   stoker  coal   chutes    -^-i" 

Cement   mills     Diesel    engines  in    ^655 

Ccnt''al   heating    station.   Fuel    waste    causes 

f.alure  of    476     5.53     793 

Ce"t'-,^t   station — -Capacit.v   "^nd   maintenance, 

Cihill     6.30 

'~'entral-Btation    costs,    Diesel     669 

Centrnl    Station    Director.v    and    Data    Book. 

1930.    McGr.nw     +446 

Central-'^t.Ttinn  operation  in  tropical  Ameri- 
ca.     Gowling    ^606 

'^"Mtr.Tl-st.Ttion    plants.    Industrial    and 150 

Central  station- — The  new  Lakeside  pul- 
verizcd-coal    plant.    Milwaukee    *ZSS 


fuse 
Central   station.   The  oil-engined   •BIS,   627. 

Erratum      739 

Central    Station    vs.    Isolated    Plant: 

— Commendable  co-operation    511 

— Power  development  in  the  future.  Lazar- 
ovich-Hrebehanovich.  ^744.  753.  Cor- 
rection        811 

— Question   of   service   cost,      Smallwood    .  •622 
Chadburn   (Ship)   Telegraph  Co.  of  America. 

Inc. — W,    R,   combustion   indicator •981 

Chain-grate    stoker    operation.       McNiell...    810 
Chart — Calorific     value    vs.     relative    plant 

economy    of    coal.      Murphy    ^937 

Chart,  Coal   vs,   oil  performance ^402 

Chart     for     multi-jet     condenser.     Recording 

vacuum    gage.      May,    Taylor    •980 

Chart     of     coal     required     for    temperature 

conditions.      Tenney    •.53.5 

Chart — Oil   consumption   of   tvu-bo-generator 

sets    •Sai 

Chart — Production   of  electricity  by   public- 
utility    plants     *602 

Chart — Relative     costs     of     anthracite     and 

bituminous   coal.      Murphy    •900 

Chart    showing   blowing    periods    •870 

Chart  showing  readings  of  meter  with  and 

without     the    lamp     ^67 

Chart  showing  relation  between  vacuum  and 

water   temperature.      May.   Taylor ^979 

Chart.    Thermometer    conversion    ^,5,52 

Chart.    Typical   calorimeter.      Liscom *.33.5 

Charts — Air    for    combustion    ^952 

Charts    for    estimating    pond    capacity    and 

river   flow,   etc.      De   Wolf    ^361 

Charts,     Steam-preesure — Hand     and     Area 

regulation     ^142 

Chemical  industries  to  play  part  in  super- 
power    scheme,     .314.     Sixth     National 

Chemical    Exposition    524.    Fuel-economy 

symposium      560 

Ch'^mical     Industry.     Coal     Saving    in     the. 

Brownlie     +1038 

Chicago.    Employment    Conference    held    in.    916 
Chief — Respect    for    the    man    who    knows 

how     436 

Chile.    Braden    Copper    Co.'s    power    system 

in     •7.30 

Chimney    caps.     Cast-iron      t95.3 

r'hutes.  Cement-lined  stoker  coal .347 

Cinder  nuisance    Overcoming  the 227 

Cinders    in    stack    gases    908 

Circuit    breakers.    Maintenance    of    carbon. 

Austin     •574 

Circuit     breakers — Principle    of     operation. 

Todd      •536 

Civil     Service     Commission.     U.     S. — Power 

house  eneineer  wanted  by  the  Gov't.  .  .  ,1038 

Clinkers      Strohm    '123 

Clock  for  checking  generator  frequency   ,  ,  ,  ^386 
'^O...     See  "Carbon  dioxide," 

Coal     145 

Coal    a   concededlv   private  industry.    Is   the 

purveyance    of?     589 

Coal — A       warning       against       exaggerated 

P'-opaganda      985 

Cnal    Air  for  burning  a  pound  of,  Phelns,  , 

•704,    ^952 

r"oal,   Alaska,   for  Navy   301 

Coal     American,    per    month    sent    to    Con- 

s'.antinople     880 

Coal — An    opportunity    to    help    the    other 

fellow     645 

Coal    and   products.   Recent  German   produc- 

'ion   of    238 

Coal    as    measure    of    efficiency,    B,t,u,    vs, 

kil"watt-hours    per    ton    of    2.33 

f^oal   Association  predicts  early  relief 683 

Coal     Austria's   monthl.v  requirements  of    ..1034 
Co!>l  barons  and  the  people — How  long  will 

this   condition   endure?    •161 

'^oal     Bituminous,    bulletins  suspended    .  ,  .  ,    754 
Coq|      Bituminous,     on     the     Atlantic     sea- 
board         159 

'^"^1 — Bituminous  prices  decline    406 

"^f  'I     Bituminous,    production     314 

'~''--''     Bituminous.    Storage   Practice.    Stoek. 

H.pnard.    Langtry    +642 

•^'o.Ti     RIack     vs,    white   coal    722 

<^nal     r.,.jtjsh     production    in    1919    156 

Coal      Burning    mixed    sizes    of     t797 

r'oal   carried    on    Cl,a.ss    1    roads    etc 545 

r-nai — r'i,,nin-grate  stoker  operation,  McNiell   810 

r'o.-il   chutes    Cement-lined   stoker    347 

''o.nl — Conservation    by    interconnection,,.,    709 
Coal    consumption    in    institutional    heating 

plants      28 

<^oal    eosts — Federal   Trade  Commission    ,  ,  ,    186 

Coal   dealer.    Show   this  to   your    433 

•"■lal    done.    Another    628 

Cn!>i     Dragline    cableway    excavator    rehan- 

(llin?      •260 

Cn;ii     Economic   value   of — T.   A   comparison 

of      anthracite      and      bituminous      coal. 

Miirnhy     ^899.     II      Calorific    value     and 

vintive  nlant   economy  with   coal   as  fuel 

•0.3R      TTT.     Falline'    off    in     heat    content 

•071     TV.    Impurities    in    coal     •1012 

Coal — Economies   in   ptimplng-station   opera- 
tion   at    St.   Louis    •,599 

""eni    Encouraging  use  of  pulverized  Rhode 

Island     263 

Cn.Tl — Ev,anston    instructs    her    school    engi- 
neers      444 

Coal   Fvchange    Agreement  between  Bureau 

of  Mines   and    .3,5.3 

■       '      -M^rf     British    rcCTiIatine    314 

Co.li.     Federal     Trade    Commission    reports 

"n    cost    of    mining    236 

'~'n-I    fields   of    Armenia     840 

<-.,ni — Vine — If  it  could  be  done lOfl 

'^""'     Formula    for    estimating    heat    value 

,,  o^  i,-  ■  ■  •, tail 

<  ^ni     'i'r'.n/.iv    resources    48.3 

Cc-.l   from   Swansea   and  Port  Talbot,   South 

Wni..,j     riporense    in    export   of    641 

"^""^ — ^Piiel    in    ArB-entina,      Hnvens    ^649 

Co'»] — Futur"        prospects        of       increasing 

lliermal    efllciencv    227 

Cor>1.   Has  the  public  a  right  to  know  what 

it   costs   to  mine  its?    399.    !M1t 

Coal,  Heat  energy  realized  per  pound  of.  .  t35l 
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Coal,    How   mut'li   <l<>  yoti   pny   forF    6uO 

Coal — ImiiroviM     ii|>iTutiii|[     oiiullllona    navp 

>i;i. .'■»..   Ill    tiicl   iMT  yriir       Cr»l»    •;>»(,■. 

Coal    111    rulnlliiK    t'oki*    ovni,    Ixiw  Irnipcra 

■  tin'    (llstillntiuii    lit        Howr       .  •IITM.    R<l     .'■.Ml 
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Coal    III    thp    r.    S,    Commi-rclal    iturk*    of 

lilliinilnoui)      R23 

Coal — Iiu'n-n«r   In    trolKht    ratoa    4tU.    521 

Coal   Inrrraao  on    to  oonaumrr.   Cannot  paaii 

tho     m 

Coal    liuliiKtry    !■    rontrotlrd    by    a    lyatem. 

Ch«rr<"«    anthrarite    118 

Coal    innixvllon.    Oov't 31 1 

Coal — I      V.    V.    tuki-«    mcaiiiirps    to    rcllere 

Mlilill<<  Writ  nnil  NortliwrKt 042 

Coal.    I^iw,    prodiiivd    In    I'ppcr    Sllrsia    In 

mill    than   In    1018.   etc '.  .    761 

Coal — Maintrnanco   and    operation   of    Gov't 

fuel    yanl    •427.    4.1tl 

Coal — M»klnc  the  beat  of  what  you   have.    30rt 
Conl     mined     In     a     diatrici     of     Aimtralla. 

Amount    of    803 

Coal    mliietl    in    the   D.    S..   Consumption    of 

•oft      843 

Coal    miner*    of    Kraneo    baok    to    work     .  .      23 
Coal    mines — Avernire    production    for    each 

under»7-ound     worker     406 

Coal    mines.    Germany    may    take   over   916. 

E<1 908 

Coal    monopoly.    Anthracite    72 

Coal — Nationalixe    the    fuel    supply 305 

Coal.    No   more    •983 

Coal    operations.    Results    of   the   rensus   of 

Pennsylvania    anthracite    957 

Coal     operators     and     brokers     arrested     at 

Knorville.     Tenn 273 

Coal     operators    becominir    uneasy     724 

Coal    pile,    Device    to    show    thermal    eondi- 

„  ti"n»    in     •.'jOO 

Coal    Powdered,  as  a  Fuel.      Ilerinirton    .  .  .  .+963 
Coal — Power    development     in     the    future. 
Lararovich-Hrebelianovich       ^744,       753 

Correction     .'   gll 

Coal — Practical    fuel-conservation    methods.  404 

Coal  prices  here  and  abroad    714 

Coal    prices.    Supply    and    demand    and ....    436 
Coal    prices — ntimately    worth    while     .  .  .    344 

Coal  prices.   What  of  lower?    437 

Coal  problem.  Mining-  engineers  working-  on 

">P     • 879 

Coal   production   continues  high    803 

Coal.     Production    of.    In    Prance    and    im- 

„  P""-''     ■ 641 

Coal     proflteennp.     Senator    Edge's    version 

of     879 

Coal    profiteers.    To    prosecute     354     513 

Coal     Proximate   and   ultimate   analysis   of.J311 
Coal    Pulverized  anthracite  and  recoverv  of 

river      "  P57 

Coal.     P\ilverized.     tests.     Comparison  '  of!  !    187 

Coal    reconsimment    evil    239 

Coal    saved    by    overhauling    shaftinr 139 

Coal     Saving     in     the     Chemical     Industrv. 

Brownlie     ."tl038 

toal    Says  wae-e  increase  should  lower  price 

of    anthracite     444 

Coal    <«'arce    and    expensive    !!!.!*    39 

Coal   shortage   acute.    Soft .  .  .  .    117 

Coal    shortage    in    Northwest     '  '    602 

Coal.  Simple  rules  for  operating  hand- 
flred  boilers  when  usinr  low  B  t  u 
DaHer    34j 

Coal    situation    by    Senate    Committee     In- 

ouiry     into      IS? 

Coal     situation     cartoon '"OS 

Coal    situation    in    brief R.th 

Coal    situation.    International .  .  .  .    641 

Coal   situation    is   improving    ....  ao^ 

Coal    situation    no   better — No    worse  1'>1 

Coal   situation.    Notes   on    the  198 

Coal    situation.    Optimistic    reports   "received 

„  "'      Si" 

Coal    situation.    Sidelights    on    the    279 

Coal  so  scarce.  Is  bituminous?    '.'      79 

Coal     Soft,    producers — Exchanging    repbrts 

of   prices   on    sales    I44 

Coal — Soot    and    its    abatement    by   the   use 

of   salt.      Murphv    ,^22 

Coa' — Speculation   in    anthracite    .  .  !  ! 907 

Coal    speculator — Get    while    the    getting    is 

mod •7*'9 

Coal    Spontaneous  combustion  of    In    "Silo" 

bunkers     •40S      .^7- 

Coal — Sprinedale  Power  Station.  West  Penn 
Power  Co.  Bell  •488  Latest  develop- 
ments   in    large    boilers    for    central    sta- 

''ois    •ani.    907 

Coal      Steam    regenerators    in    mine    plants 

save  one  third  the.     Schacht    ....  •836 

Cosil  still  scarce  in  spite  of  lifting  of 
Lake    pnonlv    order    .  .  .  7fiQ 

Coal     strike     British     '..'.'.'.'.'.."    671 

Coal — Supply  and  demand    '  '  '    710 

Cn.i1 — Suspension  of  service  older  giving 
Priority  for  Lake  shipment  seems  Immi- 
nent       7fl^ 

Coal — The    heating    plant    as    a  'source"  of 

power.     Evans    ^^^fi    rr7 

^""l    li''   '"""age  of   bituminous.  Hood        '^ra 
'"a' — T^e  world's  enerev  supply  'I? 

Coal     Thrift    in       Smith" .71ft 

Coal    Typical   fires  in   stored    etc      Lanciry 

_     ,          ^  ••54R     •618     •«<>•?     •749 

Coal    under    emergency    condition.'     burning 

10ft.     Burning     screenings  9.T> 

Coal  vs    oil  performance  chart .  .  .  'sn2 

Coal    Wbat   arc  vou  doing  to  save?    .  R"7 

Coal — Who    p^ts    it?    '        snn 

Coaiome'er    Thnrnley '500 

Co.ils     TtPti^r  utilization    of   sub-bituminous 

and    liBTute.      Darling    .313 

Coals     riah     and    the   fuel    supply   of    Salt 

Take    City       Monnett ^247 

Coili  "The  flooded  system  for  evaporatiiig 
Crawford     •44 
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Ciiku   ovrii.    Low  trnipiTattiro  distillation   of 

coal    In    rotatliiir        K r    •II7H.    K<1....    550 

Cold  storaKK    Instilatiuii    eniclrncy     274 

Coirninn's    no  leak    sale    tiilni    end     ^468 
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ras    lo*M-»    Oil 

Combustion     of     coal     In     "Silo"     bunknni, 

HpoiitaneouH     ^438,    ^675 

Coniliuslion — Boot     and     its     abatement     by 

the    use  of   salt.      Murphy    323 

Combtintlon.    The    Plenty    ollenrine    •(126 

Commutator  mado  from  copper  block.  Pear- 
son      ^458.    501.    711.    870 

Compiling   useful   data    830 

Compression,    Ammonia       Se«<   "Refriireratlon." 
ComrinsHor,    Air      See  "Air." 

Con.  ret.-.    Itodding   of    314 

Concrete — Steel    foundations    for  30.000-kw, 

horizontal    tiirbo-renerators.   James.  •646,    051 
Condensed  clipping    indix    of    e^iiiipment .  .  . 

•119.    '280.    •484,    •76':,    •902 
CONDENSER.    AMMONIA 

See    also    "Refrigeration." 
— Ammonia     c-ondensers     as    the    operating- 
man    sees    them.    Hill    ^OOO 

— Double  pipe  ammonia  condenser.  Hill  ..^387 
CONDENSER,   STEAM 

— Air   In   cooling   water   of   jet   condenser.  .    J69 
— Condenser    water    in     low-pressure    cylin- 
der      '553,    711 

— Multi-]et  condensers.   Tho  development  of 

low    level.      May.    Taylor    ^978 

— Pressure.     Condenser,     not     ascertainable 

from   temperature    t351 

— Salt-watiT    leakage    In    condenser.      Over- 
end     262.    554 

— Service   experience    with   condensers.      Al- 
len      '914 

— Static    condensers    for    i>ower-factor    cor- 
rection      '790 

— Tubes.  ProIongiMs  the  life  of  condenser  67 
— Vacua.  Limitation*  to  high.  Bailey.  ..  ^192 
Conduit    risers     Supporting.       Turner     ....    ^12 

Confusion.    Where   all    is    627 

Connecting-rod    bolts     197 

Conservative    guarantees     907 

Controller.   Kelly  thermo  return    •53.   Other 

control      snecialties      ^.59 

Converters.   Phasing-out   rotary.     Reed    ....    ^51 

Conveyor.    American    high-duty    ash     •866 

f'ooling  water.  Ammonia  coils  for.  Solomon.  176 
Co-operation  among  engineers'  associations. 1026 
Conner-Plate    Worker.    The    Sheet-Iron    and. 

Blinn     t279 

Cork  and  lith  board.    Heat  insulating  value 

of 995 

Corliss    engine     Peculiar    thump    on    a     ...•796 
Corrosion — Simple    methods    of    determining 
dissolved  g.is  content  in  boiler-feed  water, 

McDermet.    Wertheimer     ^686 

Cost.  A  question  of  service.  Smallwood .  .  •622 
Cost      accounting     in     refrigerating     plants. 

Preliminaries    to.      Neff     •l.'JO.    140 

Cost  of  mining  coal.  Federal  Trade  Commis- 
sion   reports    on     236 

Costs.    Diesel    central-station     669 

Cost-s — Diesifl-engined         municipal        light 

plant     'OlO.     627.    Erratum     7.'?0 

Costs — Diesel   engines  in  cement  mills ^656 

Costs     Eliminating   waste    to  reduce  power- 
plant.      Duffev 827 

Costs.    Increased    operating    761 

'"osts    Make-up  of  power.     Murphv •899 

Cos's.    Power — A    Diesel-engined    flour    mill  .326 
Costs.     Steam-turbine     and     Diesel     operat- 
ing         787 

Counter    Timing  relays  with   a  cvcle.  Todd.  •751 
Coupling.     Robertson-Fairfield     flexible     ex- 
pansion       •ft'ft 

fourt  decisions    103     144     253     852     807 

Crack  In  cranksh.nft.  Determining  depth  of.»190 
Cr'"-ks       Circumferential.      in      crankshaft. 

WTiifelev    -in     Correction     212 

C'-imn      Wm  .     *     Sons     Ship     and     Engine 
Bnildin?    Co. — ^Jfoodv    spiral    pump     .       .  •889 

f^rane.    Home-made  wall    •714 

Cranes.      Directorv     of      Class.     Trade     and 
Technical    Publications    and   Market   Data 

Book     -tinss 

r'rnnkcas"  Prevented  water  getting  in'o..^832 
Crankshaft   caused  thump    Side  slip  of  515. 

K"5nne   thumps    and    pounds    712 

Cr-"nkshaft       Determining     depth     of     crack 

in     •190 

Crankshafts        Circumferenti.il       cracks      In. 

■WTiitelev     -15      Correction      21" 

'Von-nin"  a  ln>-ge  woci  pullev  In  lathe    .  .  .*~^~ 

rviirlo   oil   r.>-oduction    in    F     S 3.^4 

rVoll-Revnotds  evactor — Correction    30 

Ciiha — Cenlra'-station    operation    In    tropical 

Am^ri-^a.      (Towling    •ROO 

CH.-VP    of    ammonia    comnressor.    Mean    ef- 

f..ptive    nresonre       Stokes     •8SR 

c-.-ic  counter  Timing  relavs  with  a.  Todd  ^751 
Cviinder    in     sivteen    years'    running.     Small 

wear  of   enHne    68 

CviinHnr     Making    a    repair    to    a    cracked 

hvdrauli"      •lis 

cviin^ors  Installing  ammonia  shinpine  .  .  5S9 
Cvlinders  to  collapse.   Resistance  of  hollow. 199] 

D 

Dad's    raise    at    the    pv^wer    house.    To    cele- 
brate      •52' 

Dallas.    Tev  — Diesel    engines    In    a    modem 

flour    mill     •SOS 

T^amper    Home-made  flange •?"« 

Data.    Compiling  useful    '  '    san 

Dean.    Francis    Winthron     •330 

Dp  I.amater-Ericsson  Memorial  Tablets    .  .  .    524 

Density  of   steam    t835 

Details.    Attention   to    401 


PuKc 
Detroit    Creamery    Co. — Boiler    explodes    at 

Owosio.     Mich •71 

Detroit    K<]Ihoii    C(j. — Stf^-I     foundallonii     for 

3(1.0110  kw.      horizontal      tiirlxi  ginerators. 

Jani't    •OtII.    Ur>l.    The    coiiHtltutlon    and 

|iri>i«ilie»    of    boiler    tul««.    WhiU-    •It59. 

Corri-.tlon      lO.'lH 

Diagram.      See  also  "Indicator." 

Uie.el     central-station     costs     669 

Diesel     cylinder  heail     Kusketa      51. '• 

Diesel     cylindi-r  head     repair     •SO.'! 

Dli-sel  eriKlne.  A  pioneer 5<l 

DIesi-l  <  iik'lne  ana  the  automobile.      Day. .  .    83N 

DIcpM-l    inifine   and    the   Indicator    TiM 

Diesel    Engine    Design.       Purdy     t38 

Diesel     inirino     einciency     75.'. 

Diesel    iiik-lno.    Overhauling    a    .  Grow     ....•841) 

Dleml  iiiginn   polnU-rs    088.    817.    034.    9Mo 

Diesel  engine    spee<ls    HO 

Diesel  engine.  The  Ilusch-Sulzer  two-cycle.  •46 
DIesil  engine.  The  Cammellaird-Fullagar.  .  ^98 
Diesel    engine.    Using    tho    indicator    on    a.  .  ^458 

Diesel  engined    flour    mill    326 

Diesel  engined    municipal    light    plant    •616. 

027.    Erratum    7.39 

Diesel  engine<'r.   Dont's  for  the    4 

Diewi    engineers     1(13 

Diesel    engines.    Aluminum    pistons    for    ...^854 

Diesel  engines  in  a  modern   flour  mill •808 

Diewl  I'ngines  in  cement  mills ^655 

Diesel    engines.    Operating    29 

Die8<l    fuel   valve.    Repair  of    •631 

Diesel    indicator    cards     ^705 

Diesel   main  Ixaring     R/pair  to  a •796 

Diesel    motor    ship.    Operation    of    a    274 

Diesel  operating  costs.   Steam  turbine  and.  .    787 

Diesel    pipe-line    station    Are     ^433 

Diesel    piston    clearanci-.    Excessive    ^257 

Diesel    piston    fractures.    Eliminating    ....•1028 

Diesel.    Starting    an    old    654 

Diesel.  Worthington  2  400-hp.  marine  ...,^506 
Direct, current    relavs.    Testing.      Todd     ....  ^850 

Don't   blame  the  fireman    012 

Don'ts    for    the    Diesel    engineer 4 

Draft       and    pressure    indicator — The   Phllo 

multigage     •si  1 

Dragline     cableway      excavator     rehandling 

coal     •260 

Drawing    board.    True    edges   on.      Nye    .  .  .    ^50 

Drilling.    Device  for  overhead    •402 

Drills,     Emergency     512 

Drive.    Belt,    less  loss   of  power  than   direct 

connection      t991 

Drive.  Changing  flywheel   from  belt  to  rope. 

^'agle  ^294 

Dnve.  Electric,  applied  to  cargo  vessels.  .  ^706 
Drive    Lining    up    a    motor    for   shafting   or 

machine.       Reed     ^459 

Drive  of   ventilation    fan.    Wear   and   break- 
age  of   chain    J69 

Drives     Magnetic    clutches    on    synchronous 

motors    for    steel-mill     .562 

Drives,   Power,    for  rolling  mills.  Rogers.  .  . 

•9.     •OO      •171.     •25t 
Duouesne    Light    Co.    to    install    60.000-kw. 

^  "nit     ■  ■ 197 

Dust    explosions     641 

Dynamobile.    Ludlum     .'.'.'  'ftOl 


Eccentric.    Advantages    of t595 

"Eclipse" — First  cargo  vessel   to  have   elec- 
tric drive •706 

Kcnnomic    Skies    Brighter ."jl" 

Economizer    The  integral 26."i 

Educational  courses  in   the  industries    ....    549 
Efliciency  of   a   steam   engine.   What   is  the? 
Taylor     •178.     186.     Limitations    of     effi- 
ciency   '424.     Definitions 437 

Elections  foster  indifference.  Do  society?..  146 
ELECTRICITY 

See  also  "Rates."  "Power  Plant"  and 
cross  references  therefrom,  etc.  For 
hydro-electric  plants  see  "Water 
Power." 

— Alternators  in  parallel t477 

— Alternators    in    narallel    belted    from    the 

same  shaft  Operating  68.  Discussion.  345 
— American  Inst  Elec.  Engrs — Paper  ^73 
Convention  at  White  Sulphur  Springs 
•74.  Paper  76.  Ed.  63  Papers  196 
235.  760.  Dr.  Steinmelz  speaks  on 
lightning  761,  Discuss  lightning  pro- 
tection         840 

— Ammeters      Checking     d.-c.     switchboard 

shunt.      Teaton sOOS 

— Ampere    Centenary    celebrated 1000 

— ^Armature.  Rewinding  a  d.-c.  Hefner.  ... '295 
— Armature  winding.  Reconnection  of....t715 
— Battery   in    service.   Cleaning   and   putting 

vehicle-type    lead-acid 276 

— Battery,    Resistance    in    series    with    stor- 

„  aee    tail 

— Battery  used  to  get  alternator  and  exciter 

into    service 'SSI 

— Bolivian     Gov't,     contemplating     electrifi- 
cation   of   all    railwavs 919 

— Brushes    and    brush-holders.     Connections 

between.      Kalb ^.365.   399 

— Cable      experiences.      Some      distribution, 

„  Arnold    •1021.   1025 

— California.   Electric  development  in 61 

— California.    Industrial    load    in 481 

— California.     Restrictions     against     use     of 

power   removed    recentlv   in 80,3 

— Circuit    breakers     Heaviest,    for    13,200- 

volt   service,  etc ;  .  .    534 

— Circuit   breakers    Maintenance  of   carbon. 

Austin     •.574 

— Circuit    breakers — Principle    of    operation 

^  Todd    •sas 

— Commutator     made     from     copper    block. 

Pearson     ^458     591.    711.   870 

— Conduit  risers.  Supporting.  Turner  ....  •12 
— Dnve.    Electric     applied   to   cargo  vessels.  •706 

— Electric    power    for    pumping 155 

— Electrical  maintenance   and   continuity  of 

service     ;    559 

— Electricity  used  throughout  mill  and  fac- 
tory at  Vargo,   Sweden 434 

— Elevator   accidents.    Preventta|r 473 


July  1  to  December  31,  1920 

Page 

ELECTRICITY — Continued 

— Elevator,      Electric.      machinery — Thrust 

bearings.      Myers 'STS 

— Elevator  machinery.  Electric — Worm  gears 

and  their  lubrication.     Myers    'ISO 

— Elevator    pressure    lines.    Water    h.ammer 

in '267.   473 

— Elevator  ropes,  Reserve  strength  of. 
Voigtlander    '115,    Ed.    ...105.    '474. 

872,    •9.->ll 

— Elevator  worm-shaft  bushing  worn  caused 

sparking  at   brushes 'SOD 

— Engineering,      A     Course     in      Ele<'trical. 

Dawes    i t920 

— Exciters,      Shunt-      or      compound-wound. 

Barron    and    Bauhan 196 

— ^Explosion,    Pacts    about    the    Tonawanda 

switch     station 878 

— Extension   of   power  contracts 897 

— Faulty  connections  the  cause  of  trouble,  ,      6,'5 

— Frequency  changer  set '144 

— Frequency  changers.  Operation  of  syn- 
chronous motor-generator.    Smith   •610,  628 

— Frequency,   Maintaining   correct   average, , •386 

— Fuse,  Blown,  caused  voltage  to  be  un- 
balanced    •zeD 

— Fuse,  Loose,  caused  voltage  to  be  unbal- 
anced       '66 

— Generator,    Reconnecting   d,-e •t31 

— Generator     winding.     Cleaning     apparatus 

for    232 

— Generator    windings.    Cleaning    apparatus 

for     148 

— Heat   treatment.   Power   scarcity   a   factor 

in    electric 801 

— Horsepower,    Electrical    input    to    develop 

15    brake t83.5 

— Induction  motor.  Heating  of till 

— Induction-motor  operation.  Effects  of  volt- 
age and  frequency  changes  on.  Jef- 
frey         381 

— Induction      motors.      Application      of — I. 

Jeffrey    •Gol,    671,    II    •736.    III,.       .  ,  ^812 

— Induction  motor.  Power  input   to t31 

— Induction     motor.     Reconnecting t759 

— Induction-motor  stator  core,  How  to  cal- 
culate a  new   winding  for  an.      Dudley 

•13,     25 

— Induction  motors,  Decreasing  voltage  and 

frequency   on t271 

— Induction   motors.   Low-voltage   panel   for 

starting     ^328 

— Induction     motors     operating     at     18,000 

r,p.m '144 

— Iron  and  Steel  Electrical  Engrs.'  annual 
convention  •556.  Papers  562.  634. 
•719.  Power  scarcity  a  factor  in  elec- 
tric heat  treatment  801,  Use  and  in- 
spection  of   flexible   steel   cables 956 

— Italy — Increasing   electric   production ,  .  .  .    480 

— Lessons    in     Electricity     and    Magnetism. 

Franklin.    MacNutt     t843 

— Lighting.   Good,   in   power   stations ^166 

— Lightning,    Dr.    Steinmetz    speaks   on.  .  .  .    761 

— ^Load,    Connected,    vs.    generator   capacity, 

Jeffrey     ^162 

— Low   voltage   caused   by   blown    fuse,,..^869 

— iMetallic  conduction   of   electricity,  A  new 

theory    of 22 

— Meter     connections.     Checking     four-wire 

three-phase    watt-hour.      Yeaton '541 

— Meter — Obtaining    a   fluctuating   record.  .    •67 

— Motor  and  generator  troubles.   D.-c.   Gan- 

dy.     Schacht     t880 

— Motor-driven  ice  plants — Electrical  con- 
sumption per  ton  of  ice.     Starr '742 

— Motor    for    shafting    or    machine    drive. 

Lining   up   a.      Reed •459 

— Motor-fuel     symposium 1034 

— Motor,  Operating  3-phase,  on  single-phase 

circuit    ^674 

— Motor.   Speed  of  d.-c t873 

— ^Motor  windings.  The  protection  of.    Fox.^942 

■ — Motors    D.-c.   and  a.-c. — Power  drives  for 

rolling    mills.      Rogers.  ...  "SIO,    ^171.    ^254 

— Motors,  D.-c. — Interpole  machines. 

Briggs  -r '938 

— Motors,    Electric,    for    driving   rubber-mill 

machinery,      Easton ^331 

-^Motors  for  mining  conditions.  Treatment 
of  d.-c.  Arnold  '582.  589.  The  pro- 
tection   of   motor    windings.   Fox ^042 

^-^otors  in  ventilation  service.  Speed  con- 
trol   of    d.-c.      Easton ^970,   985 

— Motors,   Size  of   wire  for t991 

- — ^Motors,  Types  of  d,-c. — Series,   shunt  and 

compound.       Briggs ^128 

— Multipliers  for  use  with  portable  volt- 
meters and  wattmeters.  Yeaton   ^395.   "594 

— National    Electric   Light    Ass'n. — Paper..  ^192 
— National    Klectric    Safety    Code    Explana- 
tory    Edition 400 

— National    Electrical    Safety    Code    almost 

completed    33 

— Oil   consumption   of   turbo-generator  sets.  •561 
— Oscillators  on  electrical  machinery.    Lynn.  .•887 

— Phase-rotation    indicator ^438 

— Phasing-out    rotary    converters.       Reed..    ^51 
— Power  development  in  the  future.     Lazaro- 
vich-Hrebelianovich    ^744.   753.   Correc- 
tion         811 

— Power-factor  correction.  Static  condensers 

for    •790 

— ^Power   factor.    Efficiency   curN'es    showing' 

effect  of.     Jeffrey •163 

— Power  factor   of   induction    motors t405 

— Power    factor   vs.   reactive    watts 264 

— Power    flow,    Comparison    of.      Doggett .  .  ^617 
— Power   production   for   first    four    months 

of    1920 354 

— ^Power  with  single-phase  wattmeters.  Con- 
nections  for   measuring.      Yeaton ^96 

— ^Production   by   public-utility   plants •602 

— Production     of     electric     power     in     the 

u.  s 'gei 

— Propelling.    Electric,   machinery  of   future 

U,    S,    capital    ships 238 

— Rela.vs.  Protective — Heverse-power  type. 
Todd  'fisn.  Discussion  ^987.  Timing 
relays  with  a  cycle  counter  •751,  Test- 
ing d.  c.  relays ^850 
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ELECTRICITY — Continued 

— Reversing    polarity t953 

— Rheostat.   Conduit,   used  to   handle   1,800 

amperes    •SOS 

— .Soviet  Russia,  Electrical  power  production 

in     862 

— Static    electricity    in    belts 
— Steam    electrically    in    Swi 

ing.       Constam-GuU ^596 

— Storage     Battery     Managements,     The     A 

B  C  of,     McKinnon   t880 

— Substations  for  industrial  service.  Auto- 
matically   controlled,      Wensley 760 

— Synchronous  motors  and  magnetic 
clutches —    Both    suffering    from    past 

ill    repute 611.   562 

— Synchronous  motors  for  driving  centrif- 
ugal pumps '108.  Ed.  106 

— Testing    device    that    can    be    carried    in 

the    vest    pocket •266 

— Transformer   bushing    and    housing.    New 

type    of ^360 

— Transformer   in  circuit.   Leaving   current,  t405 

— Transformer,  Open  circuit  in ^516 

— Transformer,    Size   of   instrument    till 

— Transformer  would   not   p.arallel '592 

— Transformers,  How  to  correct  for  error  in 

instrument    voltage,      Gibbs '1011 

— Turbo-generator  failures.  Classification  of 
large.  Torchio  76,  Ed.  63,  Record  of 
large  turbo-generator  armature  break- 
downs.     Newbxiry 235 

— Wattmeter,     Polyphase,     reading t633 

— -Watmeters,  Checking  four-wire  two-phase 
switchboard,  Yeaton  '292,  Checking 
three-wire  three-phase  switchboard 
wattmeters  ^407,  Checking  four-wire 
three-phase  switchboard  wattmeters,  .  ^509 
— Wattmeters,  Checking  single-phase,  Yea- 
ton     '256 

— (Welding,  Electric,  machines — D.-c.  con- 
stant-potential types.  Webb  •210, 
228.  D.-c.  constant-current  types  ^260. 
Factors      influencing      their      operation 

337,    A.-c.    equipment •501 

— Welding    jobs.    Two    arc '29 

— Welding  machines   and  selection    of   types 

to    be    used.    Maintenance    of.      Webb.    668 
— Welding,  Overhead  are — Theory  and  prac- 
tice,     Eschholz    ^777 

— Welds,    Electric-arc   vs,    gas 109 

— Wire,  Current-capacity  of  No.  18  cop- 
per     t633 

— Wires    straight    when    being    pulled    into 

conduit.    Method    of    keeping ^631 

— "Y"-box  resistors  and  their  uses.  Yea- 
ton     ^429 

Elevator    accidents.    Preventing 472 

Elevator,  Electric,  machinery — Thrust  bear- 
ings.     Myers    ^378 

Elevator   machinery.    Electric — Worm    gears 

and  their  lubrication.     Myers ^136 

Elevator   pressure    lines.    Water   hammer   in 

•267.   473 
Elevator  ropes.   Reserve  strength  of.    Voigt- 
lander   ....•115.    Ed.    105,    ^474,    872,    ^960 
Elevator     service.     Compound     motors     for, 

Briggs    ^129 

Elevator  systems.   Pound  in  hydraulic ^516 

Elevator  with  an  interesting  history.  An,  ,  ^1029 
Elevator   worm-shaft   bushing    worm  caused 

sparking   at   brushes    ^309 

Elevators.    Maintenance   of   hydraulic.     Tul- 

liss     982 

Elhott  Co. — ^Air-separating  process  ^426. 
Simple  methods  of  determining  dissolved 
gas  content  in  boiler  feed  water.     McDer- 

ment.      Wertheimer    ^686 

Ellis   tilting   steam   trap ^143 

Emergency  drills    512 

Emmet  mercury  boiler  (supplement)  .  .^167,  185 
Employment  Conference  held  in  Chicago.  .  .  916 
Emulsiflcation     in     oil-circulation     systems. 

Preventing,      Langston    ^740 

Energy  supply.  The  world's •57 

ENGINE,     INTERNAL-COMBUSTION. 

See    also    "Piston."    "Indicator,"    "Lubri- 
cator,"   "Oil."   "Packing."   etc. 
— Alignment    of    oilengine    main    bearings.  .  ^739 
— Aluminum   pistons    for   Diesel   engines.  ..  ^864 

— Anderson    semi-Diesel   oil   engine ^706 

— ^Back  pressure.   Excessive    ^373 

— Bessemer  O.   D.   semi-Diesel  engine ^293 

^Bolts.  Detecting  elongation  of  connecting- 
rod     •832 

— Busch-Sulzer  two-cycle  Diesel  engine  •46. 

Type   "A"   Diesels •808 

— Cammellaird-FuUagar   Diesel   engine •gs 

— Carbonizing     of     Diesel     engine     cylinder 

after    repairs    t835 

— Connecting-rod   bolts    197 

— Crankpin    clearance    of    a    Diesel    engine. 

Securing 857 

— Diesel    central-station    costs 669 

— Diesel    cylinder-head    gaskets 515 

— Diesel  cylinder-head  repair ^593 

— Diesel  engine.  A  pioneer 56 

— Diesel  engine  and  the  automobile.     Day.    838 

— Diesel    engine   and    the    indicator ^544 

— Diesel    Engine    Design.      Purdy t38 

— Diesel-engine  pointers 688.  817,  934,   980 

— Diesel-engine    speeds 89 

— Diesel  engine.   Using  the  indicator  on  a,  .^458 

— Diesel    engined    Hour   mill    326 

— Diesel-engined  municipal  lisht  plant  •BIS. 

627.    Erratum     7.39 

— Diesel  engineers   103 

— Diesel  engines  in   a  modern   flour  mill...  •SOS 

— Diesel  engines  in   cement   mills *655 

— Diesel  engines.  Operating 29 

— Diesel   hard  to  start t759 

— Diesel  indicator  r-ards ^795 

— 'Diesel   motor  ship.   Operation   of  a 274 

— Diesel    pipe-line   station   Are ^433 

— Diesel    piston    clearance.    Excessive •257 

— Diesel  piston   fractures.   Eliminating.  ,..  "lOZS 

— Diesel,  Starting  an  old 654 

— Dont's   for   the  Diesel   engineer 4 

— English   gas   engine     A  new *m 

— Explosions  in  Diesel  engine  air  lines t595 
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ENGINE,  INTERNAL-COMBUSTION — Continued 

— Foundation.   Suspended  engine t835 

— Fuel  for  the  oil  engine.  The  proper  selec- 
tion of.      Brewer    •072 

— Fuel-oil  unloading  apparatus *§S? 

— Gas  engine,   Pounding  in   two-cycle 79o 

— Gas,    Natural,    production    figures 207 

— Gas  producer.  A    field  for  the .511 

— Gas  producer.    Operation   of   a   modem...    482 

— Gasket   caused    lubricating    trouble 1030 

— ^Gasoline-engine    fuel    line.    Twin    stramer 

and  water  separator  for.     Parker '708 

— Governor.    How    to    make    a    simple    gas-^ 

engine      'Ii« 

— High-speed   internal-combustion  engine.  .  .    609 
— Horsepower.    Growth   of    internal-combus- 
tion engine 1*9 

— Indicator-cord    holder     Simple •758 

— Indicator   diagrams.   Imperfect   Diesel.  ...  1716 

— Ingersoll-Rand  PR  oil  engine '13^ 

— Knock  in  piston  pin  of  Diesel  engine  often 

piston    "slam"    ■    866 

— Lubricating-oil  consumption   ol  any  semi- 
Diesel   oil   engine,    etc »0Z 

— Marine   oil-engine    situation 908 

— Natural  gas  production  in  the  U.  S oo 

— Natural    gas    to    producer    gas.    Changmg 

from    t913 

— Oil-engine    crankshaft    repair     •9.50 

— Oil-engine   fuel   supply   adequate H«o 

— Oil    engine   installations 314 

— Oil-engine  operator.  The  status  of  the.  .  .  471 
— Oil   engines.   Recent   advances   in   surface-   ^ 

ignition     "*- 

— Oil  engines.   Securing  maximum  efficiency 

from     435,    755 

— Oil  in  semi-Diesel  engine  exhaust t517 

— Oil  pan  arrangement  for  ascertainmg  fuel^ 

— Oil  situation.  Tli&^The' effect  on  the  oil- 

engine  industry.     Adams ^^*',I9n 

— Overhauling  a  Diesel  engine.  Grow....  •849 
— -Piston      from      crosshead.      Removing      *,„„„ 

— Plenty   oil-engine  combustion.   The •626 

— Preignitions    in    modern    two-cycle    semi- 
Diesel   engines,   etc lOZZ 

— Pressure    injection    and    the    air   injection 

oil  engines.  The.     Shultz  940.  Kates.  •1008 

— Producer-^as  engines.   The 1025 

— Producer  gas.  The  making  of  better.     Lis- 

com     oo4 

— Repairs  to  a  Diesel  main  bearing i!I5? 

— Running  oil  engine  with  cracked  piston.  tl031 

— Scraping  a  Diesel  bearing 893 

— Semi-Diesel    and    hot-bulb    engine    sugges- 

tions    752.    775.   827 

— Semi-Diesel  engine.  A  Large 5„„ 

— Semi-Diesel  Engine   Ass'n.   The 590 

— Semi-Diesel  engine.  Cracked  parts  of  "dry 

type"     t595 

— ^Semi-Diesel  engine.   Pounding  in   a 

516.  676.  795,    •858,   '989 
— Semi-Diesel  engineer.   Suggestions  for  the 

510,  538.  588.   1014 

— Semi-Diesel  engines.  Behavior  of *§2^ 

— Semi-Diesel  oil  engine.  Behavior  of  a. 674.  834 
— Semi-Diesel.  Thin   free-flowing  automobile 

oil  should  not  be  used  on  a 976 

— Smith    gas    producers.    Virginia    Ice    and 

Freezing  Corporation's  success  with.,.    842 

— Smith  mechanical  gas  producer !^7? 

— Smoky  exhaust  of  Diesel  engine t7l6 

— Smoky    exhaust    of    high-compression    oil 

engine J525 

— Solid-injection  oil  engine.  The.     Kates ,  •  ,  1008 
— ^Specific  heat  and  dissociation  in  internal- 
combustion  engines 80.3 

— Spontaneous-ignition        temperatures       of 

liquid   fuels    24 

— Starting  a  semi-Diesel  engine,  etc ^981 

— Steam-turbine  and  Diesel  operating  costs,    787 

— Steinbeeker    oil    engine ^684 

— Sulzer   and   Still  oil  engines.   Comparative 

tests  of *640 

— ^Supply    lines    for    gas    engines    and    other 

large  appliances 154 

— Water  in  crankcase  of  semi-Diesel  engine.  t677 
— Water  jackets  of  gas  engines.  Cleaning.  .      67 
— Welding    fractured    crankshaft    of    oil    en- 
gine      t835 

— Worthington  2.400-hp.  marine  Diesel.  ...  •eOO 
ENGINE.    STEAM. 

See    also    "Valve."    "Bearings."    "Piston, 

"Indicator,"    "Lubricator,"    "Pressure." 

"Packing."   etc. 

— Another   veteran   engine 591 

— Btick  pressure.   Sources  of  engine t405 

— Bearing    shell    was    lengthened.    How    an 

engine 'TIZ 

— ^Belt   break,    what    would    the    engine    do. 

Should  the  main?   ^307,  473 

— Clattering  of  balanced  valve  with  circular 

back    t769 

— Compound  engines.  Advantages  of t595 

— Compound  engines.  Cylinder  ratios  of .  .  .  .  t69 
— Compression.    Exhaust    valves    must    not 

have   lap   for t441 

— Condenser  water  in   low-pressure  cylinder 

•553.  711 
— Condensing    to    non-condensing.    Changing 

from    t477 

— Corliss    cutoff.    Lap    of    steam    v,alve    on 

long-range     t555 

— Corliss  engine.  Equalizing  cutoff  of....t233 
— r-arliss  engine.  Equ.mlizing  cutoff  of  ...t233 
— Corliss  engine.  Peculiar  thump  on  a.  .  .  .•796 
— Crankcase.  Prevented  water  getting  into.*832 
—Crankshaft,  Determining  depth  of  crack  in 

•100 
— Crankshafts.     Circumferential    cracks    In. 

Whiteley  45.    Correction    212 

— Cylinder-head   joint    Leakage   of tOOl 

— Cylinder  in   sixteen   years'   running.   Small 

wear  of  engine 68 

— D-slide  valve    Limitation  of  cutoff  with.  .t405 

— Dean     Francis    Winthrop •SSO 

— Departures      from      "accepted      designs." 

Forbes     ^892 

— Eccentric.    Advantages    of 1595 


KNOINK.   STKAM—fonliHued  '  '""' 

— Ettviitrir.    Kllivt  oC  lu'vaUve  lulvanrv  with 

•tll(l« tTI.'> 

— K<i-<'ntrl.-.    Trouble    Willi    aplll    •47r>.    Slili' 

■lip   of   i-niiikuliuft    .'iiiiM-<l   Ihiinip   61.".. 

K.iiKini!  thiiiniin  nml  iioiiiuU 7r: 

— Kniflrm-y  ot  u  iilrnoi  miiliic.  WImt  li  Uu-!' 

Taylor    'ITK.    INO.    I.iiiilliilloiiit   of   efll 

piciu-y  »I',M.    DcllnltioiiH mi7 

— Fiiully   valvr  mtJiiHtnii'iil    cuiiiM-d   lora.  .  .     •M7."i 

— Flywhwl.    HiMirlll   of   liriivy tll77 

— Kouiulitlloii.    StiBprnilrU    vnrine 1835 

— tiovrnuir    wUh    liit-rcaiM'   vt   eiirlno    apeol 

SlH>«l    Of j4.ll 

— HorsppowiT  (■oiiMlniit  of  ciikiiu' f.'.'l.t 

— Huntinr  of  Hluift  iroviTiiiHl  I'liirinc t7l»7 

— luiTpanliiK  powiT  Ui'V('lopc<l  by  t'liKliic  .  101. 'I 
— IniUcalor    tlliiirruniH    from    ronipoiiiul    i-ii 

,    «?""'« J  111 

— Indicator  (est    illairruniH 'Sis     'HTl 

— Iiisiidn    lu|>    for    "cuahlonliiK    on    the    ex 

IwHiat"     Jlil.'l 

— Kept  the  iMiKinr  ui  rood  condition 'SIO 

— Lap  of  Htpam   valven   of   double  wcentric 

CorliM     |(|-,;i 

— J^ad.   Dcterniiiiinir  constancy   of J0f)3 

— I^cakage  of   pUton   and    valves,    Detcrmin- 

In?     {311 

— MoUture  in  rating  eninnc  economy,  Allow- 
ance  for    1477 

— Overhauling-  and  alitmlnir  the  engine.  .  .  'lOil 
— Piston  head.  Trouble  with  a  loose.  .  •140.  401 
— Poppet     valves     for     superheated     steam. 

Preference    of     $405 

— Rebabbittiiis  cnfriiic  parts — I.      Hanikeiis 

„  •■■«'<•■>     "    '407 

— Kcifiver  on  compound  enfrines.  Use  of..t9.")3 
— Kecipiocatinir  engine.  Advantage  of  supt'r- 

heatixi    steum    for t033 

— Reciprocating     ciiirine.     DLsadvantaee     of 

high    vacuum    for (877 

— Rcciprocatinif  engine.  Economical  limit  of 

vacuum   for t477 

— lU-ciprocatinif      Engines      and      Turbines 

Tr.ivelcrs    Indemnity  Co tlOOl 

— 'Reminiscences    of     an    engineer.       Forbes 

23;>.  462 
— Solar  engine:' — World's  energy  supply.  .  .'  '59 
— Speed    of    engine.     Higher    economy     lor 

greater    (271 

— Speeds.    Choice   of    two.    for   given    engine 

and     load (953 

—  -Steam.  Advantages  of  early  release  of.  .  .(797 
— Steam-engme  operation  and  maintenance- 
Loose  flywheels.  Hamken  'ei.  Knocks 
due  to  connecting  rods  and  pistons  '94, 
•474,  •632.  'O.")!,  Why  valve  gears 
get  out  of  order  '208,  Lubrication  and 
oil  pumps  •258,  Lubrication  of  valves 
and  saving  of  used  oil  •329,  Piston-rod 

packing     •631 

— Steam   for   instroke    and   outstroke.    Rela- 
tive amount   of (69 

— Steam  loss  caused  by  faulty  valve  adjust- 
ments       •714 

— Steam.    Relative.    lor    in-stroke    and    oiit- 

stroke    (677 

— Steam  with  reduction  of  pressure.  Advan- 
tage of  using (271 

— Still   another  long  run .    308 

— Still    engine.    Indicator    diagrams    from..^640 

— 'Unsteady   engine   speed 268 

— ^Valre  cam  worked  ahead ."  ^475 

— Very  high  vacuum  uneconomical  for  con- 
densing engine (953 

— Water  rate  of  engine (151 

— Welding.    Oxyaeetylene.     of    damaged    en- 
gine   cylinders    •46") 

Engineer  as  a  writer.   The '  '  '    7J4 

Engineer.    Better   pay   for    the "        65 

Engineer.     Having     given     thanks     to     the 

master     •807 

Engineer,  Pubhc  estimate  of  the ....'.'.'.'.'  84 
Engineer.    The   mechanical,    the   heir    of    all 

the  ages    700 

Engineer.  The  spotlight.     Strohra.  ..'.'.'.'.'    845 
Engineer  wanted  by  the  Gov't.  Power  hous 
-,     .         .  ,  1038 

Engineermg  analysis   oj   the   l.-ibor  problem. 

Townley    •73 

Engineering    articles .  . 145 

Engineering  Council  meets  in  Chicago  721 
Need  of  a  National  Department  of  I>ublic 

Works   723.   First   meeting 1037 

Engineering  equipment.  Purchase  and  erec- 
tion  of.      Loizeaux 70 

Engineering  Foundation  and  an  American 
Hydraulic  Laboratory  118  Plant  to  in- 
crease   endowment    764.     Herschel's    Fall 

Increaser     ^861 

"Enginering  of  Men.  The"  to  be  discussed."  879 
Engineering  problems.    National   program  in 

the  development  of  great 780 

Engineering  profession.   An   opportunity   for 

the     449 

Engineering,      The      inspiring     outlook"  "  for 

American.     Cooke    680 

Engineering    Thermodynamics.    Elements    of. 

Moyer.    Calderwood.    Potter 1843 

Engineers.  See  also  "Federated,"  "Amer- 
can."  "National."  "Canadian,"  "Uni- 
versal." "International,"   "Iron." 

Engineers.  Diesel    IO3 

Engineers  in   Canada.    Registration   of    .' ." .'  "    763 

Engineers  in  'Westminster  Abbey 157 

Engineers'   associations.  Co-operation  among 

I,  .  ,.  ,  1026 

Engineers    Ucense  laws 632,  753    758.  990 

English   gas   engine.   A  new ^177 

English  railroad  adopts  fuel  oil.  6''3 

Equipment.    Availability    and    reliabilitv    of 

power-plant     105 

Equipment.  Condensed-clipping  index  of .  .  . 
„      .            ,     .^       '119.    •280,    ^484.    •762.    •962 
Equipment.    Expenditure   for — In  his   work- 
ing clothes 47X 

Equipment.  Purchase  and  erection  of  engi- 
neering.     Loizeaux    70 

Europe.  Standardization  organizations  in ..  !      34 

Evactor    CroU-Reynolds — Correction 30 

Evanston   instructs  her  school   engineers...    444 
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Kvuponitlng   I'olU.   Tho   Hoodod  •yitcin   for, 

Crawford     '44 

•■Ever-Tyte'    pinion    rliiic.      Zplnlcker '.".,.,".  ^342 

Kvorybody   workn  hut--': 4H7 

KxnmlnorH   in   t;.   8.    rateiit   Ofllce — What   In 

the  proaciil  etiiiivul'iil  of  92  'lOO  in  IHiH?   947 
Excavator    reliaiidllnii    <-oiil,    IlraKllne    cnlde- 

way     •260 

Execullvc.  The.      Strolini •43 

Kxhauat   line,    Knillnir   and   rUlnir    (101 

Kxpanslon,    Isothermal    and   odlahallc (233 

Expansion  JointB.    Pn.kinK 1027 

Explosion.      Seo    "Boiler,"    "Tank.  '    "Du»l," 

'Electricity." 
Kxiiorter'H     Gazetteer    of     Koreiirii     Markets. 

Morris     t240 

Exports  of  crude  and    ii-Hned    oil 523 

Exports  of  elei'trlclal    machinery    and   appli- 

juices.    May.    1 1120 ■.J7H 

Exports    of    r>iiiiii>H.    luimpiiig,    rilrigeratlng 

and   ir-comprcsHing   machinery   for.     May.    134 
Exports,      retrigcrutiiiii      machiiierv.      diiriiiK 

June    3,13 

F 

Famatina  Mining  Co. — Single-stage  turbo- 
blower    operating     normally     at     22,000 

r.p.m •307 

Kan.    Wear   and  breakage  of  chain   drive  of 

ventilation      (09 

Federal    Power    Commission     plans    detailed 

organization      236 

Federal  Trade  Commission  reports  on  cost 
of  mining  coal  23ii.  Makes  recommenda- 
tion on  the   oil  situation    723 

Federated  American  Engineering  Societies — 
Why  organized  1,  Arc  you  in  the  Federa- 
tion:- 81.  Object,  etc.  238.  Meeting 
program  483.  Progress.  784,  First  meet- 
ing 876,  Ed.  807,  888.  Officers  906. 
.\merican   Engineering  Council  holds  first 

meeting     1037 

Federated    Engineers     Development    Corp. — 

Thornley    coalometcr     'BOO 

Fed,      See   "Boiler."     'Water." 

Filter.    Oil.   made  of   materials   found   about 

the   plant.      Hamkciis    '330 

Filter   plants.    Instructions    to    empIoye<'S   at 

pumping    station    and.      Gwinn     522 

Filter.    "T>pe    A"    power-plant    oil ^340 

Fire,    Diesel    pipeline    station •433 

Fire-protection  systems.  Care  and  main- 
tenance of — I.  Jenkins,    ^124,    II    ^213 

Firebrick,  Trouble  from  crumbling (405 

Fireclay  brick.  Test  for  softening  point  of,  •030 

Fireless    help.       Strohm ^767 

Fireman,    Don't    blame    the 912 

Firemen — Where  should  the  beginner  start? 

239.    403,   474,    514.    551.    629.    711,    809 
Fires.     Typical,     in     stored     coal.       Langtry 
•546,    •eiS,    '693,    •749.    795,    •909.   Pil- 
ing storage  coal  to  prevent   fire •SIS 

Flange  gaskets,  Flexitallic  boiler  and •1007 

Flooded      system      for      evaporating      coils. 

Crawford     '44 

Flour  mill.  Diesel  engines  in  a  modem.  .  .  .•SOS 

Flow    indicators.    Royer     '461 

Flywheel  from  belt  to  rope  drive.  Changing. 

Nagle     ^294 

Flywheels.     Loose — Steam-engine     operation 

and   maintenance.      Hamkens ^21 

Foltz,  I.  W. — Preheated  air  to  burn  vola- 
tile      •320 

Fool-proof  machine.   Do  we  want   a? 828 

Ford  plant — The  world's  largest  boilers.  .  .  .  •828 
Foreign    Markets.    Exporter's    Gazetteer    of. 

Morris     1240 

Forewords  1.  ^43.  81.  •123.  •lOl.  ^203 
•243.  ^283.  321.  357.  411  449.  487, 
•527,    667.    605.    645.    685.    ^729.     ^767 

•807.   845.   883.  925.    •965 1003 

Foundations  for  machinery.      Akimoff ^994 

Foundations  Steel,  for  30.000-kw.  horizon- 
tal   turbo-generators.      James •646.    951 

France — Coal   production   and   imports 641 

France  Packing  Co— "Tiptop"  plastic  metal- 
lic packing ^804 

French  coal  resources    483 

Fresno.   Cal. — Kerckhoff  power  development — 

A  Western   achievement.      Buswell .  . '926.   947 
Fuel.      See    also    "Coal."    "Wood."    "Screen- 
ings,"   "Gasoline,"   e'c. 

Fuel  Analysis.  Gas  and  White +602 

Fuel    burning — Ludlum    dynamobile •661 

Fuel  bill.   Burning  sawdust   to   reduce  the,  .    190 

Fuel-conservation    methods.    Practical 404 

Fuel     economy     outside     the     boiler     room 

Tullis    165 

Fuel   economy    symposium    at   exposition    of 

Chemical  Industries 560 

Fuel — Future  prospects  of  increasing  ther- 
mal efficiency 327 

Fuel.    Had    trouble   burning    hog    

•592.    •758,    •872.    ^989 

Fuel   in   Argentina.      Havens •649 

Fuel  leakage.  Oil-pan  arrangement  for  ascer- 
taining      ^757 

Fuel.    Modern    development    in    the    use    of 

pulverized     78I 

Fuel-oil  conttact.  Navy  Dept.  awards 38 

Fuel   oil.    Early  use  of •288 

Fuel  oil.  English  railroad  adopts 623 

Fuel   oil  famine  endangers  city  light 75 

Fuel  Oil  in  Industry.     Andros t602 

Fuel   oil   in   steam  plants.      Colegrove 194 

Fuel   oil.    Shipping  Board  contracts   for.  .  .  .    278 

Fuel   oil.    Steam    making  with 935 

Fuel-oil    unloading    apparatus ^890 

Fuel  per  .vear.  Improved  operating  condi- 
tions save  S13.585  in.      Craig 'oS5 

Fuel  policy.    A    national   liquid.      McBride 

•665.    672 

Fuel.  Powdered  Coal  as  a.     Herington 1963 

Fuels.    F^ilverized.    for   peak-load    service   in 

railwa.v  power  plants.     Rau 140 

Fuel.    Seizure   of 103 

Fuel  supply.  Nationalize  the 305 

Fuel    symposium.    Chemical    Society 520 

Fuel  symposium.  Motor 1034 

Fuel — The  world's  energy  supply '57 
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Fuel     'illllzatlon    and     xmoke    abatement    In 

Hall     Iwkkn    City.       Monnett     *\HH.     Utah 

con  la    and    tlin    fuel    aupply    of    Halt    Lake 

cll.v     ^247.     How     u     amoke    eloud     forma 

•2'i0.    Hmiike  ohwrvatloii    alght  hole •r>lt;i 

Fuol    waate   caua<-a    failure   of    c<-ntrnl    heat- 

Ini:  atallon 470.   5.12.   793 

Fuel    yard.    Maintenance    and    operati'>n    of 

G'.vH    •427     43(1 

Fuel"  In   the  U.  B.,    Relative  annual    uai-   uf 

vuioiia    •1)1)7 

Fuel"  of   tho   future    nw 

Fui  N.  Hiiontannoua-ltnltlon  lemperatum  of 

li'iuld     34 

Fuiii.we  air  supply.    Bxceaa •791 

Fliin.Ke.    Decign    of   hog  fuel •OKI! 

FiiMia<'e  fur  luiriiliig  shavinga  and  coal.  .  .  .  •H.'ll 

Furnace  giiiteM.   Air  Hpii/e  for 50 

Fiiriiaci- — Gray    syatem    of     automatic    com- 

liiistioii    control     •102:i 

Furnace — Home  made    llange    damper •750 

Furnace — Preheated  air  to  burn   volatile.  ,.  •320 
Funia<rc — "Products"  combustion  irulde.  .  .  •lOlK 
Furnace — Smoke-obaervatlon  gight  hole.  .  .  .  TtU'.l 
Kiiriia^-e — Test   lor    softening    point   of    fire- 
clay brick   .  . , •O.'Ul 

Fiirnac<v    "Turbine"  boiler 'OSS 

Fuse.    Blown,    caused    voltage    to    be    unbal- 

ance<l     ••J0|) 

Fuse  caused  voltage  to  be  unbalanced.  Looae  •Oil 
Fuse,   Low   voltage  caused  by   blown 'HOO 

O 

Gage  breakage.  Trouble  with  glass (Ill 

Gage    for    lower    boiler    presaure.    Vibration 

of  Hteam (1031 

Gage,  Use  of  loop  or  siphon   for  connecting 

•<team     (913 

Gaging  in  open  channels.  An  improved  form 

of    weir    for •ISO 

Galvanizing.   Scaling-ott  of  poor (477 

Gary.  W,  Va. — Steam-turbine  has  record  run   14'7 

Gas  and  Fuel  Analysis.     WTiite t002 

Gas  by  the  destructive  distillation  of  straw. 

The  production  of.     Roethe •853 

Gas  <oiitcnt  in  boiler-feed  water.  Simple 
methods  of  determining  dissolved.    McDer- 

met.    Wertlicimcr •680 

Gas  cnKinc.      See  "Engine.  Internal-Combus- 
tion." 
Gas-fired  generating  station,  Salient  features 

of  large.     Denny ^884 

GAS.    FLUE 

—Home-made    gas-sampling    tube •310 

— Losses,  Methods  of  calculating  flue-gas..  911 
— -Sample  of  flue  gas  analysis.  Obtaining.  .  .(311 

Gas — Fuels  of  the  future 920 

Gas,    Natural.    May   cut    off 344 

Gas.  Natural,  production  in  the  U.  S.  .  .  .38,  207 
Gas-piping  work.  General  precautions  in....  196 
Gas     produced     from     wheat,     oat    and    rye 

straws     444 

Gas  producer.  See  "Engine.  Internal-Com- 
bustion," 

Gas-sampling  tube.  Home-made ^310 

Gas.    The  making   of  better  producer.     Lis- 

com     •.334 

Gas  welds.  Electric-arc  vs 109 

Gases,  Cinders  in  stack 908 

Gases  from  water.  The  separation  of  dis- 
solved      •lis 

Gasket    caused   lubricating   trouble 1030 

Gasket.  Cabinet   for  emergency •O.'jo 

Gaskets,   Flexitallic  boiler  and  flange ^1007 

Gaskets    Unreliability  of  lead (991 

Gasoline.    Production    of    788 

Gears.  Worm,  and  their  lubrication — Elec- 
tric   elevator    machinery.    Myers •1,30 

General  Electric  Co. — Frequency  changer  set 
•144,  Low  voltage  panel  for  starting 
induction  motors  •328.  Maintaining  cor- 
rect average  frequency  *3S6.  Electric  pro- 
pulsion machinery  ^707.  Static  condensers 
lor  power-factor  correction  ^790,  New 
steam  turbine  for  mechanical  service.  .  .  •1022 
Generator    and    turbo-blower    power    plant. 

High-speed  d.-c.     Spooner,  Annett.  .  •768.    791 
Generator  capacity.  Connected  load  vs.     Jef- 
frey       •162 

Generator  winding.  Cleaning  apparatus  for.  2.32 
Generator  windings.  Cleaning  apparatus  for.  148 
German    development     ol    the    gas    turbine 

since  1914    ^442 

German    production    ol    coal    and    products. 

Recent     23k 

German  turbine  ol  75  000  hp ^33 

Germany  may  take  over  coal  mines. 916.  Ed.  908 
Germany,    To   divert   water  from    the    high- 
level  rivers  in  Southern 33 

Gland,    Reinforcing  a  broken    stuffing  box..  •267 
Goodsell  Packing  Co..  Inc. — ^"Metalpac"  flex- 
ible  metallic  packing    ^623 

Government  and  industry  co-operating 550 

Gov't   employees.    Wages   lor 1038 

Government     luel     yard.     Maintenance     and 

operation   ol ^427.   438 

Government  standards  lor  oils  and  greases.  ^99 
Governor  and  valve  adjustment.  Testing.  .  .  473 
Governor   disabled.    Carrying    the   load    with 

^  the    .gio 

Gravity.  A  difference  in  specific.  Carpenter  49 
Gravity-leed  lubricator.  Mechanically  driven. 

Parker     '696 

Gray  system  of  automatic   combustion   con- 

„  trol    '1023 

Greases.  Government  standards  lor  oiles  and  ^99 
Greeley.  Kans  .  Prairie  pipe  line  station  fire.  •4.33 
Guarantees.    Conservative 907 
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Harper  J.  L..  Chiel  Engineer  and  Vice- 
President.  The  Niagara  Falls  Power  Co.  . 

•423.   435 

Pauck.  A.  E..   Death  ol 843 

Havana.  Cuba — Central-station  operation  in 
tropical  America.     Gowling •606 
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Heat-insulating     value     of     cork     and     Uth 
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Heat,   Waste,   utilization.     McDermott.   Will- 

CO.V    '992 

Heater  and  feed-water  control •440 
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Heaters,    Heating    surface    of    closed    feed- 
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HEATING   AND    VENTILATION 

See  also  "Steam."   "Piping."    "Trap."  etc. 
— Discharging      steam-heating      returns      to 

common  receiver   tl031 

— E.Yhaust   steam   for  heating.    Greater   effi- 
ciency  of t441 

— Fuel  waste  causes  failure  of  central  heat- 
ing station 476,  552.  793 

— Handbook    for    Heating    and    Ventilating 

Engineers.       Hoffman t485 

— Heating  plant  as  a  source  of  power.  The. 

Evans    '846.    867 

— Institutional     heating    plants.     Coal    con- 
sumption in   28 

— Radiators,  Location  of  direct tl031 

— San  Francisco  Civic  Center  Heating  plant  •209 
— Steam    regenerators   in    mine    {plants   save 

one-thiid  the  coal.     Schachi •836 

— Ventilation    fan.    Wear    and    breakage    of 

chain    drive   of    t69 

— Ventilation   of   coal   in   storage.      Langtry 
♦t>18.      '693,      '749.     795,      •909.     PiUng 

storage  coal  to  prevent  Ave 'SIS 

— ^Ventilation  service.   Speed  control  of  d.-c. 

motors  m.     Easton    ^970.  985 

Heating.   Unsuitable  bearing  materials,   etc.. 

often  cause  of 483 

Hog  fuel.  Had  trouble  burning 

•592.    758,    •872,    ^989 
Hoist.   Mine,   to   carry  one  hundred  men...  •456 

Hoisting  cables.  Socketing ^474.  872.  '950 

Hood.    O.    P..   chief   mechanical   engineer   of 

the   Bureau  of  Mines •184 

Horsepower  constant  of  engine t233 

Horsepower.  Electrical  input   to  develop   15 

brake    t835 

Horsepower.   Growth  of  internal-combustion 

engine      149 

Horsepower   per   man    power   a   measure    of 

modernism    685 

Horsepower  required  to  raise  water t797 

Horsepower  standard,  What  shall  be  the?.  .      64 

Hose.   Investigation    of    steam 312 

Hose.   Standard  specification   for   steam.  .  .  .    601 

Hotel  plant  experience 990 

Hudson    &    Manhattan    R.R. — Soot    and    its 
abatement  by  the  use  of  salt.     Murphy.  .    322 

Human  echo.  The.     Strohm 1003 

Hydraulic    cylinder.    Making    a    repair    to    a 

cracked     ^148 

Hydraulic  Laboratory.   Engineering  Founda- 
tion and  an  American  118.  Herschel's  Fall 

Increaser     '861 

Hydrogen,    cheap?    186 

Hydrogen   gas  sometimes  the  primary  cause 
of   boiler   e-xplosions.   Is? 949 

I 

Ice.     See   also   "Refrigeration." 

Ice    making — Refrig.    study    course.      Mac- 

intire     •781 

Ice-tank   defects.   Some.      Sellers 976 

In    his   working   clothes 471 

Independent     Pneumatic      Tool      Co. — Thor 

moisture  separator  for  air  lines ^701 

Index  of  equipment.  Condensed-clipping .... 

•119.    •280.    •484.    •762,    ^962 

Index,   Power,  ready 237 

Indiana — Data  on  motor  driven  pumps,  etc.   155 
Indianapolis   Light   and   Heat   Co. — Dragline 

cableway  excavator  rehandling  coal '260 

Indicator.   A   phase-rotation ^438 

Indicator   card   of    solid-injection    oil    engine. 

Typical.     Kates    •lOlO 

Ii.dlcator  cards.    Diesel '795 

Indicator-cord   holder.    Simple    •756 

Indicator    diagram — Falling    and    rising    ex- 
haust   line    tl91 

Indicator  diagram.      Fulton-Tosi 'SIO 

Indicator  diagrams  from  oil  engine  in  small 

plant.     Smallwood ^622 

Indicator    diagrams    from    Sulzer    and    Still 

engines    ^640 

Indicator  diagrams  separately.   Computing.  .  t441 
Indicator  diagrams.  Variation  in  length  of.  .  i477 

Indicator  for  boilers.  Water  level 114 

Indicator  from  use  on  ammonia  compressor. 

Injury    to    t555 

Indicator  on  a  Diesel  engine.   Using  the.  .  .  .  •468 

Indicator    reducing    wheel.    Testing J31 

Indicator.   Simple  speed.     Williamson •» 

Iiulicator-test   diagrams    ^515.    *872 

Indicator,   The  Diesel  engine  and  the •Dii 

Indicator    w.as   faulty.      Crawford •261 

Indicator,   W.   R.  combustion •981 

Indicators.    Royer   flow •461 

Induction   motor.      See   "Electricity." 

Industrial   and   central-station    plants 150 

Industrial  Relations  Ass'n  of  America.  Pro- 
ceedings   of    the    Annual    Convention    of 

the      tl039 

Industrial   research.   Large  Sum   for 562 

Industrial   service.    Automatically   controlled 

substations   for.      Wensley 760 

Industrial  unrest    231 

Industry  and  Government  co-operating 550 

Ingersoll-Rand  PR  oil  engine ^133 

Injector    capacity.    Providing     t873 

Injector.  Causes  of  failure  of tl51 

Injector,    Operation    of    {233 

Injector.  Relative  efficiency  of 1617 

Injury  from  engine  in  power  house 253 

Instrument    record  system.      Schlink 'HIO 

Instruments   for  the   boiler   plant 1030 
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Insulation  efficiency.   Cold-storage 274 

Interborough      Rapid      Transit      Co. — Willis 

Lawrence    ^940 

Interconnection.    Conservation    by 700 

International  Nickel  Co.  of  Canada.  Ltd. — 
High-speed  d.-c.  generator  and  turbo- 
blower   power    plant.      Spooner.    Annett.  . 

•768.    791 
International    Union    Steam    and    Operating 

Engrs. — Convention     482 

Interstate  Commerce  Commission   to   act   on 

transportation      problems      116.      Takes 

measures     to     relieve    Middle    West     and 

Northwest     842 

Iron  and  Steel  Electrical  Engrs."  annual  con- 
vention 'SSO,  Papers  562,  634.  ^719. 
Power  scarcity  a  factor  in  electric  heat 
treatment  801.  Use  and  inspection  of  llex- 

ible    steel    cables 950 

Iron  shell  disintegration.  Condenser-tube  and 

east      654 

Isothermal   and  adiabatic  expansion t233 


Jersey  City  Power  Station — Soot  and  its 
abatement  by  the  use  of  salt.     Murphy.  .    322 

Jeter.  S.  F..  Chief  Engineer.  Hartford  Steam 
Boiler  Inspection  and  Insurance  Co •548 

Joint  that  was  rendered  tight  with  red  lead. 
Thompson     *298 

Joints.   Packing  expansion 1027 

Jones  spur-gear  speed  reducers '670 


Kansas  City.  New  Armour  plant   at *966 

Kansas  City.   New  Northeast  Station  at.  .  .  .^450 

Kansas  City  Railways  plant  operation 638 

Kell.v    thermo    return    controller    •53.    Kelly 

boiler-control     specialties ^59 

Kerckhoff    power    development — A    Western 

achievement.     Buswell   •926.  947 

Kidder,  H.  A..  New  head  of  Dept.  of  Motive 

Power,    I.   R.   T.   Co •ISS 

Kilogram    No.    20.    Prototyiie,    standard    for 

measures  of  weight  in   U.   S.  Low    *5 

Kilowatt-hours   per  ton   of   coal   as  measure 

of  efficiency.  B.t.u.  vs 232 

Kink — Device  for  overhead   drilling ^402 

Kink.    Handy,    for    making    spiral    springs. 

Fager    ^127 

Kink,    Valve-stem   packing ^140 

Knocker,   The.     Strohm 411 

Knocks  due  to  connecting  rods  and  pistons — 

Steam  engine  operation  and  maintenance. 

Hamkens    '94,    ^474.    •832.    ^951 

Krouse.    Wm..    Death   of 920 
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Labor — IBrighter  economic  skies 512 

Labor   problem.    An    engineering    analysis   of 

the.      Townley    ^73 

Labor  saving  in  the  plant 1025 

Laboratory,  Engineering  Foundation  and  an 
American   Hydraulic   118,    Herschel's  Fall 

Increaser     ^861 

Ladede-Christy    Clay    Products    Co. — Stowe 

forced-draft   stoker    ^624 

Lakeside    pulverized-coal   plant,    Milwaukee. 

The    new    '358 

Lathe,  Crowning  a  large  wood  pulley  in.  .  .'757 
Law — Court    decisions.  103.    144.    253.    852.    897 

Law  help.   Does  a  license? 591.  833.    1029 

Law.  Why  not  a  license? 147.  437 

Lawrence.   Willis    '946 

Laws.  Engineers'  license 032.  753,  758,  990 

Leakage    in    condenser.    Saltwater.      Overend 

262,  554 
Leaks.  Amoiuit  of  oil  lost  due  to  small.  .  .  .  *542 
Lehigh  Portland  Cement  Co. — Diesel  engines 

in  cement  mills 'OBB 

Lenos.sier's  method  of  determining  dissolved 
gas  content  in  boiler-feed  water.     McDer- 

met.    Wertheimer •OSO 

Let's  go  to  work 883 

"Leviathan"  into  an  oil  burner  for  $10,000.- 

000.  W.  A.  White  offers  to  convert  the.  .    216 
License  Board.  Information  about  the  N.  V. 

State     804 

License  law  help.  Does  a? 591.  833,   1029 

License  law.  Why   not  a? 147.  437 

License  laws.  Engineers' 632.  753.  758.  990 

Licensing  of  stationary  engineers — Wilming- 
ton. Del.,  passes  ordinance 562 

Lighting  in  power  stations.   Good •lOe 

Lightning,   Dr.   Steinmetz   speaks   on 761 

Lignite — A      warnuig     against     exaggerated 

propaganda     985 

Lignite  coals.  Better  utilization  of  sub-bitu- 
minous and.     Darling 313 

Link.   Slip  of t595 

Liquid  fuel  policy.  Nationiil.     McBride  ^665.  672 
Liquid    fuels.    Spontaneous-ignition   tempera- 
tures  of    24 

Lith    board.    Heat-insulating    value    of    cork 

and    995 

Load.     Connected,     vs.     generator     capacity. 

Jeffrey     ^162 

Locomotive  Up  To  Date.  The.     McShane.  .  .  t642 

Log  sheets.  Send  us  copies  of  your 146 

Los     Angeles     aqueduct     system.     Views     of 

power  equipment  along  the ^822 

Lubricants,   Oiliness  and  viscosity"  of t69 

Lubricants.     Testing — Gov't     standards     for 

oils    and    greases    '99 

Lubric.itintr   trouble.   Gasket   caused 1030 

Lubrication    and    oil    pumps — Steam-engine 

operation    and    mjiintenance.      Hamkens.  .  •258 
Lubrication   and  the  remed.v.  The  causes  of 

trouble    in    steam-turbi.ie.      Strothman.  .  . '244 
Lubrication.  Main   bearings  of   turbines  and 

their.      Thompson    ^784 

Lubrication  of  valves  and  saving  of  used 
oil — Steam  engine  operation  and  main- 
tenance.    Hamkens '329 

Lubrication.    The    Practice    of.      Thompsen.t725 
Lubrication  troubles — Opcriition   and  .adjust- 
ment of  turbine  machinery.     Thompson.  .    698 
Lubrication   was   neglected 30 
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tric-elevator  machinery.      Myers •ISO 

Lubricator.  Mechanically  driven  gravity-feed. 

Parker     '696 

Ludlum  water-tube  marine  boiler  for  Naval 
Experimentiil  Station  •657,  Ludlum  dyna- 
mobile     '861 
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McGraw  Central  Station  Directory  and   Data 

Book.    1920 t446 

Mcintosh   &  Seymour   1.000-hp.   Diesel •OoO 

McKcnzie  forced-draft  chain-grate  stoker.  .  .•860 
McMinnville,   Tenn. — Welded  boiler  explodes^^ 

Machine    Do  we  want  a  fool-proof? 628 

Machine   Shop.    Safety   in   the ^  •  •  •  • '•'iSiJ? 

Machinery,    Fo^indations   for,    Akimofi '994 

Machinery    of    future    U.    S.    capital    ships. 

The  electric  propelling    238 

MacRae's   Blue  Book   for   1920    tlOOl 

Magnetic  clutches  on  synchronous  motors  for 

steel-mill  drives  502.   Ed 611 

Magnetism.     Lessons     in     Electricity     and. 

Frankhn.    MacNutt t843 

Man  who  knows  how.  Respect  for  the 436 

Marine  boiler  for  Naval  Experimental  Sta- 
tion.  Ludlum    water-tube •657 

Marine  Diesel.  Worthington  2,400-hp •SCO 

Marine  engine.      Busch-Sulzer  two-cycle.  ..  .    ^48 

Marine  oil  engine.  Ingersoll-Rand  PR •13.3 

Marine    oil-engine    situation 908 

Mass.    Board    of    Boiler    Rules.    Semi-annual 

hearing  of 802 

Measuring  power  with  single-phase  watt- 
meters. Connections  for.     Yeaton '96 

Mechanical  efficiency 944 

Mechanical    equivalent    of    heat.    The    B.t.u. 

and    the.      Low '5 

Mechanical  stokers  and  their  operation .... 

•391.    553.    870 
Mechanically  driven  gravity  feed  lubricator. 

Parker     '696 

Mechanics.   Lessons  in.    Franklin,   MacNutt. t880 
Merchants    Ice    and    Coal   Co. — lee    tank    of 
new     design     gives     remarkable     results. 

Wilkie     ^823 

Merchants  Shipbuilding  Corp, — 10.000-hp. 
station    for    operating    shipyard.      Berger 

•284.  305 

Mercury  vaporizer.  Bessemer ^62 

Merrihew.    L.    A.    H. — Strong    vacuum    and 

pumping   trap    •821 

Merrill.    O.    C.    Secretary    of     the    Federal 

Water-Power  Commission ^104 

Metal.    Selection    of    babbitt.     Staplin    748. 

Application     ^1019 

Metallic  packing.    "Tiptop"   plastic •864 

"Metalpae"   flexible  metallic   packing •OZS 

Meter  connections.  Checking  four-wire  three- 
phase  watt-hour.     Yeaton    ^541 

Meter — Obtaining  a  fluctuating  record ^67 

Meter.     Prototype.       Standard    measure     of 

length    in   U.   S.     Low •S 

Mich.     River    Rouge — The     world's    largest 

boilers     '828 

Micrometer.  Main-bearing '739 

Midwest    pumping    set '688 

Mill.    A    Diesel  engined    flour 326 

Mill    Diesel  engines  in  a  modern  flour •SOS 

Mill  drives.  Magnetic  clutches  on  synchro- 
nous motors  for  steel 56'2.  Ed.  511 

Mill  machinery.  Electric  motors  for  driving 

rubber.     Easton •SSI 

Mills.  Diesel  engines  in  cement* •656 

Mills,  Power  drives  for  rolling.     Rogers.  .  .  . 
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Millwrighting      +38 

Milwaukee  plants  of  interest.  Some ^374 

Milwaukee.  The  new  Lakeside  pulverized- 
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Mine  hoist  to  carry  one  hundred  men •456 

Mine  plants  save   one-third  the  coal.   Steam 

regenerators    in.      Schacht •SSO 

Mines,   Profiteering  of   the 35 
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Mining   conditions.    Treatment    of    d.-c.    mo- 
tors  for.     Arnold   ^582.   589.  The  protec- 
tion of  motor  windings.     Fox ^942 

Mining    regions.    Thirty    to    sixty    thousand 
hp.  plants  in  the  524.  Popular  misconcep- 
tions  regarding   super-power   stations.  .  .  .    549 
Minneapolis.    Collapse   of    wall    at    Kokomis 

flour  and  feed  mill  in 238 

Moisture  separator  for  air  lines.  Thor •'701 

Monongahela    Water    Co. — Duplex    unaflow 

pumping  engine   water  valves •734 

Morris  &  Essex  Canal.  Power  plants  of  the. 

Boutell    •581 

Mount  Shasta  Power  Corp. — Two  mammoth 
waterwheels  for  Fall  river   (Cal.)   plant.  .    790 

Multigage,  The  Philo ^811 

Multipliers  for  use  with  portable  voltmeters 

and  wattmeters.     Yeaton    •Sgs.  '594 

Municipal.    See    "Power   Plant." 
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National  Council  of  State  Boards  of  Engi- 
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National  Electric  Light  Ass'n — Paper ^192 

National  Electrical  Safety  Code  almost  com- 
pleted 33.  ExpLanatory  Edition 400 

National  liquid  fuel  policy.     McBride.  .  •665,  672 

National  Safety  Council — Hazards  of  power- 
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Naval  Experimental  Station.  Ludlum  water- 
tube   marine    boilers    for '857 

Navy.  Ala.ska  coal  for 301 
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Oil.     See  also  "Lubrication." 
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Oil    Burnuig-.   Einrlent.      Liirht t880 

Oil-burnintr  plant  in  California  suirar  re- 
finery.   Automatic.       Brown •528 

Oil-burning  plant.  Views  of  the  power  plant 
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Ariz.,    a    notable •735 

Oil    business.    British    control    of.— If    true, 
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Oil.   Carbon   iu   lubricating t759 
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Oil,  Cleaning   leather  belts  of t89 
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Oil  contract.    Navy  Dept.   awards  fuel 36 

Oil,  Crude,   as   fuel.    Use   of }835 

Oil  distribution  cause  of  overheating,  Faulty  370 
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Oil.  Fuel,  in  steam  plants.     Colcgrove 194 

Oil.   Fuel,    unloading   apparatus "Hgo 

Oil — Fuels  of  the  future 920 

Oil  hole,   Protecting  the 'OSO 

Oil  in  feed  water.  Testing  for  engine tl91 

Oil     into     steam     must     cease.     Translating. 

McAuUfle     32 

Oil  lost  due  to  small  leaks.  Amount  of.  .  .  .^542 
Oil.    Lubrication    of    valves    and    saving    of 
used — Steam-engine    operation    and    main- 
tenance.    Harakens    '329 

Oil-pan    arrangement    for    ascertaining    fuel 

leakage    •757 

Oil  performance  chart.   Coal  vs ^402 

Oil.  Shipping  Board  contracts  for  fuel 278 

Oil     situation.     Federal     Trade     Commission 

makes  recommendation  on  the 723 

Oil  situation.  The 642 

Oil  situation.  The — The  effect  on  the  oil- 
engine industry.     Adams 694.  709 

Oil      specifications.      The     development     of, 

Pari^     841 

Oil.    Steam   making   with   fuel 935 

Oil  supply,  A  world  view  of  the.  Smith  874. 

Ed 868 

Oil   supply.   Figures  on    world's 197 

Oil   system.    Improves    an *231 

Oil.  Testing  for  water  and  dirt  in   fuel.  .  .  .  tl51 

Oil — 'The   world's   energj'   supply ^57 

Oil  throwing  at  bearings  of  tiu'bine  machin- 
ery. Prevention  ol.     Thompson '898 

Oil    to    Shipping-Board    vessels    on    Pacific. 

To  supply 682 

Oil  transaction  in  Rumania.  Important...  804 
Oils  and  greases.  Government  standards  for.    ^99 

Oils  for  power  plants.      Whitman 37 

Oils.  Properties  of  typical.      Brewer ^973 

Oils.   Slushing.   Walker.   Steele tl038 

Oklahoma.  Miami — A  Diesel-engined  munici- 
pal light  plant •CIS.    627 

Ontario  Hydro-Electric  Commission    Pension 

plan  of 114 

Operating  record.  The — A  sleuth  or  a  trafBc 

officer?    925 

Opportunity.  An.  to  help  the  other  fellow .  .  645 
Organizations  in  Europe.  Standardization ...  34 
Orrok.   Geo.  A. — An  expert  in  the  design  of 

large  power  stations •223 

Oscillators  on  electrical  machinery.  Lynn.  .  ^887 
Owosso.  Mich..  Creamery  boiler  explodes  at.  ^77 
Oxyaeetylene.    See      Welding." 

P 

Pacific  Gas  and  Electric  Co.'s  properties. 
San   Francisco.    Cal..    Some    views    of    the 

•097.   ^776 
Packing    clearances — Operation    and    adjust- 
ment   of    turbine    machinery.      Thompson 
.      ^539.  Assemblying  and  draining  packing.    616 

Packing  data.  Keeping  stuffing  box ^1027 

Packing  expansion  joints 1027 

Packing.  Fitting  carbon  ring — Operation  and 
adjustment        of        turbine        machinery. 

Thompson     *469 

Packing   kink.    Valve-stem '149 

Packing     'Metalpac"    flexible   metallic '023 

Packing.    Piston-rod.      Hamkens    •621 

Packing.  Shalt — Operation  and  adjustment 
ol   turbine   machinery.     Thompson '389 


P  0  W  E  R 

I'aie 

I'acklnic.    "Tiptop"    pinntie  metallic 'HIU 

I'lK'kliiK    wrench.    Valvi'  ulem 'HVZn 

Parallel.    Alternator*    In    1477 

Parallel  Iwlted  fnini  the  name  nhatt.  Opcrnl 

log   altumatorH   In   OK     DIhcuhhIoii 315 

Parallel.    Traiinfornier    would    not     •5112 

I'arlH.    TexiiB — Diesel   ei  iilral  Htntlon    I'Ontii.  .    0011 
Participate  In   the  uctlvillen  of   your  aoelety   357 
Patent   Olllco.   KxamlneiH  In   II.  H. — What   In 
the  iiresent  equivalent  of  •2.500  In  IHiH?   047 

Pay.    Better,    for   the  ciiirlne«T 05 

Peat    In     the    moorlands    of     KHthoiilu    and 

Latvia.    To    utilizo   the 1037 

Pension  plan  of  Ontario  Hydro  Electric  Com- 
mission     114 

PeriM'tuum  mobile — W.  C.  Albrltton  140.  No 
more  cool  •983.  I'owcr  lor  nothltir.  .  .  .•1017 

Perry,   Prof.   John,    Death   of 407 

I'eter       Brotherhood       3  cylinder       engine— 
Reminiscenees    of    an    engineer.    Forba.  .    225 

Petrol.    Test    with 24 

Petroleum  data  for  August 0H2 

Petroleum — National      liquid      fuel      policy. 

McBride    •605.    072 

Petroleum.    New    Zealand   Gov't   still    asslst- 

iiig   in   prospecting  for 010 

Petroleum      outlook      from      the     American 
Petroleum    Institute.    Some    opinions    on 

the    018 

Petroleum  possibilities  in  Colombia 723 

Petroleum  production  In  the  U.  S.     McBride  •000 
Petroleum  specifications.  Revision  of  stand- 
ard         800 

"Petroleum,   The  Story  of" 600 

Plroleum,   Wyoming  and  Montana's  yields  of  140 

Phase-rotation   indicator ^438 

Phasing-out  rotary  converters.     Reed '51 

Philadelphia — Reconstruction     of     a     power 

plant    under   operation.      Fliflet ^82 

Philadelphia   R.  T.  Co. — Pulverized  fuel  for 
peak-load  service  in  railway  power  plants. 

Rau     140 

Philo  multigage 'Sll 

PIPING. 

See  also      Boiler."   "Flange."  "Joint."  etc. 
— Ammonia     and    ammonia    piping — Refrig. 

study  course — XIII.     Macintire •lO 

— Ammonia    piping   calculations.      Macintire 

•290.    ^702 
— Brine  piping — Refrig,  study  course.     Mac- 
intire      'SoO 

Capacity    of    steam    pipe    with    superheated 

steam     30 

— Diagranimatie    sketch    of    piping    system. 

Schai  ht     ^837 

— Flow   of  liquid  through  pipe  lines.  Effect 

of  fittings  on.      Foster ^1032 

— Galvanizing.   Scaling  off  of  poor t477 

— G.as-piping   work    General  precautions  in.    190 

— Pipo  bends  should  be  made.  How 657 

— Piping  la.vout  in  a  warehouse.     Hill....  •464 
— Piping  of  closed  heater  to   exhaust   pipe. 

Riordan     •ISO 

— Pit  holes  in  feed  pipe 514,   629,    793 

— Plan  of  piping  in  turbine  and  compressor 

room.     Berger ^288,  305 

— Standardization    of    pipe    flanges,    fittings 

and    shafting 33 

— Steam-heated    fuel-oil   pipe  line  in   under- 
ground conduit •580.  714 

— Supply    lines    for   gas    engines    and    other 

large    appliances    1.54 

— Wrought   pipe.   What  is? 948 

Piston    fire   cracks.    Repairing t517 

Piston  from  crosshead.  Removing  a  tapered.  •230 
Piston  head.    Trouble  with   a   loose. .. '149.    401 

Piston    ring,    Zelnicker    "Ever-Tyte" ^342 

Piston-rod    packing.      Hamkens ^021 

Piston.    Solid    piston    and    built-up t405 

Pistons    Aluminum,    for   Diesel   engines.  ...  •854 
Pistons.  Knocks  due  to  connecting  rods  and 
— Steam  engine  operation  and  maintenance. 

Hamkens '94,   '474,   '032,  '951 

Plenty  oil-engine   combustion.   The •620 

Plugs   in    water-column   connections    ^231 

Poetry    '43,    411,    605.    •767,    845 

Polarity    of    a    machine.    To    test    the,    etc. 

Thompson    ^182 

Port    Colborne.    Ont. — High-speed    d.-c,    gen- 
erator    and     turbo-blower     power     plant, 

Spooner,   Annett    •768,   791 

Postal   principle  of   selling   power.      Lazaro- 
vieh-Hrebelianovich     •746.     753.     Corrcc- 

rection     811 

Power  development  in  the  future.     Lazaro- 

vich-Hrebelianovich     ^744,   753 

Power  factor.     See  "Electricity." 

Power   for   nothing ^1017 

Power.    I    am.      Mix 321 

Power  Mfg.  Co. — Primm  semi-Diesel  engine.  •304 

POWER  PLANT 

See  also  "Electricity."  "Filter."  "Pip- 
ing." "Central  Station."  "Boiler." 
"Water  Power."  "Lubrication."  etc. 

— Accounting.    Power-plant 830 

— Air    compressor    in    the    power    plant — I. 

Redfleld    '368.   II.    •662 

— Armour,   N'ew,    plant   at   Kansas  City....*966 

— Binary-vapor   power   plant    using  mercury 

vapor  and  steam    (supplement )..  •IB?.   185 

— California      sugar      refinery.      Automatic 

oil-burning    plant   in.      Brown ^528 

— Capacity  and  maintenance.     Cahill 639 

— Colfax   power  plant — Duquesne  Light  Co. 

to   install  60.000-kw.  unit    197 

— Cos   Cob   plant — Spontaneous    combustion 

of  coal  in   "Silo"  bunkers ^428.    '675 

— Costs,  Eliminating  waste  to  reduce  power- 
plant.     Dulfey 827 

— Economy.     An     easy     check     on     plant. 

Tenney    '535 

— Equipment.  Availability  and  reliability  of 

power    plant 105 

— Experience  in  power-plant  operation.    Ray. 

2.34.    Ed 228 

— 'Fuel   oil   in  steam  plants.     Colegrove.  .  .  .    194 

— Gas  fired    generating   station,    Salient   fea- 
tures  of    large.     Denny    •884 
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POWKK    PLANT — ionllnufd 

— Havana.    Cuba — Central  atutPni    iiiMTatloii 

In     Inipleul     America.       GowIiiik    •OOO 

— Ilar.ardn    ol    power  plant    cimntruelioii         •831) 
— llealiiiK  plant  ua  a  iiource  of  power.  Tin' 

KvaiiM     •840,    H07 

— llenu'lierH  Kail  Increnwr.  Meetloii  throiik-h 

power  plant  ahowlng  locution  of..  'HO': 
— High  raiiacltlcH   in  the  uverane   plant.  .  .  .    048 

—  Hiuli  hiiohI     d.  c.     venerator     and     turbo 

blower   power  plant       Spooner.    Annett. 

•708.    701 

— noti'l   plant  experlenw 000 

— InduHlriul   uiiil  central   Htallon   planlH.  .  .  .     150 
— ^IiiHtructioiiH  to  employecH  at  inmipliig  Hta 

tloii  and  filter  plants.  <jwlrin  ....  .5*2'! 
— Kansas  City.  New  Northeast  Station  ut  .  ^450 
— Kansas  City  Railways   plant   opi^ratlon  .  .       038 

— Labor    saving    In    Ihe    plant 1025 

— Lakeside       pulverlziHl-coal       plant.       Ull 

waukec.  The  now    *3ft8 

— Lighting.   Good    In   power   slatlonii •lOO 

— ■  Locomobile"    power    plant.    The     $715 

— Log   sheets.    Si'nd    us   copies    of    your.  ,  .  ,    140 

—  Making  the  best  of  what  you  have 300 

— Mill.    A    Diesel   englned    flour    320 

— Mill,  Dii'sel  engines  In  a  mmlern  flour.. 'SOK 
— Mill     drives.     Magnetic    clutches    on     syii- 

chronoiiH  motors  for  steel 50'i 

— Mills.    Diesel    engines    in    cement •055 

— Mills,    Power   drives   for   rolling.      Rogers. 

•0.    •OO.    ^171.    ^254 
— Mills.    Power-plant   equipment    for   steel..  •710 
— Mills.     Some    economic    considerations    in 
design  of  power  plants  for  steel.     Keat- 
ing         034 

— Milwaukee    plants    ot    interest.    Some....  •371 
— Mining  regions.  Thirty   to  sixty  thousand 
hp.    plants    in    the    524.    Popular    mis- 
conceptions  regarding  superpower   sta- 
tions         649 

— Morris    &    Essex   Canal.    Power    plants    of 

the.      Boutell ^581 

— Municipal  light  plant.  Diesel-engined  •OlS. 

027.     Erratum 739 

— New  Cornelia  Copper  Co..  Ajo.  Ariz.,  a 
notable  oil-burning  plant.  Views  of  the 

power  plant  ol  the ^735 

— Oils    for    power   plants.      Whitman 37 

— Old  Hickory  powder  plant  at  Jackson- 
ville.   Tenn..    has  been   sold 020 

— Operation.  Improving  power-plant.  Moran  138 
— Orrok    Geo.  A. — An  expert  in   the  design 

ol    large    power    stations.  .  ^. ^223 

— Power  plants  that  arc  ornamental  as  well 

as    useful    ^209 

— Practice    in    power-plant    control 085 

— Railwa.v  power  plants.  Pulverized  fuel  for 

peak-load   service   in.      Rau 140 

— Reconstruction    of    a    power    plant    under 

operation.       Fliflet •82 

— Remodeling  old  power  stations — ^Boiler- 
plant    improvements.     Lee •1004 

— Repair    work.    Day    vs.    night 350 

— Roof   condensation 343.   613 

— Should   these  conditions   continue? 350 

— Springdale  Power  Station.  West  Penn 
Power  Co.  Bell  ^488.  Latest  devel- 
opments   in    large    boilers    for    central 

stations     •SOI.   907 

— Stevens.    John    A. — Authority    on    boilers 

and    power-plant    design *23 

— Studehaker   boiler   plant    at    South    Bend. 

New    •ses 

— Superheated  steam  in  small  plants.  .  .  .  404 
— Superstation.  Hartford  Section  A.  S.  M,  E. 

discusses  the 681 

— Ten-thousand    hp.    station    for    operating 

shipyard.      Berger •284.   305 

— Testing    of    the    power-house    plant.    The 

continuous.      Trollip    •894 

— Thermal    efficiency.    Power   station   design 

in    relation    to 105 

Power  survey.  Advisory  Board  for 118 

Power    with    single-phase    wattmeters.    Con- 
nections   for    measuring.      Yeaton •OO 

Prairie  pipe  line  station  fire.  Greeley.  Kans.  .•433 
Premier   Gas   Engine   Wks. — A   new  English 

gas   engine ^177 

Pressure  and  temperature  regulator.  Area.  .•141 
Pressure.   Computing  theoretical   mean   effec- 
tive      t835 

Pressure.    Designations    of i517 

Pressure    vessels.    Welding   in    stejim   boilers 

and     other 63 

Pressures    fgr    ammonia   compressors.    Mean 

effective.       Stokes ^886 

Prevaricating  Pete.     Strohm '283 

Price  relief  slow  but  steady 400 

Price.    Wra.  T.    Death   of •957 

Primm    semi-Diesel    engine '364 

Producer   gas.      See    "Engine.    Internal-Com- 
bustion." 

Profiteering  ol    the    mines 35 

Prngress   Products  Co. — "Producto"  combus- 

bustion     guide 'lOlS 

Prony    brake    briefly    explained.    The    prin- 
ciple   of    the.      Phelps •.543 

Prote<ted  seat  valve.   B,  &  O ^077 

Prototype    meter    and    kilogram    No.    20--— 
Standard     measures     of     length     and     of 

weight   in   U.    S.      Low ^5 

Public  estimate  of  the  engineer 84 

Public  Works.  Need  of  a  National  Dept.  of.  723 
Put-<-t  Sound  Power  and  Light  Co...  156.  158 
Pulley  in  lathe.  Crowning  a  large  wood.  .  .  .•7.57 
Pulverized  anthracite  and  recovery  of  river 

<oaI      057 

Pulverized-coal   plant.   Milwaukee.   The   new 

Lakeside     •.358 

Pulverizid  coal — Seattle  considers  means  to 

pplieve    power    shortage 278 

Pulvi  lized-coal    tests.   Comparison   of 187 

Pulverized     fuel     for    peak-load     service     in 

railway  power  plants.      Rau 140 

Pulverized  fuel.  Modern  development  in  the 

use    ol 761 

Pulv<rized    fuel — The    world's    largest    boil- 
ers      '.  ^828 

Pulverized  Rhode  Island  coal.    Encouraging 
use    of 203 
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PUMP 

See    also    "Packing."    "Valve  "     "Coup- 
ling," etc. 

— Air  chamber  for  boiler  feed  pump t441 

— Air  lift,  The.     Blaisdell   'RIS.  Correction.  "nSO 
— Auxiliary   steam    valve    on    siuiflc    pumps. 

necessity   of tOl.'i 

— Centrifugal.  No  advantage  raising  up  sub- 
merged     t.">lT 

— Centrifugal  pump  cool.  Air  kept 704 

— Centrifugal  pumps.  Greater  use  of,  etc. .  .    OSO 
— Centrifugal    pumps.    Synchronous    motors 

for  driving 'lOS.  Ed.   lOfi 

— Dash-relief  valves  on  pump.  Purpose   of.t913 

— Dean,    Francis   Winthrop 'S-IQ 

—Duplex  pump.  Increasing  cushion   on.  .  .  .tl51 
— Duplex     imaflow     pumping-engine     water 

valves     •7.34 

— Economy    of    direct-acting   steam    pump..t677 

— Electric   power    for   pumping 15."> 

— Formula  for  computing  pump  capacity.  .tlOl 

— Home-made   pump   control *440 

— Leaky  valves  cause  shutdown '269 

— Lubrication  and  oil  pumps — Steam-engine 

operation  and  maintenance.     Hamltens.  •^.^.S 

— Midwest  pumping  set '688 

— Moody  spiral   pump '889 

— Multi-valves  for  pumps,   advantage  of...t797 
— Oil   pumps — Operation   and   adjustment   of 

turbine    machinery.      Thompson *8fi-T 

— Parallel.    Operation    of    reciprocating    and 

centrifugal    pumps    in t441 

— Power    failure   caused   accident 370 

— Pump    experiences.    Some 37 

— Pump    problems.       Tullis 80.") 

— Pumping  station  and  filter  plants.  In- 
structions  to   employeees  at.     Gwinn..    523 

— Repair.  A  quick  pump *910 

— Repair   of   semi-Diesel    fuel   pump 593 

— -Repair    to   an    ammonia   piunp.    Making    a 

difficult   but    rapid.      Fagnan    '904 

— St.   Louis.    Economies    in    pumping-station 

operation    at 'SOO 

— Steam  pistons  of  duplex  pump  cushion  on 

exhaust     t87."? 

— Strong  vacuum   and   pumping  trap '831 

— Suction   lift   of  pumps 711 

— Trouble  pumping  hot  water  under  head.  .  455.') 

— Valves.    Refacing    pump 'TIS 

Purchase  and  erection  of  engineering  equip- 
ment.    Loizeaux    70 

R 

Radiation  correction  of  a  throttling  cal- 
orimeter. Determination  of  the.  Alex- 
ander        577 

Radiators.    Location    of   direct tlO."?! 

Railroad.    English,    adopts    fuel    oil 63.3 

Railway    power   plants     Puiverizcd    fuel    for 

peak -load    service    in.      Ran 140 

Railways.   Kansas  City,   plant   operation.  .  .  .    638 
Rateau       Battu       Smoot      Co. — Single-stage 
turbo-blower    operating   normally    at    23.- 

000   r.p.m •327 

Rates  for  electricity.  Increase  in 158 

Rates  forbidden.    Discrimination   in    power.  .    853 

Reactive    watts.    Power   factor   vs 26-i 

R'-babbitting     engine     parts — I.        Hamkens 

'383    II.    •497 
Record   of   stuffing-box   packing   data,   Keep- 
ing     •1037 

Record  system,   Instniment.      Schlink •SIO 

Records.  Current — S.vnchronous  motors  for 
driving    centrifugal    pumps.  ... 'lOS.    Ed.   lOfi 

Red    metal    in    steam    engine    pistons ^474 

Reducers.   Jones   sour-gear  speed •670 

Reducing   wheel.    Testing   indicator t31 

REFRIGERATION 

See    also    "Ammonia."    "Pump." 

- — American  Soc.  Refrig.  Engrs. — Industr.v 
and  Gov't,  co-operating  650.  Installing 
ammonia  shipping  cylinders  559.  An- 
nual   meeting    917.    1037 

— Ammonia,    Behaviof    of.    in    refrigerating 

plants.        Rvan ^613 

— Ammonia  coils  for  cooling  water.  Solo- 
mon         176 

— Ammonia      compressor.      Mean      effective 

pressure  of.      Stokes ^886 

— Ammonia-compressor   troubles.      Moran..*533 

— 'Ammonia     condensers     as     the    operating 

man   sees  them.      Hill •660 

— Ammonia      in      circulation.      Determining 

weight    of •348 

— Auxiliaries,    Care    of   refrigerating    plant. 

Hill     •387 

— Brine    cooler.    Handling    the    flooded-type. 

Hill     ^464 

— Carelessness   in    refrigerating   plants 265 

— -Choice   of    refrigerating   system tl031 

— Cold-storage    insulation    efHcicnc.v 274 

^Cooling  coils.  Connection  of  •438,  Am- 
monia   stores    in    coils 7.57 

— Cost    accounting    in    refrigerating    plants. 

Preliminaries    to.       Neff •130,146 

— Cylinders.   Installing   ammonia   shipping.  .    559 

■ — Dense-air     refrigerating     machines.     Some 

points    about.      Forbes 578 

— Fittings  and  apparatus  that  are  com- 
monl.v  used  in  refrigerating  plant  pr.ac- 
tice     ^504 

— Flooded     system     for     evaporating     coils. 

Crawford     '44 

— Head   and  back   pressure   of   refrigeration 

system     t233 

— Ice  plants.  Motor-driven — ^Electrical  con- 
sumption per  ton  of  ice,     Starr.  .....  ^742 

— Ice-tank   defects.    Some.      Sellers 976 

— Ice  tank   of  new  design  gives  remarkable 

results.      Wilkie. •823 

— ■International    Congress    of    Refrigeration. 

Proceedings    of    the    third     64 

— National    Ass'n.    Practical    Refrig.    Engrs. 

meet    in    Chicago 1035 

— Norwalk  Iron  Works  refrigerating  ma- 
chine      •817 

• — Specifications    to    the    refrigerating-plant 

operator,   A    word   on.      Hill 219 
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REFRIGERATION — Vunlinued 

— Study  course.  Refrigeration — XIII.  Am- 
monia and  ammonia  i)iping.  Macintire. 
•19.  XIV,  Ammonia  piping  calculations 
•399,  XV.  The  absorption  machine  ^430. 

XVI.  Ammonia   pipe  calculations   '703. 

XVII.  Ice  makmg  ^781.  XVIII.  Cold- 
storage  and  packing-house  refrigera- 
tion ^855.  XIX.  Applications  of  refrig- 
eration •943,  XX.  Erection  and  opera- 
tion      ^1015 

— Sulphur  dioxide.  Character  of 230 

— Trouble-hunting    in     refrigerating    plants. 

Moran    'S7.    •lOS 

— Troubles.    Refrigeration.      Tullis 941 

Regenerators,    Steam,    in    mine    plants    save 

one-third    the    coal.      Schacht •SSe 

Regulator,   Area  pressure  and   temperaiture.  .^141 
Reichardt's  method  of  determining  dissolved 
gas    content    in    boiler-feed    water.      Mc- 

Dermet.    Wertheimer '686 

Reinforcing    a    broken    stuffing-box    gland..  •267 
Relays.      Protective  —  Reverse-power      t.vp6. 
Todd    '689.    •987.    Timing   relays    with    a 
cycle  counter  •"SI.  Testing  d.-c.  relays..  ^855 
Reminiscences  of   an   engineer.     Forbes.  .  .  .    235 

Repair,    A    quick    pump ^910 

Repair,   Diesel  cylinder  head '593 

Repair    of   Diesel    fuel    valve ^631 

Repair,    Oil-engine    crankshaft •950 

Repair    to     a    cracked    hydraulic    cylinder. 

Making    a ^148 

Repair    to    a   Diesel   main    bearing ^796 

Repair    to    an    ammonia    pump.    Making    a 

difficult  but   rapid.      Fagnan    ^904 

Repair  work.  Day  vs.  night 350 

Repairing   a    boiler    plate    lamination 110 

Repairs.   Does  it  pay  to   malse  your  own?.  .    756 
Repairs — Experience    in    power-plant    opera- 
tion.      Ray 234.    Ed.  238 

Research   Information   Bureau   established.  .    879 
Respect   for   the  man   who   knows  how.  .  .  .    436 

Return     controller.     Kelly,     thermo •SS 

Reverse-power-type — Protective  relays.    Todd 

•689,    Discussion     ^987 

Rewindmg  a  d.-e.  armature.     Hefner ♦295 

Rheostat    used    to    handle    1  800    amperes. 

Conduit     •SOS 

Rhode  Island  coal.   Encouraging  use  of  pul- 
verized        263 

Richardson-Phenlx    Co. — "Type    A"    power- 
plant    oil    filter ^340 

Ring     packing.     Fitting     carbon — Operation 
and     adjustment     of    turbine     machinery. 

Thompson     ^469 

Ring.     Zelnicker    "Ever-T.vte"    piston •343 

River    flow    for    hydroelectric   plant    opera- 
tion.   Measuring.      De   Wolf ^361 

Robertson-Fairfield   flexible  expansion   coup- 
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Rods  and  pistons.  Knocks  due  to  connect- 
ing— Steam-engine  operat'on  and  main- 
tenance.    Hamkens.  ...  ^94,   •474,   ^633,    ^951 

Roof  condensation 343.   513 

Bope  drive.  Changing  flywheel  from  belt  to. 
Nagle     ^394 

Ropes.  Reserve  strength  of  elevator.  Voight- 
lander •IIS.    Ed.   105,    ^474.    873,    ^950 

Rover    flow    indicators    '461 

Rubber-mill  machinery.  Electric  motors  for 
driving. '   Easton •SSI 

Rules  and  suggestions  for  firemen  and 
boiler-room    helpers 561 

Rules,  Simple,  for  operating  hand-flred 
boilers  when  using  low  B.t.u.  co,al.  Dar- 
ter        .341 

Rumania,    Important    oil    transaction   in.  .  .    804 

Rusting.     Protection     of     steel     smoke     flue 

from     tl51 


Safety  in    the  Machine  Shop tl0S9 

St,     Louis,    Economies    in    pumping-.station 

operation   at    ^599 

St.    Louis.    Mo, — tice    tank    of    new    design 

gives    remarkable    results.      Wilkie •83.3 

Salaries  for  engineers,  A.  A.  E.  schedule  of. 

etc 838 

Salt  Lake  City.  Fuel  utilization  and  smoKe 
abatement  in.  Monnett  *304,  Utah  coals 
and  the  fuel  supply  of  Salt  Lake  City 
•347.    How    a    smoke    cloud    forms    ^390. 

Smoke-observation    sight   hole •593 

Salt.    Soot    and    its    abatement    by    the    use 

of.      Murphy 323 

Salt-water  leakage  in  condenser.  Over- 
end    262.    554 

San    Diego    Consolidated    Gas    and    Electric 

Co 840 

San    Francisco     Cal. — Views    of    the    Pacific 

G.is    and    Electric  Co. '8   properties.  •697.    ^776 
San  Francisco — Power  plants  that  are  orna- 
mental as  well  as  useful •309 

San  Joaquin. Light  &  Power  Corp. — Salient 
features  of  large  gas-fired  generating  sta- 
tion. Denny  ^884.  Kerckhoft  power  devel- 
opment— A    Western    achievement.       Bns- 

well    ^936.   947 

"Satterlce" — Swiftest  vessel  in  U.  S.  Navy.     •IS 
Sawdust    Burning,  to  reduce  the  fuel  bill.    ^190 

Scholarships.    Westinghouse 406 

School   for  Social   Research 563 

Schumacher-Santry  Co. — The  Philo  multi- 
gage    •Sll 

Screenings  under  adverse  conditions.  Burn- 
ing         333 

Seattle — Fuel  oil  famine  endangers  city 
light     75.     Considers     means     to     relieve 

itower   shortage    278 

"Selene" — Operation  of  a  Diesel  motor  ship  274 
Scmi-Dicsel   and  hot-bulb  engine  suggestions 

752.   775.    827 

Semi-Diesel  engine.   A   large •,36.3 

Semi-Diesel    Engine    Ass'n.     The .'i9n 

Semi-Diesel    engine.     Bessemer    O.    D ^293 

Semi-Diesel    engine,     Pounding    in     a..  516. 

676     795.    ^858    ^989 
Semi-Diesel     engineer.     Suggestions    for    the 

510.    538,    588,    1014 
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Semi-Diesel    engines.    Behavior    of ^850 

Semi-Diesel   fuel   pump.   Repair   of 592 

Semi-Diesel    oil    engine.      Anderson ^705 

Semi-Diesel  oil  engine.   Behavior  of   a.  .674.    834 

Semi-steel      tl91 

Separator  for   air  lines.   Thor  moisture.  .  .  .•701 
Separator  for  gasoline-engine  fuel  line.  Twin 

strainer  and  water.     Parker *708 

Shaft     p.acking — Operation    and    adjustment 

of     turbine     machinery.       Thompson.  ...  •.389 
Shafting  or  machine  drive.  Lining  up  a  mo- 
tor  for.      Reed ^459 

Shafting.    Standardization    of    pipe    flanges. 

fittings   and    33 

Shavings   be   burned    with    coal.    How    can? 

630.    '831.   870 

Shealy.  Prof.  E.  M..  Death  of 765 

Shears — Power     drives     for     rolling     mills. 

Rogers    '9.    ^90.    •171,    •3,54 

Sheet-Iron  and  Copper-Plate  Worker.  Blinn..t279 
Ship — "Aquitania"    now    an    oil    burner.  .  .  .    27.5 

Ship,   Operation   of   a  Diesel   motor 274 

Shipping  Board  contracts  for  fuel  oil  278. 
Suit  against  coal  contractor  590,  To  sup- 
ply oil  to  vessels  on  Pacific 682 

Ships.  Electric  propelling  machinery  of  fu- 
ture   U.     S.    capital 238 

Shipyard,    10,000-hp.    station    for   operating. 

Berger    ^284.   ,305 

"Silo"  bunkers.   Spontaneous  combustion   of 

coal    in ^428.    ^675 

Slave     The    white    collar     26 

Slushing   Oils.      Walker.    Steele tl038 

Smith    mechanical    gas    producer •.573 

Smoke  abatement  in  Salt  Lake  City.  Fuel 
utilization  and  Monnett  ^304.  Utah 
coals  and  the  fuel  supply  of  Salt  Lake 
Citv  ^347.  How  a  smoke  cloud  forms 
•390.  Smoke-observation  sight  hole....^593 
Smoke     flue    from     rusting.     Protection     of 

steel    tl.51 

Smoke-observation    sight   hole •593 

Smoke  Prevention  Ass'n.  Annual  convention 

563.  637 
''ociet.v  elections  foster  indifference.  Do?.  .  .  146 
Society.     Participate     in     the     activities     of 

your    357 

Socketing  hoisting  cables '474.   872.    •950 

Soot  and  its   abatement  by  the  use  of  salt. 

Murphy    332 

South    Bend.    New    Studebaker   boiler   plant 
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•Specific  gravity.  A  difference  in.    Carpenter. 
Specific     gravity    corresponding     to     Baum^ 

degrees    {351 

Speed    indicator.    Simple.      Williamson •S 

"Speed    reducers    Jones   spur-gear    •670 

Spontaneous-ignition   temperatures   of   liquid 

fuels     24 

Spotlight    engineer.    The.       Strohm 845 

Springdale  Power  Station.  West  Penn  Power 
Co.      Bell    ^488.    Latest    developments    in 
large    boilers    for    central    stations    ^891.    907 
Springs,     Handy     kink     for    making    spiral. 

Eager    ^127 

Sprinkler  system.  Automatic— -Care  and 
maintenance   of    fire-protection    svstems — 

I.      Jenkins    •124.   11.   ^21 3 

Spur-gear  reducers.      Jones '670 

Stack    gases.    Cinders    In 908 

Stanard-Tilton    Milling    Co. — ^Diesel    engines 

in  a  modern   flour  mill •SOS 

Standardization    organizations    in    Europe.  .       34 
Standards  for  oils  and  greases.  Government      ^99 
St"am.        See     also     "Boiler."     "Condenser." 
"Engine"      "Heating     and     Ventilation." 
"Pump."       "Piping"       "Power       Plant." 
"Valve."    "Turbine."  etc. 

Steam — Advantages   of    early   release t797 

Steam.    Air   contained    in il91 

Steam.  Capacity  of  steam  pipe  with  super- 
heated          30 

Steam,    Compressor   used    wet 107 

Steam  consumption   of  24  x  60-in.  hoi-sting 

engine      etc.       Schacht •S.I? 

Steam    Density  of t835 

Steam — Determination  of  the  radiation  cor- 
rection of  a  throttling  calorimeter.  Alex- 
ander         577 

Steam.    Diagram    showing  heat   contents    of. 

etc.      Taylor •178.    186 

Steam  discharged  to  atmosphere  through   %- 

in.    orifice t677 

Steam.    Drier,    with    reduction    of    pressure 

from    wiredrawing     t797 

Steam.    Dry   saturated   and   superheated.  .  .  .  t371 
Steam    electrically    in    Switzerland.    Making 

Constam-Gull     •596 

Steam  Flow  of — Area  pressure  and  tem- 
perature  regulator •I  41 

Steam.    Heat  of   water  and   of t477 

Steam.     "High  pressure"  and  "low-pressure".  t6.'1.3 

Steam    hose.    Investigation    of 313 

Steam    hose     Standard   specification   for.  .  .  .    601 
Steam   in   air-compressor   water  jacket.   Pre- 
vented           796    951 

Steam    jets.    Disch.arge    of JSll 

Steam  making  with  fuel  oil 935 

Steam     must    cease.     Translating    oil     into. 

McAuliffe     ,T3 

Steam    pressures.    Higher 26 

Steam     regenerators     in     mine     plants     save 

one-third    the    coal,       Schacht ^836 

Steam.    Superheated,    in    small   plants 404 

Steam  through  pipe.  Graphical  solution  of 
Babcock's   formula   for   flow   of.   Foster   •1033 

Steam    trap     Ellis    lilting '143 

Steam    troubles — TJoeration    and    adjustment 

of   turbine   machinery.      Thompson ^397 

Steel   cables    TTse  and   inspection   of  flexible.   956 
Steel  belting.   An  experimental  investigation 

of    •193 

Steel  foundations  for  30.000-kw.  horizontal 

tnrbo-irenerators       James    •646     951 

Steel   melts  from   the  inside 383 

Steel-mill   drives    Magnetic  clutches  on    svn- 

chronous    motors    for 563,    Ed.   511 

Steel  mills.  Power  drives  for.     Rogers!  .  '9 

o.     ,       •„      ^  '"O.    •171.    •254 

Steel   mills.  Power-plant  equipment  for..,. •719 
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Stoker.    Cliain  irnitr.    piirratlon.      MoNlell .  .    HIO 
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Stoker,    Stowe    forced-draft •624 

Stoker.    Tlie    MeKenzie    foreeddraft    chain- 

irrnte     'SOO 

Stokei-s     and     their     operation.     Mc-ohanieal 

•391.  55:1.   870 
Slokerii.     Automatic    retrulatlon     (or    under- 

(c-e«l    '439 

Stone   &   Webster   Corp. — Unusual   efficiency 

In    oil-fli-ed    boiler ^787 

Story.  Two  ways  of  tellinir  a.     Dixon.  ...'..    .5(17 

Stowe    force<l-dra(l    stoker •034 

Strainer.     Twin,    and     water    separator    for 

(rasoline    eiifrme    fuel    line.      Parker '708 

Straw.  The  production  of  gas  by  the  de- 
structive   distillation    of.       Rocthe •.S,'>3 

Stroiiir  vacuum   and  pumpinf  trap 'S11 

Studebakcr    boiler    plant     at     South     lieiid. 

New    •508 

Study  course.  Befriecration — XIII.  Am- 
monia and  ammonia  pipinp.  Macintirc 
•19.  XIV.  Ammonia  piping^  calculatioiiH 
•399.   XV.  The  absorption  machine   •4:tO. 

XVI,  Ammonia    pipe    calculations     •7(13. 

XVII.  Ice  making:  ^781.  XVIII.  Cold  stor 
ape  and  packinghouse  refrigeration  •85.'>. 

XIX.  Applications   of   refrigeration    ^943. 

XX.  Erection    and   operation •101.> 

Stuffinp-box   gland.    Reinforcing   a   broken..  •307 

StufRng-box    packing   data.    Keeping •1027 

Sub-bituminous     and     lignite     coals.     Better 

utiliz.-ition    of.       Darling 313 

Substations  for  industrial  ser\'ice.  Auto- 
matically  controlled.      Wensley .    700 

Suggestion.    A    good 26 

Sulphur  dioxide.  Character  of 230 

Sulzer  and  Still  oil  engines.  Comparative 
tests    of ^040 

Superheat.  Selection  of  most  economii-al  df 
gree    of J44; 

Superheated  steam.  Capacity  of  steam  pipe 
with    30 

Super-power  survey.  Advisory  Board  for 
118.  H.vdro-electric  development  a.s 
affected  by  the  recent  water-power  legis- 
lation and  the  North  Atlantic  super-power 
survey,  221.  W.  S.  Murray.  Father  of  plan 
•302,  Organization  and  plans  *30.3.  Ed. 
306,  Chemical  industries  to  play  part 
314.  Thirty  to  sixty  thousand  hp.  plants 
in  the  mining  regions  524.  Popular  mis- 
conceptions regarding  super-power  stations 
549.  Hartford  Section  A.  S.  M.  E.  dis- 
cusses   the   superstation 681 

Surpass  Leather  Co. — Reconstruction  of  a 
power   plant    under    operation.'    Fliflet..    ^83 

Switchboard  wattmeters.  Checking  four-wire 
two-phase.  Yeaton  •292.  Checking  three- 
wire  three-phase  switchboard  wattmeters 
•467.  Checking  four-wire  three-phase 
switchboard   wattmeters ^509 

Switzerland.  Making  steam  electrically  in. 
Constam-Gull     •596 
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changers.   Operation  of.      Smith.  ...  •OlO.   628 

Synchronous  motors  for  driving  centrif- 
ugal   pumps •lOS.   Ed.   106 

Synchronous  motors  for  steel-mill  drives 
Magnetic  clutches  on 562.   Ed.   511 
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Tank.  Explosion  of  blowoff.  Longstreet.  .  •lOS 
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re.sults.      Wilkie ^823 

Tasker.    Wm.    H..    Death    of 525 

Taylor.    P.   B..    Death    of 764 
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Mooney    t602 
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minable   from t835 

Temperature  regulator    Area   pressure  and.^141 
Temperatures  of   hquid   fuels.    Spontaneous- 
ignition 24 

Temperatures.    Tensile    properties    of    boiler 

plate    at    elevated ^273 

Ten  ways  to  kill  an  association 955 

Tensile  properties  of  boiler  plate  at  elevated 

temperatures    ^273 

Terre  Haute  Water  Works  Co. — ^Instructions 
to  employees  at  pumping  station  and  filter 

plants.      Gwinn 522 

Test    data     on     strips    cut     from     overhead 

welded  boiler  plate,  etc.  Eschholz  ....  '780 
Test  for  softening  point  of  flreclav  brick.  .  •OSe 
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injection    oil    engine.      Kates •lOlO 
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stam-Gull     ^598 

Test   with  petrol •  ■  .  ■      ^^ 

Test  with  soot  as  fuel.     Murphy .'.    323 

Testing  a   closed  heater.      Riordan 'ISO 
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Testing  d.-c.   relays.      Todd •SSO 

Testing  for  twisted  valve    stems •29 

Testing    governor    and    valve    adjustment    .  .    47.1 

Testing    indicator    reducing    wheel JSl 

Testing  lubricants — Gov't,  standards  for  oUs 

and   greases "99 
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Texas — Diesel    central-station    costs 0011 

Thermal    conditions    in    coal    pile     Device    to 

show     •500 

Thermal     efficiency.     Future     prospects     of 

increasing    227 

Thermal  ellicicncy.   Power  station  design   in 

relation   to 195 

Thermo  return  controller.      Kelly •SS 

Thermodyn.amics,    Elements   of   Engineering. 

Moyer.    Caldcrwood.    Potter t843 

Thermometer    conversion    chart ^552 

Thor   moisture   separator   for   air   lines.  ...  •701 

Thornley    coalometer •,500 

Tide.  Power  of  the — World's  energy  supply.    ^58 

"Tiptop"   plastic   metallic    packing ^804 
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house    •.527 

Tonawanda   switch   station   explosion.   Facts 

about     the 878 
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of    •SOO 

Transformer.    Open    circuit    in ^510 

Transformer.  Size  of  instrument till 

Transformer    would   not    parallel •.593 

Transformers.    How    to   correct    for   error    in 

instrument    voltage.      Gibbs •lOll 

Transformers.      Welding — ^Electric      welding 

machines.      Webb •501 

Transportation     problems.     Interstate    Com- 
merce  Commission    to    act    on 116 

Ti-ap     Ellis   tilting   steam ^143 

Trap — Kelly   thermo   return   controller •,5.'? 

Trap.    Strong   vacuum    and   pumping ^821 

Travelers  Indemnity  Co. — Recipiocating  En- 
gines and  Turbines   tlOOl 

Travelers  Insurance  Co. — Safety  in  the  Ma- 
chine   Shop     tl039 

Trend    of    the    times 986 

Trouble-hunting      in      refrigerating      plants. 

Moran    '87.    'lOS 

Tube.    Boiler.      See    "Boiler." 

Tube,    Condenser.      See    "Condenser.    Steam." 

Tube   end.    Coleman's   no-leak    safe ^468 

Tube,    Home-made    gas-sampling '.TIO 

"Turbine"    boiler    furnace ^958 

Turbine.     Gas — German     development     s  nee 
1914     •442 

TURBINE.  STEAM 

See    also    "Couplinir  "    '"Pump."    etc. 
— ^Exhaust     Anchorage    for    base    elbow    of 

turbine     t759 

— German    turbine    of    75.000    hp •SS 

— ^Governor  disabled    Carrying  the  load  with 

the     •giO 

— Lubrication    and    the    remed.v.    Causes    of 

trouble  in  steam-turbine.     Strothman.  . '344 
— New   steam   turbine   for   mechanical   serv- 

vice    ^1022 

— Non-condensing  turbines.  The  economy  of  107 
— Operation  and  adjustment  of  turbine  ma- 
chinery— I.  What  to  watch  when  in- 
stalling turbines.  Thompson  ^3.  II. 
Putting  a  machine  in  service  'S'l. 
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pumps  863    Prevention  of  oil  throwing 
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— -Reciprocating      Engines      and      Turbines. 

Travelers    Indemnity    Co tlOOl 

— Steam  turbine  and  Diesel  operating  costs.    787 

— -Steam-turbine     has     record     run 147 

— Steel     foundations    for    30.000-kw.     hori- 
zontal turbo-generators.     James..  •646.   951 
— Superheating   steam    for   turbine.    Advan- 
tages   of     1873 

— Test.     Turbine.       Berger •389.   305 

— Turbine  layout — Swiftest  vessel   in   U.   S. 

Navy    •IS 

— Westinghouse    Co.    receives    large    turbine 

orders     •SOS 

— Willans    Line.    The.      Jude •SIS 

Turbine.     Wave-motion.       Palme ^700 

Turboblower   operating   normally   at   33.000 

r.n.m..    Single-stage '327 

Turbo-blower   power   plant.    High-speed    d  -c. 

generator   and.      Spooner.    Annett .  .  .  *768,    791 
Turbo-generator     failures      Classification     of 
large.       Torchio    76.    Ed.    63.     Record    of 
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New  York,  July  6,   1920 


Number  1 


The  Federated  American  Engineering  Societies 

Has  Been  Organized  to 

Mobilizfe  the    Engineering  Talent  of  America  and 

Put  the  Engineer  on  the  Map 


ANY  society,  club  or  organization  the 
chief  object  of  which  is  the  advance- 
ment of  the  knowledge  and  practice 
of  engineering  and  the  application  of  allied 
sciences,  and  which  is  not  organized  for 
commercial  purposes,  is  eligible  to  mem- 
bership. 

All  of  the  other  professions  appreciate 
the  value  of  unity,  and  each  has  an  integral 
national  organization.  The  engineers  are 
split  up  into  clans  and  classes.  An  engi- 
neering society  is  organized  for  each  new 
application  of  the  engineering  art.  If  the 
engineers  are  to  become  conscious  and  ap- 
preciative of  engineers  as  a  class,  if  the 
engineers  are  to  become  collectively  articu- 
late, they  must  have  some  instrument 
through  which  they  can  act,  some  medium 
through  which  they  can  speak  with  united 
effort  and  with  one  voice  upon  questions  of 
public  and  professional  concern. 

Such  an  instrument,  such  a  medium, 
The  Federated  American  Engineering  So- 
cieties seeks  to  be.  And  it  can  be  if  it  has 
behind  it  the  sympathetic,  interested  sup- 
port of  the  engineers  of  America. 

It  cannot  do  this  if  the  engineers  who 
read  this  say,  "It  looks  all  right-— let's  see 
how  it  comes  out,"  and  then  sit  back  and 
see  if  they  can  feel  any  effect. 


Its  success  or  failure  is  going  \o  be  spelled 
by  the  decision  now  of  engineers  all  over 
the  country  whether  they  will  join  it  or 
not  and  how  actively  they  will  participate 
in  its  activities. 

Individual  engineers  can  become  con- 
nected with  it  only  as  members  of  its  con- 
stituent societies,  but  if  they  feel  that  it  is 
worth  a  dollar  a  year  apiece  to  them  to 
have  an  organization  of  this  kind  constantly 
working  for  them,  through  which  they  can 
give  expression  to  their  own  ideas  and  effect 
to  their  own  endeavors,  they  can  urge  the 
organizations  to  which  they  belong  to  join, 
apply  for  membership  in  an  eligible  society 
or  unite  with  other  engineers  in  the  forma- 
tion of  local  organizations  which  may  be- 
come member  societies  of  the  federation. 

The  bona  fides  and  high  purposes  of  the 
movement  are  assured  by  the  fact  that  it 
was  inaugurated  by,  and  is  being  devel- 
oped under  the  auspices  of,  the  four  great 
professional  engineering  societies.  The  or- 
ganizing conference  has  been  already  held, 
representatives  of  societies  participating. 
Engineering  Council,  Alfred  D.  Flynn,  Sec- 
retary, Engineering  Societies  Building,  29 
West  Thirty -ninth  Street,  New  York  City, 
is  charged  with  the  preparations  for  its 
first  convention. 

What  are  you  going  to  do  about  it? 
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Operation  and  Adjustment  of  Turbine  Machinery- 
What  to  Watch  When  Installing  Turbines 


I 


By  EUSTIS  H.  THOMPSON 

insulting   Kngineer,    Kaltinioit-,    Maryland 


TURBINE-driven  sets  in  small  sizes  (below  75  or 
100  kw.)  are  usually  installed  bj-  the  purchaser 
without  the  services  of  a  trained  erector.  In  most 
instances  this  work  falls  upon  the  shoulders  of  the  pur- 
chaser's engineer.  If  not  already  familiar  with  tur- 
bines the  engineer's  source  of  information  is  usually  a 
manufacturer's  instruction  book  or  a  few  words  from 
an  interested  salesman;  perhaps  he  may  be  forced  to 
rely  on  his  own  judgment  and  investigation. 

Turbine  machinery,  especially  that  which  runs  at 
five  or  ten  times  the  speed  of  a  reciprocating  engine, 
requires  different  treatment  from  that  given  to  engines. 
In  general  a  turbine  is  relatively  smaller  and  lighter, 
while  the  parts  receiving  the  mechanical  energy  from 
the  steam  act  at  higher  speeds  and  lighter  thrusts  and 
require  stronger  materials.  When  properly  adjusted,  a 
turbine  requires  less  attention,  runs  longer  between 
shutdowns,  and  for  some  classes  of  work  costs  less  and 
is  m.ore  economical  than  an  engine  of  equivalent  horse- 
power. With  a  smooth  flow  of  power  a  flj-wheel  is  not 
so  necessary  as  in  reciprocating  delivery,  although  the 
rotating  parts  often  possess  more  flj-wheel  effect  than 
that  found  in  an  engine.  On  the  other  hand,  a  turbine 
requires  more  delicate  adjustment  and  more  careful 
handling  of  its  parts,  and  is  more  easily  put  out  of 
service  from  internal  injury. 

When  an  engine  is  out  of  adjustment,  it  expresses  its 
displeasure  by  knocking  or  pounding,  while  a  turbine 
vibrates  or  roars. 

There  are  some  conditions  under  which  an  engine 
set  is  to  be  preferred,  and  in  the  earlj'  days  of  turbine 


building  there  were  many  "battles"  fought  in  commer- 
cial plants  to  make  turbines  operate  satisfactorily,  so 
that  for  several  years  actual  comparisons  were  often 
unfavorable. 

Turbine  Needs  Accurate  Adjustments 

Since  the  turbine  has  come  into  its  own,  however,  the 
equipment  found  in  modern  power  stations  testifies 
to  its  advantages  for  such  work.  The  turbine  may  now 
be  regarded  as  an  improved  form  of  prime  mover,  which 
requires  le.ss  time  and  attention  from  the  engineer,  but 
more  accuracy  and  skill  in  adjusting,  and  which  is  more 
difficult  to  dismantle,  i-epair  and  assemble,  but  which, 
if  properly  adjusted  and  cared  for,  will  require  it  less 
frequently. 

Small  sets  are  usually  of  sturdy  design,  require  little 
adjustment  and  are  easy  to  repair,  depending  on  their 
special  conditions.  In  general  they  can  be  rolled  on 
skids  without  special  regard  to  deflecting  the  bedplate, 
or  picked  up  by  a  crane  with  almost  any  convenient 
hitch  without  fear  of  undue  buckling.  So  the  work  of 
placing  them  on  the  foundation  is  not  difficult.  Usually, 
no  means  are  provided  by  the  manufacturer  for  checking 
the  alignment.  So  in  most  cases,  locating  and  grouting 
can  proceed  without  the  refinements  of  checking  the 
leveling  or  coupling. 

These  machines  are  usually  shipped  completely  as- 
sembled, or  practically  so,  and  there  remains  little  for 
the  engineer  to  do  except  to  clean  thoroughly  and  con- 
nect up  piping.  It  should  be  borne  in  mind  that  cinders 
and  dust,  sand,  etc.,  are  likely  to  be  carried  into  the 
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machine  in  transit,  therefore  all  loosely  covered  bear- 
ings, etc.,  should  be  carefullj  inspected.  Before  the 
steam  and  exhaust  connections  are  made,  the  steam  pas- 
sages should  be  inspected  with  a  drop-light  to  make  sure 
that  no  bolts,  tools,  pieces  of  coal  or  other  foreign  ob- 
jects are  lodged  in  them.  Oil  can  now  be  supplied  and 
the  machine  made  ready  for  final  inspection  and  start- 
ing. 

Bedplate  Deflected  by  Weight  of  Parts 

Medium-sized  turbine  set.s,  from  1.50  to  2,000  kw.,  are 
more  delicate  than  smaller  sets,  and  erecting  men  from 
the  manufacturers  usually  erect  and  start  them.  These 
are  as  a  rule  shipped  as.sembled  with  the  possible  excep- 
tion of  small  parts. 

Bedplates  are  easily  deflected  by  the  weights  of  the 
parts  carried  and  should  be  given  uniform  support 
in  rolling  and  handling.  In  hitching  to  a  crane  hook, 
the  heavy  elements  should  be  supported  individually 
instead  of  carrying  their  weight  on  an  unsupported 
part  of  the  bedplate. 

After  placing  the  machine  on  the  foundation,  the 
alignment  should  be  checked  and  adjusted.  The  method 
most  frequently  used  by  manufacturers  is  that  of  level- 
ing the  bedplate.  Small  surfaces  are  placed  at  con- 
venient points  along  the  bedplate  upon  which  a  level 
may  be  laid.  These  surfaces  are  machined  so  finely 
that  a  very  sensitive  level  will  show  the  same  inclination 
when  placed  in  several  positions  that  are  parallel.  To 
bring  the  surface  close  to  a  true  plane  surface  it  is 
usually  necessary  to  grind  or  scrape  it.  The  various  por- 
tions of  the  bedplate  are  lowered  or  raised  by  means 
of  wedges  until  all  surfaces  show  level  lengthwise  and 
crosswise.  The  level  should  be  so  sensitive  that  when 
placed  one-thousandth  of  an  inch  out  of  level  in  one 
yard,  the  bubble  will  deflect    '-■  in. 

Other  Means  of  Leveling  Turbines 

Instead  of  leveling  surfaces,  spots  are  often  machined 
on  the  bedplate  upon  which  a  straight-edge  should  be 
rested,  upon  which  the  level  is  placed.  Wedges  under 
the  bedplate  are  then  adjusted  as  before  until  the 
straight-edge  may  be  placed  across  any  two  spots,  both 
lengthwise  and  cro.sswise,  and  indicate  a  true  level. 

There  is  still  another  method  of  leveling  in  frequent 
use  where  the  bedplate  is  not  suitable  for  either  of  the 
aforementioned  arrangements.  In  this  case  uprights  ai^e 
bolted  and  doweled  to  various  parts  of  the  set  and  so 
machined  that  their  upper  ends  can  be  leveled  by  means 
of  straight-edge  and  level  as  in  the  spot  method. 

Another  well-known  means  of  checking  alignment  in 
commercial  use  is  to  dispense  with  leveling  entirely  and 
to  arrange  for  the  checking  to  be  done  on  the  coupling. 
The  wedges  are  manipulated  until  the  coupling  flanges 
are  parallel,  as  measured  by  inserting  shim  gages  or 
feelers  between  the  flanges,  and  also  central,  which  con- 
dition is  measured  by  placing  a  small  steel  straight- 
edge across  the  outside  surfaces  of  the  flanges.  WTieii 
parallel  the  shim  gages  should  show  the  same  .space 
between  the  flanges  at  all  points  within  one-thousandth 
of  an  inch.  When  central  the  straight-edge  will  touch 
evenly  at  all  points  throughout  its  length  on  both 
flanges. 

After  the  set  has  been  correctly  checked  and  prop- 
perly  located,  it  is  ready  for  grouting,  cleaning  and 
completion  of  assembly. 

In  erecting  large  turbo-generator  sets  the  manufac- 


turer supplies  a  specially  trained  man  unless  there  is 
some  other  special  arrangement.  In  instances  where  a 
second-hand  machine  is  purchased  or  where  a  set  is 
transferred  from  one  locality  to  another,  the  engineer 
of  the  plant  may  be  called  upon  to  undertake  this  work. 

Handling  the  Heavy  Pieces 

While  there  are  adjustments  to  be  accurately  made, 
.steamtight  joints,  pressed  fits,  etc.,  that  are  far  from 
easy,  it  often  happens  that  the  most  trying  work  is 
handling  the  heavy  pieces  without  injury  to  delicate 
blades,  bearing  surfaces,  etc.  It  is  most  important  to 
plan  the  job  as  completely  as  possible  so  that  all  work 
may  progress  smoothly  and  the  erecting  man  may  give 
his  entire  attention  to  the  work  in  hand  without  fear 
of  getting  "hung  up"  and  wasting  time  or  labor. 

When  the  machine  is  received  on  freight  cars,  the 
various  parts  must  be  identified  and  arrangements  made 
for  unloading.  It  is  necessary  to  consider  which  parts 
are  first  needed,  which  are  to  be  stored  until  later,  where 
and  how  they  are  to  be  stored  and  how  transported  to 
the  foundation  when  needed.  In  most  plants  the  cars 
are  brought  within  reach  of  the  power-house  crane; 
often  it  is  necessary  to  roll  or  drag  them  to  the  crane; 
sometimes  the  plant  may  be  in  the  process  of  building 
»vith  no  crane  in  operation,  and  may  be  a  considerable 
distance  from  the  point  of  unloading,  so  that  the  rigging 
work  is  the  largest  problem. 

As  the  unloading  proceeds,  the  shipping  lists  can  be 
checked.  Meanwhile,  a  shack  can  be  erected  close  to  the 
job  for  tools,  storing  delicate  parts,  blueprints,  and  for 
the  convenience  of  the  .nen.  Wedges  and  blocks  for  the 
grouting  and  special  tools  can  be  ordered  for  the  work, 
to  be  ready  when  needed. 

First  to  be  placed  on  the  foundation  is,  of  course, 
the  bedplate.  If  this  comes  in  sections,  they  should  be 
bolted  together  securely  either  by  heating  the  bolts  or  by 
driving  the  wrench  with  a  sledge.  To  make  sure  of  a 
good  job,  this  should  be  checked  in  all  ways  before 
grouting, 

Temporary  Assembly  of  Casing 

The  center  lines  of  the  foundation  laid  down  by  the 
designer  of  the  plant  should  be  used  in  locating  the  bed- 
plate, and  then  openings  made  in  the  foundation  for  pipe 
connections,  generator  air  ducts,  drains,  etc.,  should  be 
checked  to  see  if  they  correspond  with  the  turbine  re- 
quirements. If  the  steam  and  exhaust  pipes  'are  already 
in  place,  the  final  connection  is  up  to  the  erecting  man. 
Sometimes  it  is  better  to  check  these  by  temporarily 
assembling  parts  of  the  turbine  casing,  etc.,  to  match 
exactly  with  the  piping,  instead  of  trusting  to  blue- 
prints and  figuring  from  the  bedplate  to  the  point  of 
connection.  A  little  forethought  will  often  obviate  the 
necessity  of  moving  a  100-ton  condenser,  or  of  chipping 
out  a  concrete  opening  at  the  last  minute,  or  of  strain- 
ing pipe  flanges  to  make  pipe  connections  and  causing 
a  bad  joint,  or  other  trouble. 

The  bedplate  can  now  be  carefully  leveled.  As  a 
special  precaution  the  alignment  may  be  checked  with 
a  tight  line,  but  this  is  advisable  only  in  special  cases 
where  alignment  trouble  is  suspected  or  where  new 
parts  are  to  be  aligned  and  doweled. 

The  best  results  can  be  obtained  by  using  a  steel  wire 
of  0.008  to  0.010  in.  in  diameter,  such  as  a  piano  wire. 
This  should  be  new  and  without  kinks  and  should  be 
usad  as  it  comes  directly  off  the  coil.     A  piece  should 
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III'  lisliil  I'ur  brralviiiK  .sliaiii  by  u.siiig  il  to  pick  u|) 
various  \vi'iKlitf<  with  a  crane.  The  tfii.sioii  should  be 
produced  by  suspeiiiiiiiv"  a  wei^'ht  of  about  three-quarters 
breakini?  strain. 

Alu;nin(;  Bkakinc.  Pkdkstals 

The  bearing  jwdeslals,  turbine  casings,  generator  and 
other  parts  to  be  aligned  should  be  placed  on  the  bed- 
plate. The  bearing  pedestals  or  other  parts  from  which 
the  line  is  to  be  located  should  be  carefully  bolted  and 
doweled  in  permanent  position.  The  bearings  at  each 
end  are  used  if  possible. 

The  line  is  now  stretched  between  two  rigid  supports, 
such  as  heavy  timbers  or  convenient  columns  or  pieces 
of  machinery,  with  the  tension  as  noted  before.  The 
line  is  now  moved  up  or  down  or  crosswise  at  each  end 
until  it  is  exactly  central  with  the  bored  surfaces  of  the 
end-bearing  pedestals  or  other  parts  used  as  a  perma- 
nent guide.  Wedges  to  suit  the  rigging  are  convenient 
in  making  small  changes  in  position  of  the  wire.  The 
distance  from  the  wire  to  the  bored  surface  can  be 
roughly  measured  with  an  inside  caliper  and  with  final 
accuracy  by  an  inside  micrometer  or  pin  gage.  The  pin 
gage  is  generally  the  machinist's  choice  and  is  made 
by  selecting  a  piece  of  wood  I  to  ij  in.  in  diameter,  and 
!  m.  shorter  than  the  average  measurement.  A  pin 
or  needle  is  driven  in  at  each  end  so  that  measuring 
is  done  between  the  two  pinheads  or  needles.  The  dis- 
tance is  changed  by  driving  the  pins  in  or  pulling  them 
out.  The  position  of  the  wire  must  be  adjusted  so  that 
the  radical  distance  to  the  bored  surface  is  the  same  at 
each  side  as  well  as  above  and  below.  It  is  not  difficult 
to  obtain  an  accuracy  of  0.0005  inch. 

After  the  tight  line  has  been  set,  the  other  bearing 
pedestals,  turbine  casings,  generator,  gear  housing,  etc., 
can  be  adjusted  so  as  to  be  central  with  the  line.  They 
should  then  be  doweled,  by  drilling  and  reaming  and 
accurately  fitting  dowels. 

The  middle  bearing  will  be  lower  than  the  outside 
bearings  by  an  amount  equal  to  the  sag  in  the  wire. 
This  would  ordinarily  be  negligible  up  to  15  ft.  span 
of  wire.  It  can  be  checked  by  assembling  the  rotary 
element  and  opening  up  the  coupling.  The  middle  bear- 
ing should  be  shimmed  until  the  distance  between  the 
flanges  of  the  coupling  is  the  same  above  as  it  is  below, 
or  perhaps  0.002  to  0.006  in.  more  on  top. 

Turbine  Casing  Is  Usually  Set  Low 

The  turbine  casing  is  usually  set  low  to  allow  for 
expansion.  It  is  best,  if  any  question  arises  in  this 
connection,  to  get  the  manufacturer's  information  on 
this  point.  It  can  readily  be  settled,  however,  by  mak- 
ing the  adjustment  that  seems  best,  and  then  checking 
the  alignment  with  shaft  again,  when  the  machine  has 
been  put  in  service,  and  correcting  to  be  central  under 
working  conditions  of  temperature.  If  the  shaft  is 
sprung,  the  spring  must  be  measured,  and  this  should 
be  taken  into  consideration  wnen  centralizing  with 
the  shaft. 

After  the  foregoing  questions  of  checking  location, 
alignment,  pipe  connections,  etc.,  have  been  settled, 
the  grouting  can  be  poured.  While  this  is  hardening,  the 
parts  next  to  be  assembled  should  be  cleaned  and  made 
ready. 

The  importance  of  cleaning  is  seldom  realized  by  the 
inexperienced.  The  practical  man  knows  that  grit  or 
sand   in   a  bearing  running  at   high   speed   can  cause 


considerable  damage  in  a  few  minutes.  A  si-rapcd  joint, 
where  no  gasket  is  used,  is  dillicult  or  impossible  to  make 
steam-tight  when  dirt  is  present.  Dirt  causes  alignment 
troubles  when  shims  and  contact  surfaces  are  not  proij- 
erly  cleaned.  Cleaning  is  something  of  an  art.  An 
appreciable  skill  is  required  in  preparing,  with  a  sharp 
machinist's  scraper,  a  scraped  surface  which  has  been 
warped  by  bolt  pre.ssure  and  expansion,  and  which  is 
covered  with  sticky  dope.  Some  judgment  is  required 
in  getting  this  work  done  by  unskilled  and  unreliable 
labor.  When  large  pieces  are  cleaned,  it  is  a  good  plan 
to  provide  putty  knives  or  old  files  ground  to  a  dull 
edge.  The  work  can  then  be  inspected  by  an  experienced 
man,  and  filing  or  scraping  done  as  required. 

Delicate  parts  which  are  being  assembled  should  be 
covered  with  a  tarpaulin  or  other  shield  each  night 
to  prevent  dust  .settling  from  the  air,  and  solid  par- 
ticles, such  as  bolts  or  nut.s,  finding  their  way  in.  The 
steam  passages  must  bj  continually  guarded  and  in- 
spected. 

The  most  difliicult  part  of  the  assembling  is  usually 
the  turbine  rotor  and  casing.  It  is  most  important  to 
have  reliable  men  to  watch  different  parts  as  the  lower- 
ing is  done. 

The  remaining  parts  to  be  assembled,  which  include 
generator,  packing  casings,  steam  chest,  valve  gear 
piping,  etc.,  often  require  much  painstaking  work  and 
i-epresent  a  large  part  of  the  job. 

Chapters  to  follow  will  deal  with  steps  that  the  engi- 
neer may  be  called  upon  to  make  to  produce  a  so-called 
"perfectly"  running  machine.  Perfection  is  usually  too 
expensive  for  commercial  practice,  but  from  a  practical 
point  of  view  there  is  a  state  that  is  called  perfection 
which  is  the  only  goal  worth  while  for  turbine- 
machinery  erectors  and  which  can  usually  be  reached 
by  a  little  forethought  and  thoroughness  rather  than  by 
laborious  and  exoensive  means. 

Dou'ts  for  the  Diesel  Engineer 

Don't  regulate  the  compressor  discharge  pressure  by 
using  a  relief  valve.  Put  a  throttle  valve  on  the  com- 
Ijressor  suction  line. 

Don't  grind  the  fuel-pump  valves  too  often.  Filtering 
the  oil  will  reduce  valve  cutting. 

Don't  fail  to  recheck  the  valve  timing  after  grinding 
a  valve. 

Don't  think  you  are  getting  cori-ect  ignition.  Use  an 
indicator  and  know. 

Don't  overlook  jumping  the  piston  at  each  shutdown 
to  note  the  play  in  the  rod  bearings. 

Don't  carry  the  cooling  water  below  120  deg.,  nor 
higher  than  150  deg. 

Don't  feel  that  the  indicator  is  the  steam  engineer's 
toy.      The  Diesel  operator  needs  it  fully  as  much. 

Don't  let  the  pipe  trenches  fill  wdth  dirt  simply  be- 
cause it  will  be  out  of  sight. 

Don't  carry  an  excessive  air  pressure — cylinder 
knocking  is  frequently  due  to  this. 

Don't  start  redesigning  the  engine  as  soon  as  it  is 
installed. 

Don't  be  satisfied  with  less  than  two  circulating- 
water  pumps  and  an  auxiliary  air  compressor. 

Don't  flood  the  cylinders  with  lubricating  oil;  an 
excessive  amount  will  carbonize  on  the  cylinder  walls. 

Don't  be  satisfied  if  the  engine  exhaust  is  dark.  Any- 
thing other  than  a  clear  exhaust  proves  that  the  engine 
is  not  properly  tuned  up. 


July  6,  1920 


POWER 


The  British  Thermal  Unit  and  the  Mechanical 

Equivalent  of  Heat 


By  F.  R.  low 


THE  British  thermal  unit,  or  B.t.u.  as  it  is  com- 
monly abbreviated,  is  the  English  unit  by  which 
quantities  of  heat  are  measured.  Heat  quantity 
is  quite  a  different  thing  from  temperature.  If  a  cup- 
ful of  water  is  dipped  out  of  a  barrelful,  they  will  both 
have  the  same  temperature,  but  there  is  a  good  deal 
more  heat  in  the  barrelful  than  there  is  in  the  cupful. 
There  is  more  heat  in  a  pint  of  water  at  32  degrees 
Fahrenheit  than  there  is  in  a  teaspoonful  at  212  degrees. 

The  British  thermal  tmit  is  that  amount  of  heat  which 
is  required  to  increase  the  temperature  of  one  pound  of 
water  one  degree  Fahrenheit. 

This  definition,  commonly  given,  is  well  enough  as 
far  as  it  goes,  and  tells  as  much  as  anyone  needs  to 
know  about  the  B.t.u.  in  order  to  use  it  intelligently  and 
to  the  degree  of  accuracy  required  in  ordinary  engineer- 
ing calculations ;  but  it  is  not  precise. 

What  Is  a  Pound? 

The  pound  is  the  English  unit  of  weight.  Masses  or 
quantities  of  matter  are  weighed  by  comparing  the  at- 
traction which  exists  between  them  and  the  earth  with 
the  attraction  between  the  earth  and  standard  weights, 
as  in  a  scale  balance  or  upon  a  spring  scale  that  has 
been  calibrated  with  standard  weights.  Our  early 
weights  and  measures  were  brought  over  from  Eng- 
land, and  there  got  to  be  such  a  diversity  among  those 
in  use  al  the  different  cu.stom  houses  and  elsewhere 
that  the  necessity  of  a  standard  became  apparent.  The 
Treasury  Department,  therefore,  between  18.30  and  1835 
adopted  an  avoirdupois  pound  based  upon  the  standard 
Troy  pound  brought  over  from  England  a  number  of 
years  before  and  deposited  in  the  Mint  at  Philadelphia 
for  the  express  purpose  of  serving  as  a  standard  for 
American  coinage. 

In  1866  Congress  made  the  metric  system  lawful  in 
the  United  States  and  fixed  the  values  of  the  new  sys- 
tem in  terms  of  the  system  in  general  use. 

In  1875  a  Metric  Convention  was  signed  at  Paris 
establishing  an   International  Bureau   of  Weights  and 


FIG.    1.      PROTOTYPE    .METEK.      aTAXDAKJJ    MEA.si-RE    OK 
LENGTH  IX  THE  UNITED  STATES 

Measures  to  be  supported  by  the  countries  that  signed 
the  convention.  These  included  all  the  principal  coun- 
tries of  the  world,  one  of  which  was  the  United  States. 
France  set  apart,  in  the  park  of  St.  Cloud,  near  Paris, 
a  plot  of  ground  which  was  declared  neutral  territory 
and  dedicated  to  the  use  of  the  new  bureau.  The  bu- 
reau undertook  to  prepare  accurate  copies  of  the  stand- 


ard meter  and  kilogram  in  the  French  archives.  These 
were  completed  and  distributed  in  1889.  Those  falling 
by  lot  to  the  United  States  were  Meters  Nos.  21  and 
27  and  Kilograms  Nos.  4  and  20.  On  April  5,  1893,  the 
Superintendent  of  Weights  and  Measures,  with  the  ap- 
proval of  the  Secretary  of  the  Treasury,  decided  that  the 
international  meter  and  kilogram  would  in  the  future  be 
regarded  as  the  fundamental  standards  of  length  and 
mass  in  the  United  States  both  for  metric  and  for  cus- 
tomary weights  and  measures. 

The  United  States  prototype  meter  and  kilogram  now 
in  the  possession  of  the  Bui-eau  of  Standards,  into  the 
keeping  of  which  all  the  property  of  the  Office  of 
Weights  and  Measures  passed  with  the  establishment 
of  the  Bureau  in  1901,  are  shown  in  Figs.  1  and  2  re- 
spectively. The  relation  between  the  standard  meter 
and  the  Imperial  yard  which  had  been  set  by  the  act 


FiG.   2.     PKOTOTYl'E  iilLOGRA.U  NO.    .'0   STANDARD  FOR 
MEASURES  OF  WEIGHT  IN  THE  UNITED  STATES 

of  1866  was  by  chance  the  exact  relation  within  the 
error  of  observation.  The  act  fixed  the  kilogram  as 
equal  to  2.2046  pounds  avoirdupois.  The  more  exact 
value  since  determined  and  now  used  is  2.204622. 

1 


The  pound,  then,  is  equal  to 
I'd   kilogram   preserved    at    the    International    Bureau 
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of  WeiRht.'*  and  Moii.siiie.'*  nt  St.  (loud,  it.solf  as  clo.sc 
a  copy  as  it  was  pos.'^ihlc  to  make  of  the  original  meter 
in  the  archivo.s  of  France,  and  reproduced  with  the  ut- 
most attainable  exactness  in  the  two  copies  preserved 
by  our  own  Bureau  of  Standards. 

Weighing  a  Pound 

We  have  now  a  definite,  positive  value  for  the  pound 
of  ma.^s,  but  it  is  not  so  simple  a  matter  as  it  seems 
to  weiph  out  a  quantity  of  another  sub- 
stance   that    will    have    precisrhj    the 
same  mass  as  the  .standard  weipht. 

Suppose  wfe  suspend  a  flask  upon  a 
spring  scale  with  a  standard  pound 
weight  beside  it.  as  in  Fig.  3.  Note 
the  position  of  the  pointer,  remove  the 
pound  weight  and  pour  water  into  the 
flask  until  the  pointer  returns  to  the 
same  point.  You  now  have  a  pound  of 
water  in  the  flask.  Mark  the  water 
line  at  the  neck. 

Suppose  you  had  done  this  at  the 
Bureau  of  Standards  in  Washington 
and  later  you  tried  to  weigh  out  a 
pound  of  water  at  the  International 
Bureau  of  Weights  and  Measures  near 
Paris.  You  set  the  same  flask  on  the 
same  spring  scale,  and  fill  it  with  water 
up  to  the  mark  which  you  made  at 
Washington,  but  the  pointer  on  the 
scale  comes  down  lower  than  it  did  be- 
fore as  indicating  the  combined  weight 
of  the  pan,  flask  and  pound  weight. 
What  is  the  matter?  Is  Paris  water 
heavier  than  Washington  water? 

You  empty  and  dry  out  the  flask  and 
hang  it  with  the  standard  pound 
weight  on  the  scale  and  find  that  the 
pound  weight,  as  well  as  the  pound  of 
water,  weighs  more  at  Paris  than  it 
did  at  Washington. 

The  attraction  between  the  earth  and  a  body  outside 
it  varies  inversely  as  the  square  of  the  distance  apart 
of  their  centers  of  gravity.  It  is  less,  therefore,  on  top 
of  a  high  mountain,  in  a  flying  balloon  or  airplane  than 
at  the  sea  level.  It  is  more  at  the  poles  than  at  the 
equator,  for  the  earth  is  flattened  at  the  poles  and  the 
surface  there  is  some  thirteen  miles  nearer  to  the 
center  than  it  is  at  the  equator. 

The  attraction  between  a  body  and  the  earth  is  partly 
counterbalanced  by  centrifugal  force.  At  the  equator  a 
body  on  the  earth's  surface  is  whirling  around  the 
earth's  axis  with  a  velocity  of  some  1,500  feet  per  sec- 
ond which,  even  with  a  radius  of  nearly  4,000  miles, 
produces  a  considerable  tendency  to  throw  the  body  off. 
Further,  a  body  on  the  top  of  a  mountain  at  the  equator 
is  going  faster  and  has  a  greater  centrifugal  force 
than  a  body  at  the  level  of  the  sea.  Here  is  -another 
reason  why  altitude  may  affect  the  attraction.  At  the 
poles  there  is  no  angular  velocity  and  no  centrifugal 
force,  and  so  a  body  at  a  pole  would  be  attracted  to- 
ward the  earth's  center  more  strongly  both  by  reason 
of  the  lesser  distance  between  its  center  of  gravity  and 
that  of  the  earth  and  of  the  absence  of  centrifugal 
force.  And  so  the  nearer  we  get  to  the  poles  and  the 
lower  we  get  upon  the  earth's  surface,  the  more  a  body 
would  weigh  on  a  spring  scale. 


\Ui\  the  riias.s  as  defermined  by  comparison  with  .stand- 
ard weights  on  a  pan  balance  would  be  the  same  at  all 
altitudes  and  at  all  dcKrecs  of  latitude,  for  although  the 
attraction  between  the  earth  and  the  body  to  be  weighed 
would  be  greater  at  higher  latitudes  and  at  lower  alti- 
tudes, the  effect  upon  the  standard  weights  would  be 
the  same  and  the  body  would  balance  the  same  .standard 
mass  wherever  the  weighing  process  took  place. 

This  .so  far  as  altitude  and  latitude  are  concerned. 
It  is  not  strictly  true  on  account  of  another  considera- 
tion. 

Imagine  a  weight  to  be  suspended  upon  a  spring  scale, 
as  in  Fig.  4.  Note  the  position  of  the  pointer.  If  the 
weight  were  immersed  in  water,  as  in  P''ig.  5.  the  pointer 
would  rise,  showing  that  the  weight  was  not  pulling  .so 
hard  upon  the  spring. 

The  weight  is  buoyed  upward  by  the  water.  The 
flotation  force  is  equal  to  the  weight  of  the  volume  of 
water  displaced  by  the  immersed  body,  and  the  scale 
will  read  lighter  by  an  amount  equivalent  to  the  weight 
of  that  amount  of  water.  The  effect  would  be  the  same 
if  the  entire  scale  were  immersed,  as  in  Fig.  6. 

How  about  the  pan  balance?  Suppose  a  pound  of 
wood  were  weighed  upon  it  and  then  the  whole  thing 
were  immersed  in  water.  The  wood  would  float  off  and 
apparently  weigh  nothing.  Suppose  we  weigh  some- 
thing that  weighs  more  than  an  equal  volume  of  water 
but  less  than  an  equal  volume  of  the  metal  from  which 
the  weights  are  made,  like  a  piece  of  coal,  for  instance, 
the  weights  being  of  brass.  If  w-e  put  enough  coal  into 
one  pan  to  just  balance  the  weight  in  the  other  when 
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the  scales  are  in  the  air.  as  in  Fig.  7,  the  pan  holding 
the  coal  will  rise  and  the  pan  with  the  brass  weight  in 
it  will  ."^ink  when  they  are  immersed  in  water,  as  in  Fig. 
8.  The  lifting  effect  on  the  coal  pan  will  be  equal  to 
the  weight  of  a  volume  of  water  equal  to  the  volume  of 
the  coal.  The  lifting  effect  upon  the  weight  pan  will  be 
equal  to  the  weight  of  a  volume  of  water  equal  to  the 
volume  of  the  weight.  The  volume  of  the  coal  is  greater 
than  that  of  the  brass  weight,  the  lifting  effect  upon 
it  is  greater,  and  the  scale  is  thrown  out  of  balance. 
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The  effect  would  be  the  same  in  kind,  though  not  in 
degree,  if  the  scales  were  immersed  in  a  tank  of  some 
heavj'  gas  like  CO,  instead  of  in  water ;  and,  although  it 
would  take  a  very  delicate  balance  to  show  it,  there 
would  be  a  difference  in  the  mass  required  to  balance 
a  standard  weight  in  dense  air  or  in  rarefied  air,  in  air 
at  the  sea  level  or  at  the  top  of  a  mountain,  in  air 
when  it  is  dry  and  dense  and  the  barometer  is  high  or 
when  it  is  charged  with  the  vapor  of  water  and  the 
barometer  is  low.  If  the  last  degree  of  refinement  were 
necessary,  the  weighing  would  have  to  take  place  in,  or 
be  referred  to,  a  vacuum  or  to  a  given  medium,  as  air, 
at  a  given  pressure  and  at  a  standard  temperature, 
for  the  volumes  of  the  standard  weights  and  the  sub- 
stance weighed   would  not   be  likely  to  change   in  the 


same  proportion  with  change  of  tempei'ature.  Worces- 
ter's dictionary  says  that  the  standard  pound  of  the 
United  States  is  equivalent  to  the  weight  of  27.7015 
cu.in.  of  distilled  water  at  62  degrees  F.  the  bai'ometer 
being  30  inches  and  the  water  weighed  in  air  with  brass 
weights.  The  foregoing  explains  why  all  these  condi- 
tions are  necessary. 

Weight  and  Mass 

The  terms  weight  and  mass  are  used  carelessly  and 
interchangeably  for  the  quantity  of  matter  that  is  in 
a  given  body  (which  is  the  same  regardless  of  altitude 
or  latitude  or  temperature  or  environment)  and  for  the 
attraction  that  exists  between  the  body  and  the  earth. 
If  we  use  the  verb  "to  weigh"  to  mean  to  weight  dovra, 
to  pull,  we  can  rightly  say  that  a  body  will  weigh  more 
at  the  pole  than  at  the  equator  even  in  the  pan  balance, 
for  the  standard  "weights"  with  which  it  is  measured 
would  weigh  more  there  too,  but  only  just  as  much 
more  as  the  body  does,  so  they  would  continue  to  bal- 
ance each  other  although  each  weighed  more. 

We  cannot,  then,  measure  the  mass  of  a  body,  the 
amount  of  matter  that  there  is  in  it,  by  its  weight, 
using  the  word  weight  in  this  sa ::se.  without  taking  a 
lot  of  other  things  into  consideration.  But  a  pound 
of  mass  means  a  mass  equal  to  that  in  the  standard 
pound  weight.  This  is  the  same  everywhere  and  always, 
and  when  a  definition  like  this  says  "a  pound  of  water," 
it  means  a  veiy  precise  and  definite  quantity.  In  the 
light  of  all  these  considerations  the  old  saying,  "A 
pound's  a  pound  the  world  around,"  takes  on  a  new 
significance. 

What  Is  a  Degree  Fahrenheit? 

You  may  be  told  that  the  difference  between  the  boil- 
ing and  freezing  points  of  water  is  divided,  on  the 
Fahrenheit  scale,  into  180  equal  parts  and  each  of  these 
is  a  degree  Fahrenheit. 

Water  may  freeze  at  32  degrees  Fahrenheit  and  it 
may  not.    It  probably  would  if  you  gave  it  time  enough. 


but  you  can  hold  a  vessel  of  water  for  a  considerable 
time  at  32  degrees  or  even  below  without  freezing  it. 
But  put  ice,  enough  of  it,  into  a  vessel  of  water  in 
which  it  will  melt,  and  the  temperature  of  the  water 
will  go  down  to  a  certain  point  and  stay  there  as  long 
as  enough  ice  is  kept  melting  in  it  to  keep  it  there.  It 
doesn't  matter  how  much  ice  you  put  in,  you  cannot  get 
it  any  cooler,  and  it  doesn't  matter  how  much  heat  you 
apply  to  it,  if  you  keep  ice  melting  in  it  fast  enough  to 
take  up  that  heat  it  will  not  get  any  hotter.  Ice  melts 
at  a  certain  fixed  temperature,  and  that  temperature 
is  the  zero  of  the  centigrade  scale  and  the  32-degree 
point  of  the  Fahrenheit  scale. 

What  Is  the  Boiling  Point  of  Water? 

The  boiling  point  of  water  depends  upon  the  pressure 
under  which  it  is  heated.  If  heat  is  applied  to  a  vessel 
of  water,  the  temperature  will  rise  to  a  certain  point 
and  then  it  will  become  stationary  and  remain  so  until 
the  water  boils  away.  It  does  not  matter  how  much 
heat  you  apply,  you  cannot  get  it  any  hotter.  But  this 
point  depends  upon  the  pressure  under  which  the  proc- 
ess is  conducted.  In  a  vacuum  of  26  inches  the  water 
will  not  get  above  125  degrees  Fahrenheit.  In  a  boiler 
under  150  pounds  pressure,  absolute,  it  will  get  up  to 
358.5.  The  boiling  point,  212  deg.  at  atmospheric  pres- 
sure, is  what  is  meant. 

What  Is  the  Atmospheric  Pressure? 

But  what  is  the  atmospheric  pressure  ?  It  is  greater  at 
.sea  level  than  on  a  mountain  top;  it  is  gi-eater  at  the  same 
place  when  the  air  is  dry  than  when  it  is  full  of  water 
vapor,  as  is  shown  by  the  variation  in  the  height  of  the 
barometer  from  time  to  time  in  the  same  location.  So 
we  have  to  have  a  standard  atmospheric  pressure,  and 
it  has  been  fixed  at  that  pressure  which  will  support  a 
column  of  pure  mercury  760  millimeters  in  height,  the 
temperature  of  the  mercury  being  that  of  melting  ice, 
zero  degrees  centigrade,  or  32  degrees  Fahrenheit. 

So  we  have  as  a  precise  definition  of  the  Fahrenheit 
degree  tJtb-  of  the  difference  between  the  temperature 
of  melting  ice  and  the  highest  temperature  to  which 
pure  water  can  be  heated  under  a  pressure  that  will 
support  a  column  of  mercury  760  millimeters  in  height, 
the  mercury  being  at  the  temperature  of  melting  ice 
and  the  water  boiling.  The  temperature  of  melting 
ice  is  called  32  degrees  and  that  of  the  boiling  water 
under  760  millimeters  pressure  32  +  180  =  "212  degrees. 

And  it  is  said  that  the  B.t.u.  is  the  amount  of  heat 
required  to  raise  the  temperature  of  one  of  those 
standard  pounds  of  water  through  one  of  these  degrees. 

Heat  Required  Different  for  Different  Degrees 

But  which  degree?  It  may  not — in  fact,  it  does  not — 
take  as  much  heat  to  raise  the  temperature  of  a  pound 
of  water  one  degree  in  one  part  of  the  scale  as  in  some 
other  part. 

The  amount  of  heat  required  to  raise  a  pound  of 
water  one  degree  is  called  its  specific  heat.  The  dia- 
gram, Fig.  9,  shows  how  Professor  Marks  and  Doctor 
Davis  assumed  this  specific  heat  to  vary  in  computing 
their  tables  of  the  thermal  properties  of  steam.  You 
see  we  should  get  a  different  value  for  the  B.t.u.  if  we 
made  it  the  amount  of  heat  required  to  raise  a  pound 
of  water  from  39  to  40  degrees,  the  point  of  its  maxi- 
mum density,  as  was  the  practice  of  some  physicists, 
or  at  62  degrees,  as  was  the  practice  of  others,  or  at 
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1.")  CentiKnido  as  whs  Kiiropoaii  practice,  or  al  sorne 
other  i>oint.  This  is  one  of  the  thiiiRs  that  makes  the 
difTereiue  t)ot\veen  the  steam  tal)les  of  vj-rious  authors. 
The  most  advanced  practice  is  to  use  the  average  sjxv 
cific  heat  hetween  ;?2  and  212  dcRrees.  Defmed  in  this 
way.  then,  the  British  thermal  unit  is  lio  of  the  amount 
of  heat  required  to  rai.se  a  standard  pound  of  water 
from  the  temperature  of  melting  ico  to  the  tempera- 
ture at  which  it  will  continue  to  Imil  under  a  pressure 
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FIG.   9.      THK   SPECIFIC   HEAT   OF   WATKK    liETWEEX    THE 

MELTING  POINT  OF  ICE  AND  THE  BOILING  POINT 

OF   -WATER    AT   ATMOSPHERIC    PRESSURE. 

THE    AVERAGE    VALUE     BETWEEN 

32  AND  212  DEG.  EQUALS  UNITY 


of  760  millimeters  of  mercury — if  we  want  to  be  very 
precise,  the  mercurj'  to  be  at  32  degrees  and  to  have  a 
specific  gravity  of  13.59593. 

The  Mechanical  Equivalent  of  Heat 

Heat  and  work  are  interconvertible.  The  steam  en- 
gine, for  example,  converts  heat  into  work  and  the  work 
is  reconverted  into  heat  in  the  friction  of  bearings,  the 
cutting  of  metals  by  tools,  the  overcoming  of  electrical 
resistance,  etc. 

The  "mechanical  equivalent  of  heat"  is  the  amount 
of  work  that  would  be  done  or  the  amount  of  energy 
that  would  be  generated  by  the  conversion  of  a  certain 
amount  of  heat. 

The  mechanical  equivalent  of  the  B.t.u.  is  the  amount 
of  work  or  energy  corresponding  to  one  British  thermal 
unit.  Joule  in  1843-50  gave  for  this  value  772  foot- 
pounds. Profes.sor  Rowland  in  1880,  with  more  refined 
methods  of  experiment,  found  it  to  be  higher  and  778 
was  generally  adopted.  The  latest  determination  indi- 
cates that  it  is  between  777.5  and  777.6  foot-pounds. 

But  What  Is  a  Foot-Pound? 

The  foot-pound,  you  are  likely  to  be  told,  is  the 
amount  of  energy  required  to  lift  a  pound  weight 
through  a  vertical  distance  of  one  foot;  but,  as  we  have 
seen,  this  would  be  more  difficult  at  sea  level  than  at 
an  elevation,  and  at  a  high  latitude  than  at  the  equator. 
The  foot  is  definitely  fixed  as  one-third  of  a  standard 
yard,  but  it  is  still  necessarj-  to  have  a  specific  definition 
for  the  unit  of  force. 

The  generally  accepted  definition  is  that  it  is  the 
pressure  exerted  by  a  standard  pound  in  vacuo  at  a  place 
where  gravity  has  an  acceleration  of  980.66')  centimeters 
per  second  per  second,  this  value  of  gravity  being  that 
adopted  by  the  International  Committee  of  Weights  and 


Measur»'s.  The  "pouMdal"  is  the  force  which,  acting  upon 
u  mass  of  one  pound  for  one  second,  will  produce  a 
velocity  of  one  foot  per  second. 

The  metric  unit  of  force  is  the  dyne.  It  is  deflned 
as  that  force  which,  acting  on  a  mass  of  one  gram  for 
one  second,  produces  a  velocity  of  one  centimeter  per 
second. 

The  metric  iitiil  of  energy  is  the  erg  and  equals  the 
energy  dovplo|)('d  hy  a  force  of  one  dyne  acting  through 
one  centimeter. 

The  metric  unit  of  heat  is  the  calorie  and  etiuala  the 
amount  of  heal  necessary  to  raise  the  temperature  of 
one  kilogram  of  water  one  centigrade  degree  (in  which 
case  it  is  called  the  "large  calorie")  or  one  gram  of 
water  one  centigrade  degree,  in  which  ca.se  it  is  called 
the  "small  calorie."  The  part  of  the  scale  generally 
u.sed  is  15  to  16  or  16  to  17  degrees,  but  present  prac- 
tice favors  the  "mean  calorie,"  which  is  toit  of  the  heat 
required  to  raise  one  gram  (or  one  kilogram  according 
to  whether  the  small  or  large  calorie  is  meant)  of  water 
from  0  to  100  centigrade. 

Simple  Speed  Indicator 

By  H.  Williamson 

In  a  large  steel  works  in  Canada,  there  is  in  use  an 
ingenious  speed  indicator  designed  as  shown  by  the 
accompanying  illustration,  in  which  A  is  a  brass  box;  B 
is  a  glass  tube,  open  at  the  top  and  communicating  with 
the  box  A  at  the  bottom  end ;  T  is  a  graduated  scale,  the 
figures  denoting  revolutions  7^ 
per  minute;  D  and  F  are  two  (  j 
brass  tubes  open  at  the  top  ^  ^ 
or  bulbed  end  and  aKso  com- 
municating with  the  box  A ; 
^  is  a  pulley  by  which  the 
instrument  is  driven,  the  ver- 
tical shaft  being  mounted  in  a 
suitable  hearing. 

The  operation  is  as  follows: 
Mercury  is  poured  into  the 
instrument  through  either 
tube,  B,  D  or  F,  until  it  ri.ses 
to  the  top  or  zero  end  of  the 
scale.  If  the  instrument  is 
now  rotated  by  means  of  a 
belt  on  the  pulley  E  to  the 
shaft  whose  speed  it  is 
desired  to  know,  the  centrif- 
ugal force  drives  the  mer- 
cury from  the  box  A  up  the 
brass  tubes  D  and  F,  causing  a  corresponding  lowering 
of  the  column  in  the  glass  tube  B.  This  depression 
varies  with  the  .speed.  The  in.strument  is  used  only 
for  moderate  speeds  and  is  a  permanent  fixture  on  the 
engine  frame.    It  is  remarkably  sensitive. 
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On  merchant  ships  built  during  the  past  few  years, 
a  refrigerating  plant  of  ample  capacity  is  always  found. 
On  cargo  ships  this  is  about  two  tons  per  24  hours. 
Ammonia  compression,  ethyl  chloride,  CO,  and  SO,, 
systems  are  the  rule,  with  preference  for  SO  in  the 
Shipping  Board  vessels.  Steam  drive  is  being  displaced 
by  motor  drive.  The  dense  air  .system  has  until  recently 
held  the  field  in  the  Navy.  C0_,  systems  are  now  installed 
on  practically  all  new  ships  except  destroyers,  where 
ethyl  chloride  and  SO,  systems  are  found,  with  a  few  of 
the  CO,  type. 
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ROLLING  MILLS 


Several  types  of  s/icar.s  are  described  and  illus- 
frated.  Some  are  simple  in  design,  and  others  are 
massive  and  someivhat  complicated.  Plate  and 
jobbing  miUs,  structural,  sheet  and  tin-plate 
mills,  also  wire-rod  mills  are  briefly  described. 


A  MONG  the  important  machines  used  in  rolling  mills 
/-*  are  the  shears  that  shear  the  metal  into  proper 
J-  JL  lengths.  Perhaps  the  simplest  is  the  belt-driven 
lever  shear  used  for  shearing  cold  metal.  It  consists  of 
a  heavy  bed  on  which  an  oscillating  jaw  is  pivoted.  One 
end  carries  the  cutting  plate,  and  the  other  end  carries 
a  crankpin,  the  crank  of  which  connects  with  a  pin  car- 
ried by  a  large  gear.  This  gear  meshes  with  a  pinion 
on  a  flywheel  shaft,  the  latter  being  dri'^en  by  a  belt  in 
the  old  machine  and  by  motors  in  the  more  modern 
type  (see  Fig.  1).  When  a  motor  is  used,  it  is  gear- 
connected  to  the  flywheel  shaft.  Some  of  these  lever 
shears  have  compound  drives;  that  is,  the  motor  is 
geared  to  a  flywheel  shaft,  which  is  geared  to  a  sec- 
ond-motion shaft,  the  latter  carrying  a  pinion  meshing 
with  a  geared  shaft  that  gives  motion  to  the  shear. 
Another  design  of  lever  shear  is  made  with  compounded 
.shaft,  but  is  equipped  with  a  friction-clutch  drive.  Many 
of  these  lever  shears  are  covered  with  metal  casings 
to  prevent  accidents.  The  average  size  shear  is  driven 
by  about  a  25-hp.  motor  of  the  induction  type  and  is 
capable  of  cutting  cold  steel  sections  up  to  7  .x  7  in. 
square. 

In  tin-plate  and  .sheet  mills  a  different  type  of  shear 
is  used  for  squaring  up  the  sheets.  They  are  of  various 
sizes  up  to  180  in.  in  width,  and  in  later  designs  are 
motor-driven.  They  are  designed  for  cutting  thin  sheets 
or  stacks  of  tin  plate  -j',;  in.  or  less  in  thickness.  The 
shear    is   actuated   by   crankrods,   that    receive    motion 


from    two    or    more    eccentrics    carried    on    a    shaft. 

The  shears  used  in  conection  with  slab  and  billet  mills 
are  of  a  different  character  and  because  of  the  heavy 
service  are  of  extremely  rigid  construction.  Fig.  3 
shows  a  3,600-ton  capacity  steam-hydraulic  shear  used 
for  shearing  slab  from  a  slabbing  mill.  The  thick  slab 
of  steel  comes  from  the  rolls  of  the  right  thickness,  but 
it  is  in  long  sections.  While  hot  the  piece  is  run  on 
rollers  to  the  shear,  and  the  slab  is  there  cut  into  smaller 
ones.  These  are  afterward  reheated  and  rolled  into 
plates,  etc. 

The  hydraulic  shear  is  perhaps  the  simplest  piece  of 
hydraulic  apparatus  in  the  steel  mill.  It  consists  of  a 
heavy  frame  carrying  at  one  end,  in  a  suitable  housing, 
a  knife  blade,  and  at  the  other  end  a  cylinder.  A  piston 
rod  carries  another  knife  blade,  and  the  piston  works 
this  blade  up  and  down,  producing  shearing  action  be- 
tween the  blades.  Steam  acts  on  top  of  an  intensifier 
piston  and  forces  the  pi.ston  rod  into  a  hydraulic  cylin- 
der, thereby  producing  the  pressure  required  for  shear- 
ing. With  this  arrangement  there  are  two  hydraulic 
systems  used.  One  is  a  closed  system  between  the  cut- 
ting cylinder  and  the  intensifier,  and  the  other,  the  regu- 
lar mill  system,  is  connected  through  suitable  valves  to 
the  cylinder  for  the  return  stroke.  By  using  the  steam 
intensifier,  the  expansive  power  of  the  steam  is  utilized, 
and  it  is  possible  to  get  a  working  pressure  of  6,000  lb. 
per  sq.in.  The  capacity  of  this  type  of  shear  ranges 
from  300  tons  up  to  3,600  tons.  The  larger  sizes  are 
equipped  with  multiple  cylinders  for  various  pressures 
for  cutting  different  sizes  of  slabs.  Hydraulic  bloom 
shears  are  made  either  up-cut  or  down-cut. 

Another  type  of  shear  is  shown  in  Fig.  5.  It  is  motor- 
driven,  and  the  huge  gearing  indicates  its  cutting 
strength.  As  the  bloom  comes  from  the  mill,  it  is  cut 
up  into  smaller  pieces  and  shoved  to  the  right  by  the 
manipulator   shown  on  top  of  the  roll  train.    The  pieces 


FIG.  1.   O.XE  TYPE  OF  LEVER  SHEAR 


FIG.  2.   MOTOR-DRIVEN  SQfARIXn  SHEAR 
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are  then  removed  to  be  reheated  and  rolled  into  the 
desired  produet.  Bloom  shears  are  built  for  shearing 
any  size  of  iiloom.  They  are  KeiiPfally  motor-driven  for 
shearing  blooms  up  to  14  in.  sciuare.  but  when  larger 
blooms  are  to  be  sheared,  hydraulic  shears  are  best. 

In  Fig.  4  is  shown  a  44-in.  reversinp  blooming  mill 
with  a  slal)  shear  and  billet  shear  in  the  foreground. 
The.se  are  hydraulically  operated.  To  use  a  popular 
expression,  lhe.se  shears  cut  through  the  hot  metal  as 
easily  as  a  knife  cuts  through  a  piece  of  chee.se.  After 
passing  the  shear.s,  the  steel  pieces  are  reheated  and 
rolled  into  rods,  plates,  sheets,  and  a  hundred-and-one 
products.  The  mills  u.sed  in  working  up  these  metals 
are  much  smaller  than  the  blooming,  billet  and  plate 
mills,  and  are  arranged 
with  roughing  and  finish- 
ing stands,  each  consist- 
ing of  two  or  three  rolls. 
One  of  the  largest,  if  not 
the  largest,  shear  in  the 
world  is  at  the  Lukens 
Steel  Car  Plant.  Coats- 
ville,  Pa.  It  is  of  the  hy- 
draulic type,  and  the  knife 
is. 215  in.  long  and  has  a 
shearing  capacity  of  2  in. 
thickness.     It  is  u.sed  with 


I)ass  the  piece  passes  between  the  bottom  and  the  center 
roll,  and  on  the  return  pass  the  piece  passes  between  th( 
center  and  the  top  roll. 

The  view  shown  in  Fig.  7  is  of  a  complete  sheet  mill 
at  the  main  plant  of  the  Youngstown  Sheet  and  Tube  Co. 
The  engine  is  a  twin  tandem-compound  Corliss  with  a 
34  and  GO  x  60-in.  cylinder  and  is  rated  at  2,000  hp.  at 
30  r.p.m.  In  this  instance  the  engine  shaft  is  coupled 
to  the  mill  stand,  there  being  no  reduction  of  speed 
between  the  engine  and  the  rolls,  as  is  generally  the 
case.  The  engine  is  placed  in  the  center  of  the  mill  and 
drives  a  train  from  each  end  of  the  crankshaft.  The 
method  of  roll  adjustment  is  .shown  on  the  nearest  stand. 
As  the  sheet  comes  to  the  rolls  from  the  far  side,  it 

slides  out  on  the  rest  piece 
and  the  bar  at  the  back  of 
the  stand  assists  the  oper- 
ator to  pass  the  .sheet 
back  over  the  top  of  the 
roll.  The  heating  fur- 
naces are  shown  at  the 
extreme  left,  and  the 
squaring  shears  at  the  ex- 
treme right  together  with 
several  sets  of  rolls.  The 
pile  of  sheet  next  to  the 
engine  partition  indicates 


A  3.600-TON  CAPACITY  STEA.M:HYDRAUL1C  SHEAR.      FIG.    1.      A    li-l.V    REVERSING    MILL   WITH    ST  AR   SHTTAR 
AXD    RILLET    .SHEAR    IN   FOREGROUND.      FIG.    5.      -AIOTOR-DRIVEN   BLOOM   S^EAR 


a  204-in.  plate  mill,  the  largest  in  the  world.  One  of  the 
simplest  mills  is  that  used  in  rolling  tinplate  sheets  or 
bars.  It  is  generally  made  with  two  stands,  two  smooth 
rolls  in  one  stand,  although  three-high  stands  are  also 
used.  Fig.  8  shows  a  structural  mill  of  the  foimer  type, 
and  Fig.  9  shows  a  bar  mill  of  the  latter.  In  the  tvvo- 
high  mills  the  top  roll  is  carried  in  bearing  blocks  that 
are  moved  up  and  down  for  roll  adjustment  by  means  of 
a  double-pitch  screw  that  is  turned  by  means  of  gears 
and  an  adjusting  wheel  or  adjusting' levers  which  are 
used  to  turn  the  screw  either  up  or  down. 

In  operating  the  two-high  mills,  the  steel  is  put 
through  the  rolls  in  one  direction  only,  the  return  being 
over  the  top  of  the  upper  roll.  After  each  passage  the 
rolls  are  adjusted  closer  and  the  sheets  are  passed 
through  them  until  the  desired  thickness  is  obtained. 
With  a  three-high  stand  the  metal  is  rolled  in  both  direc- 
tions in  its  passage  through  the  stand.     On  the  forward 


the  kind  of  work  produced.  A  front  view  of  a  complete 
plate  mill  is  shovm  in  Fig.  6.  The  arrangement  is  simi- 
lar to  that  shown  in  Fig.  7,  excepting  that  the  stands 
are  placed  farther  apart.  In  the  foreground  is  a  lever 
type  of  shear,  the  gearing  of  which  is  inclosed,  and  the 
location  of  the  engine  driving  the  stands  is  shovra  by 
the  flywheel  and  its  position  between  the  stands.  The 
heating  furnaces  are  at  the  extreme  right,  the  weighted 
door-lifting  levers  being  shown. 

When  the  rolls  are  to  be  changed  on  this  type  of  mill, 
a  traveling  crane  is  moved  in  place  and  a  tackle  is 
attached  to  the  two  lugs  that  are  formed  at  each  side  of 
the  stand  casting.  It  is  then  lifted  out  of  the  way  side- 
wise,  the  rolls  lifted  out  by  the  same  crane,  and  the  new 
ones  are  put  in  position  when  the  stand  is  replaced. 

If  one  wishes  to  see  metal  pass  through  a  mill  at 
extremely  high  rate  of  speed  the  continuous  wire  mill  is 
the  place  to  see  it.     A  wire  is  produced  from  a  heated 
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billet.  In  this  mill  the  billet  is  sent  from  the  heating 
furnace  into  the  roughing  mill  rolls  and  passes  auto- 
matically through  the  mill  until  it  is  wound  on  reels 
ready  for  tying  up  for  delivery.  The  speed  of  the  wire 
at  the  reel  is  about  30  miles  per  hour.  The  furnace 
in  which  the  billets  are  heated  is  gas-fired.  It  is  built 
sloping  and  the  billets  are  sent  down  in  a  single  layer 
as  fast  as  one  is  pushed  out  to  the  roughing  mill.  This 
is  done  by  a  pusher  machine,  which  in  some  mills  grabs 
the  end  of  the  billet  and  after  forcing  it  out  of  the  oven 
turns  it  one-quarter  turn  just  as  it  enters  the  rolls,  so 
as  to  knock  off  the  scale.  The  billet  comes  out  of  the 
furnace  through  a  small  door  and  enters  the  first  stand 
of  rolls,  which  is  placed  quite  close  to  the  furnace. 

The  billets  are  about  25  or  30  ft.  in  length  and  about 
13  in.  square.  After  passing  through  a  number  of 
stands,  the  wire  is  reduced  to  the  desired  size.  Owing 
to  the  elongation  of  the  billet  each  succeeding  stand  of 
rolls  revolves  at  an  increased  speed  so  as  to  allow  no 


slack  betwen  the  stands.  It  requires  about  one  min- 
ute from  the  time  the  billet  enters  the  roughing  roll 
until  it  is  rolled  up.  By  the  time  the  last  end  of  the 
billet  has  left  the  furnace,  more  than  50  per  cent  of  the 
rod  is  wound  up  into  a  coil  containing  2,000  or  3,000  ft. 
of  wire,  all  depending  on  the  size. 

On  leaving  the  roughing  rolls  the  leading  end  of 
the  billet  passes  through  a  pair  of  flying  shears,  which 
cut  off  a  piece  a  few  inches  in  length,  the  object  being 
to  get  a  clean  end  in  order  to  permit  of  the  correct 
entry  of  the  work  between  the  rolls  of  the  succeeding 
intermediate  trains.  The  flying  shears  are  an  interest- 
ing mechanical  device  consisting  of  a  pair  of  blades 
which,  during  the  act  of  closing,  are  free  to  travel 
with  the  moving  wire  until  it  is  severed.  After  leaving 
the  intermediate  train,  the  work  passes  into  the  rolls 
of  the  finishing  train,  which  may  be  driven  separately 
from  the  roughing  and  intermediate  trains,  so  that  the 
rod  will  not  be  overfed  between  the  intermediate  and 


A   CO.MI'EETK   sheet   .\in.l.,      EXCilXE   PEACEU   (.•ENTEAL   BETWEEN    .STAXUS 


12 


p  0  w  !■; 


Vol.  52,  No.  1 


finishing  roll",  wnich  can  occur,  due  to  uneven  wcnr  in 
the  roll  proovos  or  borau.sc  of  a  lack  of  .synchroniz.ition 
of  the  cnpini's.  On  the  other  hand,  a  difference  in  en- 
gine .xpeed  would  be  just  a.s  likely  to  develop  a  tension  in 
the  bar  as  to  create  a  .sag. 

I'uoven  wear  may  be  expected  to  occur,  because 
the  rolls  of  the  intermediate  liain  run  at  a  considerably 
faster  speed  than  the  rolls  of  the  roughing  train.  At 
the  finishing  tniin  the  wear  in  the  grooves  is  more  rapid 


/H\b' 


y  o 

FIG.   8.      TWO-HKJH   PLATE  AND  JOBBING  MILL 


inauflTicicnt.  To  economize  space  within  the  anchor  box. 
it  is  often  de.sirable  to  stagger  the  cleats,  as  exhibited  at 
C  and  /).  A  heavy  angle  S  should  be  provided  to  support 
the  vertical  weight  of  the  box  and  the  conductor.^  in 
conduit  which   it   supports.     Angle  St    is  also  usually 


a  a 


FIG.    1.      SUPPOKTy   FOH   CONDFCTOR.S    IN'   VERTICAL 
CONDUIT  RUNS 


FIG.    '.'.      TUKFE-HliJH    KAK    MILL 

than  in  the  rolls  of  the  roujrhing  train,  and  in  order  to 
reduce  labor  and  delays  involved  in  frequent  replacing 
of  the  rolls,  the  rolls  are  cut  with  a  number  of  grooves, 
all  grooves  being  of  the  same  section.  Some  mills,  how- 
ever, are  made  so  that  with  any  alternation  in  the  size 
of  the  wire,  the  rolls  would  have  to  be  changed. 

( The  next  article  taill  be  devoted  to  electrical  driving 

apparatus.) 

Supporting  Conduit  Risers 

By  Roy  J.  Turner 

The  method  shown  in  the  accompanying  illustrations 
has  proved  to  be  satisfactory  and  economical  for  holding 
the  wires  in  a  vertical  conduit  run  so  as  to  satisfy  the 
National  Electrical  Code  requirements.  To  apply  this 
method,  the  back  of  the  junction  box  must  be  of  steel 
sufficiently  heavy  to  "take"  safely  a  machine-screw 
thread  M,  Fig.  1.  Then  the  conductors  can  be  gripped 
in  porcelain  cleats  A,  B,  C  and  D.  A  piece  of  ftat  strap 
iron  with  a  hole  in  each  end  is  placed  between  the  outer 
cleat  and  the  machine-screw  head.  This  distributes  the 
strain  and  thereby  prevents  cracking  of  the  porcelain. 
To  support  the  conduits  themselves,  their  ends  should 
be  threaded  for  some  distance,  as  shown  at  L  (Fig.  1) 
and  a  locknut  run  dow-n  on  them.  In  fact,  in  some  cities 
the  inspection  bureau  requires  two  locknuts  on  everj' 
conduit  that  enters  a  steel  box.  In  such  cities  a  bush- 
ing and  a  locknut  on  the  conduit  N,  Fig  1,  are  deemed 


(.-Conduil 


FIG.    :;.      CO.VnUCTORS   IN   A  VERTICAL   CONDUIT   RUN 
.SUPPORTED  WITH  A  PORCELAIN  CLEAT  CL.AMP 

located  at  the  top  of  the  box,  and  the  box  is  bolted  to  it. 
The  arrangement  given  in  Fig.  2  has  also  been  applied 
successfully  and  is  quite  satisfactory  for  the  smaller 
conductors.  With  this  a  cleat  is  bolted  tightly  around  the 
conductor.  This  cleat  rests  on  the  bushing  in  the 
bottom,  of  the  box.  Thus  it  prevents  the  conductor  from 
moving  vertically  do\\-nward. 
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How  To  Calculate  a  New  Winding  for  an 
Induction-Motor  Stator  Core 

By  a.  M.   DUDLEY 

L)LsiKiiiiiK    tiiiKiiuir.    Westinghouso    }2loctiic    and    Manufactuiing    t'oiiipany 


The  six  factors  that  require  consideration  in  fig- 
nring  a  neiv  winding  for  an  induction  motor  to 
operate  under  neiv  conditions  of  speed,  horse- 
power, voltage,  phase  or  frequency  are  enumer- 
ated, then  a  problem  is  vjorked  out  to  show  how 
each  is  determined.  No  attempt  is  made  to  con- 
sider all  the  items  that  ivould  be  investigated  by 
the  designing  engineer  in  tvorking  up  a  new 
design,  but  only  those  points  that  nnay  be  con- 
sidered fundamental  are  treated  of.  However, 
the  treatment  is  such  as  will  give  a  winding  that 
iinll  be  satisfactorily  operative  in  a  high  per- 
centage of  cases. 


THERE  have  appeared  in  Power  at  intervals  for 
the  last  three  years  articles  on  "Reconnecting  the 
Windings  of  Induction  Motors"  so  that  they  might 
be  operated  under  conditions  diflfering  from  those  for 
which  they  were  originally  designed.  The  author  feels 
that  this  series  is  not  quite  complete  until  he  has  given 
some  idea  of  how  a  winding  may  be  figured  for  a  given 
core  without  reference  to  any  winding  that  might  pre- 
viously have  been  on  the  core.  Obviously,  in  an  article 
with  the  limited  space  assigned  to  this  one,  there  cannot 
be  attempted  a  complete  treatise  on  the  design  of  induc- 
tion motoi's  with  detailed  methods  of  calculation  which 
will  m.ake  him  who  reads  a  finished  designei".  In  this 
discussion  no  reference  will  be  made  to  all  the  points 
considered  by  the  designing  engineer,  but  only  those 
factors  will  be  covered  in  detail  which  it  is  felt  are  the 
most  vital,  and  these  will  be  handled  in  as  elementary 
a  manner  as  possible. 

Performance  of  an  Induction  Motor 

The  performance  of  an  induction  motor  is  made  up 
of  a  number  of  different  factors.  It  must  be  able  to 
start  its  load  without  drawing  from  the  supply  circuit 
an  abnormal  current,  with  a  reasonable  temperature 
rise  and  power  factor.  It  must  have  a  good  efficiency 
and  have  as  much  mechanical  clearance  as  possible  be- 
tween the  stationary  and  rotating  members  so  as  to 
increase  the  life  of  the  bearings.  It  must  have  a  mo- 
mentary overload  capacity  of  from  one  and  one-half  to 
two  times  normal  full-load  torque  without  "pulling  out" 
or  stalling.  Some  of  these  characteristics  may  be 
favored  at  the  expense  of  others;  for  example,  it  is 
possible  to  get  a  high  power  factor  at  the  expense 
of  having  a  very  small  clearance  between  stator  and 
rotor,  or  it  is  possible  to  have  a  high  efficiency  at  a  cost 
of  low  starting  torque  and  high  starting  current. 

It  is  understood  that  all  these  characteristics  are 
affected  in  various  ways  by  the  different  features  of  the 
design,  that  is  to  say  by  the  axial  length  of  the  iron 
core  as  compared  to  the  rotor  diameter,  or  by  the  num- 
ber of  slots  or  the  kind  and  thickness  of  the  laminated 
steel  used  and  matters  of  this  kind;  but  the  thing  that 
has  the  greatest  effect  and  can  most  easily  be  modified 
is  the  number  of  turns  in  the  stator  or  primary  winding. 


In  figuring  this  detail,  which  is  of  prime  importance, 
it  is  therefore  good  practice  to  have  at  all  times  a 
mental  picture  of  what  happens  to  each  characteristic 
when  the  cross-section  of  the  conductors  or  the  number 
of  turns  in  the  primai-y  winding  is  changed.  In  order 
to  summarize  this  quickly,  the  various  characteristics 
are  listed  in  order  and  considered  separately.  The  main 
considerations  in  the  operation  of  any  induction  motor 
are :  Starting  torque,  starting  current,  air  gap  or  clear- 
ance, power  factor,  efficiency,  heating,  maximum  torque, 
or  pull  out,  noise,  and  mechanical  vibration. 

If  there  were  two  motors  that  were  exact  duplicates 
in  material  and  all  mechanical  dimensions  excepting 
that  one  motor  had  more  turns  in  the  winding  than  the 
other,  when  comparing  the  characteristics  just  named, 
the  motor  having  the  most  turns  would  have  a  lower 
starting  torque  and  a  lower  starting  current.  It  would 
probably  have  a  higher  power  factor.  It  might  have  a 
higher  or  a  lower  efliiciency  for  the  reason  that  the  cop- 
per loss  would  be  higher  and  the  iron  loss  lower,  and 
whichever  one  preponderated  would  determine  whether 


FUi     1        THREE    CIRCUIT.'^    IX    PARALLEL 

the  efficiency  was  higher  or  lower;  in  other  words, 
whether  the  copper  loss  increased  faster  than  the  iron 
loss  decreased,  and  vice  versa.  Similarly,  the  heating 
would  be  more  or  less,  depending  on  the  sum  of  the 
losses.  In  general  this  motor  would  be  a  little  quieter 
and  have  less  tendency  toward  mechanical  vibration. 

On  the  other  hand,  considering  the  motor  with  the 
fewer  number  of  turns,  it  will  have  relatively,  a  higher 
starting  torque  and  a  higher  starting  current.  It  will 
have  a  higher  or  low-er  eflSciency  depending  on  the  pro- 
portion of  iron  to  copper  loss,  as  explained  in  the  pre- 
ceding paragraph ;  similarly,  the  heating  will  vary  with 
the  amount  of  total  losses.  This  motor  would  have  a 
tendency  to  be  noiser  and  have  more  mechanical  vibra- 
tion. 

It  will  be  noticed  that  these  changes  are  the  same  as 
would  occur  if  the  voltage  were  i-aised  or  lowered  on 
any  motor.  Increasing  the  number  of  turns  in  a  wind- 
ing has  the  same  effect  as  lowering  the  voltage,  and 
decreasing  the  number  of  turns  has  the  same  effect  as 
raising  the  voltage  on  the  winding.  This  can  be  seen 
from  Fig.  1,  where  three  windings  are  shown  in  parallel 
across  100  volts.  Winding  A  has  8  turns  in  series, 
and  there  are  12 i  volts  effective  on  each  turn.  Winding 
B  has  10  turns,  and  there  are  10  volts  effective  on  each 
turn;  similarly,  winding  C  has  12  turns,  and  the  effec- 
tive voltage  on  each  turn  is  8^  volts.     Since  the  per- 
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formance  i)f  the  motor  jis  leKiinl.s  l<n(|iii'  and  nthcr 
chftractcri.'Atic.s  i.s  iJi-opoi'lional  to  the  \()!tajfo  per  tuiii 
in  the  winding,  if  we  lon.sider  wiiidinjr  II  u.s  the  iioiiiial 
windin^r  for  100  volt.s,  the  .-1  windiiijr  on  100  volts  would 
operate  and  jrive  the  same  result  as  the  li  wimlinj^  if 
there  were  12r)  volts  applied  to  H.  Similarly,  the  (' 
winilinvr  on  100  volts  would  operate  and  jfive  the  same 
result  as  would  the  />  windintr  if  H  had  S3',  volts  applied 
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to  it.  Another  vital  consideration  is  the  cross-.section 
of  the  conductors  used  in  the  winding,  necessary  to  carry 
the  amperes  required  to  develop  the  desired  horsepower. 
There  are  in  all  19  points  that  have  to  be  considered  by 
the  designing  engineer  in  making  the  complete  design 
of  an  induction  motor. 

Since  the  consideration  for  the  moment  assumes  an 
old  core  that  already  exists,  many  of  these  factors  are 
already  determined  and  some  can  be  assumed.  The  facts 
that  require  checking  in  determining  a  new  winding 
for  new  conditions  of  speed  or  horsepower  or  voltage  or 
pha.tie  or  frequency,  and  which  may  be  considered  as 
fundamental  are: 

1.  Is  the  core  large  enough  to  wind  for  the  horse- 
power and  speed  that  are  desired? 

2.  Is  there  cross-section  of  iron  enough  below  the 
slots  to  carry  the  magnetic  field  that  is  needed  in  the 
air  gap  to  do  the  work  desired? 

3.  How  many  turns  are  required  in  the  stator 
winding? 

4.  What  should  be  the  cross-section  or  size  of  the 
wire  or  conductor  used  in  the  stator  winding? 

5.  What  should  be  the  cross-section  of  the  bars  in 
the  rotor,  and  what  should  be  the  cross-section  of  the 
resistance  rings  at  the  ends  of  the  rotor  bars,  assuming 
a  squirrel-cage  rotor  winding? 

6.  Will  the  rotor  diameter  permit  operating  at  the 
proposed  r.p.m.? 

These  are  a  comparatively  few  questions  that  can  be 
readily  answered  and  broad  general  limits  laid  do•v\^l 
against  which  the  individual  ca.se  can  be  checked.  This 
will  assume  some  points,  but  in  general  if  the  winding 
falls  within  these  limits  the  motor  will  be  sufficiently 
operative  to  till  the  immediate  requirement. 

Proceeding  at  once  to  the  determination  of  these 
quantities,  (1)  is  answered  by  checking  the  so-called 
"output  coefficient,"  that  is  to  say,  the  norsepower  of 


which  u  given  core  is  caimble  at  a  given  r.p.m.  Thi« 
miiy  be  pxpreHsed  by  the  formula, 

Ui>.     -    A'   /.   D'  X   L   /   r.p.m. 

where  A'  is  the  so-called  "output  coefficient,"  which 
varies  somewhat  with  the  size  and  speed  of  the  motor 
and  the  operating  voltage;  I)  the  diameter  of  the  stator 
bore  in  inches;  A  the  axial  length  of  the  laminated  iron 
tore  in  inches  measured  i)arallel  to  the  shaft;  and  r.p.m. 
the  revolutions  per  minute. 

Suitable  values  for  the  output  coefficient  may  be  found 
ill  .several  textbooks,  but  the  table  given  in  Sec.  7,  par. 
24G,  of  the  fourth  edition  of  the  "Standard  Handbook 
for  Electrical  Engineers,"  is  reproduced  herewith. 


Poll- 

ill 
I nrhcR 

5 

7 
10 
12 
16 
20 


Valiifn  of  Oiitniit  CocfTicicnl  A'  Wlicn  Oiitpiil  In  KxprcHHul  in  Ilorw- 


^i^;;:; 


0  0000222 
0  0000335 
0  0000392 
0  0000434 
0  0000434 


I.infur  I>unc' 
8  Pol.'!. 
0  000025 
0  0000329 
0  000039 
0  0000436 
0  0000482 
0  0000505 


in  IncI 
12  I'ol.s 
0  0000265 
0  0000331 
0  0000394 
0  0000438 
0  0000484 


iin<l  .Speed  in  Hevolutionj  per  Min 
20  I'oleH  24  Holen 
0  0000254  0  0fK)0246 
0  0000»3I  0  0000331 
0  000(394  0  0000394 
0  0O0'J443  0  000044  3 


16  I 
0  0000263 
0  0000331 
0  0000394 
0  0000440 
0  0000486 


The  following  example  is  given  to  illustrate  the  use 
of  this  table.  A  stator  core  having  a  bore  of  17  in.  and 
an  axial  length  of  6  in.  was  brought  into  a  repair  shop 
and  a  request  made  to  put  in  a  winding  for  50  hp.  to 
operate  at  about  730  r.p.m.  on  25  cycles.  To  determine 
whether  this  was  physically  possible,  the  following  cal- 


IIG.    :i.      CORK  .SKCTION,  SHOWING   lOFFKCT  ON  MAaNKTlC 
FIELD    BY   CHAXGIXG   NUMBER   OF  POLES 

culatioii  was  made.     The  number  of  poles  necessary  to 
give   the   required   speed    is   found   by   the   expression, 


Cycles  X  120    .     ^.  .  25  X  120 

Poles  = ,  m  this  case  = f^K^i — 

r.p.m.  7cj0 


=  4 


=  13.4 


,      .   ,   .     .     ,  diameierX^.l^      17X3.14 

Pole  pitch  in  incnei<  = r ? r-  =  -. 

'^  number  of  poles  4 

The  nearest  figure  to  this  in  the  table  is  12  in.  and 
opposite  12  in.  under  4  poles  is  the  figure  0.0000392. 
Then  the  horsepower  that  this  core  will  develop  at  730 
r.p.m.  is  0.0000392  X  1'?'  X  6  X  730  =  49.6.  Hence, 
the  conclusion  is  reached  that  this  core  would  wind 
satisfactorily  for  50  hp   at  730  r.p.m.,  since  the  output 
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coefficient  for  13.4  in.  would  be  a  little  greater  than  foi 
1 12  in.  in  the  table  which  was  used  in  the  trial  calcula- 
tion. 

The  second  question,  as  to  whether  there  is  sufficient 
cross-section  of  iron  in  the  core  between  the  bottom  of 
the  slots  and  the  outside  periphery,  can  be  determined 
by  figuring  the  actual  amount  of  magnetic  flux  per  pole 
that  must  be  set  up  to  do  the  required  work.     This  can 


FIG.    4       STATOR   CORE    IX    FRAME 

be  readily  understood  by  a  reference  to  Figs.  2  and  3, 
which  illustrate  the  manner  in  which  the  magnetic  flux 
is  divided  into  as  many  groups  or  circuits  as  the  motor 
has  poles.  In  passing  from  the  stator  to  the  rotor 
through  the  teeth,  then  behind  the  rotor  slots  and  back 
to  the  stator  and  again  behind  the  stator  slots  to  the 
starting  point,  it  will  be  noted  that  there  must  be  enough 
iron  behind  the  slots  to  carry  the  flux  or  the  motor  will 
overheat.  Referring  to  Fig.  3,  it  is  evident  that  the 
more  poles  the  motor  has,  the  less  iron  it  requires  in 
the  core  behind  the  slots  of  both  stator  and  rotor. 
Therefore,  the  correct  way  to  determine  this  point  is  to 
figure  the  amount  of  magnetic  flux  per  pole  and  figure 
the  cross-section  of  the  core  behind  the  slots  and  see 
that  there  are  not  more  than  80,000  to  100,000  magnetic 
lines  per  square  inch  and  if  so,  and  other  conditions 
are  proper,  the  core  should  be  satisfactory  for  the  as- 
sumed conditions  of  the  winding. 

Peculiar  Design  Problem 

Here  we  are  confronted  with  a  peculiar  problem  which 
often  faces  the  designer,  which  is,  that  he  must  know 
part  of  his  answer  before  he  can  solve  the  problem  and 
find  the  rest  of  it.  In  other  words,  the  amount  of 
magnetic  flux  in  the  core  will  depend  on  the  number 
of  turns  of  wire  in  the  coils,  and  the  problem  which  he 
is  trying  to  solve  is  how  many  turns  should  be  put  in  the 
coils.  So  it  is  apparent  that  he  must  guess  the  number 
of  turns  required  and  find  out  if  the  amount  of  mag- 
netic flux  is  reasonable,  or  else  he  must  figure  how  much 
flux  can  be  carried  in  the  core  he  is  using  and  from  that 
figure  check  back  and  see  how  many  turns  are  required 
in  the  winding  to  give  this  magnetic  result.  When  the 
number  of  turns  is  settled  and  the  cross-section  of  the 
copper  is  figured  for  the  desired  horsepower  and  voltage, 
there  is  at  once  a  question  whether  the  slots  will  accom- 


modate that  many  conductors  of  that  cross-section  after 
taking  room  enough  to  allow  for  the  insulation  required 
on  the  coil  at  that  particular  voltage.  If  the  result  is 
unfavorable  and  the  copper  so  figured  will  not  go  in 
the  slot  at  all,  it  means  that  the  motor  is  not  good  for 
that  much  horsepower  and  the  desired  rating  will  have 
to  be  reduced.  The  number  of  turns  cannot  readily  be 
reduced  as  that  would  mean  more  magnetic  flux,  and  the 
core  back  of  the  slots  is  already  figured  for  80,000  to 
100,000  lines  per  square  inch,  which  is  all  it  will  stand. 
The  reason  why  the  number  of  conductors  and  the  mag- 
netic flux  are  tied  in  together  in  this  way  is  because  the 
conductors  which  are  in  series,  when  cut  by  the  rotating 
magnetic  field,  must  generate  or  produce  practically 
line  voltage.  This  fact  has  been  referred  to  many  times 
in  previous  articles. 

The  formula  for  the  field  flux  per  pole  or  per  mag- 
netic circuit  is 
Flux  per  pole  = 

45,000,000  X  Volts  per  phase 
cycles  X  conductors  per  phase  X  Xi  X  K2 

where 

Volts  per  phase  =  Line  volts  in  the  casc  of  a 
two-phase    winding     or     a 
delta-connected  three-phase 
winding,   and 
=  Line  volts  -^-  1.732  in  the 
case    of    a    star-connected 
three-phase  winding; 
Conductors  per  phase  =  Number  of  wires  per  slot 
which  are  in  series  X  num- 
ber of  slots  -^  number  of 
phases ; 
K^  =  A    so-called    "distribution 
factor"    and    is    0.905    for 
two-phase    and    0955    for 
three-phase; 
K^  =  The   so-called   "chord  fac- 
tor"   and    depends   on    the 
pitch  or  throw  of  the  coil. 
Its  technical   value   is  the 
sine  of  one-half  of  the  elec- 
trical angle  spanned  by  the 
coil. 
A  practical  method  of  getting  this  factor,  which  is 
close  enough  for  general  purposes,  is  to  use  the  expres- 
sion 

Chord  factor  —  K2  = 


si 


(No.  slots  per  poleY  —  2(No.  slots  dropped)' 
{No  slots  per  pole)  - 


or  taking  a  concrete  example,  suppose  there  is  a  72-slot 
motor  wound  for  six  poles  and  having  a  coil  throw  of 
1  and  8,  what  is  the  chord  factor,  or  K^,  which  is  under 
discussion?  Since  there  are  72  slots  and  six  poles  there 
are  12  slots  per  pole  and  full  pitch  would  be  slots  1  and 
13.  Winding  1  and  8,  drops  5  slots  and  thus  our  formula 
becomes 


^ 


12^ 


2(5)  = 


12' 


=  V 


144 


50 


144 


94 
\144 


=  0.80 


To  illustrate  how  this  flux  formula  is  applied,  as- 
sume a  core  having  dimensions  as  shown  in  Fig.  4. 
which  it  is  desired  to  wind  for  50  hp.  25  cycles  three- 
phase  four  poles,  440  volts  and  730  r.p.m.  full-load 
speed.     The  outside  diameter  0  of  the  stator  lamina- 
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tion.>«  e<iiiJils  lT)*  ill.,  in.sido  Imre  l>  of  the  siator  Inminii- 
lioMs  iMiimls  17  in.  Tlu>  axial  length  of  the  core  L 
equals  ('• ;  in.,  hut  it  contains  two  ventilating  ducts  emh 
i  in.  wide,  so  that  the  net  iron  core  lenj^th  equals  G  in. 
The  primary  slots  are  1.7  in.  deep,  so  that  the  dimension 
C.  or  the  nulial  depth  of  the  laminations  below  the  slots, 
equals  CifiA  —  17)  =r-  2  —  1.7  ^-  2.55  in.,  and  the 
actual  cross-section  of  the  core  below  slots  through 
which  all  of  the  flux  per  pole  must  pass  is  equal  to 
C  X  /-.  or  in  this  ca.se  2..'S5  X  6  =  15.3  sq.in.  A 
reference  to  Fijr.  2  of  this  article  indicates  that  when 
the  flux  per  pole  passes  from  the  rotor  into  the  stator, 
it  divides  and  half  poes  one  way  and  half  the  other  way. 
Hence,  in  the  present  ca.se  the  total  available  cross- 
.-lection  of  iron  to  carry  the  flux  per  pole  is  not  15.3 
sq.in..  but  twice  that,  or  30.6  sq.in.  As  previously 
stated.  80.000  lines  per  square  inch  is  a  permissible 
densit\-.  so  that  a  total  flux  per  pole  of  30.6  X  80.000 
can  be  used,  or  2.448.000  lines.  The  only  other  factor 
missing  from  the  flux  per  pole  formula  which  is  neces- 
sary to  give  at  once  the  total  number  of  conductors  per 
phase  is  the  chord  factor.  This  depends  upon  the  slots 
in  which  the  two  sides  of  any  coil  are  placed.  In  the 
core  that  is  under  consideration  there  are  48  slots,  and 
since  a  4-pole  winding  is  under  calculation,  the  full  pitch 
for  the  winding  would  be  slots  1  and  13.  Full  pitch  is 
too  long  mechanically,  and  .some  space  endwise  can  be 
saved  and  some  copper  as  well  by  chording  it  a  few 
slots,  -so  for  illustration  it  is  assumed  that  the  coils  lie 
in  slots  1  and  10.  Using  the  approximate  formula  given 
for  chord  factor  above,  this  factor  becomes 

%--  1^  =  1/07875  =  0.93 
144 

Expressing  the  flux  per  pole  formula  in  terms  of  con- 
ductors per  phase,  this  expression  follows: 

45,000,000  X  volts  per  phase 
Conductors  per  phase  =  -^eVxlh^x  per  pole  X  K,  X  K, 

Remembering  that  the  distribution  factor  for  three- 
phase  equals  0.955  and  substituting  the  values  calcu- 
lated, and  assuming  a  delta-connected  winding, 

Conductors  per  phase  = 

45,000,000  X  440 ^ 

25  X'  2,448,000  v  0.955  V  0.93 

Since  there  are  three  phases,  there  will  be  required 
a  total  number  of  conductors  3  X  362  =  1,086;  and 
since  there  are  48  slots,  there  will  be  1,086  ^  48  = 
22.6  conductors  per  slot.  What  a  designer  would  do  in 
this  case  would  be  either  to  wind  22  conductors  per 
slot  and  throw  the  coil  1  and  11  instead  of  1  and  10  or 
else  to  wind  it  24  per  slot  and  throw  the  coil  1  and  9, 
either  of  which  would  be  a  good  winding  without  a 
great  deal  of  difference  between  the  two. 

There  are  two  coils  per  slot  and  hence  with  22  wires 
per  slot  there  would  be  11  wires  in  each  coil.  As  the 
wires  are  arranged  in  two  or  three  layers,  _11  would 
not  be  exactly  divisible  by  either  2  or  3,  hence,  in  the 
case  of  a  two-layer  coil  there  would  be  one  layer  of  5 
wires  and  one  layer  of  6  wires  side  by  side,  or  in  the 
case  of  a  three-layer  coil  there  would  be  two  layers  of 
4  wires  each  and  one  layer  of  3  wires.  Either  of  these 
arrangements  would  be  wasteful  of  space,  and  hence  it 
wou'd  be  preferable  to  have  12  wires  per  coil,  which 
is  evenly  divisible  by  either  2  or  3.  If  the  coil  is  wound 
in  slots  1  and  11,  the  chord  factor  is  0.97,  and  if  it  is 
wound  in  1  and  9  the  chord  factor  is  0.866.     Hence,  the 


real,   effective   number  of   wires   in   one  case   is  22     -^ 
0.97   -      21.3  and   in   the  other  caHC   is  24    X    O.KfJfi 
20.78,  which  would  give  very  close  to  the  same  result  ho 
far  as  tonjues  are  concerned. 

In  this  calculation  it  wa.s  noted  that  the  figure  140 
wa.s  used  for  the  voltage.  This  assumed  a  series-delta 
connection.  If.  for  example,  it  had  been  desired  to 
conned  the  winding  in  two  parallel  delta  for  the  same 
voltage,  there  would  h.ive  l>een  required  twice  as  many 
conductors  per  phase  and  each  conductor  would  have 
had  one-half  the  cross-section,  since  there  would  be 
two  paths  in  parallel  for  the  current  instead  of  one  in 
series.  Similarly,  if  the  winding  was  to  have  been  con- 
nected in  series  star  instead  of  series  delta,  the  voltage 
used  in  the  equation  would  have  been  440  :  1.73 
254  instead  of  440.    Hence,  in  the  result  the  conductors 


lequired  per  phase  would  have  been 


362 
1 .73 


209  instead 


of  362.  It  is  w-ell  to  remember  the  fact  that  with  a 
star  connection  only  about  one-half  as  many  turns  are 
required  in  series  as  with  a  delta  connection.  It  some- 
times makes  an  easier  coil  to  wind  and  a  coil  that  is 
mechanically   stiffer  and   stronger,    if   less   turns   of   a 


FIG.    r,       SKPTIO.V    f)F   ST.ATOR  CORE 

larger-sized  wire  can  be  used.  This  is  one  of  the  prin- 
cipal reasons  why  a  star  connection  is  used  much  more 
frei^uently  than  a  delta  connection. 

The  foregoing  calculation  concerned  itself  only  with 
the  density  of  the  magnetic  flux  in  the  stator  core  be- 
hind the  slots  and  was  checked  first  to  make  sure  the 
required  field  had  room  to  get  through  the  core.  How- 
ever, before  accepting  this  figure  the  teeth  should  be 
checked  also  to  see  how  hard  they  are  working.  The 
diameter  of  the  stator  bore  of  the  core  under  calcula- 
tion is  17  in.  The  depth  of  the  slots  is  1.7  in.,  there- 
fore the  diameter  to  the  middle  of  the  slot  is  18.7  in. 
and   the  slot  pitch   at   this  point   or   the  dimension   P 

1  ft  7    V    Q   1  /( 

from  Fig.  5,  equals      -     j^ —   =  1.22  in.     The  slot 

width  W  =  0.65  in.,  hence  the  tooth  width  P  —  IV  =- 
1.22  —  0.65  =  0.57  in.,  and  since  the  net  core  length 
L  =  6  in.,  the  cross-section  of  one  tooth  at  its  mid- 
section is  6  X  0.57  =  3.42  sq.in.  There  are  48  teeth 
total  and  4  poles,  hence  there  are  12  teeth  per  pole 
through  which  the  magnetic  flux  of  one  pole  may  pass. 
Therefore,  the  total  iron  cross-section  of  12  teeth  = 
12  V  3,42  ■=^--  41.04  sci.in.    It  was  calculated  in  the  fore- 
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going  that  there  were  2,448,000  magnetic  lines  per 
I  pole  and  it  would  seem  that  all  that  was  necessary  to 
check  the  tooth  density  would  be  to  divide  this  figure 
')y  41.04.  This  is  not  the  case  as  in  the  core,  for  the 
reason  that  all  the  teeth  do  not  carry  the  flux  equally, 
liiit  those  in  the  center  of  a  pole  at  a  given  section  carry 
a  maximum  and  those  halfway  between  poles  carry 
nothing,  so  that  in  order  to  take  care  of  the  maximum, 
the  foregoing  result  is  divided  by  0.636.  Hence,  in  the 
pinblem   in  hand,  the   maximum   dens'ty   in   the   teeth 


2,448,000  _ 
41.04  X  0.636 


=  94,000  lines  per  square  inch.     As  a 


matter  of  fact  it  is  actually  about  96,000  lines,  since 
the  2,448,000  was  figured  with  362  conductors  per  phase 
and  p  throw  of  one  and  ten,  whereas  there  are  now 
24  X  48  -;-  3  =:  384  conductors  per  phase,  but  the 
throw  is  only  one  and  nine,  and  substituting  back  in 
the  original  flux  equation, 

Flux  per  pole  = 

45,000,000  X  440 


25  X  384  X  0.955  X  0.866 


2,480,000  lines. 


This  value  (06,000  for  density  in  the  teeth)  is  per- 
fectly permissible  It  should  not  be  allowed  to  exceed 
say  130,000  for  25-cyc!e  machines,  nor  about  110,000 
for  60-cycle  machines. 

Cross-Section  of  Conductors 

Having  determined  the  number  of  conductors  re- 
quired in  the  slot— that  is,  24 — the  next  step  is  to 
figure  the  necessary  size  of  the  conductor  or  cross- 
."ection  and  see  if  the  coils  will  go  in  the  slot  after 
being  prope^  ly  insulated.  In  order  to  figure  this,  it  is 
necessary  to  know  what  the  full-load  current  of  the 
motor  wall  be.  The  formula  for  finding  the  full-load  cur- 
rent of  a  two-phase  motor  is, 

Full  load  current  per  lead  = 

Horsepower  X  746 


2  X  volts  per  phase  X  efficiency  X  power  factor 

where  the  efficiency  and  the  power  factor  are  the  full- 
load  values  and  are  expressed  in  hundredths,  that  is 
with  a  decimal  point  in  front  of  each.  For  example,  90 
per  cent  efficiency  is  written  0.90  and  85  per  cent  power 
factor  is  written  0.85,  etc.  For  a  three-phase  motor  the 
formula   changes   to. 

Full  load  current  per  lead  = 

Horsepower  X  746 

1.73  X  volts  per  phase  X  efficiency  X  power  factor 

which  it  will  be  noted  is  similar  to  the  two-pha.se 
formula  except  1.73  is  u.sed  in  the  denominator  instead 
of  2.  One  thing  must  be  especially  noted  about  the 
three-phase  motoi,  and  that  is,  the  fuli-load  current 
so  found  is  the  current  in  the  outside  motor  lead  or 
the  current  drawn  from  the  line.  If  the  motor  is  star 
connected  inside,  this  same  current  flows  in  the  motor 
winding  it.self  and  hence  in  the  conductors  in  the  slots, 
unless  the  winding  is  in  two  or  more  parallels,  in  which 
case,  &f  course,  the  lead  or  line  current  splits  up  into 
as  many  parts  as  there  are  parallel  paths.  On  the  other 
hand,  if  the  winding^  inside  the  motor  are  delta  con- 
nected, as  they  are  in  the  case  we  are  considering,  the 
current  in  the  windings  will  be  less  than  the  current 
cominc  in  the  lead  as  figured  in  the  foregoing  and  it  is 
necessary  to  divide  by  1.73  a  second  time  to  find  what 
current  m.ist  lie  provided  for  in  the  coils  themselves. 


Preparing  to  apply  the  foregoing  formula,  at  once 
the  problem  arises.  What  is  the  full-load  efliiciency  and 
the  full-load  power  factor  of  the  motor  for  which  this 
winding  is  being  figured?  Of  course  there  is  a  wide 
variation  in  these  figures  between  small  and  large  mo- 
tors, and  between  high  and  low  speeds,  and  between 
25  and  60  cycles.  The  handiest  approximation  the 
author  has  ever  used  and  one  that  has  given  good  re- 
sults is  to  assume  that  a  three-phase  550-volt  motor 
draws  from  the  line  in  each  lead  just  about  one  ampere 
per  hor.sepower.  This  is  very  closely  true  in  most  lines 
of  commercial  motors  over  a  wide  range  of  sizes  and 
speeds.  Then  if  the  motor  in  question  is  not  three- 
pha.se  or  if  it  is  not  550  volts,  the  current  can  readily 
be  changed  to  other  voltages.  For  example,  a.ssume  a 
40-hp.  motor.  Then  at  550  volts  three-phase  it  follows 
that  its   full-load   current  per  lead   is   40   amperes,   at 

550 
440  volts  its  full-load  current  would  be  ttk  X  40  =  50 

440  '^^ 

550 
amperes,  at   220  volts   it  would   be   ^  X   40  =   100 


amperes,   at   110  volts   it  would   be 


550 


jjQ    X   40  =  200 
amperes,  and  so  on.    Similarly,  to  convert  to  two-phase, 

1  73 
multiply  the.se  values  by  ^^  -  0.86,  because  the  cur 

rent  per  terminal  of  any  two-phase  motor  is  always  0.86 
times  that  of  a  corresponding  three-phase. 

Referring  again  to  the  formula  for  the  full-load  cur- 
rent of  a  three-phase  motor,  to  give  one  ampere  per 
horsepower  at  550  volts  would  mean  that  the  product  of 
the  efficiency  and  power  factor  would  be  0.785.  This 
might  be  assumed  to  be  89  per  cent  eflficiency  and  88 
per  cent  power  factor  or  any  other  combination  whose 
product  gave  0.785.  At  all  events  this  is  an  average 
value  and  sufficiently  near  correct  for  the  present  pur- 
pose. 

Since  the  present  calculation  assumes  a  50-hp,  three- 
phase  440-vo!t  rating,  it  may  be  assumed  that  the  full- 

,      ,  ,  ,      ,    .      50  X   550 

load   current   per  lead   is    -^ =  62.5   amperes. 

Since  the  winding  is  to  be  delta  connected,  the  current 

62  5 
in  the  coils  themselves  will  be  y-^  =  36.1   amperes. 

Circular  Mils  per  Ampere 

There  is  no  fixed  rule  that  can  be  followed  for  the 
cross-section  of  copper  required  in  the  coil  per  ampere. 
It  may  be  as  low  as  400  circ.mils  in  some  cases  and  may 
have  to  be  as  high  as  1,000  circ.mils  in  others.  Slow- 
speed  motors  and  higher  voltages  (where  there  is  more 
insulation  to  pass  the  heat  through)  require  larger 
copper  than  do  higher  speeds  and  lower  voltages.  In 
the  present  case  and  in  most  average  cases  a  figui'e  of 
750  circ.mils  can  be  used.  For  the  present  case,  then, 
the  circ.mils  required  would  be  36.1  X  750  =  27.075. 
Looking  in  a  wire  table,  the  nearest  size  to  this  is  No.  6 
B.  &  S.  round  wire,  which  shows  26,250  circ.mils,  which 
is  near  enough.  The  problem  now  is,  W^ill  24  No.  6 
wires  go  in  a  slot  0.65  in.  wide  by  1.70  in.  deep  and  al!o\\ 
for  the  retaining  wedge  at  the  top  and  the  proper  insula- 
tion for  440  volts?  To  answer  this  it  is  necessary  to 
know  something  about  insulation  requirements.  As 
there  are  commonly  only  two  voltage  clas.ses  met  with,  it 
can  be  stated  that  voltages  up  to  and  including  550  volts 
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will  ri'iiiiire  a  .spai-e  in  tlu>  width  of  the  slot  of  about 
(1.1  in.  ami  in  the  depth  of  Iho  slot  of  aliout  0.15  in.  and 
voltages  above  SHO  up  to  and  including  2,200  will  re- 
quire about  O.lti  in.  in  width  and  0.26  in.  in  depth. 
The.se  fltrures  in  depth  do  not  include  any  retaining 
wodjres,  but  must  be  allowed  in  addition  to  the  wire.s 
between  the  t»ottom  of  the  wedye  and  the  bottom  of  tho 
slot.  In  the  ca.se  just  beinpr  fipured,  the  wires  will 
evidently  po  in  better  3  .\  8  than  any  other  way.  The 
diameter  of  No.  G  round  wire  over  double  cotton  cover- 
ing is  0.178  in.  Three  wires  in  width  would  be  3  X 
0.178  =  0.534  in.;  adding  0.1  in.  for  insulation  gives 
0.534  -\-  0.1  =  0.634  in.,  which  goes  very  well  in  the 
width  of  the  slot,  which  is  0.65  in.  In  depth  8  wires 
would  re(iuire  8  X  0.178  =  1.424  in.  The  allowance 
for  insulation  is  0.15  in.,  and  the  usual  coil  retaining 
wedge  requires  0.125  in.,  so  that  the  total  required  depth 
will  be  1.424  +  0.150  +  0.125  —  1.699  in.,  which  just 
exactly  fills  the  available  depth.  It  should  be  understood 
that  the  24  wires  are  not  3  x  8  in  one  coil  but  3  x  4  in 
each  coil  and  two  coils  in  the  slot  according  to  the  usual 
practice. 

If  the  wires  had  not  fitted  in  the  slot  as  shown 
it  would  have  been  necessary  to  choose  a  wire  small 
enough  to  go  in  the  space  and  then  by  trial  after  the 
winding  was  complete  find  out  how  many  horsepower 
the  winding  would  carry  without  overheating.  If  it 
were  not  possible  to  get  50  hp.,  it  would  probably  develop 
45  hp.  without  trouble  if  the  output  coefficient  checked 
to  50  as  shown  in  the  beginning  of  this  article. 

Calculations  for  Rotor  Wjnding 

With  regard  to  the  rotor  winding,  if  it  is  of  the 
wound-rotor  type  the  number  of  wires  per  slot  can  be 
made  any  number  that  is  convenient  provided  the  total 
weight  of  copper  in  the  rotor  winding  is  made  approxi- 
mately 80  per  cent  to  85  per  cent  of  that  in  the  com- 
plete stator  winding. 

If  a  phase-wound,  the  coils  must  of  course  be  con- 
nected for  the  same  number  of  poles  as  the  stator.  If 
there  should  be  an  old  winding  on  the  rotor  for  a  dif- 
ferent number  of  poles,  it  may  be  possible  to  reconnect 
it  for  the  number  desired;  but  as  rotor  windings  are 
nearly  always  of  the  "wave"  type  or  something  of  the 
same  order,  it  is  usually  impossible  to  reconnect  for 
any  other  number  of  poles. 

If  the  rotor  winding  is  squirrel  cage,  the  number  of 
bars  and  their  cross-section  are  probably  fixed.  The 
cross-section  of  the  end  rings,  if  of  rolled  or  drawn 
copper,  should  be  so  chosen  that  the  weight  of  bars 
plus  rings  is  perhaps  75  per  cent  to  80  per  cent  of  the 
total  weight  of  the  stator  coils.  If  the  rings  are  cast 
copper  or  cast  brass,  it  should  be  remembered  that  a 
larger  cross-section  will  be  required,  since  the  conduc- 
tivity of  the  best  cast  copper  is  only  80  per  cent  to  85 
per  cent  of  the  conductivity  of  rolled  copper,  and  cast 
brass  is  as  low  as  18  per  cent  to  25  per  cent  of  the  con- 
ductivity of  drawn  or  rolled  copper.  This  would  mean 
that  a  ring  of  cast  brass  would  have  to  be  4  to  5  times 
the  cross-section  of  the  corresponding  rolled  copper  ring 
to  carry  the  same  current.  It  should  also  be  remem- 
bered that  a  two-pole  motor  would  have  proportionately 
the  heaviest  ring  on  the  squirrel  cage,  a  four-pole  next, 
then  a  six  and  so  on,  and  that  when  ten  poles  or  twelve 
poles  are  reached  the  ring  would  probably  be  no  larger 
in  cross-section  than  would  be  required  for  mechanical 
strength  and  construction. 


Such  in  its  briefest  form  is  the  simplest  calculatioi 
that  can  be  made  which  it  is  safe  to  make  in  the  hopi 
of  getting  the  desired  results.  It  will  be  noticed  thai 
no  attention  has  been  paid  to  calculating  the  leakagi 
reactance,  the  no-load  current,  the  starting  and  maxi 
mum  toniues,  the  circle  diagram  nor  any  of  the  refine- 
ments that  the  designing  engineer  commonly  employs; 
and  yet  if  care  is  used  in  employing  the  checks  that  are 
made,  the  experimenter  should  be  rewarded  with  reason- 
able results. 

To  .sum  up,  the  available  core  is  first  checked  by  the 
output  coefficient  to  .see  if  it  will  develop  the  horse- 
power at  the  desired  speed.  Next  a  check  is  made  to  see 
how  much  magnetic  field  can  be  handled  in  the  core  and 
teeth.  Then  the  proper  number  of  conductors  is  chosen 
to  generate  the  line  voltage  when  acted  upon  by  the 
permissible  magnetic  field.  These  conductors  are  then 
made  of  the  proper  size  to  cari-y  the  working  current 
and  insulated  for  the  working  voltage  and  fitted  in  the 
slots.  This  is  all  that  is  attempted,  and  it  is  assumed 
that  if  the.se  conditions  are  met,  all  the  other  conditions 
of  operation  will  fall  rea.sonably  in  line  or  can  be 
adjusted  after  trial  without  too  much  change  to  meet 
the  desired  requirements.  Naturally,  such  broad  as- 
sumptions may  not  result  in  a  design  of  finished  nicety, 
but  they  may  sometimes  give  quick  results  where  results 
must  be  had  quickly  or  not  at  all. 

Swiftest  Vessel  in  United  States  Navy 

In  her  recent  official  trials  the  United  States  "Sat- 
terlee"  broke  all  American  speed  records  by  steaming 
at  a  rate  of  38.257  knots.  The  best  previous  record 
made  by  an  American  war  vessel  is  37.04  knots.     The 


THE  DESTROYER  S.^TTERLEE 

"Satterlee"  is  driven  by  two  14,000-hp.  Westinghouse 
compound  turbines  which  developed  31,223  hp.  and  broke 
all  power  records  for  this  class  of  vessel.  The  diagram 
shows  the  layout  of  the  engine  room  and  the  location 
of  the  two  turbines  and  condensers. 
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Refrigeration  Study  Course — XIIL 
Ammonia  and  Ammonia  Piping 


By  H.  J.  Macintire 


IN  THE  steam  engine  or  turbine  plant  the  quality  of 
steam  delivered  to  the  engine  is  uniformly  constant. 
as  a  rule.  For  in.stance,  it  may  be  wet,  dry  and 
saturated,  or  superheated.  It  may  have  a  trace  of  air 
present,  but  this  is  almost  negligible.  In  the  boiler  room, 
however,  conditions  are  different.  The  feed  water  may 
be  heavily  acid  or  impregnated  with  carbonates,  sul- 
phates or  other  solids  in  solution.  If  exhaust  steam  is 
returned  to  the  boiler  from  the  hotwell  or  open  heater, 
there  ma.v  be  considerable  oil  contamination,  all  of  which 
tends  to  cause  scale  or  corrosion  of  the  tubes  or  plates. 
Refrigerating  systems  have  troubles  somewhat  of  the 
order  of  these  boiler  difficulties,  but  in  a  different  man- 
ner. The  system  may  accumulate  air,  on  account  of 
repair  work,  or  with  the  low  side  operating  under  a 
vacuum  or  by  carelessness  in  the  initial  charge  of  the 
system.  Then  moisture  may  get  into  the  expansion 
piping  when  blowing  out  the  coils  Avith  steam  to  remove 
oil,  or  by  being  carried  into  the  system  by  condensing 
on  the  piston  rod.  The  oil,  of  course,  gets  into  the  coils 
by  being  carried  out  of  the  cylinder  with  the  discharge 
gas.  Let  us  see  how  these  impurities  affect  operation  and 
the  production  of  refrigeration. 

The  Effkct  of  Air 

The  effect  of  air  in  a  steam  condenser  is  to  increase 
the  back  pressure,  which  decreases  the  economy  of  opera- 
tion. Air  or  other  inert  gas  in  the  ammonia  system 
collects  in  the  conden.ser,  where  it  increases  the  head 
pressure  over  and  above  that  which  should  exist  due 
simply  to  its  own  vapor  tension.  The  head  pressure  may 
be  10,  20,  50  or  more  pounds  greater  than  it  should  be, 
and  the  horsepower  required  to  produce  a  ton  of  re- 
frigeration will  be  correspondingly  increased. 

In  addition  the  air  collects  in  the  condenser,  first 
forming  an  insulation  film  about  the  condenser  pipes, 
Fig.  1,  and  then,  as  it  accumulates,  fills  the  condenser. 
It  is  a  mistake  to  suppose  that  air  or  inert  gas  collects 
in  any  particular  part  of  the  condenser.  All  gases  tend 
to  diffuse  and  become  uniformly  mixed.  The  only  way 
to  separate  the  ammonia  from  the  gas  is  to  condense  it. 
This  is  done  partly  in  the  process  of  purging  when  the 
cooling  water  is  showered  over  the  pipes  while  the  com- 
pressor is  not  pumping  on  that  particular  stand ;  then 
the  gas  in  the  upper  part  of  the  conden.ser  is  allowed  to 
bleed  out,  it  beii^g  less  rich  in  ammonia  in  the  process. 

'hk  Effect  of  Water 

Air  in  the  .system  is  thereby  seen  to  affect  the  head 
pressure  and  therefore  to  increase  the  horsepower  per 
ton,  but  the  accumulation  of  water  in  the  ammonia 
system  has  a  worse  effect:  It  ma.v  prevent  obtaining  the 
required  temperature  in  the  refrigerating  coils.  Mois- 
ture trill  get  into  the  system  in  one  way  or  another.  If 
it  gets  in  via  the  condenser,  it  mi.xes  with  the  anhydrous 
ammonia  in  the  receiver  and  finally  passes  through  the 
expansion  valve  into  the  refrigerating  coils.  As  the 
boiling  pressure  of  the  ammonia  (the  back  pressure)  is 
relatively  high,  there  is  an  almost  negligible  tendency 
for  the  water  in  the  coils  to  evaporate.  It  remains  in 
the  low  side  and  forms  first  a  strong  aqua  ammonia,  and 
then  (as  the  water  increases)  a  less  strong  aqua. 


Aqua  cau.ses  the  cooling  coils  to  behave  dead.  The 
boiling  action  is  decreased,  or  the  temperature  required 
cannot  be  obtained.  To  get  the  results  desired,  a  lower 
suction  pre.ssure  must  be  carried  than  would  be  required 
if  the  ammonia  were  free  of  water.  The  result  of  a 
lower  suction  pressure  for  ammonia  compressors  has 
already  been  given  considerable  emphasis,  increasing,  as 
it   does,   the  horsepower  per  ton   of  refrigeration   and 

BOILING  POINTS  OF  AMMONIA 
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decreasing  the  capacity  of  the  compressor.  The  effect 
may  be  noted  in  the  table,  which  shows  the  boiling  tem- 
peratures  of   aqua   ammonia   under   various   pressures. 


Cona/ensi'nc}  Water 

f/oiv/n^  on  oufsic^  of  Pipe 


-  Wa/lof  Pipe 


Film  of  Air  adheniK} 
to  h^all 
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For  example,  at  20  lb.  gage  pressure  anhydrous  am- 
monia will  boil  at  6.5  deg.  F.,  but  if  10  per  cent  water  is 
present  the  temperature  of  boiling  of  the  solution  (at 
20  lb.)  will  be  16  deg.  F.  Therefore  (see  table)  it  will 
require  a  suction  pressure  of  10  lb.  with  15  per  cent 
moisture  to  give  the  same  boiling  temperature  as  can 
he  obtained  at  20  lb.  with  anhydrous  ammonia. 

The  Effect  of  Oil 

No  refrigerating  system  can  be  kept  entirely  free  of 
oil.  The  vertical  inclosed-type  compressors  are  splash 
lubricated,  and  the  horizontal  high-speed  machines  must 
have  copious  amounts  of  oil  or  trouble  will  occur.  Even 
the  old  style,  slow-.speed  compressors  carry  over  con- 
siderable oil,  which  is  supposed  to  be  caught  by  the  oil 
separator.  However,  we  all  know  that  no  separator  can 
remove  al'  the  oil  from  the  discharge  gas.  Some  is 
volatilized  and  condensed  with  the  ammonia  in  the  con- 
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(lensor.  Hiiii  somo  is  not  tauKlit  by  the  separator.  In 
fact,  it  is  safo  to  u.ssunie  that  from  2  to  5  per  cent  of 
the  oil  will  jrct  into  the  condenser  and  ultimately  collect 
in  the  low  spots  of  the  direct  expansion  piping.  It  may 
mix  with  impurities  or  dirt  and  form  a  thick  mud,  or 
it  may  solidify  At  the  temperature  carried  in  the  .system. 
The  net  result  of  oil  in  the  expansion  piping  is  for 
reduced  efliciency  of  coil  surface.  The  oil  or  grease 
will  form  an  insulating  covering.  As  ever>'one  knows, 
the  refrigerating  coils  are  the  means  only  of  heat  ex- 
change. The  ammonia  is  evaporated  by  being  in  an 
atmosphcn'  which  is  hotter  than  the  boiling  temperature 
of  the  ammonia  at  the  pre.-isine  being  maintained  in  the 
coils.  Therefore,  heat  pa.s.ses  into  the  coils,  and  the 
ammonia  is  boiled  away  to  make  room  for  more  litiuid 
passing  into  the  coils  through  the  expansion  (pre.ssure- 
reducing)  valve.  In  conse(iuence  of  heat  being  used  to 
boil  the  ammonia,  the  atmosphere  or  brine  is  cooled. 
We  naturally  desire  to  get  as  many  heat  units  past  the 
walls  for  every  square   foot  of  pipe  surface  as  is  pos- 
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FIG.  2.     SECTION'   OF  COOLIXG   COIL  WH&X   FUXCTIOXIXG 

sible  under  the  circumstances,  but  an  oil  film  -^  in. 
thick  is  as  bad  as  a  boiler  scale  h,  or  a  steel  plate  10  in. 
thick. 

Unlike  steam  surface  condensers,  which  are  usually 
of  brass  and  some  0.05  in.  thick,  refrigerating  piping 
is  usually  li  or  2  in.  normal  diameter  and  the  walls  are 
usually  extra  heavy.  The  outside  surface  is  frequently 
heavily  coated  with  ice ;  the  net  result  is  a  great  reduc- 
tion in  the  unit  heat  transference  (see  Fig.  2).  If  a 
pipe  will  not  allow  sufficient  heat  to  transfer,  then  more 
surface  will  be  required  or  a  greater  temperature  differ- 
ence will  have  to  be  carried.  Either  of  these  alternatives 
is  commercially  unbearable,  and  so  the  piping  must  be 
kept  in  as  clean  a  condition  as  possible,  just  as  in  boiler 
and  steam  condenser  practice. 

The  best  possible  arrangement  of  piping  to  keep  the 
low  side  free  of  oil  or  water  is  to  arrange  all  piping  so 
that  it  will  drain,  and  contain  no  pockets.  At  each 
low  point  install  a  trap  which  may  be  opened  to  the 
atmosphere  or  to  a  regenerator  apparatus.  Although 
semi-solid  oil  will  still  remain  on  the  sides  of  the  ex- 
pansion piping,  yet  ease  in  cleaning  is  obtained  and 
liquid  impurities  may  be  drained  readily. 

Direct-Expansion  Piping 

More  trouble  is  encountered  with  the  low  side>  per- 
haps, than  with  any  other  part  of  the  system.  The 
cause  is  mainly  due  to  the  fact  that  it  is  not  generally 
clearly  understood.     And  yet  it  certainly  is  not  more 


dinicult  to  understand  than  (he  steam  boiler,  the  steam 
surface  conden.ser,  the  dosed  feed-water  heater  or  the 
economizer.  Each  of  these  devices  is  a  heat-exchange 
apparatus,  and  the  heat  transfer  is  made  possible  by 
having  miial  contact  with  the  two  substances.  But 
to  transfer  heat  there  must  be  a  temperature  difference 
on  the  two  sides  of  the  metal — a  temperature  difference 
in  the  two  substances,  the  ammonia  and  brine  or  am- 
monia and  atmosphere  in  the  room  to  be  cooled. 

As  has  been  pointed  out  before,  the  ammonia  in  the 
refrigerating  coils  must  be  maintained  at  the  proper 
pressure  for  .satisfactory  .service.  Why  does  not  a  drum 
of  ammonia  provide  refrigeration  and  become  frosted 
with  a  thick  layer  of  frost?  Why  does  not  the  liquid 
receiver  normally  become  frosted  and  tend  to  refrig- 
erate the  compressor  room,  also  the  licjuid  lines  leading 
up  to  the  expansion  valves?  Because  the  pressure  in 
these  pipes  or  drums  is  too  great,  and  therefore  the 
temperature  corresponding  (due  to  its  saturation  laws) 
is  greater  than  or  equal  to  the  temperature  of  the  air 
in  the  engine  room  or  the  atmo.sphere.  To  have  an 
evaporation  of  the  ammonia,  its  boiling  temperature 
must  be  below  that  of  the  substance  on  the  other  side 
of  its  container.  The  heat  must  flow  into  the  expansion 
coils  from  the  outside.  The  point  in  question  is  brought 
out  by  every-day  operation  of  the  plant.  If  a  sharp 
freezer  and  a  cooler  are  on  the  same  system  and  a 
pressure  of  15  lb.  gage  is  carried,  the  ammonia  will 
become  "lost"  and  the  receiver  will  become  empty.  In- 
vestigation will  show  that  the  sharp  freezer  coils  are 
flooded  because  the  room  was  too  cold  to  evaporate  the 
ammonia  and  it  accumulated  in  the  coils.  The  remedy 
would  be  in  reducing  the  back  pressure  to  10  lb.  or  5  lb. 
gage,  in  which  case  the  boiling  temperature  of  the 
ammonia  would  drop  to  — 7.2  deg.  F.  or  — 15.9  deg.  F. 
and,  as  the  sharp  freezer  is  supposed  to  be  kept  at 
zero  degrees,  boiling  action  would  b^  stimulated  'and 
refrigeration  would  be  maintained.  This  whole  process 
is  expressed  by  the  formula: 

Refrigeration   in  B.t.u.  =  area  of  pipe   in  sq.ft.  times 
coefficient  of  heat  transmis- 
sion times  temperature  dif- 
ference on  the  two  sides  of 
the  pipe. 
which  shows  that  no  matter  what  area  in  square  feet 
is  available  (it  could  be  10,000  sq.ft.")  unless  there  is  a 
temperature  difference  on  the   two  sides  of  the   pipe 
so  that  heat  may  flow  from  the  air  to  the  ammonia, 
there  will  be  no  refrigeration. 

From  the  formula  it  would  seem  that  to  secure  re- 
frigeration in  moderate  amounts  it  is  necessary  to 
have  either  extensive  piping  or  a  large  temperature 
difference.  For  example,  ^  ton  of  refrigeration  may 
be  obtained  by  the  following: 
Sq.Ft. 

A 400  X  2  X  15  =  12,000  B.t.u.  per  hour 

B 200  X  2  X  eO  =  12,000  B.t.u.  per  hour 

where  in  each  case  the  coefficient  of  heat  transmission 
is  taken  as  being  equal  to  2.0.  In  B  only  half  the  piping 
is  needed  as  compared  with  A,  but  the  temperature 
difference  is  twice  as  great,  thereby  requiring  about 
10  lb.  suction  as  compared  with  a  case  using  20  lb.  as 
A.  Likewise,  if  800  tq.ft.  were  used  only  11  deg.  F. 
temperature  difference  would  be  required,  and  a  higher 
suction  pressure,  Th^  higher  the  suction  pressure  the 
greater  the  number  of  pounds  of  ammonia  handled,  and 
therefore  the  greater  the  efficiency  of  operation  with 
respect  to  the  power  input. 
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Steam-Engine  Operation  and  Maintenance- 
Loose  Flywheels 


By  H.  HAMKENS 

Consulting   Engineer,    N'ewton,   Xew   Jersey 


Bolts  are 
.V  •>  driven  in 
^>^  \  from  this  Side 


IT  IS  not  a  rare  occurrence  that  a  flywheel  gets 
loose  on  the  shaft.  If  the  wheel  is  split,  the  hub 
bolts  may  have  come  loose,  and  in  that  case  the 
nuts  may  be  tightened  or  the  bolts  can  be  taken  out, 
heated  and  shrunk  in.    It  is,  of  course,  understood  that 

there  must  be  suf- 
ficient space  between 
the  two  halves  of  the 
hub  for  a  good  clamp 
fit,  the  space  to  be 
from  ■}  to  \  in.  ac- 
cording to  the  size 
of  the  wheel.  A  fly- 
wheel of  the  built- 
up  kind  getting 
loose  on  the  shaft  is 
an  indication  of 
carelessness  in  put- 
ting it  on.  The  ma- 
jority of  built-up 
wheels  are  provided 
with  two  hub  centers 
between  which  the 
arms  are  clamped, 
as  shown  in  Fig.  1. 
As  a  rule  two 
feathers  are  used, 
both  fastened  in  the 
shaft.  There  are, 
however,  instances 
where  each  half-cen- 
ter has  two  separate 
keys  driven  in.  The 
FIG.  1.  ht:b  centers  for  center  marked  X  is 
BUILT-UP  FLYWHEEL  forced  on  the  shaft 


very  tight,  while  center  Y  is  drawn  up  by  means  of 
bolts.  Centers  and  shaft  are  bored  and  turned  to  four 
different  diameters;  A  represents  the  nominal  diam- 
eter of  the  shaft,  B  is  bored  0.010  in.,  C  0.020,  and 
D  0.030  in.  larger  than  A.  For  D  and  C  a  press  fit 
allowance  of  0.001  in.  per  inch  of  diameter  is  made;  the 
allowance  for  A  and  B  cannot  be  more  than  one-half 
that  am.ount.  The  bolts  and  holes  should  have  a  taper 
of  i  in.  per  foot.  The  bolts  should  have  a  large  fillet 
under  the  heads  and  be  driven  in  tight. 

From  the  description  it  is  evident  that  unless  the 
v/ork  is  carefully  done  in  all  its  stages,  there  are  some 
chances  of  the  bolts  and  the  male  center  working  loose. 
The  bolts,  or  those  which  get  loose,  can  easily  be 
renewed,  but  if  a  center  gets  loose  it  is  serious.  The 
only    remedy   will   probably    be   to   drill    off   the    loose 


(^ 


FIG.   3.      8PLIT  FLYWHEEL  STRENGTHENED  BY  A  TIE  ROD 

half   and   replace    it   with   a   new   one   which    is    made 
in  two  pieces  and  bolted  together  as  shown  in  Fig.  2. 

Fatigue  of  the  metal  due  to  continuously  varying 
strains  in  the  arms  and  rims  of  flywheels  is  responsible 
I'or  cracks  and  failures.  The  tension  in  the  rim  of 
a  flywheel  varies  as  the  square  of  the  velocity;   it  is 


approximately   expressed   by   the   formula   T  = 


10  ' 


FIG.    :.      FLVWTtKKI.    CENTER     IN     HALVES.     BOLTED 


which  V  represents  the  velocity  per  second.  Taking 
a  wheel  16  ft.  in  diameter  with  a  variation  in  speed 
of  from  90  to  100  r.p.m.,  the  stresses  per  square  inch 
in  the  rim  will  be  562  and  688  lb.  respectively,  a  change 
of  over  20  per  "ent.     While  this   is  considered  to  be 
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wi'll  within  tlio  limit  1)1"  safoty.  it  niH\-  in  the  comso 
of  linu'  hecornc  ;i  .soiiici'  nl'  diin^rcr  in  addition  to 
other   strains. 

IJesidc*  tensile  .strain  tliLM'c  is  considerable  bendin^r 
stress  i?i  the  I'iin  between  each  pair  of  arms;  this  is 
especially  the  case  in  that  part  where  the  joint  is 
located  between  the  arms  if  the  wheel  is  constructed 
as  shown  in  Vig.  '.\.  For  rim  velocities  of  a  mile 
a  minute  or  over  the  desijjn  is  danjjerous  and  should 
not  be  tolerated.  As  a  .safeguard  guide  rods  are  often 
put  in  between  the  hub  and  rim  bolts  with  a  tuni- 
buckle  for  tightening  the  rod,  as  shown  in  the  sketch. 
The  rational  way   to  construct  a  split   wheel  is  shown 


.spi.n-    |-|,Y\VHKKI. 
TIIR 


AVlTll    1' 


ill  Fig.  4,  in  which  the  parting  is  through  two  arms. 
This  design  eliminates  excessive  bending  strains  at  the 
joints. 

Bandwheels  should  have  deep  ribs  at   the  edges  and 
in  the  center,  as  shown  in  Fig.  5;  A  shows  the  design 


A,  /P/m  with  one  Center  Rib 


B,  Rim  with  £  Center  Ribs 
for  £  Sets  of  Arms 


C,  2  Rims  bolted  together 

I'Hi.   5.      KIM   .'^ECTION.S  OF  FI^YT\"HEEI.S 

for  one  set  of  arms,  B  for  a  double  set,  and  C  for 
very  wide  faced  wheels  for  two  belts  in  which  two 
separate  rims  are  bolted  together  through  the  rim 
flanges. 


l'"or  large  built-up  bandwheels  there  are  several  de 
signs  extant.  In  Fig.  (J  A  is  perhaps  the  least  desirn 
ble  as  !he  joints  are  located  between  the  arms,  in- 
troducing heavy  bending  strains;  to  make  these  wheels 
saf<'  guide   rods  are   put    between   rim   bolts   and   hubs. 


\0    . 

A,  Undesirable  Construction 


liril/r-IM-    F 


B,  Correct  Design 

,v\\  iii;i';i,.s 


similar  to  those  on  the  split  wheel.  On  the  wheel 
shown  in  Fig.  6  B,  the  joints  are  located  over  the  arms, 
which  i.';  the  correct  place  for  them.  In  this  design 
the  bending  stresses  are  reduced  to  a  minimum;  it  is 
much  safer  than  wheels  of  the  other  construction. 


Prof.  C.  A.  F.  Benedicks,  Ph.  D.  of  Stockholm  Uni- 
versity, has  developed  a  new  theory  of  metallic  conduc- 
tion of  electricity  which  e.xplains  certain  phenomena  not 
made  clear  by  the  former  electron  theory.  As  a  conse- 
quence of  this  new  theory  one  has  to  conclude  that  even 
in  a  single  homogeneous  metal  thermo-electric  current 
can  be  produced.  Heretofore  such  currents  were  be- 
lieved to  be  produced  only  when  two  dissimilar  metals 
were  present.  In  liquid  mercury  it  has  been  possible 
to  definitely  prove  the  existence  of  thermo-electric  cur- 
rents. During  a  lecture  before  the  Institute  of  Metals. 
London,  England,  the  professor  demonstrated  a  new  ro- 
tating thermo-electric  apparatus  made  entirely  of  cop- 
per and  revolved  in  a  magnetic  field,  the  driving  force 
being  obtained  solely  from  unequal  heating  of  strips 
of  copper  by  means  of  small  gas  jets. 


It  is  proposed  to  divert  water  from  the  high-level 
rivers  in  Southern  Germany  to  the  low-Ieve!  system  of 
the  Main,  says  the  Elerfrirrtl  Revieic.  of  London.  The 
fall  of  the  River  Lech,  for  instance,  which  now^  flows 
south  and  joins  the  Danube,  would  be  increased  from 
300  ft.  to  1.080  ft.,  resulting  in  a  total  of  500,000  hp. 
if  arranged  with  open  canals  and  falls  at  three  points. 
The  first  fall  would  be  at  Nuremberg,  where  200,000  hp. 
is  obtainable,  the  second  at  Wurtzburg,  delivering 
150,000  hp.,  and  the  balance  of  150,000  hp.  at  Frank- 
fort, as  against  60,000  hp.  if  the  river  is  to  continue  to 
flow  south  as  at  present.  Coal-fired  installations  to 
produce  the  same  power  would  require  3,000,000  tons 
of  good-quality  coal  annually,  which  at  the  present  price 
in  Germany  is  worth  approximately  $70,000,000. 


President  Wilson  has  named  Secretary  Baker  as  chair- 
man of  the  Water  Power  Commission  created  under  the 
recently  enacted  water  power  bill.  The  other  members 
of  the  commission  are  the  Secretary  of  Agriculture  and 
Secretary  of  the  Interior  and  in  addition  an  executive 
secretary   to  be  appointed. 


Coal  miners  of  France,  who  have  been  on  strike 
intermittently  for  several  month!5,  are  now  .said  to  be 
all  at  work.  It  is  computed  that  the  strikes  caused  the 
loss  of  40,000,000  francs  in  wages. 
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John  A.  Stevens — Authority  on  Boilers 
and  Power-Plant  Design 


As  a  Member  of  the  Original  Mass- 
achusetts Board  of  Boiler  Rules  He 
EnthusiastieaUy  Worked  To  Form 
Rules  for  the  Standardization  of 
Boiler  Design.  Later,  his  Dynamic 
Energy  Was  Largely  Responsible  for 
the  Successful  Formulation  of  the 
American  Society  of  Mechanical  En- 
gineers' Boiler  Code. 


Photo   by  Vndcrwood  d   i'ndaicood 


THERE  is  a  saying  that  "instead  of  a  man's  suc- 
cess being  due  to  a  university  degree,  he  often 
succeeds  in  spite  of  it."  However,  there  is  a 
grovping  opinion  that,  in  the  engineering  profession, 
a  man  rarely  attains  the  highest  rank  without  a  thor- 
ough technical  education.  This  is  true  because  of  the 
difficulty  of  obtaining  a  knowledge  of  the  fundamental 
principles  of  engineering  outside  a  high-grade  technical 
school.  There  have  been,  however,  notable  examples 
of  men  whose  personal  ability  has  pushed  them  to 
the  top  without  such  help.  Such  a  man  is  John  A. 
Stevens,  the  well-known  consulting  engineer  of  Lowell. 
Mass.  After  graduation  from  the  Saginaw,  Mich.,  high 
school  he  attended  the  University  of  Michigan  for  one 
year,  and  then  left  to  serve  a  three-year  apprentice- 
ship as  a  machinist  in  the  shop  of  Mitts  &  Merrill 
of  Saginaw;  he  also  worked  for  about  a  year  as  as- 
sistant toolmaker  with  the  Pere  Marquette  Railroad. 

Mr.  Stevens'  experience  as  a  steam  engineer  began 
when  he  turned  his  attention  to  marine  service  on  the 
Great  Lakes.  He  served  as  engineer  on  a  number  of 
lake  steamers,  and  in  1893  he  came  East  and  entered 
the  ocean  steamship  service  in  the  employ  of  the  In- 
ternational Navigation  Co.  of  New  York.  He  served 
on  a  number  of  this  company's  liners  and  received 
rapid  promotion,  until  in  less  than  three  years  he  was 


first  assistant  engineer  of  the  "St.  Paul."  While  in  this 
service  he  obtained  an  unlimited  engineer's  license  for 
ocean  steamships — the  highest  class  license  issued — at 
the  age  of  27  years. 

In  1896  he  left  marine  work  and  became  chief  engi- 
neer of  the  Merrimac  Manufacturing  Co.,  of  Lowell, 
Mass.  During  the  thirteen  years  he  spent  in  this 
position,  Mr.  Stevens  practically  rebuilt  the  entire  steam 
plant  at  Lowell  and  at  the  same  time  superintended 
the  power  departments  in  the  company's  southern  mills. 

He  resigned  his  position  with  the  Mei'rimac  Com- 
pany in  1909  and  spent  three  months  in  Europe,  gather- 
ing special  information  on  steam  boilers,  steam  tur- 
bines and  condensers.  On  his  return  from  Europe 
he  opened  an  office  as  general  consulting  engineer, 
specializing  however,  on  light,  heat  and  power  work. 
In  this  connection  he  has  had  a  wide  experience  in 
power-plant  analysis  and  in  the  supervision  of  construc- 
tion work.  Mr.  Stevens  has  also  done  some  original 
work  in  the  line  of  invention,  having  eight  patents 
containing  113  claims  on  water  tube  boilers  as  well 
as  on  the  American  Steam  Superheater.  He  is  also 
co-inventor  of  the  Stevens-Pratt  Boiler,  which  is  espe- 
cially designed  for  large  central-station  service. 

He  is  probably  best  knovni  to  the  public  through 
his   connection   with   the   preparation    of   steam   boiler 
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stiindanlization  I'lulcs.  lie  wa.s  a  inonilK'r  of  the  orig- 
inal Mas.-Hchiisctts  Hoard  of  Holler  RuIoh,  represent - 
inir  the  "lioiler-u.sjnjf"  intere.sls.  This  lioard  was 
created  a.s  a  result  of  the  efforts  of  Mr.  Jo.seph  H. 
McNeil,  chief  of  the  Ma.ssachii.setts  Boiler  In.^pection 
Department.  Mr.  Stevens  describes  the  first  mcctinp 
as  taking  place  in  a  very  small  hot  room  in  the  State 
Hoii.se  at  Boston  on  July  T),  1<)07.  At  this  meetinp 
Mr.  McNeil,  who  was  chairman,  outlined  the  plan  to 
formulate  a  standard  for  boiler  dcsijrn  which  should 
l)e  first  of  all  safe,  and  second  commercial.  Meetings 
were  held  weekly  or  oftener  for  practically  three  years. 
Sugjrestions,  ideas  and  data  were  solicited  and  received 
from  all  known  authorities,  various  pamphlets  were 
issued  and  finally  the  board  published  the  issue  of 
the  rules  of  Aug.  5,  1009.  This  was  the  last  issue 
made  by  the  original  board  and  contained  all  necessary 
information  for  the  manufacture  or  inspection  of  sta- 
tionary steam  boilers  in  Massachusetts  at  that  time. 

In  1911  a  committee  was  appointed  by  the  American 
Society  of  Mechanical  Engineers  for  the  purpose  of  pre- 
paring a  standard  boiler  code  in  a  more  complete  man- 
ner than  was  possible  with  the  Massachusetts  State 
Board.  Mr.  Stevens  was  made  chairman  of  this  com- 
mittee, which  position  he  still  holds.  This  work  was 
carried  on  along  lines  similar  to  tho.se  followed  in 
Massachusetts  in  taking  counsel  with  all  possible  author- 
ities who  would  be  interested.  In  addition  to  numer- 
ous meetings,  hearings  and  much  correspondence,  an 
advisory  committee  was  appointed.  This  advisory  com- 
mittee contained  engineers  representing  every  branch 
of  industry  interested  in  boilers  either  as  users,  manu- 
facturers, insurers  or  in  any  other  capacity.  A  com- 
prehensive code  was  issued  in  1914,  and  has  been 
adopted  in  a  number  of  the  states. 

The  committee  continues  to  function  and  periodically 
issues  information  and  interpretations  of  the  code  in  an- 
swer to  inquiries  from  those  interested.  As  chair- 
man of  this  committee,  Mr.  Stevens  has  put  in  a  great 
deal  of  time  and  thought  and  is  responsible  in  no  small 
measure  for  the  success  of  the  work. 

During  the  war  he  w-as  Standardization  Engineer  of 
the  United  States  Shipping  Board,  Emergency  Fleet 
Corporation  and  assisted  in  formulating  the  "Rules  for 
the   Inspection   of   Marine   Machinery." 

Realizing  as  he  does  the  importance  of  research  and 
invention,  Mr.  Stevens  has  taken  a  practical  means  to 
encourage  effort  in  this  direction.  He  has  created  a 
trust  fund  with  the  American  Society  of  Mechanical  En- 
gineers to  be  known  as  the  John  A.  Stevens  Trust 
Fund,  amounting  to  $20,000,  the  income  of  which  is  to 
be  paid  annually,  after  19.37,  to  the  persons  who  have 
in  any  year  invented  or  been  responsible  for  the  in- 
vention of  a  noteworthy  progress  in  engineering,  hav- 
ing to  do  with  the  conservation  of  fuels  in  the  genera- 
tion of  light,  heat  and  power. 

In  1918,  the  Association  Medal  was  presented  to  Mr. 
Stevens  by  the  National  Association  of  Cotton  Manu- 
facturers for  his  paper  on  the  "Evolution  of  the  Steam 
Turbine  in  the  Textile  Industry."  This  medal  was 
awarded  to  Mr.  Stevens  for  having  contributed  the 
most  to  the  advancement  of  the  cotton  industry  during 
the  year  1917. 

Mr.  Stevens  is  a  vice-president  of  the  American 
Society  of  Mechanical  Engineers  and  a  member  of 
the  American  Society  of  Heating  and  Ventilating  Engi- 
neers, the  American  Society  for  Testing  Materials,  the 
Society  of  Naval  Architects  and  Marine  Engineers  and 


the  Old  Colony  Clnl)  of  New  York;  The  National  Asso- 
ciation of  ("otton  Manufacturers,  and  the  EngineerH 
Club  of  Boston,  the  Lowell  Board  of  Trade  and  the 
Yorick  (Mub  of  Lowell,  Mass. ;  the  Vesper  Country 
Club  of  Tyngsboro,  Ma.ss. ;  The  Sciluate  Yacht  Club, 
the  Massachusetts  Chamber  of  Commerce,  and  the  High 
School  Building  Commission  of  Lowell,  Mass. 

Mr.  Stevens  was  born  in  Galva,  III..  Sept.  IG,  1868. 
Although  a  Westerner  by  birth  he  comes  of  real  New 
England  stock,  being  a  direct  descendant  of  John  Aldcn. 

S|>oiitaiu'oiis-l<;iiitic>n   r«'iii|><'ralureH  of 
Liquid  Fuels 

It  has  long  })eeM  evident  to  both  designer  and  user 
of  inte»-nal-combustion  engines  that  the  influence  of 
the  spontaneous-ignition  temperature  of  the  fuel  was 
of  primary  importance.  The  results  of  a  series  of  tests 
by  Harold  Moore  appear  in  the  Jan.  30  issue  of  the 
Petroleum   Times. 

In  these  tests  a  metallic  vessel,  having  a  cavity 
for  the  reception  of  the  fuel  and  o.xygen  charge,  was 
employed.  The  vessel  was  placed  on  a  .source  of  heat, 
and  the  temperature  was  rai.sed  until  ignition  occurred 
upon  the  introduction  of  the  fuel  and  oxygen  charge. 
It  was  found  that,  even  though  the  vessel  temperature 
was  above  the  temperature  nece.ssary  to  produce  auto- 
matic ignition,  there  was  an  interval  of  time  elapsing 
between  the  introduction  of  the  fuel  and  the  explosion. 
The  time  interval  is  largely  dependent  on  the  tem- 
perature.    Table  I  covers  a  test  with  petrol  (gasoline). 


T.VBLE    I.      TEST   WITH    PETROI, 


Tor-.j.Liaturo. 
Dc«.    C. 
284  5 
287  5 
289 
291 
295.5 


Timo. 

:<rconds 

25 


Drop.s  Temperature, 

of  Oil  Deg.  C 

1  .    299 

1  305 

2  310 
1  316 
1  320 


Time. 

.Seconds 

5  8 


Drop- 
of  Oil 


Table  II  gives  the  ignition  temperatures  of  a  number 
of  the  commonly  used  fuels.  Both  pure  oxygen  and  air 
were  employed  in  the  tests.  Considering  the  density 
of  the  air  charge  in  an  engine  cylinder,  there  is  no 
doubt  that  the  temperature  shown  when  oxygen  was 
the  agent  more  nearly  represents  actual  cylinder  con- 
ditions. 


TABLE  11 

IGNITION  TEMPEf 

UTURES    OF 

VARIO 

US    FUE 

LS 

Ign.  Temp., 

Ign.  T 

emp.. 

Deg.  C. 

Deg 

r. 

With       With 

With 

Witl 

Grade  of  Fuel 

Sp.  Gr 

Oxygen       Air 

Grade  of  Fuel 

Sp.  Gr. 

Oxygen 

Air 

Petrol 

0  718 

279          361 

Texas  erude.    . 

0  895 

256 

387 

Paraffin  oil 

0  807 

251 

Fuel  oil 

0  900 

269 

430 

Petrol 

0  735 

3'2 

Mex.  crude.. 

0  908 

259 

417 

Lamp  oil.. 

0  787 

367 

Texas  crude 

0  936 

2'.8 

416 

Gas  oi!   . 

254          358 

Mex.  fuel  oil. 

0  948 

259 

424 

ICgvpt  crude. 

0  851 

260 

Mexican  crude 

0  949 

258 

425 

Dcgboi  oil. 

0  890 

261          384 

Calif,  crude. 

0  952 

264 

Persian  crudf. 

0  894 

254          408 

Ca  if.  crude. . . 

0  961 

262 

420 

In  the  solid-injection  explosive  engine,  as  well  as 
in  the  Diesel,  the  temperature  at  the  end  of  the  com- 
pression stroke  must  be  high  enough  to  ignite  the  fuel 
charge.  With  the  lower  pressure  hot-bulb  engine  the 
temperature  during  the  early  part  of  the  compression 
stroke  must  not  exceed  the  ignition  point.  The  vapor- 
izer or  carburetor  engine  requires  a  final  temperature 
below   the    ignition    point. 

T  IP  \  n 
A  curve  of  the  equation  „-  =  [p^]^r:r^£  can  be  con- 
structed; from  this  curve  the  final  pressure  required 
in  any  engine  can  be  fairly  determined  for  any  given 
oil  since  Table  II  gives  the  temperature  of  spontaneous 
ignition. 
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Calculating  a  New  Winding 
for  an  Induction  Motor 

IN  THE  complete  design  of  an  induction  motor  there 
are  in  all  some  nineteen  points  that  must  be  consid- 
ered by  the  designinp  engineer.  Some  of  these  may  be 
compromised  to  the  advantage  of  the  others,  depending 
upon  the  characteiistics  it  is  desired  to  give  to  the 
machine.  In  fact,  the  design  of  any  induction  motor 
must  be  a  compromise,  since  it  is  impossible  to  work 
up  a  design  that  will  develop  high  starting  torque  and 
operate  at  high  efficiency  and  power  factor,  yet  will  be 
satisfactory  mechanically.  If  the  air  gap  between  the 
rotor  and  the  stator  cover  is  made  of  such  dimensions 
as  to  allow  a  reasonable  wear  of  the  bearing  before 
rubbing  will  occur  between  the  rotating  and  the  sta- 
tionary members,  then  the  power  factor  will  be  con- 
siderablj'  lower  than  if  the  minimum  clearance  is 
allowed.  If  the  rotor  conductors  are  given  sufficient 
resistance  for  the  machine  to  develop  high  starting 
torque  with  reasonable  starting  current,  the  efficiency 
of  the  machine  wi'l  be  low  while  running.  However, 
some  of  these  features  may  be  favored  at  the  expense 
of  the  others  to  give  a  design  that  is  best  suited  to 
certain  applications.  Where  motors  are  not  required 
to  start  under  very  heavy  loads,  -but  run  for  consid- 
erable periods  after  being  started,  high  starting  torque 
is  not  as  important  as  high  efficiency.  Consequently, 
the  motor  should  be  designed  to  operate  at  high  efficiency. 
On  the  other  hand,  if  the  motor  must  stai't  heavy 
loads  at  frequent  intervals,  such  as  in  hoist  service, 
high  starting  toi'que  with  minimum  starting  current  is 
an  important  characteristic.  Hence  efficiency  can  be 
advantageously  sacrificed  to  obtain  high  torque. 

In  working  up  a  new  winding  for  an  old  induction- 
motor  core,  many  of  the  points  that  would  be  consid- 
ered in  a  new  design  are  already  determined.  Further- 
more, these  designs  are  in  many  cases  worked  up  by 
those  who  want  to  know  how  many  turns  must  be  put  in 
the  winding  and  the  cross-section  of  these  turns  to  give 
a  machine  that  will  operate  satisfactorily,  rather  than 
to  achieve  refinement  in  design.  A  method  of  "Cal- 
culating a  New  Winding  for  an  Old  Induction-Motor 
Core"  is  given  by  A.  M.  Dudley  elsewhere  in  this  issue. 
Although  no  attempt  has  been  made  by  the  authov  to 
consider  all  the  points  pertinent  to  a  finished  design, 
the  necessary  calculations  are  given  for  determining  a 
winding  that  will  give  a  satisfactorily  operating 
machine  in  a  large  percentage  of  cases.  It  is  the 
opinion  of  the  author,  after  fifteen  years  spent  in  the 
commercial  design  of  induction  motors  and  after  per- 
sonal know'edge  of  many  cases  of  windings  roughly 
calculated  by  practical  winders  which  performed  satis- 
factorily, that  an  approximate  idea  of  what  is  required 
in  a  winding  to  do  a  certain  job  can  be  obtained  without 
involving  a  great  mass  of  calculation.  It  should  be 
understood  that  with  the  short-cut  methods  and  the 
abbreviated  consideration  presented,  it  is  not  intended 
cr  expected  that  anyone  will  produce  finished  and  well- 
balanced  designs;  but  it  is  believed  that  in  an  emer- 


gency, when  time  is  the  essence  of  the  consideration 
and  some  chances  can  profitably  be  taken,  the  method 
presented  will  give  an  approximation  to  the  correct 
winding  which  will  be  satisfactorily  operative  in  a 
high  percentage  of  cases.  The  chief  object  of  the 
author  has  been  not  to  elaborate  a  new  system  of  design 
calculations,  but  to  tell  the  fellow  whose  chief  concern 
it  is  to  make  motors  run  and  keep  them  running,  what 
thej^  may  do  to  help  themselves  when  they  are  a  thou- 
sand miles  away  from  a  designing  engineer  and  the 
motor  has  to  be  running  in  the  shortest  time  possible. 

Code  of  Ethics  for  A.  S.  M.  E. 

IN  this  issue  of  Poicer  is  given  a  summary  of  the 
report  of  the  Code  of  Ethics  Committee  of  the 
American  Society  of  Mechanical  Engineers,  together 
with  the  complete  proposed  code.  There  is  nothing  new 
in  the  idea  of  such  a  code.  The  formal  rules  of  ethics 
of  the  various  bar  associations  are  well-known 
precedents.  The  Mechanical  Engineers  themselves 
adopted  such  a  set  of  rules  in  1912,  but  this  document 
was  long  and  cumbersome  and  many  members,  especially 
those  joining  the  society  since  that  date,  have  never 
heard  of  it. 

A  reading  of  the  proposed  code  shows  that  there  is 
nothing  startling  in  it.  It  consists  of  fourteen  para- 
graphs made  up  of  short  definite  statements  of  what 
an  engineer  is  expected  to  do  if  he  is  to  have  the  re.spect 
of  his  fellow  engineers.  Most  of  these  paragraphs  are 
rules  to  which  any  honorable  man  will  agree  without 
question.  In  fact,  the  criticism  has  been  made  that 
most  of  the  requirements  are  so  obviously  no  more 
than  common  honor  demands  that  it  is  unnecessary 
to  formally  set  them  down.  It  is  an  unfortunate  fact, 
however,  that  there  are  engineers  both  within  and  with- 
out the  society  who  will  violate  and  who  do  violate  the 
most  obvious  of  these  rules.  Such  violations  of  honor 
are  often  not  violations  of  law,  so  that  the  only  punish- 
ment is  the  loss  of  respect  or  good  will.  If  a  formally 
stated  rule  's  violated,  it  is  much  more  likely  that  the 
offender  will  lose  his  reputation  for  honorable  action 
than  if  every  individual  judged  the  act  according  to  his 
own  rules. 

In  general,  it  is  a  good  code.  In  fact,  it  seems  to  be 
a  very  good  code.  With  this  idea  in  mind  some 
criticism  of  details  may  be  offered  for  consideration. 
In  the  eighth  paragraph  it  is  set  down  that  an  engineer, 
before  taking  over  the  work  of  another,  should  satisfy 
himself  that  good  and  sufficient  rea.sons  exi.st  for  making 
the  change.  It  seems  that  some  statement  of  what 
would  be  considered  "good  and  sufficient"  reasons  is 
desirable.  The  tenth  paragraph  seems  contradictory. 
In  the  first  sentence  the  engineer  is  forbidden  to  regard 
;\s  his  own,  information  obtained  confidentially  from  a 
client,  while  the  second  sentence  allov^'s  him  to  use  such 
information  in  his  own  private  practice.  A  few  words 
of  explanation  might  help  here  al.so. 

The  committee,  in  reporting,  suggested  that  the  whole 
matter  should  be  referred  to  the  Engineering  Council 
or    some    other    body    representing    all    branches    of 
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enpineerinR.  The  code  was  presented  only  to  earn,'  oui 
instruftions,  but  the  committee  fools  that  men  in  all 
branches  of  enjrineerinjf  as  well  as  architects  should 
have  a  uniform  code.  There  seem  to  be  jrood  reasons 
for  uniform  action  by  all  engineerinjr  .societies.  The 
main  idea  in  preparing'  the  code  is  to  obtain  uniformity 
amonjr  the  members  of  the  A.  S.  M.  E. ;  its  extension  to, 
include  the  other  branches  of  enj?ineerin>?  should  en- 
hance its  benefits.  It  is  to  be  hoped,  therefore,  that 
the  EnRineerin}?  Council  or  the  Federated  Engineering 
Societies  will  take  the  matter  up  and  carry  it  on  to  com- 
pletion. In  this  connection  the  proposed  form  might 
well  furnish  at  least  a  starting  point  for  the  work  of  the 
more  general  committee* 

The  INo-Accidenl  Drive 

EVERY  industrial  accident  is  a  setback  in  the  strug- 
gle for  existence.  When  it  involves  human  injury, 
it  not  only  inflicts  impairment  and  suffering  upon  the 
immediate  subject  or  brings  about  the  bereavement  of 
those  to  whom  he  is  dear,  but  it  increases  the  cost  of 
production.  This  means  either  diminished  profits  to 
the  manufacturer  or,  if  cost  is,  as  it  ought  to  be,  the 
basis  of  the  selling  price,  a  higher  price  to  the  con- 
sumer. 

The  results  are  far-reaching  and  distribute  them- 
selves by  devious  paths.  There  is  the  immediate  loss 
of  the  material  or  product  destroyed;  the  loss  of  pro- 
duction due  to  interrupted  service;  the  loss  of  man 
power  through  the  injury  to  the  victim  and  consequent 
upon  -the  interrupted  work  of  other  men;  the  cost 
of  hospital  service  and  medical  attendance;  the  en- 
hanced cost  of  insui-ance,  predicated  upon  expectancy 
of  accident  and  increasing  as  the  number  of  accidents 
increases;  and  numerous  others  that  will  suggest  them- 
selves to  those  wbo  analyze  the  subject  further. 

Aside  from  the  humanitarian  motive  of  preventing 
loss  of  life  and  physical  suffei-ing,  there  is  enough  of 
a  material  inducement  to  the  manager  and  to  the  pub- 
lic to  keep  the  number  of  industrial  accidents  at  a 
minimum.  The  employers'  liability  lavra  have  made 
the  employing  class  more  conscious  of  this  condition. 
The  large  companies  are  paying  a  great  deal  of  at- 
tention to  safety  methods  and  apparatus.  State  in- 
dustrial commissions,  factory  inspecting  departments, 
etcetera  are  doing  good  work  and  the  National  Safety 
Council  an  organization  of  manufacturers,  is  attacking 
the  prohlem  in  a  large  and  systematic  way.  Under  its 
auspices  the  LeWgh  Valley  in  Pennsylvania  had  a 
Safety  Week,  commencing  May  10.  The  extent  to 
which  accidents  are  avoidable  is  indicated  by  the  fact 
that  during  this  safety  "week  there  was  a  reduction  of 
ninety-two  per  cent  in  mining  accidents,  eighty  per 
cent  in  electric-railway  accidents,  thirty  per  cent  In 
all  public  accidents  and  more  than  ninety  per  cent  in 
accidents  in  the  largest  industrial  plants  m  the  dis- 
trict. 

One  of  the  most  reproachful  of  the  types  of  accident 
that  has  marred  the  history  of  American  industry  is 
the  boiler  explosion;  flagrant  because  the  experience 
of  other  countries,  where  their  use  had  been  sub- 
jected to  intelligent  and  expert  supervision  and  regula- 
tion, long  ago  demonstrated  that  boilers  could  be  used 
with  a  much  smaller  percentage  of  accidents  than  ^as 
current  in  the  United  States.  The  attitude  toward 
such  legislation,  which  has  been  opposed  as  meddle- 
some and  paternal,  is  rapidly  changing.     A  third  of 


the  states  have  provisions  for  the  inspection  of  lx)ilerB 
and  some  of  the  states  for  the  examination  and  certi- 
fication of  the  men  who  run  them;  and  others  are 
coming  rapidly  to  see  that  supervision  is  a  service 
rather  than  an   interference. 

A  Good  Suggestion 

PROCTRESS  in  any  line  of  endeavor  depends  very 
largely  upon  the  reliable  data  available  on  the  sub- 
ject, and  until  these  are  obtained  it  is  diflicult  for 
important  developments  to  be  made.  This  is  about  the 
condition  that  we  find  in  regard  to  the  use  of  higher 
steam  pressures.  Practically  all  the  equipment  manu- 
facturers are  agreed  that  the  problems  encountered 
in  the  use  of  higher  steam  pressures  than  those  now 
found  in  common  pnutice  can  be  solved,  but  no  data 
are  available  that  would  encourage  the  inve.stment  in 
a  plant  designed  for  the  pressures  that  have  been 
suggested.  The  big  question  is,  How  is  this  experience 
to  be  obtained? 

Some  time  ago  it  was  suggested  that  somebody  should 
build  a  high-pressure  steam  plant,  but  apparently  no 
company  cared  to  take  the  plunge.  Later,  efforts  were 
made  to  have  the  large  power  companies  form  a  pool 
to  finance  the  building  of  such  a  plant.  However,  for 
various  reasons  this  never  materialized.  In  the  Prime- 
Movei's  Committee  report  of  the  National  Electric  Light 
Association,  presented  at  the  Pasadena  Convention,  it 
was  suggested  that  a  trial  installation  might  be  made 
by  equipping  an  existing  station  with  a  comparatively 
small  high-pressure  boiler  and  turbine,  the  latter  so 
designed  as  to  exhaust  into  the  main  steam  header 
of  the  station.  This  scheme  has  the  great  advantage 
of  allowing  the  work  to  be  done  at  minimum  cost  and 
would  show  UD  trouble  with  valves  and  piping  and 
furnish  a  great  deal  of  valuable  data  on  which  to 
base  future  developments 

rhe  White  Collar  Slave 

IN  A  recent  issue  the  EJlectrical  Review,  of  London, 
says  that  at  a  recent  dinner  James  Swinburne,  who, 
unfortunately,  is  too  seldom  seen  and  heard  at  electrical 
gatherings  nowadays,  pleaded  the  cause  of  the  salaried 
men  with  an  earnestness  an<J  sympathy  \vhich  demanded 
attention. 

In  view  of  the  commotion  recently  set  up  by  an  ad- 
vertisement in  its  pages,  which  placed  a  technical  officer 
on  a  pecuniaiy  par  with  a  fitter,  and  of  Mr.  Swinburne's 
remarks,  the  arrival  of  a  batch  of  papers  from  the 
Electrical  Power  Engineers  Association  embodying  par- 
ticulars regarding  the  National  Joint  Board  which  is 
dealing  with  the  case  of  the  .station  men  and  the  sched- 
ules of  wages  agreed  upon  is  very  timely.  The  board 
will  play  the  part  of  a  \Vhit1ey  Council  for  the  station, 
technical  and  clerical  .staffs,  which  are  therwnse  un- 
provided for  in  this  respect,  having  been  omitted  from 
that  scheme  by  an  extraordinary  oversight 


The  high  cost  of  better  grades  of  coal  and  the  un- 
certainty of  delivery  are  causing  greater  use  of  rig- 
nite  and  low-grade  fuels  where  these  are  available 
locally.  It  has  practically  become  an  absolute  necessity 
that  the  coals  be  used  in  certain  localities  Necessity 
IS  the  mother  of  invention,  and  no  doubt  in  this  case 
will  create  an  incentive  to  develop  improved  methods  of 
burning  the  low-grade  fuels. 
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Some  Pump  Experiences 

A  triple-expansion  duplex  mine  pump  began  to  per- 
form badly  on  one  side,  and  as  an  examination  of  the 
water  end  failed  to  disclose  the  trouble,  an  inspection 
of  the  steam  end  was  necessary.  Upon  opening  up  the 
low-pressure  cylinder,  it  was  discovered  that  there  was 
a  crack  about  14  in.  long  in  the  cylinder  wall.  As 
this  cylinder  was  live-steam  jacketed  and  worked  on  a 
vacuum,  a  heavy  blow  of  steam  through  the  crack  had 
caused  the  trouble. 

This  pump  was  badly  needed,  so  a  quick  repair  was 
important.  The  plan  adopted  was  that  of  drilling  and 
tapping  j-in.  holes  and  screwing  in  brass  plugs,  finish- 
ing up  by  chipping  and  scraping  to  a  templet  that 
had  been  formed  on  the  undamaged  surface.  The  first 
hole  was  drilled  to  clear  the  end  of  the  crack  and 
was  at  once  plugged,  each  succeeding  hole  being  drilled 
to  overlap  the  previous  plug.  A  fine  and  reasonably 
quick  job  resulted. 

In  my  younger  days  I  operated  a  small  electric-light 
station — one  where  the  engineer  is  also  fireman,  wire- 
man,  lineman,  etc.  1  found  a  small  duplex  boiler  feeder 
that  had  been  installed  with  the  machinery,  but  had 
been  disconnected  and  set  in  a  dirty  corner  and  a 
pump,  rented  from  a  small  local  foundry,  put  in  its 
place.  The  rented  pump  had  been  on  the  job  about 
six  years. 

Everyone,  particularly  the  man  who  owned  the  rented 
pump,  assured  me  that  the  discarded  duplex  was  a 
bad  character,  therefore  I  was  curious  to  see  it  per- 
form. It  had  no  outside  valve  gear,  but  the  main 
valves  were  moved  by  double-ended  auxiliary  piston 
valves  moved  by  the  exhaust  on  opposite  strokes.  This 
pump  was  of  a  make   I   have  never  since  seen. 

I  placed  this  pump  alongside  the  other  one,  con- 
nected it  up  and  gave  it  a  good  overhauling  and 
inspection,  but  could  see  nothing  wrong.  When  steam 
was  turned  on,  it  started  and  ran  for  a  short  time 
all  right,  but  soon  stopped.  The  auxiliary  valves  had 
tappet  stems  extending  through  the  stuffing  boxes 
on  the  front  of  the  steam  chest  and  by  pulling  or 
pushing  on  these  tappets,  the  pump  could  again  be 
started,  to  run  for  perhaps  an  hour,  perhaps  five 
minutes. 

Odd  hours  for  several  weeks  were  spent  in  experi- 
ments, and  the  trouble  was  found  to  be  due  to  the 
overtravel  of  the  auxiliary  valves,  which  caused  them 
to  cover  a  small  port  located  near  the  end  of  the 
travel.  The  cure  was  to  drill  and  tap  ]-m.  holes  in 
the  outside   faces   of   the   auxiliary   pistons,    screw   in 


I -in.  bolts  and  carefully  cut  them  just  the  proper  length 
so  that  when  the  valve  had  gone  far  enough  the  plug 
would  be  in  contact  with  the  che.st  covers.  That  pump 
worked  faithfully  for  the  three  years  of  my  stay. 

Notwithstanding  the  amount  of  valuable  information 
that  has  been  printed  relating  to  proper  piping  arrange- 
ments and  care  of  pumps,  bad  piping  and  sometimes 
worse  handling  are  much  too  common.  A  point  of 
importance  in  piping  arrangement,  and  one  that  is  more 
often  neglected  than  provided  for,  is  that  of  placing 
an  air  vent  of  suitable  size  on  the  discharge  side 
of  the  pump,  as  close  as  possible,  to  aid  in  starting 
a  pump  on  a  line  under  pressure,  such  as  a  boiler- 
feed  line. 

A  good  pump  is  a  fair  performer  when  handling 
water,  but  as  an  air  compressor  it  is  a  rank  failure, 
the  outside-packed  plunger  type  being  especially  weak 
in  this  respect,  owing  to  its  large  clearance.  Therefore, 
when  a  pump  has  a  large  volume  of  suction  line  to 
clear  of  air  before  water  can  enter,  it  is  of  much 
importance  that  it  should  be  provided  with  ample  purge 
outlet  on  the  discharge. 

In  a  case  that  came  to  my  notice  recently,  the  suction 
line  to  the  feed  pumps  came  from  a  large  tank  outside 
the  boiler  house.  This  tank  is  supplied  with  water  by 
a  line  from  the  city  main,  the  flow  into  it  being  hand- 
regulated  by  the  head  fireman.  On  this  occasion  he 
allowed  the  tank  to  run  dry.  When  the  pumps  got  out 
of  water  and  ran  away,  they  were  shut  down  and 
the  supply  valve  to  the  tank  was  opened  wide  to 
fill  the  tank  as  quickly  as  possible. 

The  fireman  then  attempted  to  start  the  pumps  but, 
strange  to  relate,  there  did  not  appear  to  be  any  water- 
in  the  suction ;  in  fact,  there  was  nothing  but  air, 
due  to  the  rapid  filling  of  the  tank.  Apparently,  neither 
the  fireman  nor  the  watch  engineer  knew  what  to  do 
or  just  what  was  wrong.  The  engineer  was  forced 
to  shut  down  to  save  the  boilers,  and  at  this  stage 
I  was  sent  in  to  lend  a  hand. 

Fortunately,  the  fireman  was  honest  and  at  once 
admitted  that  the  tank  was  empty,  thus  making  clear 
what  was  wrong.  As  thex'e  were  no  vents  on  this  line, 
the  question  was  how  to  clear  it.  This  was  done  by 
loo.sening  up  the  covers  on  the  discharge-valve  pots, 
having  first  closed  the  stop  valve  on  the  discharge 
line.  This  ca.se  makes  four,  differing  only  in  detail, 
that  have  come  to  my  notice.  In  each  instance  a 
properly  placed  purge  and  a  few  elementary  instruc- 
tions on  its  u.se,  and  on  why  a  pump  pumps  or  does 
not  pump,  would  have  saved  a  costly  shutdown. 

Bellingham,  Wash.  0.  B.  Critchlow. 
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Proposi'd  S('ttiii<2;  for  Ketiirn-Tiibiilar 
Boilerb 

Amoiifr  other  power  plnnts  we  have  a  boiler  house 
roiitnininp  six  horizontal  return-tubular  boilers  18  ft. 
lonp  ami  72  in.  in  diameter.  These  boilers  are  from  IT) 
to  20  years  old,  .have  been  retubed  recently,  and  are  in 
good  condition.  They  have  three  brackets  on  each  side 
to  support  the  boiler  upon  the  brick  walls  of  the 
setting. 

The  .setting  is  in  poor  condition,  and  the  side  and  back 
walls  are  badly  cracked  and  bulged.  The  furnace  height 
(.distance  from  grate  to  boiler  shell)  is  38  in.  The  con- 
dition of  the  setting  is  such  that  extensive  repairs  will 
soon  be  required,  amounting  to  almost  entirely  new 
walls.  Four  of  these  boilers  are  set  in  batteries  of  two, 
and  the  other  two  units  are  set  singly. 

My  present  idea  is  not  to  go  to  the  expense  of  renew- 
ing the  present  setting  and  finally  have  the  old  instal- 
lation with  all  its  disadvantages,  but  to  go  a  step  farther 
and  set  the  boilers  as  outlined  in  the  accompanying 
sketch,  and  have  in  consequence  a  fairly  modern  power 
house.  The  present  height  of  the  building  roof  would 
permit  a  furnace  height  of  at  least  60  in.,  as  compared 
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PROPOSED   SETTING   FOR  TWO   RETURN-TUBULAH 
BOILERS 


with  38  in.  as  now.  This  increase  in  combustion  volume 
alone  would,  it  is  my  belief,  increase  the  efficiency  of 
the  boilers. 

The  boilers  would  be  suspended  from  beams  instead 
of  being  supported  by  the  walls,  and  consequently  there 
would  be  less  strain  and  fewer  cracks  on  the  walls.  The 
radiation  losses  thi'ough  the  setting  and  infiltration  of 
air  would,  in  the  double  setting,  be  less  than  in  in- 
dividual settings.  This  proposed  arrangement  would 
combine  the  advantages  of  a  return-tubular  boiler  and  a 
water-tube  boiler  of  greater  capacity.  The  capacity  of 
a  return-tubular  boiler,  it  is  well  known,  is  limited  be- 
cause the  shell  thickness  would  increase  beyond  pro- 
portion in  boilers  of  larger  diameters  than  are  commonly 
in  use. 

I  would  be  glad  to  read  comments  about  this  proposed 
setting  from  fellow  engineers  who  may  have  had  experi- 
ence in  this  line.  M.  Riewerts. 

Passaic,  N.  J. 


(loul  <!onsiiiii|»tion  in  Iiistiflitional 
Healing  Plants 

In  the  April  27  issue  of  Power,  page  6.54,  there  il 
an  article  })y  G.  R.  Nichols  on  "Coal  Consumption  ir 
Institutional  Heating  Plants."  I  think  there  must 
.'^ome  mistake  in  *he  figures  given  in  the  tables  showlnj 
the  total  savings  in  ten  hospitals.  For  instance,  Man- 
hattan shows  the  estimated  tons  of  coal  consumed  as 
19,800  and  the  estimated  tons  saved  as  19,584;  Hudson 
River  shows  an  estimated  consumption  of  19,051  and 
an  estimate  of  2,295  tons  .saved. 

Assuming  that  the  amount  saved  and  price  per  ton 
at  Manhattan  is  the  same  as  at  Hudson  River,  the 
saving  at  Manhattan  would  be  about  2,376  tons, 
amounting  to  $11,832.48  in.stead  of  $14.5,509.12,  as 
shown,  or  the  total  saved  at  the  ten  institutions  would 
be  about  14,117  tons  instead  of  31,-325.  The  saving 
would  be  about  $70,302  instead  of  $200,900.  Of  course 
there  may  be  a  reason  for  the  saving  made  at  Manhat- 
tan, but  it  is  not  apparent  from  the  article. 

Dannemora,  N.  Y.  Fred  Chapell. 

Recently  Inspected  Boiler 

In  a  recent  issue  of  Power  an  account  of  a  boiler  ex- 
plosion was  published  and  also  a  statement  by  the  man- 
agement of  the  affected  concern  that  the  boiler  had 
lately  been  inspected.  The  following  may  be  of  inter- 
est in  .showing  that  a  boiler  might  pass  inspection  and 
still  have  defects  that  under  proper  conditions  might 
cause  an  explosion. 

The  boiler  is  of  the  return-tubular  type,  16  ft.  long 
and  66  in.  in  diameter.  It  has  105  three-inch  tubes;  the 
thickness  of  the  shell  is  ?  in.  The  boiler  is  single-riv- 
eted lap-joint  and  is  made  up  of  three  courses.  It  is 
fifteen  years  old. 

Soot  is  blown  from  the  tubes  by  means  of  a  steam 
lance.  One  night  the  fireman  was  blowing  tubes  and 
called  me  in.  He  then  stuck  the  end  of  the  steam  lance 
in  one  of  the  boiler  tubes  and  turned  on  the  steam. 
There  were  two  things  noticed — a  whistling  sound  and 
water  coming  out  from  the  front  of  that  tube.  The  only 
reason  that  appeared  feasible  at  the  time  was  that  the 
tube  was  partly  blocked. 

A  few  days  later  the  boiler  was  cut  out  of  service. 
On  investigation  it  was  found  that  three  of  the  tubes 
were  leaking  from  the  rear  end.  After  these  were  re- 
moved, the  reason  for  the  peculiar  behavior  of  that  one 
tube  became  apparent.  Small  pin  holes  existed  all  the 
way  around  the  tube  for  a  distance  of  nearly  two  feet 
from  the  end  of  the  tube. 

The  chief  looked  over  the  remainder  of  the  tubes  as 
best  he  could  and  it  was  his  judgment  that  eight  more 
ought  to  be  renew-ed.  The  inspector  came  along  and 
gave  the  boiler  an  inspection,  followed  by  a  hydrostatic 
test  and  claimed  that  the  boiler  was  all  right  and  that 
there  was  no  need  of  renewing  the  other  tubes. 

As  the  chief  and  the  inspector  are  both  human,  neither 
is  infallible  and  either  may  be  right.  In  view  of  the 
fact  that  the  boiler  is  fifteen  years  old,  safety  first  would 
have  been  a  good  policy.  In  conclusion,  assuming  that, 
owing  to  an  unforseen  cause,  that  boiler  has  to  be  forced 
for  all  its  worth  and  a  rupture  occurs,  the  management 
is  perfectly  right  in  saying:  "It  had  been  recently  in- 
spected."   Poor  consolation  for  the  victims! 

Bayonne,  N.  J.  THOMAS  M.  Gray. 
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I  Testing  for  Twisted  Valve  Steins 

!  Setting  the  valves  of  a  double-eccentric  Corliss  en- 
jgine  is  usually  performed  according  to  the  idea  of  the 
engineer  who  is  doing  the  work.  I  have  had  quite  a 
number  of  years'  experience  with  both  double-  and 
j  single-eccentric  engines  and  have  found  that  twisted 
i  valve  stems  or  incorrectly  keyed  valve  cranks  some- 
times present  perplexing  conditions. 

In  testing  Corliss  valves  for  such  defects,  first  plumb 
both  rocker  arms  and  both  wristplates.     Then  take  a 


ROCKER  ARM,  WRISTPLATE  AND  VALVE  ARM   PLUMB 

wrench  and  a  square  and,  paying  no  attention  to  the 
threads  on  the  rods,  the  valve  lap,  or  the  valve  opening, 
lengthen  or  shorten  the  steam  and  exhaust  rods  until 
the  steam  and  exhaust  valve  cranks  and  rods  stand  at 
right  angles,  as  shown  in  the  sketch.  Then  look  at  the 
lap  on  the  exhaust  valves  and  at  the  opening  of  the  steam 
valves,  see  that  both  steam  rods  measure  alike,  center 
to  center,  and  also  that  both  exhaust  rods  measure  the 
same,  center  to  center.  If  the  steam  valves  show  about 
J-in.  opening  and  the  exhaust  valves  show  line  and  line, 
they  are  all  right;  but  if  not,  either  change  the  keys  or 
put  in  new  valve  stems  keyed  to  this  position. 

When  this  has  been  accomplished,  place  the  crank  on 
either  dead  center  and  move  the  steam  eccentric  in  the 
direction  the  engine  is  to  run  until  there  is  a  ^  in.  open- 
ing or  lead.  Then  fasten  the  eccentric  to  the  shaft  and 
turn  the  engine  in  the  direction  the  engine  is  to  run 
until  the  piston  has  moved  in  2i  in.  of  its  stroke  and 
fasten  the  exhaust  eccentric  to  the  shaft. 

Next  place  the  crosshead  at  a  point  22^  in.  of  its  stroke, 
with  the  governor  resting  on  the  safety  latch,  and  set 
the  knockoff  clips  so  that  they  will  just  touch.  Next 
adjust  the  safety  clips,  put  on  the  steam  and  exhaust 
caps  and  start  the  engine.  Then  take  some  diagrams 
and  adjust  the  steam  eccentric  so  that  the  admission 
line  is  at  right  angles  to  the  steam  and  back-pressure 
line.  If  necessary,  move  the  exhaust  eccentric  in  the 
direction  that  will  give  the  proper  amount  of  compres- 
sion to  just  take  care  of  the  slack  of  the  crosshead  and 
crankpin  brasses.  J.  A.  Avery. 

Eaton,  Ind. 


be  at  best  four  times  the  amount  circulated  through  the 
engine  jacket.  The  power  required,  and  the  size  of 
cooling  pond  or  spray  system,  are  correspondingly 
increased. 

Furthermore,  he  will  find  that  the  thermostatic 
control  regulating  the  amount  of  water  flowing 
through  the  coils  is  not  sensitive  to  changes  in  load.  It 
is  apparent  that  with  an  increase  of  load,  the  discharge 
temperature  will  rise;  this  will  act  on  the  cooling-coil 
valve,  increasing  the  flow  through  the  coils,  which  will 
lower  the  temperature  in  the  tank.  It  will  take  some 
time  before  this  increased  flow  affects  the  temperature 
in  the  box,  and  in  the  meantime  the  jacket  temperature 
will  become  exceedingly  high. 

In  localities  where  the  water  is  bad,  the  proper  course 
is  to  install  a  water-treating  plant.  The  cost  of  treating 
will  not  exceed  one-half  cent  per  horsepower  per  day. 
In  England,  distillers,  using  the  heat  in  the  exhaust 
gases,  are  being  manufactured  and  are  coming  into  gen- 
eral use.  With  the  distiller  fresh  water  is  evaporated  at 
atmospheric  pressure  and,  after  condensation,  is  added 
to  the  cooling-water  system.  The  distiller  is  so  arranged 
that  scaling  is  easily  accomplished.  E.  E.  Snow. 

New  York  City. 

Two  Arc  Welding  Jobs 

On  one  occasion  the  plungers  of  an  outside-packed 
pump  became  badly  scored,  due  to  gravel  in  the  water, 
some  of  the  grooves  being  very  deep.  The  deepest 
grooves  were  filled  by  means  of  the  arc  welding  process, 
and  the  metal  was  then  smoothed  down  by  grinding. 


WELDEIJ  KBV    IX   J^L..\CB 


Operating  Diesel  Engines 

I  do  not  agree  with  G.  J.  Trosper  in  his  article  on 
operating  Diesel  engines,  in  Power  of  June  8.  His  ideas 
as  to  the  proper  temperature  for  the  cooling  water  are 
correct,  but  I  would  dislike  to  operate  a  plant  where  his 
cooling  system  is  installed. 

He  shows  the  cooling  water  circulating  through  a 
closed  system  and  being  cooled  by  a  set  of  coils.  Of 
course  it  is  quite  possible  to  cool  the  water  in  this  way, 
but  the  amount  of  water  handled  through  the  coils  will 


This  enabled  the  pump  to  do  duty  until  new  plungers 
could  be  obtained. 

The  key  in  the  crank  of  a  small  vertical  double-crank 
engine  became  loose  and  worked  out.  As  the  engine 
had  to  run  until  a  better  opportunity  for  repairs  arrived 
(a  short  piece  of  shaft  and  reboring  the  crank  was 
necessary) ,  a  small  piece  was  chipped  off  one  side  of 
the  key  and  a  little  knob  of  metal  built  up  on  the  shaft 
in  the  keyseat,  as  shown  at  A  in  the  sketch,  which 
shows  the  shaft  and  key,  but  not  the  crank. 

Toronto,  Ont.,  Canada.  R.  McLaren. 
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Cajnu-ily  of  Slcaiu  Pij)e  with 
SiilM'rliral«Ml  Steam 

Some  nionth."^  i\no  :i  rciKk;-  a.sked  in  the  (olunin.s  of 
Power  for  information. regarding  the  steam  flow  through 
a  10-In.  e.xtra-heavy  pipe,  but  .just  what  informatiou 
he  desired  was  not  made  clear.  The  calcuhitions  given 
herewith  arc  offered  with  the  hope  that  they  may  throw 
some  light  on  the  surtject. 

U  appears  that  he  had  been  conveying  70,000 
lb.  of  steam  per  hour  through  this  line,  with  105  11). 
pressure  at  the  receiving  end  of  the  line,  with  15  lb, 
drop  in  pressure  in  a  GOO  ft.  line,  containing  two  globe 
valves.  A  lO-in.  globe  valve  is  equal  to  appro.xiniately  70 
ft.  of  line,  which  would  make  this  line  equivalent  to 
740  ft.  in  length.  It  is  evident  that  there  is  some  error 
in  his  measurements,  or  calculations,  as  to  the  quantity 
of  steam  that  he  was  using  at  GOO  deg.  F. 

Kent  gives  the  following  formula  for  determining 
the  weight  of  superheated  steam: 


D 


1.684  X  P 
t  +  461 


(1) 


where  D  equals  the  weight  of  steam  per  cubic  foot: 
/'  equals  the  pressure,  pounds  per  square  inch,  absolute; 
and  t  equals  the  temperature  in  degrees  F. 

Substituting  in   the  formula   and  solving  for  D,  we 
have: 


1.684  X  120 
^  ~    600  -f-  461 


0.191  Jh.  ner  cu.ff. 


At  400  deg.  F.  the  weight  is  0.234  lb.  per  cubic  foot. 

"Steam  Piping,"  by  Johnson,  page  7,  gives  the  fol- 
lowing formula,  for  determining  the  weight  of  steam 
flow,  pounds  per  minute: 


W  =  8' 


p  X  D  X  d' 


1 


(2) 


where  W  equals  the  weight  of  steam  flowing,  in  pounds 
per  minute;  p  equals  the  pressure  drop  in  pounds;  D 
equals  the  density,  or  weight  of  steam  per  cubic  foot; 
(/  equals  the  internal  diameter  of  pipe  in  inches,  and 
L  equals  the  length  of  pipe  in  feet. 

Substituting  the   known   values   in   the   formula   and 
solving  for  IT',  we  have : 


W  =  S7 


15  X  0.166  X  (975)' 


(l  -  — ) 
I  ^        9.75/ 


740 


1,370  lb.  per  min. 


Liibri<*atioii  Wuk  INrf^IrcteJ 

I  read  with  interest  the  letter  in  the  June  8  issue 
of  Poorer,  page  932,  by  Hugh  G.  Boutell,  on  "Lubrica- 
tion Devices  Neglected."  It  brings  to  mind  what  hap- 
pened  on  the  tugboat  on  which  I  am  employed. 

I  had  the  after  engineer  watch,  going  on  at  12  and 
off  at  6  o'cIocR.  The  chief  had  the  forewatch,  6  to 
12.  The  tug  is  eciuijjped  with  a  good  steam  steerinpr 
gear,  but  one  day  the  pilot  told  me  it  stuck  when  put 
to  starboaid  but  would  go  to  port  all  right.  A  sight 
force-feed  oiler  lubricator  was  used  with  the  equip- 
ment, together  with  a  pressure  oiler  on  the  .stuffing 
bo.x.  When  we  tied  up  in  Tonawanda,  I  took  the  force- 
feed  pump  apart,  as  I  suspected  the  machine  must  be 
dry,  and  I  found  that  the  pipe  was  nearly  filled  with 
dirt.  The  bull's-eye  was  plugged,  and  the  bottom  check 
of  the  pump  contained  a  piece  of  dirt  that  prevented 
the  ball  from  seating.  After  cleaning  all  parts,  I 
pumped  kerosene  through  the  lubricator.  Then  I  filled 
the  pressure  oiler  on  the  gland  and  cleaned  out  ail 
oil  holes  and  the   steering  gear  worked   satisfactorily. 

The  reason  things  got  into  the^condition  they  did  wa.s 
because  the  chief  refused  to  ovei'haul  the  lubricator  on 
the  steering  engine,  saying  it  was  the  mate's  job.  As 
we  had  no  mate,  I  did  it.  On  the  same  day,  before 
cleaning  the  lubricator,  it  was  necessary  to  pass  under 
a  temporary  bridge  that  was  packed  with  people;  when 
the  steering  gear  refused  to  work  we  hit  that  bridge. 

Buffalo,  N.  Y.  G.  S.  Rollins. 

Pure  Water  for  Boiler  Feed 

Years  of  practical  operating  experience  have  con- 
vinced many  an  engineer  that  Mr.  Rose's  version  regard- 
ing pure  feed  water,  as  published  on  page  784  of  the 
May  11  issue,  is  correct.  Large  or  small  heating  boilers 
using  the  same  water  over  and  over  again  show  signs, 
on  inspection,  of  pitting.  The  same  boiler  will  furnish 
steam  in  a  power  plant,  using  the  same  water  as  used 
in  the  heating  boiler  without  signs  of  pitting. 

Two  boilers  formerly  used  in  a  theater  for  lighting 
and  heating  purposes  gave  a  very  good  demonstration 
of  this  phenomenon.  No  signs  of  pitting  were  in  evi- 
dence until  about  a  year  and  a  half  after  the  engines 
were  removed.  Then  severe  pitting  took  place,  due.  in 
all  probability,  to  pure  water.  Of  course,  in  the  50.000- 
kw.  plant  the  boilers  will  be  of  the  water-tube  type  and 
perhaps  will  not  pit  so  rapidly.  C.  W.  Peters. 

New  York  City. 


or  82,400  lb.  per  hour. 

Steam  at  120  lb.  per  sq.in.  absolute  and  600  deg.  F. 
contains  1,322.4  B.t.u.  per  pound,  and  at  the  same  pres- 
sure and  400  deg.  F.  contains  1,222  B.t.u.  per  pound. 
If  we  multiply  the  number  of  pounds  of  steam  used  at 
the  higher  temperature  by  1,322.4,  we  get  108,900,000 
B.t.u.  Then  dividing  this  quantity  by  1,222  will  give 
the  weight  of  steam  at  400  deg.  F.  to  give  the  same 
heat  value,  which  is  89,100  lb.  per  hour. 

If  we  substitute  all  the  known  values  for  steam  at 
the  lower  temperature,  in  equation  (2)  and  solve  for 
p,  the  pressure  dit)p,  we  find  that  he  has  a  drop  of 
14.3  lb.  approximately,  which  is  only  about  7  per  cent 
less  drop  instead  of  the  20  per  cent  that  Mr.  Remol  had 
calculated  he  would  have.  F.  C.  DeWeese. 

Joplin,  Mo. 


A  Correction 

We  note  with  interest  in  your  issue  of  June  22  an 
article  on  "Steam-Jet  Air  Pumps  for  Condensers,"  by 
DeWitt  M.  Taylor. 

On  page  096  the  statement  is  made  that  the  Croll- 
Reynolds  Evactor  is  manufactured  by  the  Ross  Heater 
and  Manufacturing  Co.,  of  Buffalo,  N.  Y.  This  state- 
ment is  incorrect,  as  we  are  the  sole  designers  and 
manufacturers  of  the  Evactor.  The  Ross  Heater  and 
Manufacturing  Co.  formerly  manufactured  on  a  royalty 
basis  according  to  our  designs  and  drawings,  a  small 
number  of  Evactors.  The  arrangement  which  we  had 
with  this  company  was  di.scontinued  in  February  of 
this  year,  and  we  would,  therefore,  ask  that  you  kindly 
make  this  correction  in  your  next  issue. 

New  York  City.  Croll-Reynolds  Co.,  Inc. 
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INTEREST 


Allowable  Blowdown  of  Boiler  Safety  Valves — What 
should  be  the  amount  of  blowdown  of  a  boiler  safety  valve  ? 

G.  N.  H. 

The  amount  of  blowdown  admissibleidepends  on  the  boiler 
pressure  that  is  carried.  The  A.  S.  M.  E.  boiler  code  stipu- 
lates that  safety  valves  on  boilers  carrying  an  allowed  pres- 
sure of  less  than  100  lb.  per  sq.in.  gage  must  be  adjusted  to 
close  after  blowing  down  not  more  than  4  lb. ;  when  carrying 
pressures  100  to  200  lb.,  the  blowdown  must  be  not  over  6  lb. ; 
and  when  carrying  over  200  lb.,  the  blowdown  must  not  be 
more  than  8  pounds. 


Causes  of  Boiler  Priming — What  causes  a  boiler  to  prime 
or  deliver  wet  steam  ?  M.  R. 

Priming  may  be  caused  by  insufficient  steam  room,  insuffi- 
cient water  surface  for  the  disengagement  of  steam  without 
violent  ebullition,  improper  location  of  the  steam  pipe,  dirty 
water,  or  may  result  from  forcing  or  overcrowding  the 
boiler.  Insufficient  steam  room  and  insufficient  water  sur- 
face may  be  due  to  faulty  design  or  carrying  the  water  level 
too  high.  The  use  of  muddy  water  or  water  containing  cyl- 
inder oil  is  likely  to  cause  foaming,  and  the  violent  ebullition 
that  results  from  forcing  a  boiler  may  cause  particles  of 
water  to  be  projected  high  enough  into  the  steam  space  to 
be  swept  into  the  steam  pipe. 

Hollow  Walls  for  Boiler  Settings — What  is  the  advantage 
or  disadvantage  of  hollow  walls  for  boiler  furnaces  ?  F.  A. 

So  far  as  dii'ect  loss  of  heat  is  concerned,  there  is  rather 
more  heat  lost  by  radiation  through  air-space  walls  than 
through  solid  walls  of  the  same  total  breadth,  especially  if 
the  air  space  is  near  the  furnace  side,  as  air  offers  less 
resistance  to  radiation  than  brickwork.  A  hollow  wall  is 
better  than  a  solid  wall  to  prevent  cracks  from  expansion 
of  the  brickwork  on  the  furnace  side,  but  when  this  con- 
struction is  adopted,  the  cavity  should  be  filled  with  solid 
loose  material  to  prevent  radiation  of  heat  from  the  inner 
to  the  outer  wall  and  retard  circulation  of  cold  air  entering 
the  cavity  through  openings  or  cracks  that  may  occur  in  the 
outer  wall. 


Testing  Indicator  Reducing  Wheel — How  can  the  accuracy 
of  an  indicator  reducing  wheel  be  tested  ?  E.  T.  B. 

Set  the  indicator  on  the  engine  or  any  stationary  support, 
and  fix  a  rod  or  board  having  a  straight  edge  that  will  be 
followed  by  the  cord  when  drawn  out  a  distance  equal  to 
the  stroke  of  the  engine,  and  lay  off  the  length  of  stroke 
along  the  straight  edge  and  divide  it  into  four  or  more  equal 
parts,  and  drive  small  and  equal-sized  wire  nails  at  the 
points  along  the  straight  edge  that  represent  the  ends  of  the 
stroke,  and  at  each  of  the  subdividing  points.  Then,  with  a 
spring  in^the  indicator  and  a  blank  card  on  the  paper  drum, 
strike  a  long  atmospheric  line  by  drawing  out  the  cord  by 
hand  and  light  pressure  on  the  pencil.  Having  the  cord  of 
proper  length  so  it  will  not  cause  the  drum  to  strike  its 
stop  when  the  hook  is  on  either  of  the  nails  that  represents 
the  end  of  the;stroke,  place  the  hook  on  one  nail  after  the 
other,  each  time  lightly  pressing  the  pencil  on  the  card,  and 
making  a  short  mark  across  the  atmospheric  line.  If  the 
I  educing  motion  is  correct,  these  marks  will  be  equally 
jpaced. 


Power  Input  to  Induction  Motor — How  is  a  10-hp.  three- 
phase  440-volt  induction  motor  tested  to  determine  if  it  is 
underloaded?  Can  an  ammeter  be  used  for  testing?      P.M. 

An  ammeter  reading  of  an  induction-motor  load  is  of 
little  import  unless  the  power  factor  is  known.  Since  the 
power  factor  of  an  induction  motor  decreases  as  the  load  is 
reduced,  the  cuiTent  will  not  be  reduced  in  proportion  to  the 
load.  An  induction  motor  operating  at  50  per  cent  load  will 
take  approximately  80  per  cent  of  the  full-load  cun-ent,  but 
the  power  factor  will  be  in  the  neighborhood  of  0.70,  where 
at  full  load  it  is  about  0.87.  The  most  satisfactory  way  to 
measure  the  power  input  to  an  induction  motor  is  with  a 
polyphase*  wattmeter,  and  then  allow  900  watts  per  horse- 
power output,  to  obtain  the  mechanical  load  on  the  motor. 
About  the  only  thing  that  an  ammeter  would  show  is 
whether  the  motor  is  overloaded  or  underloaded. 


Reconnecting  Direct-Current  Generator — We  have  a  120- 
volt  direct-current  generator  and  wish  to  reconnect  it  to 
operate  on  220  volts.  The  machine  has  four  poles,  and  in 
the  armature  there  are  56  coils,  and  56  segments  in  the 
commutator  with  the  coils  grouped  in  a  four-circuit  wind- 
ihg.  Can  the  fields  and  armature  coils  be  regrouped  to  give 
the  higher  voltages?  W.  0.  R. 

By  regrouping  the  armature  coils  into  a  two-c'ircuit,  or 
series  winding,  it  vwll  develop  double  the  present  voltage 
with  the  same  field  density,  or  240  volts.  The  difference 
between  240  and  220  or  20  volts  can  be  easily  taken  care  of 
by   adjusting   the   field   rheostat.     As   the    coils   are   now 


grouped,  the  leads  of  each  coil  are  connected  into  adjacent 
segments,  as  shown  at  A,  in  the  figure.  Fifty-six  coils 
cannot  be  connected  into  a  sei-ies  winding,  but  55  coils  can, 
therefore  it  will  be  necessary  to  leave  one  coil  dead  in  the 
winding  and  connect  two  of  the  segments  together.  The 
leads  of  the  coils  will  then  be  connected  so  as  to  span  27 
segments,  or  from  1  to  28,  as  at  B  in  the  figure.  In  order 
that  the  field  coils  will  operate  on  the  new  voltage,  they  will 
have  to  be  rewound  with  the  present  weight  of  wire  of  one- 
half  the  cross-section  of  that  now  used  in  the  coils.  In  all 
probability  a  new  field  rheostat  will  be  required  for  the 
higher  voltage,  to  obtain  proper  adjustment  of  the  voltage. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
—Editor.] 


•.\2 


I'  U  W  E  K 


Vol.  r,2,   No.  1 


Traiislalin*;  Oil  Into  Strain  Must  CcaHc'*' 

U\  Ki  4;i.M.  AU.Vi  i.ii  1 1: 

Within  twelve  months  the  fut-l-oil  situation,  in  so  far  as 
pri'sent  and  fiituri'  supply,  as  wi'll  as  unit  costs,  are  con- 
i-enu'il,  has  uiulcrnoin'  stjirt!in>r  chanuos.  Ono  year  ajro  wo 
were  alom-  coiicei  iumI  with  the  eeoiioniical  v'unsumption  of 
fuel  oil.  Today  there  is  a  national  feeling  that  the  period 
of  fuel-oil  consumption  for  steani-makinv:  purposes  is  sub- 
stantially behind  us. 

The  oil  industry  of  the  United  States  is  but  sixty  yeais 
old.  On  .\UK-  -^,  IHr)!).  Colonel  Drake  struck  oil  in  a  well 
Gl>  ft.  deep,  near  Titusville,  F'a.,  the  well  pumping  forty 
barrels  per  day  and  later  shrinkinj;-  to  tifteen  barrels  daily. 
The  oil  fields  of  PennsyKania,  West  Viryinia  and  Ohio 
quickly  gained  extraordinary  prominence.  In  the.  early 
sixties  oil  was  discovered  in  southein  Russia,  and  a  British 
engineer,  workintr  with  a  Russian  photographer,  inventc<l 
an  oil  burner.  I.atei-,  Thomas  Urquhart,  a  British  loco- 
motive suiierintcndeiit,  eijuipped  certain  Russian  railway 
locomotives  to  burn  Russian  fuel  oil. 

For  steam-makinjr  purposes  the  tide  of  oil  burninjr  has 
ebbed  and  flowed  ever  since  with  the  discovery  and  exhaus- 
tion of  recurrinir  fields,  each  extraordinary  oil  development 
leading:  to  the  displacement  of  coal  for  steam-makinn" 
purposes  on  the  part  of  railways,  steamship  owners  and 
industiial  users.  In  every  instance,  when  t!ie  inevitable 
exhaustion  of  the  oil  fields  occurred,  steam  consumers  went 
back  to  coal  for  fuel  purposes.  Looking;-  back  a  few  years, 
we  have  but  to  recall  the  famous  Spindle  Top  field,  located 
near  Beaumont,  Texas,  where  a  small  dome-shaped  area,  ap- 
pioximatins;-  2(>0  acres  in  extent,  produccil  iii  a  few  months 
37,000,000  bbl.  of  oil.  This  field  came  cataractins  in  with 
the  famous  Lucas  gusher,  which  ilowed  7.'>,()U0  bbl.  daily; 
later,  Heywood  No.  2  came  in  with  96,000  bbl.  in  24  hours, 
this  well  producing  1.39.'j,000  bbl.  of  crude  oil  in  its  glorious 
lifG   of  ten   months. 

These  were  the  days  of  ten-cent  oil,  and  the  railroads  in 
southern  central  territory  followed  the  exainple  of  Urquhart, 
by  taking  advantage  of  cheap  fu;;l  produced  at  their  very 
doors.  In  the  meantime  southern  California  was  developing 
heavy  oil  production  in  a  territory  wheie  coal,  owing  to  long 
rail  hauls  over  mountain  grades,  was  r-jlatively  high-priced, 
and  the  railroads  reaching  California  territory  joined  the 
ranks  of  fuel-oil  consumers.  Later,  the  famous  Glenn, 
Oklahoma,  field  swung  into  line,  the  exhaustion  of  that  fiell 
followed  by  the  develo])ment  of  the  great  Gushing  field, 
which,  when  it  began  to  decline,  was  followed  by  the 
development  of  the  Burke-Br.rnett,  Tex;.s,  field. 

Developme.vt  ok  the  Mexic.v.n  Fields 

In  1909  and  1910  the  great  oil  development  in  Mexico  was 
well  under  way.  In  November  of  last  year  .luan  Caisno  No. 
4.  after  producing  75,000,000  bbl.  of  oil,  went  to  salt  water 
in  a  few  hours.  This  startled  the  Mexican  oil  producer,  and 
gradually  the  ne\vs  ti'ickled  out  to  the  oil-consuming  world 
that  the  great  Mexican  oil  fields  had  limitations,  such  as 
those  experienced  in  the  fields  developed  north  of  the  Rio 
Grande.  A  month  later  Portrero  del  Llano,  of  the  Mexican 
Eagle  Oil  Co.,  Lord  Cowdray's  British  organization,  after 
producing  110,000,000  bbl.  of  oil  at  the  rate  of  16,000,000 
bbl.  annually,  swung  over  to  salt  water  in  a  few  hours. 
Then,  on  Feb.  21  of  this  year,  Tepetate  No.  1,  of  the  Corte', 
Oil  Corporation,  followed  suit.  Meanw-hile  numerous  less- 
prominent  producers  have  gone  the  way  of  all  good  oil  wells. 

While  the  effect  of  this  situation  was  startling,  perhaps 
the  rude  awakening  suffered  by  the  Navy  Department  more 
thoroughly  alarmed  the  oil  consumers  of  the  country  than 
did  anything  else.  After  practically  effecting  the  con- 
summation of  a  very  extensive  oil-burning  program,  the 
Navy  Depai-tment  asking  in  March  last  for  Pacific  Coa.st 
bids  on  4,500,000  bbl.  of  fuel  oil,  received  but  one  bid  cov- 
ering a,  delivery  of  but  602,000  bbl  ,  at  a  price  of  $1.95  per 
barrel.  In  April  bids  were  requested  for  Atlantic  Coast 
deliveries.  Five  tenders  were  returned,  covering  an  entirely 
insufficient  supply,  the   price  for  bunker  oil  ranging  from 

•Excerpts  from  paper  presented  befoie  Inttrnational  Railway 
Fuel  Assoeiatioii,  Chicago,   May   24-27. 


.^L'.OT  to  $3.7fi  per  barrel  of  42  KullonH.  A  .similar  fuel  prob 
lem  confronts  the  American  merchant  marine,  the  conifileted 
program  of  the  United  States  Shipping  Boanl.  aggregating 
lO.OOtt.OOO  dead-weight  tons,  of  which  2,000,000  tons  will 
consist  of  coal-burning  vessels,  and  K,000,000  ton.s  of  oil- 
burning  ves.sels.  The  estimated  fuel-oil  requirements  of  the 
Shipping  Board  for  the  year  1920  are  forty  million  barrels; 
for  1921,  sixty  million  barrels. 

When  it  is  considered  that  the  necessity  for  maintaining 
a  navy  will  not  cease  until  the  end  of  the  existing  generally] 
used  form  of  goverrwnent,  or  until  the  millennium  arrives,! 
both  of  which  are  perhaps  (luite  remote,  it  would  seem  plair 
that  the  retiuirements  of  the  United  States  Navy,  equipped 
to  carry  and  burn  oil  will  take  precedence  over  any  othe* 
demand,  and  it  is  eiiually  reasonable  to  assume  that  aftei 
the  American  people  have  spent  billions  in  the  upbuilding  o\ 
an  American  merchant  iharine,  its  fuel-oil  requirements  will 
take  position  only  .■second  to  that  of  the  battleships.  Th^ 
statement  of  men  who  should  know,  that  1920  and  1921  wil 
mark  the  peak  period  of  oil  production,  with  a  steadi 
decadence  from  this  time  forward,  justifies  serious  consider! 
ation  of  the  oil  problem.  The  United  States  Geological 
Survey  estimates  that  with  the  c'ose  of  the  year  1919  w^ 
have  taken  approximately  five  billion  barrels  of  oil  out 
the  ground;  the  estimated  oil  reserve  yet  in  the  ground  iJ 
six  anrl  one-half  billion  barrels. 

Fnf:i.-Oii>  Situation  Precarious 

Dr.  George  Otis  Smith,  in  a  paper  presented  before  the 
American  Institute  of  Mining  and  Metallurgical  EngineersJ 
said: 

".  .  .  the  position  of  the  United  States  in  regard  to  oil] 
can  best  be  characterized  as  precarious.  Using  more  thar 
one-third  of  a  billion  barrels  a  year,  we  are  drawing  not 
only  from  the  underground  pools,  but  also  from  storage,] 
and  both  of  these  supplies  are  limited.  In  1918  the  conn 
tribution  direct  from  the  wells  was  356,000,000  bbl.,  or  more 
than  one-twentieth  of  the  amount  estimated  by  the  Survej 
geologists  as  the  content  of  the  underground  reserve;  we 
also  drew  from  storage  24,000,000  bbl.,  or  nearly  one-fifth 
of  what  re  I.,  a  ins  above  ground. 

In  a  single  decade  the  consumption  of  fuel  oil  by  railroads 
has  more  than  doubled;  the  consumption  of  gasoline  has 
increased  sevenfold.  We  may  lessen  the  increase  in  coal  or 
oil  consumption  for  generating  power  by  harnessing  the 
water  powers  of  the  country,  but  these  prime  movers, 
whether  driven  by  steam  or  water,  require  lubrication. 
V\"ith  the  rapidly  increasing  use  of  machinery  to  make  labor 
more  productive,  with  the  almost  universal  use  of  the  auto- 
mobile, hardly  foreseen  a  decade  ago,  and  with  the  expected 
increase  in  railroad  and  steamship  traffic,  who  can  venture 
an  estimate  of  petroleum  requirements  ten  years  hence  in 
terms  of  lubricating  oil  alone? 

While  we  have  great  reserve  of  oil  shales  as  an  independ- 
ent source  of  fuel  oil,  gasoline  and  lubricating  oil,  to  develop 
this  supply  on  a  scale  compar;'ble  in  output  with  our  present 
oil  supply  would  require  an  industrial  organization  greater 
than  our  entire  coal-mining  organization.  Plainly,  the 
country  cannot  afford  to  support  another  such  army  of 
workers  until  we  reach  another  stage  in  our  industrial 
development. 

Between  1909  and  1918  the  number  of  automobiles  and 
trucks  increased  1,700  per  cent;  and  the  consumption  of 
gasoline  for  automobile  purposes  jumped  from  13,000,000  to 
So,000,000  bbl.,  or  650  per  cent,  while  the  production  of  crude 
oil  inci-eased  95  per  cent.  Today  we  operate  7,600,000  auto- 
mobiles and  motor  trucks  and  350,000  tractors,  and  the  1920 
construction  program  totals  2,000,000  automobiles  and  motor 
trucks.  Th'j  Government  has  thrown  open  for  drilling 
6.500,000  acres  of  national  oil  reserve,  but  these  lands 
located  in  California  and  Wyoming  wil!  not  add  materially 
to  the  suijply.  In  1919  29.000  wells  were  driven  to  success 
or  failure.  Of  these  6.000  v.ere  dry  and  2,000  returned  gas 
without  oil.  The  drilling  expense  is  estimated  at 
^600.000.000. 

Only  twelve  years  ago  it  was  difficult  to  force  the  skimming 
l)lants  of  Texas  and  Oklahoma  to  take  sufficient  gasoline  out 
of  the  crude  to  nuke  its  use  on  a  locomotive  safe.  The 
lailroads,  which  then  absorbed  the  residue  left  after  the 
taking  off  of  the  lighter  distillates,  built  up  a  comfortable 
refinery  traffic  for  their  rails,  but  a  coi  iplete  return  to  coal 
fuel  is  now  imminent. 
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Standardization  of  Pipe  Flanges, 
Fittings  and  Shafting 

The  American  Society  of  Mechanical  Engineers  has  been 
requested  by  the  American  Engineering  Standards  Commit- 
tee to  assume  sponsorship  in  the  standardization  of  pipe 
Tianges  and  fittings  and  shafting.  In  1914  the  society  issued 
a  report  covering  a  schedule  of  pipe  flanges  and  fittings, 
for  diameters  from  1  in.  to  100  in.  for  125  lb.  pressure, 
and  also  a  schedule  for  extra-heavy  pipe,  covei-ing  a  range 
from  1  in.  to  48  in.  diameter,  and  for  250  lb.  pressure.  In 
1918  a  supplementary  report  was  published  for  working 
pressures  of  50,  800,  1,200  and  3,000  pounds. 

While  the  work  has  not  been  active  during  the  last  year, 
it  is  now  proposed  that  it  be  continued,  the  society  being 
formally  recognized  as  sponsor,  under  the  rules  of  procedure 
of  the  A.E.S.C. 

The  society  has  already  done  a  considerable  amount  of 
work  on  a  set  of  standard  diameters  for  transmission  and 
machinery  shafting.  It  is  proposed  that  the  work,  which 
will  be  carried  out  by  a  sectional  committee  working  under 
the  rules  of  procedure  of  the  A.E.S.C,  shall  be  broadened 
to  include  the  standardization  of  the  method  of  determining 
what  diameters  of  transmission  shafting  should  be  used 
for  given  loads,  the  dimensions  of  shafting  keys  and  key- 
ways,  and  the  setting  of  dimensional  tolerances. 

German  Turbine  of  75,000 
Horsepower* 

The  large  steam-turbine  units  built  in  Germany  during 
the  war  ai-e  headed  by  the  75,000  hp.  turbines  of  the  Golden- 
bergwerk  of  the  Rhenish  Westphalian  Electric  Supply  Co., 
in  the  vicinity  of  Cologne. 

Fig.  1  gives  a  view  of  this  machine,  the  proportions  of 
which  may  be  gaged  by  the  human  figui'es  standing  along- 


^IG.    1.      GEKMAN    TUKBiNiS    OF    75,000    HP.     (60,001?    KVA.) 
1,00ft    R.P.M.   OF   ST.\XDARD   A.   E.   G.   COXSTRUCTION 


side.  Turbine  and  generator  are  designed  for  an  output  of 
60,000  kva.,  corresponding  to  roughly  75,000  hp.  at  1,000 
r.p.m.  The  potential  of  the  alternators  is  7,000  volts  between 
phases.  The  steam  pressure  amounts  to  170  lb.  per  sq.in. 
and  the  steam  temperature  to  617  deg.  F.  The  turbine 
is  provided  with  two  condensers,  of  32,000  sq.ft.  of  cooling 
surface  each,  corresponding  to  a  cooling-water  temperature 
of  27  deg.  C.    The  weights  of  the  principal  parts  are : 

♦From  Enginerritifi  Pvogrrss. 


Tui'bine  complete,  250  tons;  turbine  rotor,  49  tor.3; 
dynamo  complete,  225  tons;  dynamo  rotor,  106  tons;  con- 
denser, 100  tons. 

The  turbine  is  fitted  with  ten  runner  wheels — one  aouble- 
bladed  wheel  for  the  high-pressure  stage,  and  nine  single- 
bladed  wheels  toward  the  low-pressure  end.  The  diameter 
of  the  wheels  is  between  3,400  and  3,800  mm.,  corresponding 
to  a  circumferential  velocity  of  590  to  655  ft.  per  sec.  at 
1,000  r.p.m.     As  no   high-grade   nickel-steel  was   available 


FFG.    2.      THE    BLADE    iCsJ)    FlLLEll     V\'ERK     .MADE     OF 
ONE    PIECE 


for  the  blading,  as  before  the  war,  the  design  of  the  blades 
at  the  point  of  maximum  strain  had  to  be  altered  to  suit 
the  circumferential  jiressure  of  the  steam  and  the  cen- 
trifugal forces  in  the  rotor.  This  was  accomplished  by 
milling  the  blade  out  of  a  solid  piece  of  steel  equal  to  the 
thickness  of  the  blade  plus  the  thickness  of  the  filling  piece. 
The  blade  and  filler  were  thus  made  in  one  piece  and  the 
blade  was  chamfered  down  toward  the  tip.  Only  about 
15  per  cent  of  the  original  metal  was  left  after  the  blade 
and  filler  had  been  finished  in  this  way. 

Fig.  2  shows  blades  of  this  description.  The  bearing  sur- 
faces of  the  rotor  have  a  diameter  up  to  600  mm.  with 
a  circumferential  velocity  of  about  100  ft.  per  sec.  Each 
turbine  has  two  outlets  for  the  exhaust  steam,  of  2,500  mm. 
diameter  each,  one  for  each  condenser. 

It  is  typical  of  this  design  that  the  entire  power  is  gen- 
erated in  one  turbine  case  and  in  one  alternator.  The  de- 
sign is  the  standard  Allgemeine  Elektrizitiits-Gesellschaft 
(A.  E.  G  )  consti'uction  with  three  main  bearing^,  tiie 
center  one  being  designed  as  a  double  bearing  to  reduce  the 
specific  bearing  pressure.  According  to  A.  E.  G.  practice 
the  two  rotors  are  connected  by  a  rigid  flange  coupling 
mounted  between  the  bushes  of  this  center-bearing. 

The  governing  is  on  the  standard  A.  E.  G.  method;  that 
is,  by  throttling  the  steam  nozzles  singly  or  in  groups  by 
valves  which  are  closed,  one  after  another,  by  a  camshaft. 
This  camshaft  is  driven  by  a  servomotor. 


National  Electrical  Safety  Code 
Almost  Completed 

The  present  edition  of  the  "National  Electrical  Safety 
Code"  was  issued  in  1916  for  examination,  trial  and  con- 
structive criticism.  It  was  realized  that  the  code  was  not 
a  perfected  document  and  that  experience  should  be  ob- 
tained with  it  before  the  rules  were  made  mandatory. 
War  conditions  delayed  the  expected  trial,  and  although 
revision  has  been  almost  continuously  under  way,  it  was 
not  until  the  present  year  that  suflicient  information  and 
consideration  of  the  rules  could  be  obtained  to  warrant  the 
publication  of  the  new  edition. 
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I'ni  ii  \t  iif  tlu'  iiL'W  (dilion  is  now  almost  comploUd. 
.  wii  lists  of  jMoposi'd  cliantri's  in  tho  variou'*  parts  of  tin- 
iOiV  havf  luiii  linulatfd  for  criticism,  the  latter  of  tl.-HU 
bfiiiK  issuiil  in  May  of  this  year,  (."onimcnts  upon  these 
have  now  been  received,  and  the  bureau  is  about  ready  to 
KO  to  press  with  the  revised  edition.  Points  upon  which 
disnttreenicnt  exists  have  been  solved  almost  entirely,  with 
respect  to  the  rules  vroverninK  power  stations  and  those 
troverninjr  utilization  apparatus  and  the  uroundinK  of  cir- 
cuits and  c(iuipnu'nt.  The  rules  (lealin>r  with  overhead-line 
construction  have  always  been  the  most  diflRcull  to  handle 
cm  account  of  the  widely  differinK  opinions  rorardinK  such 
construction  on  the  part  of  the  various  utilities.  It  has 
not  been  possible  to  secure  compltte.  agreement  on  this 
part  of  the  rules,  and  future  revisions  in  this  part  of  the 
code  will,  no  doubt,  be  more  intensive  than  in  the  other 
parts.  They  will  involve  the  collection  of  more  complete 
data  and  probably  the  carrying  out  of  experiments  to 
determine  apprt  priate  strength   recjuirements. 

It  is  expected  that  copies  of  the  new  edition  of  the  code 
will  be  available  late  in  the  summer.  It  will  be  printed  in 
pocketbook  size,  and  the  discussion  of  the  rules  will  be 
entirely  sc^rejialed  from  the  rules  themselves,  probably 
being-  placed  under  a  separate  cover.  A  pictorial  edition 
of  the  code,  in  which  the  meaning  of  the  rules  will  be  shown 
largely  by  illustrations,  is  in  contemplation. 


A.  S.  M.  E.  Discusses  Proposed 
Code  of  Ethics 

At  the  spring  meeting  of  the  American  Society  of  Me- 
chanical Engineers  in  Detroit,  June,  1919,  a  committee  was 
authorized  to  prepare  a  Code  of  Ethics  for  Mechanical 
Engineers.  At  the  meeting  of  the  society  in  St.  Louis,  May, 
1920,  this  committee  reported  and  submitted  a  brief  code. 
The  report  suggested  that  such  a  code  should  be  a  brief, 
positive  statement  of  the  professional  relations  of  engineers 
to  the  public,  to  their  clients  or  employers,  and  to  one 
another. 

Since  the  work  of  engineers  of  eveiy  branch  of  the  profes- 
sion as  well  as  that  of  architects  is  closely  associated  with 
the  mechanical  engineer's  practice,  the  committee  considers 
that  such  a  code  should  be  common  to  all  these  branches. 
It  was  therefore  recommended  that  the  matter  be  referred 
to  the  Engineering  Council  or  a  similar  joint  professional 
body  for  action  to  be  later  approved  by  the  society. 

In  case  such  action  appeared  to  be  undesirable,  the  com- 
mittee submitted  the  appended  code  for  the  society's  con- 
sideration. The  code,  as  presented,  was  accepted  as  a  first 
veading  at  the  St.  Louis  meeting  and  will  come  up  again 
at  the  annual  meeting.  It  was  also  referred  to  the  Engi- 
neering Council  for  recommendation  to  the  Federated  Engi- 
neering Societies. 

1  The  mechanical  engineer  should  be  guided  in  all  his 
relations  by  the  highest  principles  of  honor,  of  fidelity  to  his 
client,  and  of  loyalty  to  his  country. 

2  His  first  duty  is  to  serve  the  public  with  his  special- 
ized skill.  In  promoting  the  welfare  of  society  as  a  whole 
he  advances  his  own  best  interests,  as  well  as  those  of  the 
whole  engineering  profession. 

3  He  should  consider  the  protection  of  his  client's  or 
employer's  interests  in  professional  matters  his  essential 
obligation,  provided  these  interests  do  not  conflict  wnth  the 
public  welfare. 

4  He  shall  refrain  from  associating  himself  or  continu- 
ing to  be  associated  with  any  enterprise  of  questionable  or 
illegitimate   character. 

5  He  can  honorably  accept  compensation,  financial  or 
otherwise,  from  only  one  interested  party  unless  all  parties 
have  agreed  to  his  recompense  from  other  interested  parties. 

6  He  must  inform  his  clients  of  any  business  connec- 
tions, interests  or  circumstances,  such  as  might  influence 
his  judgment  or  the  quality  of  his  services  to  his  clients. 

7  He  must  not  receive,  directly  or  indirectly,  any  royalty, 
gratuity  or  commission  on  any  patented  article  or  process 
used  in  the  work  upon  which  he  is  retained  'vithout  the 
consent  of  his  clients  or  employers. 


H  He  should  HAtisfy  himself  before  taking  over  tht  w  i, 
lit  another  conHulting  engineer  that  goo<I  and  nuiVu  ■  :  i 
reasons  exist  for  making  the  change. 

9  He  must  base  all  reports  and  expert  testimony  on  i.  i 
or  upon  theories  foun<led  oidy  on  sound  engineering  |ii  ' 
ciples  and  exjieriences. 

10  He    must    not    regard    as    his    own    any    infornMt 

which  IS  not  common  knowledge  or  public  property,  li  .i 
which  he  obtained  corifideotially  from  a  client  or  v, ;,  ;. 
engaged  as  an  emfjloyec.  He  is,  however,  justified  in  using 
such  <lata  or  information  in  his  own  private  practice  as 
fornung  part  of  his  jirofes.'^ional  experience. 

11  He  should  do  everything  in  his  i)ower  to  prevent 
sational,  exaggerated  or  unwarranted  statements  aboui 
gineering  work  being  made  through  the  public  press.     1-  iisi 
descriptions  of  new   inventions,  processe.u,  etc.,  for  publica- 
tion sh(juld  be  furnished  only  to  the  engineering  societies  or 
to  the  technical  ))ress. 

12  He  sliould  not  advertise  in  an  undignified,  sensational 
or  misleading  manner,  or  offer  commissions  for  profe.ssional 
work,  or  otherwise  improperly  solicit  it. 

13  He  should  not  compete  knowingly  with  a  fellow- 
engineer  for  employment  on  the  basis  of  professional 
charges  or  attempt  to  supplant  a  fellow-engineer  afu  r 
definite  steps  have  been  taken  toward  the  other's  employ- 
ment. 

14  He  should  assist  all  his  fellow-engineers  by  exchange 
of  general  information  and  valuable  experience  or  by  in- 
struction through  the  engineering  societies,  the  schools  of 
applied  science,  and  the  technical   press. 


Standardization  Organizations  in  Europe 

In  a  report  to  the  American  Engineering  Standanfs  Com- 
mittee outlining  the  meeting  of  the  International  Electro- 
chemical Commission  in  Brussels,  P.  G.  Agnew,  secretary 
of  the  American  Engineering  Standards  Committee,  also 
makes  note  of  the  various  European  societies  and  organi- 
zations engaged  in  the  promotion  of  standardization  in 
engineering  practice. 

In    1919   the    Comite    Central    Industrial    de    Belgium,   a"ii 
organization  which  is  playing  an  important  role  in  Belgian  _ 
reconstruction,  organized   the   Association   Beige   de  Stand- ■ 
ardisation.     There  is  a   main  committee  and  working  com-  ■ 
mittees.      The    actual    standardization    work    is   carried    out 
under  the  direction  of  the  main  comn«ttee  and  the  details 
of  administration  are  handled  by  the  central  office.     Com- 
prised in  the  work  already  carried  out  are  a  standard  series 
of  bolts  and  rivets.     Work  now  on  hand  includes  reinforced 
concrete,    mechanical    power    transmission,    water-pipe    fit- 
tings,   specifications    for    steel    bridges,    economics    in    coal 
consumption  and  steel  sections. 

The  Commission  Permante  de  Standardization  of  France 
differs  from  other  national  'standardizing  oi'ganizations  in 
that  it  is  strictly  an  official  body  and  supported  wholly  by 
government  funds.  It  is  attached  to  the  Ministry  of  Com- 
merce, Industry,  Posts  and  Telegraphs,  Maritime  Transport 
and  the  Merchant  Marine.  The  actual  technical  work  is  in 
charge  of  fourteen  subcommittees. 

The  main  committee  for  standardization  in  the  Nether- 
lands, known  as  "Hoofdeommissie  voor  de  Normalisatic  in 
Nederland,"  was  organized  in  1916  by  the  Society  for  the 
Encouragement  of  Industry  and  the  Royal  Institute  of 
Engineers. 

Each  of  these  societies  names  two  members  of  the  main 
committee  the  total  membership  of  which  is  fifteen.  The 
other  eleven  members  are  appointed  by  the  committee  itself. 
The  president,  vice  president  and  treasurer  form  a  small 
executive  committee  which  meets  frequently.  There  are 
four  regular  meetings  of  the  main  committee  each  year. 
The  main  committee  is  not  responsible  for  details,  but  is 
lesponsible  for  procedure  and  for  the  representative  char- 
acter of  the  committee  in  immediate  charge  of  the  detailed 
work. 

The  British  Engineering  Standards  Committee  was  or- 
ganized in  I'.'Ol  by  five  leading  technical  societies.  In  1918 
the  name  was  changed  to  Association.  The  general  direc- 
tion of  affairs  is  in  the  hands  of  the  main  committee,  which 
constitutes  the  sole  executive  authority.  Sectional  commit- 
tees are  responsible  for  the  technical  work. 
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Fuels  Section  of  the  A.  S.  M.  E. 
'  Adopts  Program 

\  meeting  of  the  subcommittee  on  Meetings  and  Papers 
,ii  the  Fuels  Section  of  the  American  Society  of  Mechasical 
Engineers  was  held  at  the  headquarters  of  the  Society  on 
Friday,  June  18,  Prof.  George  A.  Stetson,  David  Moffat 
Myors,  Henry  Kreisinger,  W.  E.  Bullock,  assistant  secre- 
tary, and  C.  E.  Davis,  of  the  office  staff,  being  present.  The 
participation  of  the  section  in  the  program  of  the  annual 
meeting  in  December  was  discussed,  and  the  papers  outlined 
as  follows: 

1.  Fuel  Supply  of  the  World — A  census  or,  rather,  an 
inventory,  of  the  world's  supply  of  fuels,  coal,  lignite,  peat, 
oil,  oil  shale,  natural  gas,  alcohol,  etc.  This  subject  would 
be  treated  from  the  standpoint  of  location  of  supply  as 
related  to  localities  of  consumption  and  should  be  a  broad 
survey  from  the  world's  standpoint  with  reference  to  loss 
of  economy  in  distribution  from  points  of  supply  to  points 
of  consumption,  and  suggestions  for  improvement. 

2.  The  Low  Temperature  Distillation  of  Coal,  showing 
what  has  been  done  and  what  is  possible  in  reclaiming 
the  byproducts  of  coal  and  lignite.  A  special  point  should 
be  made  of  what  the  United  States  Government  has  done 
and  what  it  may  appropriately  do  in  connect  on  with  indi- 
viduals and  industries  in  developing  a  nu  re  ;oonomic  use  o£ 
fuels  by  means  of  recovery. 

3.  Fuel  Conservation  vs.  Money  Conservation,  showing 
how  the  monetary  consideration  interferes  with  fuel 
economy  and  how,  frequently,  fuel  can  be  saved  if  expense 
did  not  have  to  be  considered.  If  an  enormous  tax  were 
placed  on  coal,  the  waste  of  coal  would  stop.  A  broad  treat- 
ment of  the  subject  of  possible  fuel  saving  by  generating 
electricity  at  the  mines  is  suggested.  This  is  to  be  con- 
sidered under  two  heads^where  the  distant  consumer  re- 
quires power  alone,  and  where  the  distant  consumer  requires 
heat  as  well  as  power. 

4.  What  Is  the  Effect  of  the  Cost  of  Freight  Per  Ton  of 
Coal  on  the  Cost  of  a  Kilowatt-Hour,  as  Against  the  Cost 
of  Transmitting  the  Kilowatt-Hour  from  the  Mines  to  the 
Point  of  Consumption,  Including  Transformation  and  Trans- 
mission Losses? 


Profiteering  of  the  Mines 

A  statement  of  unusual  interest  was  issued  by  the  Departs 
ment  of  Justice  on  June  24.    It  follows  in  its  entirety: 

In  connection  with  the  recent  instructions  from  Attorney 
General  Palmer  to  all  United  States  attorneys  to  procure 
indictment  of  soft-coal  operators  charging  unreasonably 
high  pric-es  for  coal,  the  following  statement  has  been  issued 
by  the  Department  cf  Justice: 

The  instructions  referred  to  were  issued  because  of  re- 
ports that  soft  coal  was  being  sold  at  the  mines  at  prices 
as  high  as  from  $7  to  $11  per  ton  and  in  some  instances 
even  higher.  The  Lever  Act,  under  which  the  indictments 
of  offending  operators  are  to  be  obtained,  prohibits  the 
taking  of  an  unrea^oiwble  profit.  An  unreasonable  profit 
results  when  the  selling  price  unreasonably  exceeds  the 
cost  of  production.  The  cost  of  production  cannot  possibly 
justify  the  reported  prices  at  the  mines,  as  is  shown  by 
the  following: 

The  production-cost  figures  gathered  by  the  Federal 
Trade  Commission  from  1,589  bituminous-coal  operators  in 
the  principal  producing  regions,  mining  roughly  about  60 
per  cent  of  the  annual  output,  show  that  during  January, 
1920,  their  costs  per  ton  averaged  $2.32  at  the  mines.  Since 
then  there  has  been  an  increase  of  27  per  cent  in  the  cost 
of  labor,  enhancing  the  production  cost  $2.79  per  ton. 
During  the  rionth  of  April,  when  the  cost  was  $2.79  per 
ton,  operators  are  reported  to  have  sold  their  coal  for 
between  $3  and  $4  per  ton  at  the  mines.  Since  then,  as 
above  stated,  it  is  reported  that  their  selling  prices  have 
been  forced  as  high  as  from  $7  to  $11  per  ton,  and  even 
higher. 

Excuses  offered.for  taking  pi'ofits  which  are  unreasonably 
high  in  comparison  with  the  cost  of  production  are  not 
defense  to  the  charge  of  profiteering — the  purpose  of  the 
Lever  Act  was  to  prevent  taking  advantage  of  such  excuses 
to  mulct  the  public. 


Moreover,  the  public  should  be  advised  that  the  claims 
of  shortage  of  production,  car  shortage  and  export  demands 
do  not  furnish  any  real  excuse  for  the  continuance  of  the 
high  prices  above  referred  to. 

1.  Alleged  Shortage  of  Production — The  production  of 
soft  coal  for  the  first  four  months  of  the  present  year  has 
exceeded  the  production  for  the  corresponding  period  of  any 
recent  year  excepting  1917  and  1918.  To  quote  the  report 
of  the  Geological  Survey,  the  Governmental  agency  charged 
with  the  collection  of  compiling  of  such  information,  for 
the  week  ended  May  15,  1920: 

The  production  of  bituminous  for  the  first  four  months 
of  1920—173,574,000  tons— although  smaller  than  in  1917 
and  1918,  exceeded  both  1919  (138,936,000  tons)  and  the 
pre-ivar  nears. 

2.  Car  Shortage — Service  orders  numbers  6  and  7  of  the 
Interstate  Commerce  Commission,  dated  June  19,  1920, 
ought  to  result  in  an  adequate  supply  of  cars  for  coal  for 
domestic  consumption,  if  there  has  not  heretofore  been  such 
a  supply.  Order  No.  7  that,  for  thirty  days  beginning  June 
21,  1920,  the  railroads  should  furnish  suitable  cars  to  coal 
mines  in  preference  to  atiy  oth-er  use,  and  should  discontinue 
the  use  of  coal  cars  for  other  commodities,  thus  giving  the 
coal-mine  operators  full  car  service.  Order  No.  6  made 
rules  for  the  railroads  to  follow  after  Jun^  24,  1920,  so 
as  to  give  preference  to  the  transportation  of  coal  for 
domestic  consumption. 

By  bearing  in  mind  the  foregoing  points,  and  by  refusing 
to  be  influenced  by  propaganda  (which  has  appeared  in 
certain  quarters)  into  bidding  against  one  another  for  coal 
at  enormous  prices  (as  is  reported  to  have  been  done  in 
some  cases)  consumers  of  soft  coal  can  help  to  reduce 
prices  to  a  reasonable  level. 

Canadian  Association  of  Stationary 
Engineers'  Convention 

The  thirty-first  annual  convention  of  the  Canadian  Asso- 
ciaton  of  Stationary  Engineers  was  held  at  Woodstock,  Out., 
June  22,  23  and  24.  The  Oxford  Hotel  was  the  headquarters, 
and  less  than  a  block  away  wai  the  Woodstock  Market,  the 
main  floor  of  which  was  occupied  by  the  Canadian  Exhibi- 
tors' Association  in  the  display  of  the  latest  mechanical 
devices  and  power-plant  equipment.  The  executive  sessions 
of  the  engineers  wore  hell  in  the  City  Hall,  directly  oppo- 
site to  the  exhibition  building.  The  local  committee  are  to 
be  congratulated  upon  the  unusual  convenience  of  its 
arrangements. 

There  were  upward  of  forty  delegates  in  attendance.  The 
principal  feature  brought  before  the  body  was  a  discussion 
on  the  advisability  of  amendments  being  made  to  the  exist- 
ing license  laws,  and  the  growing  necessity  for  high-class 
engineers.  The  educational  committees  were  urged  to  con- 
tinue in  the  good  work  accomplished  during  the  past  year, 
and  were  advised  to  get  into  closer  relationship  with  the 
Northwestern  Association  of  Mechanical  and  Electrical 
Engineers  of  Edmonton.  There  were  also  warm  discus- 
sions on  proposed  changes  in  the  preamble. 

The  exhibition  hall  was  open  from  9  a.m.  until  10  p.m., 
and  considerable  interest  was  manifested  by  the  delegates 
and  visitors  in  the  display  at  the  various  booths. 

On  Tuesday  evening  there  was  an  educational  meeting 
and  smoker.  W.  H.  Auger  read  an  interesting  paper  on 
"Parallel  Lines,"  and  Hartley  B.  Gardner  created  a  general 
discussion  on  the  reading  of  his  instructive  paper  on  "Com- 
bustion," the  discussion  being  opened  by  A.  M.  Wilkins. 
An  entertainment  was  furnished  by  Mr.  Fletcher,  of  the 
Garlock  Packing  Co.;  Bob  Jone.s,  of  the  France  Packing  Co., 
and  Jack  Armour,  of  Power. 

On  Wednesday  afternoon  the  convention  was  entertained 
by  the  Exhibitors'  Association  at  Southside  Park.  Outdoor 
sports  of  many  kinds  were  indulged  in,  with  prizes  for  the 
winners  of  each  event.  Refreshments  were  sei-ved  at  inter- 
vals during  the  afternoon. 

On  Wednesday  evening  an  entertainment  was  held  in  the 
City  Hall.  Mayor  A.  J.  Gahagan  welcomed  the  convention 
to  the  city  and  acted  as  master  of  ceremonies,  introducing 
the  several  entertainers.  At  the  conclusion  of  the  perform- 
ance prizes  were  distributed  and  dancing  followed. 

John  McCalley,  president  of  the  local  association  was 
the  recipient  of  a  silk  umbrella,  the  gift  of  the  supplymen. 
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Thi'  fiijriiUH'is  cU'itoH  oMiccis  as  follow."*:  (Ji-orni-  Moll, 
pant  piosident,  London;  R.  C.  Loiuh,  prosident,  loronto; 
Prod  Ilarpor  vice  pri-sidcnt,  KinK-ston;  L.  J  I-Jllis,  .secr*'- 
tiiry-tit'H  urcr.  Hamilton;  W.  Fyfc,  conductor,  Montreal; 
K.   J<].  Rodney,  doorkocpcr,  Ottawa. 

At  the  .supplymcn's  nu-ctinj:  on  Thursday  morning  the 
follovinK  olVuers  wtie  elected:  Calvin  B.  Turner,  president; 
Gra.it  V.  Coif,  first  vice  president;  Edward  B.  Curzoi.,  sec- 
ond vice  president;  Ciordon  (".  Keith,  secretary;  David  M. 
Archibald,  treasurer;   liobcrt  .lones,  assistant  treasurer. 

Ottaw  i  was  selected  as  the  lux'  convention  city  in  .June, 
1921. 

Coiinecticiil  SUite  N.  A.  S.  £. 
Convention 

The  twenty-fifth  Annual  Convention  of  the  National 
Association  of  Stationary  Enpiners,  Connecticut  State 
Branch,  Bristol  Local,  was  held  at  Bristol,  June  25-26. 

The  convention  was  opened  Friday  eveninp  by  President 
David  A.  Wilcox  The  meetinR  was  throv  n  open  for  in- 
formal discussion,  which  centered  on  the  coal  situation  and 
the  relative-  advantages  of  coal  and  fuel  oil.  The  perform- 
ance of  various  types  of  boilers  and  ways  and  means  of 
changing  from  coal  to  oil  as  a  fuel  were  discussed.  At  the 
close  of  the  session,  Jack  Armour,  of  Power,  furnished 
entertainment,  which  was  very  much  enjoyed.  On  Saturday 
morning:  the  second  session  of  the  convention  was  held  at 
the  Red  Men's  Hall.  Routine  business  and  reports  of  com- 
mittees were  heard  and  the  session  closed  with  the  election 
of  officers,  which  resulted  as  follows:  B.  M.  Doyle,  Water- 
bury,  president;  John  Donahue,  Hartford,  vice  president; 
Fred  Sutorius,  New  Haven,  secretary-treasurer;  Harry  J. 
Petit,  Bristol,  conductor;  N.  A.  Cunningham,  Waterbury, 
doorkeeper.  David  Wilcox,  the  retiring  president,  auto- 
matically became  a  trustee,  superseding  E.  E.  Thomas,  of 
New  Haven.  Oscar  A.  Thomas  of  Bristol  was  elected  State 
Deputy. 

At  the  close  of  the  morning  session  the  members  and 
delegates  boarded  a  special  car  for  Lake  Compounce,  a 
oeautiful  little  lake,  twenty  minutes',  ride  from  Bristol. 
Here  the  big  time  of  the  convention  was  staged.  Dinner 
was  served  and  swimming,  boating  and  outdoor  games  were 
the  order  of  the  afternoon  and  evening.  The  next  con- 
vention will  be  held  on  the  last  Friday  and  Saturday  in 
June,  1921,  at  Hartford. 

Navy  Department  Awards  Fuel-Oil 
Contract 

Awards  for  5,200,000  bbl.  of  fuel  oil  as  result  of  recent 
bids  submitted  are  annou:  ced  by  the  Navy  Department. 

To  avoid  further  increasing  the  price  of  oil  and  gasoline 
by  decreasing  the  amount  of  American  oil  available  for  com- 
niercial  purposes,  the  Navy  Department,  in  awarding  its 
contract  for  the  coming  year's  supply,  by  a  slight  modifica- 
tion of  its  standard  specifications  has  been  able  to  utilize 
a  large  amount  of  crude  Mexican  oil  hitherto  unavailable 
for  naval  purposes.  In  addition  the  Navy  will  receive  as  a 
byproduct  in  refining  this  oil  for  fuel  use  during  the  coming 
year,  15,792,000  gal.  of  gasoline,  which  will  not  only  meet 
the  Navy's  full  demand,  but  leave  sufficient  to  relieve  the 
needs  of  other  Government  departments  to  a  considerable 
extent  at  a  price  of  approximately  the  actual  cost  of  manu- 
facturing and  transportation. 

The  department  has  also  inserted  a  clause  in  the  contract 
by  which  the  company  refining  the  oil  for  the  Navy,  agrees 
to  instruct  specially  detailed  naval  officers  in  every  detail 
of  manufacture  and  to  give  the  Navy  the  use  of  any 
patentet;  or  secret  processes  should  it  later  seem  advisable  to 
go  into  the  refining  business  on  its  own  account.  In  this 
way  for  the  first  time  exact  and  accurate  knowledge  of  the 
cost  of  fuel  oil  and  gasoline  will  be  ascertained,  and  in 
future  years  the  Navy  will  be  in  possession  of  indisputable 
data  as  to  what  should  be  a  proper  cost  for  both  oil  and 
gasoline  and  will  have  the  nucleus  of  a  personnel  to  carry 
on  research  work  of  its  own. 


I 


Walerluiry  Section  A.  S.  IM.  K.  Ilohls 
Annual  iVIeetin^ 

The  annual  meeting  of  the  Wati-rbury  Branch,  Connecti- 
cut Section  of  the  American  Society  of  Mechanical  Knin- 
neers,  was  held  at  beautiful  Lake  Quassapaui;,  Saturday, 
June  26.  The  members  were  the  gu>  sts  of  William  H.  Bris- 
tol, Mr.  Thompso'.  and  Frederick  S.  Chase  at  Mr.  Bristol's 
coti-ape  on  the  lake.  The  meeting  was  of  an  informal  char- 
acter, and  baseball  was  enjoyed  on  the  spacious  lawns  dur- 
ing the  afternoon.  A  motor  launch  was  also  provided,  and 
the  visitors  were  given  an  opportunity  of  a  sail  around  the 
lake.  An  outdoor  dinner  was  followed  by  a  short  business 
meeting  and  election  of  officers. 

Mr.  Thompson  was  re-elected  chairman,  and  E.  0.  Goss 
was  made  vice  chairman,  superseding  Frederick  S.  Chase. 
The  following  were  re-elected:  treasurer,  Howard  Isbell; 
and  secretary,  John  R.  Putnam.  A  meeting  committee  was 
appointed  as  follows:  Frederick  S.  Chase,  chairman;  Wil- 
liam H.  Bristol,  D.  Delancy,  Edwin  Sanderson,  I.  W.  Day, 
Capt.  George  J.  R.  Sheldon  and  Roger  Sperry. 

After  the  meeting  the  members  repaired  to  Mr.  Bristol's 
country  home  in  the  suburbs  of  Waterbury  via  motor  cars, 
and  an  invention  of  Mr.  Bristol's  \vas  demonstrated;  namely, 
the  synchronization  by  electricity  of  a  vocal  selection  on  a 
phonograph  wich  tha  music  played  by  an  electric  organ. 
Following  this  int'/resting  entertainment  the  member.^' 
visited  the  Bristol  Company's  laboratory  to  view  Mr.  Bris- 
tol's talking  moving  picttlres.  The  talking  pictures,  while 
developed  to  a  point  where  successful  demonstration  is 
possible,  are  still  in  a  rough  stage  and  it  will  be  some  time 
before  the  invention  will  be  put  to  commercial  use  for  the 
entertainment  of  the  public. 

Natural  Gas  Production  in  the 
United  States 

The  production  of  natural  gas  in  the  United  States  grad- 
ually increased  from  1906  to  1917,  but  declined  in  1918. 
The  greatest  producers,  named  in  order  of  quantity  pro- 
duced, have  been  West  Virginia,  Pennsylvania,  Oklahoma, 
Ohio,  Kansas,  California  and  New  York. 

An  increase  in  the  number  of  producing  wells  totaling 
135  per  cent  from  1906  to  1918  is  I'eported,  and  the  area 
of  developed  natural-gas  land  has  increased  177  per  cent 
since  that  date.  The  total  area  in  1918  was  about  14,500 
acres. 

The  average  annual  consumption  of  natural  gas  for  do- 
mestic use  has  been  about  one-third  of  the  total  consumption, 
and  the  average  annual  consumption  for  industrial  use 
about  two-thirds. 

The  total  amount  received  for  the  two-thirds  consumed 
for  industrial  use  is  smaller  than  that  received  for  one-third 
consumed  for  domestic  use,  a  fact  that  indicates  that  the 
industrial  gas  was  sold  at  very  low  rates.  i 

Over  2,500,000  domestic  consumers  and  more  than  201,000      ^ 
ndustrial  consumers  now  use  natural  gas,  an  increase  since 
1906  of  187  per  cent  in  the  domestic  class  and  of  8-3  per 
cent  in  the  industrial  class. 

To  a  large  extent  the  industrial  consumption  reaches  its     ■ 
maximum    in   summer   and    its    minimum    in   winter,    owing     ^ 
to  the  decrease  of  the  domestic  demand  ir   summer,  which 
leaves    more    gas    available    for    industrial    use. 

The  average  annual  domestic  consumption  per  consumer 
from  1906  to  1918  was  105,000  cu.ft.,  and  the  average  in- 
dustrial consumption  per  consumer  from  1906  to  1918  was 
2.428,000  cubic  feet. 

The  average  price  of  domestic  gas  is  between  30  and  40 
cents  a  thousand  cubic  feet,  that  of  industrial  gas  is  between 
15  and  20  cents. 

About  76  per  cent  of  the  total  natural  gas  consumed  in 
the  United  States  is  not  consumed  in  the  states  where  it  is 
produced,  but  is  piped  to  other  states. 

The  United  States  produces  about  95  per  cent  of  the 
natural  gas  produced  in  the  world  and  thus  has  a  monopoly 
of  this  resource,  as  Russia  has  a  monopoly  of  platinum. 
Germany  of  potash,  and  Chile  of  nitrate. 
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Oils  for  Power  Plants* 

By  C.  B.  WHiTMAxf 

Take  a  wine  glass,  dip  your  finger  in  water  and  as  you 
rub  it  over  the  edge  of  the  glass  notice  that  the  friction  is 
pronounced;  now  wipe  the  finger  dry  and  dip  it  in  glycerin 
and  again  rub  the  glass — the  friction  is  about  the  same. 
Dip  th?  finger  in  lubricating  oil  and  rub  the  g-Ia^s.  You 
find  that  the  friction  is  almost  imperceptible,  which  demon- 
strates that  while  glycerin  has  a  viscocity  far  greater  than 
the  oil,  its  lubricating  quality  is  lacking,  because  the  sur- 
face tension  of  either  water  or  glycerin  is  not  strong 
enough  to  form  a  substantial  film,  even  under  very  light 
loads,  for  they  are  both  lacking  in  capillarity  and  in  mole- 
cular attraction.  For  this  reason  many  very  viscous  liquids 
fail  to  form  a  good  lubricating  film. 

This  also  demonstrates  that  to  be  a  good  lubricant  a 
liquid  must  have  nearly  as  great  a  surface  tension  as  a 
solid,  also  that  its  lubricating  value  depends  on  the  thick- 
ness of  the  layer  it  forms  when  spread  over  the  surface  and 
the  resistance  it  offers  to  the  efforts  of  the  load  to  expel 
it  fi-om  between  the  solid  surfaces. 

Little  is  known  about  the  properties  of  liquid  films  other 
than  that  which  is  obtained  from  the  frictional  data.  The 
static  friction  of  solid  surfaces  when  lubricated  with  lard 
oil  and  sperm  oil  prove  that  the  lard  oil  gives  the  lowest 
coefficient  and  therefore  must  form  the  thickest  film.  Ex- 
perience teaches  that  when  the  superfluous  oil  has  drained 
away  the  combined  capillary  and  molecular  attraction  comes 
to  the  aid  of  the  viscosity  and  inci'eases  the  tensile  strength 
which  tends  to  prevent  rupture. 

Molecular  and  capillary  attraction  are  possessed  to  a 
greater  extent  by  mineral  oils  when  properly  refined,  than 
by  either  animal  or  vegetable  oils,  but  mineral  oils  are 
deficient  in  oiliness  and  will  not  keep  the  static  friction  as 
low  as  do  animal  or  vegetable  oils. 

At  speeds  of  500  or  more  per  min.,  under  normal  loads, 
and  with  bath  lubrication,  lard  oil  will  sustain  a  film  of 
only  0.005  in.  thick,  whereas  a  pure  mineral  oil  of  the 
proper  viscosity  will  sustain  a  film  of  about  0.007  in.  thick, 
which  proves  that  for  all  ordinary  machine  bearings  run- 
ning under  normal  conditions,  a  mineral  oil  of  the  proper 
viscosity  is  a  better  lubricant  by  two-fifths  than  one  of 
the  best-known  fixed  oils.  This  has  led  to  the  blending 
and  compounding  of  mineral  oils.  Blended  oils  are  a  mix- 
tui-e  of  mineral  oil  and  fixed  oils  in  proportions  that  will 
thoroughly  neutralize;  compounded  oils  are  a  mixture  of 
mineral  oil  with  metallic  soaps  of  different  kinds  for  the 
purpose  of  increasing  the  viscosity;  experiment  alone  can 
tell  as  to  the  value  of  the  mixture;  often  they  are  more 
detrimental  than  beneficial  from  a  lubricating  point  of  view. 

As  lubrication  is  of  value  only  as  its  ability  to  reduce 
friction,  we  must  consider  the  circumstances  that  influence 
friction.  Cohesion  is  aggravated  rather  than  diminished 
by  efforts  to  produce  smooth  surfaces,  for  the  more  perfect 
the  surface  the  greater  will  be  the  points  of  contact.  At 
minute  distances  molecular  attraction  increases,  which 
causes  the  surfaces  to  adhere  and  resist  motion.  For  ex- 
ample, pieces  of  marble  with  polished  surfaces  will  adhere 
when  pressed  together  and  their  cohesion  is  so  great  that 
one  piece  when  suspended  will  sustain  the  weight  of  the 
other.  Again  take  two  pieces  of  lead,  scrape  them  clean 
and  press  them  together  in  a  vise  and  they  will  adhere 
almost  as  firmly  as  if  they  were  one. 

Of  course  the  pressure  to  accomplish  this  is  far  greater 
than  we  get  on  a  bearing,  and  I  merely  use  these  examples 
to  show  that  there  is  cohesion  between  smooth  surfaces. 
In  a  bearing  the  increased  friction  caused  by  motion  gen- 
erates heat,  which  increases  the  tendency  of  the  surfaces 
to  adhere,  the  area  affected  rapidly  spreads  and  the  surfaces 
seize  or  abrade  each  other.     This  happens  in  a  "hot  box." 

The  coefficient  of  friction  of  motion  is  the  only  one  of 
interest  from  a  lubricating  point  of  view,  and  it  is  defined 
as  that  value  which,  when  multiplied  by  the  pressure  nor- 
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mal  to  the  surfaces  in  contact,  gives  the  measure  of  the 
maximum  frictional  resistance  to  motion. 

The  value  of  viscosity  and  density  of  oils  depends  on  the 
viscosity  of  the  lubricant,  the  relative  speed  of  the  sur- 
faces, their  area  and  inclination  to  eacn  other,  Inickness 
of  the  lubricating  film.  When  these  conaiti^ns  are  known, 
the  resistance  to  the  motion  of  any  given  bod>  can  '-.k:  sasily 
calculated. 

To  properly  lubricate  the  different  bearings  found  in 
modern  practice,  it  is  necessary  for  che  lubricating  engi- 
neer to  know,  first,  the  oiliness  or  greasiness  of  all  lubri- 
cants, the  frictional  effects  due  to  the  viscosity  of  the  lubri- 
cant, effects  due  to  the  different  methods  of  application, 
the  effects  produced  by  different  metals  wjrking  in  contact, 
the  effects  of  temperature  on  friction  and  viscosity,  and  the 
effects  due  to  different  speeds  under  given  loads.  When 
the  speed  of  the  rubbing  surfaces  is  less  than  ten  feet  per 
minute,  the  lubricant,  instead  of  being  forced  between  the 
surfaces  and  keeping  them  apart,  is  swept  on  under  pres- 
sure, and  the  lubricant  depends  as  much  on  its  oiliness  as 
on  the  viscosity. 

Solid  lubricants  such  as  mica,  graphite  and  scapstone 
have  great  carrying  power  at  low  speeds,  but  their  valut 
depends  as  much  on  the  nature  of  the  surfaces.  Graphite, 
for  instance,  gives  the  best  results  when  uged  on  cast-iron 
surfaces,  which  are  naturally  very  porous  and  hold  the 
graphite,  but  the  frictional  loss  and  wear  are  great.  Solid 
lubricants  mixed  with  animal  fats,  greases,  vaseline  or 
rosin  oil  are  suitable  for  low  speeds  and  heavy  loads,  as 
they  give  a  low  coefficient  and  do  not  waste  away  rapidlj^ 
by  evaporation  nor  run  off  the  bearings.  Greases  com- 
pounded from  animal  and  vegetable  fats,  or  mineral  oils 
emulsified  with  water  soap  and  alkali  enough  to  neutralize 
them,  are  good  lubricants  for  slow-moving  bearings  witii 
excessive  loads,  provided  the  oils  do  not  contain  too  much 
water  and  are  not  adulterated  with  foreign  substances; 
the  oil  should  not  run  down  and  leave  the  soap,  which  is 
liable  to  occur  in  poorly  made  greases. 

Properties  of  Lubricati.ng  Oil  vor  Low  Speeds 
AND  Heavy  Loads 

In  selecting  an  oil  for  low  speeds  and  heavy  loads,  vis- 
cosity is  the  first  guide,  and  next  is  oiliness.  At  speeds 
of  100  ft.  per  min.,  with  proper  application,  as  before 
stated,  the  oil  forms  a  fairly  thick  film,  and  when  the  load 
does  not  exceed  250  lb.  per  sq.in.,  the  formation  of  the 
film  and  the  friction  are  wholly  due  to  the  viscosity;  but  at 
heavy  loads  the  bearing  surfaces  are  brought  into  contact 
at  a  point  on  one  side  of  the  bearing  and  the  lubricant 
should  possess  oiliness  to  a  greater  degree  to  prevent  seiz- 
ing. In  cases  of  flat  surfaces,  such  as  the  guide  on  recip- 
rocating engines,  the  viscosity  is  not  quite  so  important 
as  the  oiliness;  at  loads  of  75  lb.  per  sq.in.  a  blended  lubri- 
cant is  best. 

For  motors,  generators,  turbines  and  the  crankcase  type 
of  high-speed  engines,  best  results  are  had  by  using  a 
straight  mineral  oil  of  the  proper  viscosity.  For  motors 
and  generators  with  bath-ring  oiling  devices  best  results 
are  obtained  by  using  a  pure  mineral  oil  of  a  viscosity  of 
from  120  to  198  (Saybolt)  according  to  speed  and  load. 
Turbines  having  either  forced  or  circulating  lubrication 
should  have  a  light  oil  for  two  reasons:  First,  because  the 
lighter  oils  maintain  their  viscosity  better  at  the  relative 
high  temperatures,  and  second,  on  account  of  the  high 
speeds.  It  must  also  be  an  oil  that  will  not  emuLsify  and 
one  that  will  readily  separate  from  water,  as  there  is 
leakage  of  steam  in  most  turbines.  The  visco.sity  should 
not  be  less  than  98,  nor  more  than  120  at  100  deg.  F. 

For  steam-cylinder  lubrication  there  are  four  conditions 
met  with  in  modern  practice  that  form  a  guide  in  selecting 
a  proper  oil;  namely,  steam  supersaturated,  saturated,  dry, 
and  superheated.  For  a  supersaturated  condition  the  oi! 
should  be  heavily  blended  with  pure  tallow  to  give  good 
results;  for  a  saturated  condition  a  light  blend  of  tallow 
and  blown  rape  will  give  good  results;  for  dry  steam  about 
6  per  cent  blown  rape  gives  good  results,  but  for  super- 
heated steam  one  must  have  a  pure  steam-refined  mineral 
oil,  otherwise  the  intense  heat  will  burn  off  the  animal  and 
vegetable  oil,  release  the  acids  they  contain  and  pit  the 
cvlinder  walls. 
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IMKSKIi  F.NtMNlO  nF.SICN',  By  H.  F.  P. 
riiidy.  I'ubllshcU  by  I).  Van  Npstrand 
Co..  Now  Vork  City,  l-'iisl  edition  ;  2a5 
paces  :  271  illustrations. 
.Vs  the  author  states  In  his  preface,  this 
volume  was  written  for  the  Diesel-engine 
UesiKner  It  contains  much  useful  and 
heretofore  unavailable  data  Chapters  1  to 
S  are  devoted  to  the  thermodynamics  in- 
volved. Chapter  4  takes  up  the  theory  of 
similitude  which,  apparently,  is  not  general- 
ly observed  by  the  designer.  The  remainder 
of  the  volume  covers  the  design  of  the 
various  engine  parts  ;  the  chapters  devoted 
to  crankshafts,  connecting  rods  and  pis- 
tons are  especially  meritorious.  It  is  un- 
fortunate that  the  subject  of  fuel  systems 
is  tli.-iinissed  with  so  little  discussion.  The 
fuel  pump  and  injection  valve  are  the  most 
important  parts  of  the  engine,  and  it  is 
.somewhat  surprising  to  find  i)ractically  no 
information  offered.  The  book  as  a  whole 
is  remarkably  well  written  and  should  be 
of  interest  both  to  the  designer  and  to  the 
operating  engineer. 

MILLWUIGHTINO  Published  by  McGraw 
Hill  Book  Co..  Inc..  239  West  39th 
St..  New  York  City  Second  edition. 
Cloth.  6x9  in.  :  451  pages.  1.58  illus- 
trations. 

Several  changes  and  corrections  have 
been  made  from  the  form.-r  edition,  with 
the  addition  of  a  chapter  on  the  installation 
of  electric  motors  and  metliods  of  adapting 
millwright  practice  to  the  changed  condi- 
tions of  recent  years.  The  book  is  intended 
as  a  guide  to  the  modern  millwright,  who  is 
expected  to  execute  the  more  or  less  perfect 
I>lans  of  the  consulling  engineer  and.  in 
many  instances.  i)rovide  the  details  and  sup- 
ply most,  if  not  all.  of  the  minor  engineer- 
ing of  factory  location,  laying  out  and 
erecting  buildings,  provision  for  foundations 
and  suiniorts  for  machinery,  framing,  lay- 
ing out  shafting,  belts,  steam  and  water- 
l>ii>e  fitting,  erection  of  engines,  setting  of 
boilers,  installation  of  waterwheels.  and 
erection,  connection  and  care  of  electric 
motors.  While  the  work  is  primarily  ad- 
dressed to  engineers  engaged  in  new  mill 
contruction.  it  will  be  found  of  especial 
value  to  operating  engineers.  master 
mechanics  and  consulting  engineers  who  are 
interested  in  practical  operations  required 
for  extension,  alteration  or  maintenance  of 
industrial  plants  and  installation  of  their 
mechanical  equipment. 
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(TonHlrucllon  and  Ui'puir  of  tin-  l';merR<-nrv 
l'"leil  Corporation,  n-llevlng  K  I,  Ifiiguc, 
of  San  I'VunclHco.  During  the  war  <'oin- 
iiiunder  (iatewood  was  superintendenl  of 
motive  power  for  the  Panama  Itallroad  in 
charge  of  the  lurge  shops  :ind  dryilocks  at 
both  ends  of  the  iHthmus  and  made  an 
enviable  record  In  connection  with  exten- 
sive repair  and  refitting  work  on  merdtant 
ve-sselH. 


Personals- 


B.  V.  E.  Nordberg  has  been  appointed 
sales  manager  of  the  Nordberg  Manufactur- 
ing Co.,   Milwaukee,   Wis. 

H.  W,  Dow.  formerly  sales  manager,  re- 
cently resigned  to  become  vice  president 
and  engineer  of  the  Forest  Products  Chemi- 
cal   Co..    Memiihis.    Tenn. 

Charles  K.  Proyt.  Jr..  has  become  adver- 
tising manager  of  Gillis  &  Geoghegan.  West 
Broadway.  New  York  City,  manufacturers 
of  telescopic  hoists.  He  was  formerly  con- 
nected with  the  Ingersoll  Watch   Company. 

r.  T.  Stiles,  formerly  first  lieutenant. 
Kngineering  Division,  Ordnance  Depart- 
ment, has  joined  the  Mechanical  Goods 
Division  of  the  United  States  Rubber  Co., 
being   located    at    their    Philadelphia    office. 

Edward  Caldwell,  treasurer  of  the  Mc- 
Graw-Hill Co..  Inc.  publishers  of  Power, 
and  the  Mc-Graw-Hill  Book  Co..  was  ten- 
dered a  dinner  by  his  business  associates 
celebrating  his  thirty  years'  service  with 
the  McGraw  interests. 

-Viols  Huuser  has  been  appointed  assist- 
ant to  the  worlds  manager  in  charge  of 
engineering,  of  the  Timken  Roller  Bearing 
Co..  Canton.  Ohio.  For  the  past  several 
years.  Mr.  Haueer  has  been  etficiencv  engi- 
neer at  the  Saucon  plant  of  the  Bethlehem 
Steel    Company. 


Society  AffairH 


TliF  .\nirrieiiu  Prut  Soelrt.v'H  annual 
meeting,  which  will  be  held  at  Ma<lisoii, 
Wis.,  has  been  advanced  to  Sept.  L',  :i 
and    1. 

The  .Xiiierirnn  Sorlety  of  Mrebiinieitl 
KiiKlnftem,  Connecticut  Section,  Bridgeport 
irranch.  will  hold  a  shore  outing,  on  I'Vlday 
afternoon,  .luly  16,  at  the  Moinauguin,  just 
east  of  .New  Haven.  Field  sports,  bathinc 
and  dancing  have  been  arranged  for  the 
amusement  o,  the  members.  The  annual 
election  of  ofllcers  will  be  held  by  letter 
ballot. 

Kngineering  Council  at  (its  meeting  on 
.lune  17  indorsed  the  plan  of  the  organiza- 
tion of  the  Federated  Kngineering  Societies 
and  the  American  Kngineering  Council, 
adopted  by  the  organizing  conference  of 
technical  societies  in  Washington  June  3 
and  4,  and  authorized  its  executive  com- 
mittee to  render  such  assistance  as  was 
practicable  in  completing  the  work  of  the 
Organizing  Conference  and  of  the  Joint 
Conference  Committee  of  the  Founder  So- 
cieties in  establishing  the  American  Engi- 
neering Council. 

Additiuiis  to  .Standards  Committee — Five 
additional  bodies  have  been  admitted  to 
representation  on  the  Main  Committee  of 
the  American  Kngineering  Standards  Com- 
mittee. The.v  are:  Electrical  Manufacturers 
Council  ( Electric  Power  Club.  Associated 
Manufacturers  of  Electrical  Supplies,  Elec- 
trical Manufacturers  Club)  ;  Fire  Protec- 
tion Group  (National  Fire  Protection  Asso- 
ciation, National  Board  of  Fire  X'nder- 
writers.  Associated  Factory  Mutual  Fire 
Insurance  Companies,  Underwriters  Labora- 
tories) ;  National  Electric  Light  .\ssocia- 
tion  ;  National  Safety  Council ;  Society  of 
Automotive  Engineers.  These,  with  the  five 
engineering  societies  who  founded  the  com- 
mittee (American  Institute  of  Electrical  En- 
gineers. American  Institute  of  Mining  and 
Metallurgical  Engineers.  American  Society 
of  Civil  Engineers.  American  Society  of 
Mechanical  Engineers,  American  Society  for 
Testing  Materials),  and  the  three  Govern- 
ment departments,  added  later  (Commerce, 
Navy  and  War),  make  a  total  of  thirteen 
org;anizations  having  representation  on  the 
Main  Committee. 


Business  Items 


The  Goetze  (iasket  and  Packing  Co.,  New 

Brunswick.  N.  J.,  announces  the  opening 
of  new  branch  offices  in  New  York  City  at 
242  Lafayette  St.  The  new  offices  will  in- 
clude sales  and  stock  rooms. 

The  Carborundum  Co.,  Niagara  Falls, 
N.  Y.,  recentl.\'  acquired  from  the  Alien 
Property  Cu.stodian  the  plant  formerly 
owned  and  operated  bv  the  Didier-Marcli 
Co..  at  Perth  Amboy.  N.  J.  This  will  be 
taken  over  at  once  and  converted  to  the 
manufacture  of  a  complete  line  of  carbo- 
rundum rufractories. 

The  Board  of  Directors  of  the  SKF 
Industries.  Inc..  at  a  special  meeting  held 
May  13.  accei)ted  the  resignation  of  B.  G. 
Prytz.  as  president.  Mr.  Prytz  having  been 
elected  managing  director  of  the  iiarent 
comjiany,  with  headquarters  at  Gothemberg. 
Sweden.  At  the  same  meeting  F.  B.  Kirk- 
bride,  vice  i)resi(lent  since  the  organization 
of  the  company,  was  elected  president  to 
succeed  Jlr.  Prytz. 

The  Econom.v  Fuse  and  .Manufacturing 
Co.,  of  Chicago,  manufacturers  of  Economy 
renewable  fuses,  announces  the  appoint- 
ment of  F.  L.  Easton  as  district  sales 
manager  of  its  Denver  office.  205  Common- 
wealth Building.  Mr.  Easton  succeeds  R. 
M.  Olsen.  who  resigned  recently.  Mr. 
Easton  formerly  was  connected  with  the 
Economy  Fuse  and  Manufacturing  Co..  but 
more  recently  has  been  doing  sales  promo- 
tion  work   for  the   Gates  Rubber  Co. 

The  Freeman-Riff  Co.  is  just  completing 
its  new  jilant  at  Terre  Haute.  Ind.  The 
company  manufactures  conveying  machin- 
ery, specializing  in  the  design,  manufacture 
anil    installation    of   complete    conveyor    in- 


HlallulloiiM,  purlloularly  for  llw   haiKlliiu;   .if 
<<ial  In  boiler  pluntH  and  retail  coul  p^.     .  r  , 
.1     !t     Kroeniun,    the    iiriiMldeiii    of    tin     . 
puny,     will     1m-     In     direcl     cbaigf     ot 
operation    and    production 

MblKtutr*     l':nBlnrrrlnB     i  umituuy,     V. 
■  nliiHter    Huildiiig.    ChlciiKu,    liiiM    rec<-ijil.     n 
cfM|n>rali-d     aH    conxiiltuntH,    Hpeci,illzi' 
induHlrlal,     power     ami     ptuni     <Mgiii.  .  ,      , 
The  ei|uii>menl   and  commercial   divisjoi,     ■ 
tivilliM    will    be   directed    by   J.    II     .Mllhl-i, 
who    Ih   well    known    in    tlilH   field    aH    an    in 
ilUHlrial    HuleH    m.'inager.       The    englneiTlnK 
work     will     be    execulerl     by     K.     .1.     rjimdy. 
president,   who  Is  wiilily  known   through  hi-. 
activlliiH  with  the  .SeHHlons  KngineerlnK  <*o . 
and   his  connection    with   many  notable   .-n 
gini-ering  projects. 

T4ip  Clileuiro  I*nrumulle  Tool  Cu.,  .N<.» 
Vork.  announ<-e.s  tin-  ••liclioii  of  Allan  K 
Goodhue  as  vie.-  pn-sideiit  in  charge  oi 
saii-s.  Mr.  (iuodhue  sinci-  May  1,  1919.  ha.- 
been  managing  director  of  the  company'. 
lOnglish  subsidiary,  the  Consoliduli-d  I'neii 
matic  Tool  Co.,  London:  also  dir.clor  o! 
lOuropi-an  sales  ftir  the  Chicago  Piii-uni.itii' 
Tool  Co.  Mr.  Goodhue  was  formerlv  con- 
nected with  the  sales  department  of  tli.- 
Midvale  Steel  Co.  and  MIdvale  Steel  aiirl 
Ordnance  Co.,  in  Phil.-idelphia,  Chicago  and 
Boston. 

Tlie    WeNllnKliouNe    Kleclrlc    Internnllunul 

Co.  has  made  several  changes  in  the  per- 
sonnel of  the  coiiiiiany  At  fZast  Pittsburgh 
they  are  as  follows:  H.  F.  OrifTith,  aswl.st- 
aiit  to  general  manager;  R  W.  Kver.soii 
manager  of  merchandising  departm<-nl  :  H 
c.  Soule.  managtr  ajiparatus  department; 
and  H.  S.  Reizenstein.  manager  price  de- 
partment. In  New  York  they  are:  G.  H 
Butcher,  assistant  to  general  manager ;  J 
H.  Payne,  supervisor  of  agencies  ;  and  F 
M.  Sammis,  manager  of  incandescent  lamii 
department.  A.  B.  Cole,  assistant  manager 
department  of  publicitv,  Westinghou.se  Elec- 
tric and  Manufacturing  Co.,  has  been 
placed  in  charge  of  the  advertising  and  pro- 
motion work  for  the  Westinghouse  Inter- 
national   Comiiany. 


Trade  Catalogs 


The  WeKtinghouse  Rlertrir  and  Mannfar- 
turing  Co.,  East  Pittsburgh.  Pa  ,  has  read\ 
for  distribution  a  new  24-page  catalog.  No 
.<-A-l.  describing  the  Westinghouse  line  of 
insulating  materials  and  supplies.  .\  coin- 
will  be   sent   on   request. 

".siinveloder.     The     Meehanioal     JIucker." 

IS  the  title  of  a  new  15-page  catalog  now 
ready  for  distribution  by  the  Lake  Sup.-rior 
Loader  Co..  Duluth.  .Minn.  Description- 
and  photographs  of  the  various  tvpes  of 
mucking  machines  handled  bv  the  company 
are  given. 

The  Pennsylvania  I'linip  and  Compressor 
Co..  Kaston.  Pa.,  has  issued  a  new  12-pag.' 
pamphlet  entitled  •  P.nnsvlvania  Air  Com- 
pressors." Class  3A,  single  .stage,  belt 
drive  are  shown,  together  v>ith  charts  show- 
mg  size  of  cylinders  (diameter  and  stroke) 
i-evolutions  p»r  minute,  air  pressure,  cubic 
feet  free  air  per  minute,  etc.  A  copv  will 
btt  sent  on   request. 

"W.S.M  Hydraulic  Turbines"  is  the  title 
^X'^,"*""'  £'*-I>-'»^«'  catalog  just  issued  bv  the 
Wellman-Seaver-Morgan  Co.,  Cleveland 
Ohio.  Illustrations  and  blueprints  of  tur- 
bines, horizontal  or  vertical  units  with 
spiral  casings  of  cast  steel,  cast  iron  or 
steel  plate  are  shov.-n.  also  vertical  units 
with  concrete  spiral  casings  or  open  flumes 
equipped  with  cast  steel,  cast  iron  or  bronze 
runners    are   described. 

The  Tri^-lor  Kngineering  and  Mannfar- 
turing  Co.,  .\llentown.  Pa.,  has  readv  for 
distribution  a  new  .f-.u-page  bulletin.  No",  ini 
entitled  "The  Snperpiimp  and  Hvdraulic 
Machinery."  The  bulletin  contains  a  com- 
prehensive description  of  the  constructional 
details  of  the  Traylor  superpump.  Con- 
tained in  the  liooklet  is  subject  matter 
which  should  prove  of  practical  value  to 
the  operating  engineer  and  will  also  give 
the  iiurchaser  data  of  value.  A  copy  will 
be  sent  on    request. 

George  B.  Carpenter  &  Co..  manufacturers 
and  distributors,  of  Chicago,  are  issuing  cat- 
alog No.  ll'i.  1920  edition,  containing  l.ns>! 
pages,  devoted  to  equipment  and  supplies  for 
rj'ilroads,  steamships,  contractors,  mills, 
mines,  power  plants,  machine  shops  and  all 
forms  of  industrial  activit.v.  The  power- 
plant  list  is  quite  diversified,  including  sucli  „ 
items  as  return-tubnlar  boilers,  boiler  tubes, 
grates,  motors,  pipe  fittings,  valves,  pipe 
hangers,  pumps,  gages,  lubricators,  oil  fil- 
ters, force  feed  oil  pumps,  oil  cups.  etc.  As 
an  illustrated  reference  for  equipment  and 
supplies,  the  catalog  should  prove  of  great 
value  to  the  engineer. 
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Coal  Scarce  and  Expensive 


•  Little  improvement  is  to  be  noted  over  last  week.  Lack 
>f  cars  is  still  the  predominant  inconvenience.  The  coal 
ihortage  is  most  acute  in  the  bituminous  market. 
i  New  York — The  present  unrest  in  the  anthracite  market 
~  attributed  to  a  shortage  of  bituminous  rather  than  an 
nthraeite  coal,  but  conditions  are  no  better  than  last  week. 
Xearly  all  producers  complain  of  lack  of  cars,  which  lack 
las  the  effect  not  only  of  preventing  adequate  distribution 
3ut  of  causing  restlessness  among  the  workers  as  well.  The 
larger  dealers  are  frequently  without  one  or  another  of  the 
larger  sizes.  There  was  an  active  market  last  week  for  steam 
sizes  although  no  heavy  tonnages  were  available.  Indepen- 
dent buckwheat  was  quoted  at  from  $4.25  to  $4.75;  rice 
J;3.25  to  $3.75  and  barley  around  $2,  all  at  the  mines.  The 
prices  of  company  coal  per  gross  ton  at  the  mine  are  $4  to 
.St. 10  for  buckwheat,  $3  to  $3.50  for  rice  and  $2.25  to  $2..50 
Uir  barley. 

Considerable  uneasiness  has  developed  in  the  bituminous 
imarket  because  of  agitation  by  the  press.  Numerous  con- 
jferences  with  the  Interstate  Commerce  Commission  brought 
about  an  understanding  that  the  situation  would  be  taken 
care  of  even  if  it  were  necessary  to  issue  priority  orders. 
I  Philadelphia — The  anthracite  trade  has  been  crippled  by 
an  outlaw  strike  of  freight  crews  that  occurred  suddenly  on 
the  railroads  entering  this  city,  on  June  19,  resulting  in  an 
embargo  on  anthracite  which  has  not  yet  been  raised.  There 
is  a  most  urgent  demand  for  all  sizes  of  steam  coal  with 
buckwheat  in  the  lead.  The  railroads  have  endeavored  to 
move  steam  sizes  to  the  essential  industries  which  are  run- 
ming  on  an  extremely  close  margin. 

The  bituminous  situation  is  even  more  serious  than  the 
anthracite,  with  very  little  tonnage  entei-ing  the  city.  Some 
sales  have  been  made  as  high  as  $13  a  ton  at  the  mine,  al- 
though for  the  most  part  prices  have  been  closer  to  $11. 

Chicago — During  the  week  the  railroads  serving  Chicago 
l)laced  a  number  of  embargoes.  It  is  said  that  neither 
Indiana  nor  Illinois  coal  can  enter   Michigan   until  further 


notice.     The  market  is  uniformly  strong  with   several  ad- 
vances. 

Pittsburgh — The  effect  of  embargoes  against  the  East  has 
decreased  bidding  by  export  buyers.  The  recent  high  prices 
for  the  Pittsburgh  district  have  been  due  largely  to  will 
bidding  by  these  buyers.  It  is  stated  that  a  relatively  small 
further  increase  in  car  supplies  would  ease  the  market  great- 
ly. Steam  coal  is  now  quoted  at  $7.50  to  $8..50  spot  at  the 
mine. 

Buffalo — The  bituminous  situation  has  not  improved,  but 
has  actually  grown  more  serious,  with  transportation  the 
main  difficulty.  It  is  stated  that  if  the  car  supplies  were  in- 
creased 50  per  cent  the  $10  maximum  prices  for  coal  would 
decrease  to  $4.  Under  the  circumstances  there  is  no  settled 
I<rice. 

There  is  a  heavy  demand  for  anthracite  from  Canada,  but 
Canadian  dealers  are  having  difficulty  in  obtaining  coal. 
Last  week  the  Lake  movement  amounted  to  124,800  net  toiis 
of  which  38,600  cleared  for  Chicago,  30,800  for  Duluth  Su 
perior,  29,900  tons  for  Milwaukee,  11,500  tons  for  Port  Will- 
iam, 7,500  tons  for  Ashland  and  6,500  tons  for  Sheboygan. 

St.  Louis — Many  plants  are  hard  pushed  for  steam  sizes 
in  St.  Louis.  Buyers  from  Chicago  and  Northern  cities  are 
in  St.  Louis  in  large  numbers  and  are  offering  fancy  prices. 
Standard  is  moving  North  at  $5  to  $5.50  for  all  sizes.  In 
the  Mount  Olive  field  prices  are  about  $3  to  $3.75  for  all 
sizes,  the  regular  trade  being  given  preference.  The  mines 
work  on  commercial  coal  from  one  to  one  and  a  half  days  a 
week,  while  the  railroad  mines  get  four  to  five  days.  Prac- 
tically no  anthracite,  smokeless  or  Arkansas  fuel  is  coming 
into  St.  Louis. 

Boston — The  Interstate  Commerce  Division  issued  an 
order  effective  June  24  calling  for  priority  for  cars  bearing 
coal  via  Tidewater  for  New  England  points  for  the  relief 
of  the  railroads  and  industries  in  that  section.  The  market 
is  extremely  active  for  spot  coal.  In  the  main  there  is  a 
distinct  gain  in  the  time  necessary  for  moving  cars. 


New  Coustruolioii 


PROrOSEn    AVOKK 

Mass.,  BeU-tM>rtoHn  —  The  fommitlPP  on 
Mfntal  Diseases,  :16  State  House.  IJoston, 
vMl  soon  award  tlie  ron tract  tor  a  2  story. 
9'!  X  117  ft  dormitory,  etc.,  including  a 
ste;itn  heating  svstetn.  "for  tlie  Common- 
Wealth  of  Massacliusetts.  About  $250,000. 
Kendall,  Taylor  &  Co..  9::  Federal  St.,  Bos- 
ton,   .Archts.    and   Engis. 

.Mass.,  Boston — The  School  House  Comn. 
received  bids  for  installing  new  boilers  and 
other  changes  from  .1.  P.  Dwyer,  8ii  Boyl 
St..  $7,588  ;  Pear.se  At  Cox,  *7,fi87  ;  .1.  J. 
Hurley  &  Co.,  104  B'way.,  $7,754.  Noted 
June   29. 

v.  Y.,  Daniiemora — Charles  V.  Kattigan. 
Supt.  of  the  State  Prisons,  Capitol,  Albany, 
will  soon  award  the  contract  for  a  refriger- 
ation plant  and  cooling  rooms  in  the  kitchen 
building  at  the  Clinton  Prison  here.  One 
refrigerating  machine,  brim  coils,  etc.  will 
lie  installed  in  same. 

N.  Y.,  Iroqiioi.s — W.  S.  Ijawton,  Pros,  of 
the  Bd.  of  Mgrs.,  will  soon  nwanl  the  con- 
tract for  additions  and  equipment  for  the 
water  supply  system  imluding  a  deep  well 
and  pumping  ap\)aratus  consisting  of  a  new 
motor,  well  cylinder  aiul  well  pipe,  10  hp. 
motor  at   the   Thomas   Indian   School,    here. 

S".  Y..  Lockport — The  l.ockport  Boiler  & 
Welding  Works.  2:!7  Market  St.,  is  in  the 
market  for  one  :!0  hp.  vertical  or  locomotive 
t.vpe   boiler. 

N.  Y..  Srlienerta<l.v — T).  .T.  P.ondy,  82  Wall 
St.,  Xew  York  City,  plans  to  build  2  thea- 
tres including  a  steam  heating  svstem. 
About  fSOn.OOO.  DeRosa  &  Pereira,  110 
West  4nth  St..  New  York  City,  .\rchts.  and 
Engrs. 

■v.  .T.,  Cape  May. — The  Bureau  of  Yards 
S:  Docks,  Navy  Depi  ,  Wash..  D.  ('..  re- 
ceived bids  for  rep.iiring  the  power  house 
rtiuipment  at  the  T'nited  States  Naval  Sec- 
lion  Base,  here,  from  the  P.'.  R.  Eng.  Co.. 
32  T-eight  St.,  New  York  City,  $5,482  ; 
rieorgf  S.  Curtis,  $:!.552  :  Frank  ,T.  Eisinger, 
111   Tlh   Ave.,  Brooklvii.   $4.2X1. 


X.  .J.,  Trenton — The  City  Comn.  will  re- 
ceive bids  until  July  23  for  a  10.000,000 
gal.  triple  expansion  vertical  type.  E.  P. 
AUis  steam  i)ump.     J.  R.  Fell,   Engr. 

N.  J.,  Trenton — The  State  received  only 
bid  for  the  installation  of  a  heating  system 
in  the  proposed  4  storv.  50  x  300  ft.  capitol 
liuilding  on  West  State  St..  from  W.  G. 
Royer.    167    Rosemont   Ave.,    $17,406. 

I';i..  Rlairsville — The  Western  State  Hos- 
pital for  the  Insane  plans  to  build  a  power 
house,  ward  buildings,  etc..  in  connection 
with  the  Farm  I'olonv  1  at  Torrance  near 
here. 

Pa.,  f'liarleroi — The  First  Natl  Bank  of 
Charleroi  is  having  plans  prepared  for  al- 
tering the  pnsent  bank  building  including 
a  steam  heating  system.  .\l)OUt  $."iOii.iliiO. 
W.  L.  Stoddart.  9  East  40th  St..  New  York 
City,  Archt.   and   Engr. 

Pa.,  Elmlinrst  —  The  St.  .Vicholas  Creek 
Catholic  CInircli  of  .\merica  plans  to  build 
a  3  story,  ion  x  250  ft.  orphanage,  including 
a  steam  heating  system,  on  I'lmhurst  .\\e. 
About   $300,000. 

Pa..  Erie — The  Second  Natl.  Bank.  8th 
and  State  Sts..  will  soon  award  the  con- 
tract for  a  1  story.  60  .x  130  ft.  bank  in- 
cluding a  steam  heating  system  on  9th  St. 
About  $400,000.  W.  L.  Stoddart,  9  East 
40th   St.,   New   York   City,   Engr. 

Ph..  Pliiladi'lphia.  —  The  Stanley  Co.  of 
.\merica,  1211  Market  St.,  is  having  plans 
preiiared  for  a  16  story  theatre  including  a 
steam  heating  svstem  on  Market  and  11th 
Sts.  .\bout  SI. (100. 000.  Hoffman  &  Henon. 
Finanee   Bldg.,   .\rchts. 

Pa..  St.  :Marys  —  F.  Arthur  Rianhart, 
.\rcht..  Masonic  Temple,  Williamsport,  will 
receive  bids  until  Jul^'  26  for  converting 
monastorv  into  a  hospital  and  building  a 
power  house  for  the  Andrew  Kaul  Jlemo- 
rial  Hospital  here.  Separate  bids  for  beat- 
ing, electrical  and  plumbing  work  will  be 
received.  About  $100,000.  Sedgwick  Kist- 
ler,  Pres. 

Pa.,  TTniontown  —  .\Ihert  Kahn.  Archt.. 
Marquette  Bldg..  Detroit,  will  soon  award 
the  contract  for  a  9  story,  38  x  56  ft. 
mercantile  '  nilding  inchuling  a  steam  boiler. 


etc..    for   Iieating   system,    on    Gallatin    .^ve. 
and   Jlain  St.,  for  the  Aaron  Furniture  Co. 

:M<1.,  ICaltiniure — The  city  is  having  ]>!ans 
prepared  for  a  3  story.  100  x  500  ft.  high 
school  including  a  steam  heating  system  on 
I'oplar  Grove  St.  About  $600,000.  Edward 
H.   Glidden,   Anier.    Bldg.,    Archt. 

Md..  Baltimore — Samuel  T.  Williams.  223 
North  Calvert  St.,  is  in  the  market  for 
a  duidex,  compound,  belt-drixen  air  com- 
pressor, 270  to  4011  cu.ft.  of  free  air  per- 
mitted  to   100   11).  pressure    (used). 

.S.  C,  Paris  Island — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash..  D.  C,  received 
bids  for  improvements  to  power  jilant  at  the 
Marine  Barracks  here  from  Noland  Clifford, 
330  28th  St.,  Newi)ort  News,  Va  ,  (1)  work 
complete,  $149,452,  (2)  deduct  $2,000.  (3) 
$5,000.     Noted  June  15. 

Flu.,  •laoksonville  —  The  city  is  having 
idans  i)repared  for  remodeling  the  Home 
for  the  Aged  and  installing  laundry  equip- 
ment, heating  system,  etc.,  in  same.  About 
$50.0110.  J.  H.  Lynch  &  Son.  Dolph  Bldg., 
Arclits.  and   Engrs. 

O.,  Akron — The  Akron  Prospect  Co,  plans 
to  construct  a  hotel  and  theatre  building. 
including  a  steam  heating  system.  About 
$1,250,000.  .Tohn  Eberson.  64  Ea.st  Van 
Buren   St.,   Chicago,    .\rcht. 

O.,  Canton — The  Bd.  Educ.  plans  to  build 
a  2  story  grade  school,  including  a  steam 
heating  system.  About  $250,000.  C.  Lane, 
Clk.  Thayer  &  Johnson.  5716  Euclid  .\ve., 
Cleveland,    .\rchts. 

O.,  Enolid  —  The  Sisters  of  the  Good 
Shepherd,  East  30th  St.  and  Carnegie  Ave., 
Cleveland,  has  purchased  a  site  at  Stop 
lOJ  Euclid  .\ve.,  and  i)lans  to  build  a  3 
stor.v  convent  and  school  including  a  steam 
heating  system  on  same.  .-Vbout  $300,000. 
.\ddress   Mother    Berdanars. 

O..  Cleveland — The  Bd.  Educ.  East  6th 
St.  and  Rockwell  .\ve  .  plans  to  construct  a 
1  stor.v  school  on  Howard  and  East  146tb 
St..  a  3  story  school  on  Parkview  and  Mt. 
.\uburn  Sts.  and  a  1  storv  school  on  East 
Woodland  and  East  128tb  St.  Steam  heat, 
ing  systems  will  be  inslMled  ui  same,  .\bout 
$2,750,000.     W.  R.  McCormack,  Archt. 
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»..  ClrvrlntKl — Tlio  n<l.  K<Uic..  Knflt  Ctli 
St.  and  Itcifkwi'll  Ave,  pliiim  (n  l>ulltl  :i  :! 
•tory  8CI1U0I  on  Hiuit  17f>lli  St.  lu-iir  St. 
Cliilr  Aviv  lUKl  oMf  on  IOiihI  H.MIi  St  linil 
CitHlullii    .\vi'.      SIfiini    licatiiiK    nyHlcniH    will 

111'   ImhImII.i1   ill   Huimv      .Mioiit    $7riii,iM luh. 

W.    K.    .Mif..rmai'k.    Arrlil. 

(»..  (  Irtrliiiiil — Till'  r.il  I'aIuc.  ICuflt  titli 
St.  unil  llockWi-11  A\.-.  i>lanH  to  luillil  a  ;; 
stury  Jiliiioi'  hlKh  si'li»ti|  :il  Wiuidlainl  liillH 
I'ark.  liaal  UlUli  SI.  iinil  ("orlrtt  Ave, 
llolinrs  Aviv  anil  mi  llyilo  Avr.  ami  Weal 
llth  St.  Slfaiu  hcallnK  MyMlrni.s  will  bo 
installed  In  .saiii.v  About  |-.'.(MHi,0(i(t  each. 
\V.  R.   McCorniaok,   Aroht. 

O.,  ri.«\pl«ml— Th.'  Hd.  Kduc,  Rasl  Btli 
St.  and  Uockw.dl  Avo.,  ivc.iv.-d  bids  for  tin? 
Iiistallatiuii  ol'  a  steam  lii-utlnK  aystom  In 
the  pnipo.s.'il  1  story.  211;  x  111-'  ft.  school 
on  Kast  flL'nd  St.  and  Parknate  Av>-.,  from 
J.  Roomer  UeutinK  Co.,  Mast  :;;ind  St., 
$163,127.      Noted    May    18. 

O.,  Clfxeliiml— The  Rd.  Educ,  Kast  Cth 
St.  and  Rockwell  .\ve..  plans  to  construct  a 
1  storv  school  includinn  a  steam  h.^atins 
system  on  Sandusky  Ave.  AV>out  $l.l>li(i.- 
000.  F.  O.  lIoKan,  Dlr..  W.  R.  McCormack, 
Archt. 

O.,  Cleveliiiid — The  Bd.  Kduc,  East  6th 
St.  and  Rockwell  Ave.  plans  to  construct 
a  1  storv  school  includinK  a  steam  hcatinjj 
system  on  Kakc  Ave.  About  $.->OO.Oon.  1-. 
G.   Hogan.    Dir.,    W.    R.    McCormack,    Archt. 

O,.  Cleveliind — R.  Lodernian,  107(19  Pasa- 
ilena  Ave,  is  havinp  plans  prepared  for  a 
6  storv,  60  .\  200  ft.  hotel  includiiif,'  a  steam 
heatinV  svstoni  on  Kast  loStli  St.  and  Eu- 
clid Ave"  About  $500,000.  M.  Weiss.  618 
Union    RldR.,    Archt. 

liid,,  WVst  Hammond  —  R.  C.  Pierce, 
Archt.,  10  South  1-a  Salle  St..  Chicago,  will 
soon  award  the  contract  for  a  1  story.  210 
X  .'>60  ft.  steel  plant  including:  a  steam 
heating  svstem.  for  the  I^a  Salle  Iron 
Works.    2^05   South    Halsted   St.,   Chicago. 

Mirh..  Bav  City — The  AVildnian  Rubber 
Co.  is  having  plans  pieiiared  for  a  1  and 
3  story  rubber  manufacturing  iilant  includ- 
ing a  steam  heating  system,  .\bout  $2.o00.- 
000.  W.  W.  Wildman.  Brook  Bldg..  De- 
troit, Pres.  Osborn  Eng.  Co..  2848  Prospect 
Ave.,   Cleveland,   O.,    Archt.   and    Engr. 

Midi.,  I>etroit — The  Standard  Reamer  & 
Tool  Co.,  I^lmwood  Ave.  and  Hendric  St., 
will  soon  award  the  contract  "for  a  1  story, 
50  X  100  ft.  tool  factory  including  a  steam 
heating  svstem  and  motors  for  power  on 
Elmw-ood  "Ave.  About  $15,000.  Pollmar  & 
Roper,    45    State    St..    Archts. 

Mich,.  Sasiiiaw — The  Second  Xatl.  Bank. 
110  North  Washington  St..  had  plans  pre- 
pared for  a  16  story.  120  x  120  ft.  bank 
and  ofhce  building  including  a  steam  heat- 
ing svstem.  About  $2,250,000.  Weary  & 
Alford.  1732  South  Michigan  Ave..  Chicago, 
Archts. 

ni..  Chicago — The  Standard  Oil  Co.  of 
Indiana,  910  South  Michigan  .\ve..  had 
plans  prepared  for  a  9  story,  i:':!  x  238  ft. 
addition  to  office  building  including  a  steam 
heating  svstem.  About  $1,250,000.  Mar- 
shall &  Fox.  721  North  Michigan  Ave. 
Archts. 

HI..  Chicaso — John  P.  Taike  Co.,  7.59 
South  Washtenaw  Ave,  is  having  plans 
prepared  for  a  2  story.  112  x  120  ft.  office 
building  and  garage  including  a  steam  heat- 
ing svstem  on  Washtenaw  Ave.  and  Polk 
St.  About  $600,000.  Graham.  Anderson, 
Probst  &  White,  1417  Ry.  Exch.  Bldg.. 
Archts. 

HI.,  Evanston  —  The  Glenview  Golf  Club 
is  having  preliminary  plans  prepared  for  a 
IJ  storv  clubhouse  including  a  steam  heat- 
ing svstem.  About  $200,000.  Holabird  & 
Roche.  104  South  Michigan  Ave.  Chicago, 
Archts. 

Wis.,  Appleton — St.  Elizabeth  Hospital  is 
having  plans  prepared  for  a  4  story  hos- 
pital including  a  steam  heating  system. 
About  $500,000.  V.  .7.  Klutho.  Syndicate 
Trust  Bldg.,   St.   Louis,   Mo..   Archt. 

Wis.,  Iron  River — T.  H.  Okerstrom.  Port 
"Wing,  is  having  preliminary  plans  prejiared 
for  a  dam  and  power  plant  here.  J.  C. 
,Iacobson.  533  Metropolitan  Bank  Bldg., 
Minneapolis,   Minn.,   Ehigr. 

Wis.,  Two  Rivers — ^The  Dd.  Educ.  will 
receive  bids  about  Aug.  15  for  a  3  story. 
144  X  198  ft.  high  school,  including  a  steam 
or  vapor  heating  system  or  both.  About 
$400,000.  John  Chubb,  Dearborn  St.,  Chi- 
C3S0,  Archt. 
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MIriii.,  ripfklonr — S.  W.  Funk,  l.'lerlc,  will 
I'dCulve  hIdH  mil II  July  15  for  a  wulerwurkH 
ByBteni  indudliiK  a  wiiler  lower.  I.IO.OOO 
Kill.  tank,  a  .Mio.diiii  khI,  ciiiiiiclty  reMirvolr 
and    a    puiii|i|ng    pliinl   for   llie   city.      About 

$.550.1 I.     ]'     Woirr.    II iiiardUin    I.lfe 

Kldg.,   St.    I'iiiil.    ICiigr. 

.Mo,.  St.  I'liiil-  J  ,\.  W.-tmorc.  SupervlH- 
liig  Archt..  Treasury  Kept.,  WiiHli..  I>. 
t'..  will  receive  bids  iiiilil  .liily  16  for  re- 
pairing the  boiler  plani  at  the  Ihilted 
States    Marine    lloHi>ilal    here. 

Trx..  HreekriirhlKi-—  The  fliiaranly  .State 
Rank  IH  having  idaiis  jiiipared  (or  a  5  or 
7  story,  loii  x  150  ft.  bank  including  a 
steam  heating  aystoni  on  Walker  St.  About 
$250,000. 

Tex.,  DalliiH — The  Dallas  Brass  Mfg.  Co., 
1101    Ross    Ave.,    la    in    the    market    for   one 

5  hp.,   220   volt.  a.c.   motor,   etc.    (used). 

Tex.,  Port  .\r(liiir — J.  A.  Wetmori'.  Su- 
pervising Archt.,  Treasury  Dept.,  Wash., 
I).  ('.,  received  only  bid  for  installing  a 
boiler  from  William  Williy.  .Selm.i,  Ala., 
$2,595. 

WuhIi.,  PuKet  .Sound  —  The  Bure.-iu  of 
Yards  &  Docks.  Navy  Dept..  Wash.  I).  C. 
received  bids  for  the  Inslallation  or  auxil- 
iary eciuipinent  and  piping  for  the  air  com- 
I)res»or.  from  the  Carroll  Kleclric  Co..  714 
12th  St.,  Wash..  D.  C.  $49,800;  Charles  C. 
Moore  &  Co..  Sheldon  ISUIg..  San  Francisco, 
Cal.,    $59,861.      Noted    June    1. 

due.,  Sliawinifcun  FbIIh — The  Shawinigan 
Water  &  Power  Co.  plans  to  issue  $4,000,- 
0110  bonds  to  be  used  for  exi>ansioii  and  im- 
provements, including  the  construction  of  a 
second  transmission  line  from  here  to  Mont- 
real and  the  installation  of  a  new  50,000 
hp.  unit  at  the  local  plant. 

Ont.,  Alexander — The  town  i)lans  to  in- 
stall a  local  electrically  ilriven  pumping 
plant.  The  Hydro  Electric  Power  Comn. 
of  Ontario  will  furnish  the  energy.  Major 
Palmer,    Mgr. 

Out.,  Kin^Hton — The  Dominion  Govern- 
ment has  voted  $265,000  bonds  to  construct 
a  3  story  addition  including  a  steam  heat- 
ing system,  to  the  Royal  Military  College 
here. 

Ont..  Kitchener — The  Lasky  Film  Corp., 
King  St.,  plans  to  build  a  1  story  motion 
picture  theatre  including  a  vacuum  steam 
heating  and  mechanical  ventilating  system, 
etc.      About    $350,000. 

Ont.,  Toronto — The  Ontario  Hydro  Klec- 
tric  Power  Comn.  plans  to  purchase  the 
Niagara.  St.  Catharine  and  Toronto  Ry., 
the  Toronto  Suburban  Ry.  and  the  East- 
em  Ry.  and  to  make  extension  to  the  prop- 
erties. 

CONTR.4CTS   AWARDED 

N.  Y.,  Brooklyn  —  The  Bd.  Educ,  500 
Park  Ave..  New  York  City,  has  awarded 
the  contract  for  a  school  on  River  Blvd. 
and  86tli  St..  including  a  steam  heating  sys- 
tem, to  James  McArthur  &  Co.,  22  Ormond 
PI,     About  $650,000. 

N.  Y.,  Jamestown — The  City  has  awarded 
the  contract  for  furnishing  and  installing 
a  heating  plant  in  the  Jones  General  Hos- 
pital here,  to  the  Warren  Constr.  Co.,  at 
$15,800.      Noted  April  27. 

N.  Y..  New  York — The  ITd.  of  Estimate, 
Municipal  Bldg..  has  awarded  the  contract 
for  a  court  house  including  a  steam  heat- 
ing system  on  Center.  Worth,  Baxter  and 
Pearl  Sts..  to  Rodgers  &  Hagerty.  Inc.  103 
East  125th   St.,   at   $2.ooo.niiO. 

X.  Y.,  New  York — The  Federal  Reserve 
Bank,  15  Nassau  St.,  has  awarded  the  con- 
tract for  a  63  X  72  ft.  storage  building  in- 
cluding a  steam  heating  system,  on  Maiden 
Lane  and  Gold  St..  to  M.  Eidlitz.  30  East 
42nd   St.,    at    $350,000. 

>'.  Y..  Clean — The  Bd.  Educ,  Union  Free 
School  Dist.  1.  has  awarded  the  contract  for 
installing  a  heating  system  in  the  schocV 
buildings  Nos.  1,  2.  3.  4  and  7,  to  the  Power 
Efficiency  Corps,  WTiite  Bldg.,  Buffalo,  at 
$148,201.     Noted  June  15. 

N.   J.,   Lakehurst — The    Bureau   of   Yards 

6  Docks.  Navy  Dept.,  Wash.,  D.  C,  has 
awarded  the  contract  for  a  power  house 
building  and  quarters  shop  at  the  Naval 
Air  Station  here,  to  the  Hughes  Foulkrod 
Co.  Commonwealth  Trust  Bldg..  Philadel- 
phia. Pa.,  at   $477,000.     Noted  March   30. 

N.  J..  I,akelinrst — The  Bureau  of  Yards 
&  Docks.  Navv  Dept.,  Wash.,  D.  C,  has 
awarded  the  contract  for  Installing  power 
plant   equipment    at   the   Naval    Air    Station 
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heie,    to   thfi   Lord   Rleotrlc   Co..    lor.    We 
40lh     St..     New      York     City,     at     f  .19 1.201 
.Voted   June   M. 

N.  J.,  MorrUlown— The  Manhattan  Uub 
Ix-r  Co..  Wlllett  St.,  I'MHsale,  liaH  iiward« 
Ihe  I'oiilract  for  a  plant  Including  a  Hteaj 
heiitliiK  MyMteiii.  to  .Sloiie  &  WebMter,  If 
IS'way,   .New   York  City,  at   $1,000,000, 

I'M..    lliirrlKliiirc — Tin-   .State   liaH  uwardc 
Ihe    colli  lael     for    a    3    Miory.     100    x    500 
otIUte     biilliiliik'     Including    a     Hteam    heatin 
HyHleiii,    10    S.    W.    Shoemaker,    1545    .Nor 
Ulh    SI.,   at   $684,000. 

O.,  (  leveluntl  —  The  Cleveland  Elecll* 
llluiiiin.'illiig  Co..  75  Public  .Sq..  ban  awardd 
the  eoiitracl  for  a  1  story.  45  x  70  ft.  i>ow| 
house  adilition  on  West  65th  St.  :ind  Mad 
son  .\ve.,  to  V.  I t;iuseliiian,  408  Illumlna 
Ing    lUilg.,  at  $75,000. 

O.,  Clevrlund — I.  .Margolin.  10527  ChurcB 
ill   Ave.,    will   build   an    H   ulory,    45   x   220 
hotel,    including  a   steam   heating  Hystem  _ 
the    East     lilvd.       About    $1,500,000.       W«j 
will    be   done    by   <lay    labor. 

O..  i;u»t  <le\eland  (Cleveland  P.  O  )- 
The  .N.itl.  Lamp  Co..  NeUi  Park,  h^ 
.iwarded  thi-  contract  for  a  1  story.  48 
86  ft.  heating  plant  at  .Vela  Park,  to  iH 
Heller  Bros..  East  152nd  SI.  and  St.  Cla| 
.\ve.,   Cleveland.      About    $75,000. 

Win,,  .Manllowot — George  Bros.  Co.,  91 
Siiiilh  81  li  St.,  has  awarded  the  coi. tract  ffl 
a  1  story.  115  x  130  ft.  theatre  includin 
a  steam  healing  system  on  58th  St..  to  th 
Hadger  State  Constr.  Co.,  c,  o  A.  V.  LIJ 
1415    Washington    St.      About    $300,000. 

WiH.,  WauwatoHa  —  The  Milwaukee 
Bd.  of  .Vdministralors  has  awarded  the  coll 
tract  for  intercepting  sewers  and  for 
main,  to  lirogan  &  Burns.  700  Donsma 
St..  Green  Bay.  at  $13,989,  and  for  pump 
ing  station  to  Brill  &  Tanghe,  86  Mlchiga 
St.,    .Milwaukee,    at    $1,790.      Noted   June    1| 

Minn,.  .MiniieapoliK— The  Bd.  Educ  ha 
awarded  the  contract  for  installing  a  Steaij 
heating  system  in  the  proposed  2  stor 
75  X  220  ft.  Miles  Standish  School  on  2: 
Ave.,  South,  to  H.  Kelley  &  Co.,  925  Plj 
mouth  Bldg.,  $3o,l;i5  ;  and  in  the  Minnd 
haha  School  on  31st  St.  and  29th  Ave.,  froi 
Bjorkman  Bros.,  712  South  10th  St.,  $29] 
025.      -Noted   .\pril   13   and   March   30. 

Mo.,  St.  LouiH — The  Blanton  Oleomargad 
ine  Co..  1st  and  Spruce  Sts.,  hits  award^ 
the  contract  for  a  5  story,  72  x  151  f| 
power  plant  and  industrial  building,  to  th 
Kellerman  Constr.  Co.,  International  lyil 
Bldg.,  at  $300,000. 

.Mo.,    St.    I.ouiK — The    Bd.    Educ.    911 
oust  St.,   has   awarded   the  contract  for  a 
story,   132  x   175   ft.   school,   including  a  lo^ 
I>ressure  steam  heating  systtiii  at  226  SoutI 
Euclid    Ave.    to   the   Kellerman     'onstr.    Co.J 
International  Life   Bldg.,   at   $312,000. 

Tex.,     Dallas  —  The      Rreckenridge     Cit 
Waterworks   Co.    has   awarded    the    contra<j 
for   installing   a    distributing   system,    pur 
equi!)ment,    stand    pipe.    etc.    in    connectio 
with    the    proposed    dam    acro.ss    the    CleaJ 
Fork    of    the    Brazoo    River,    to    John    VT 
Moore,   Breckenridge.  at   $350,000 

f'al..  Colton — The  Pacific  Fruit  Express 
Co..  65  Market  St.,  San  Francisco,  has 
awarded  the  contract  for  ice  plant  equip- 
ment including  steel  tanks,  coils,  air  blow- 
ers, motors,  etc..  to  C.  M.  Gay  &  Son,  265o 
Santa   Fe  Ave.,    Los  Angeles,   at    $42,056. 

Cal..  Los  Angeles — The  Pacific  Fruit  Ex- 
press Co.,  65  Market  St..  San  Francisco,  has 
awarded  the  contract  for  ice  plant,  equip- 
ment here,  including  steel  tanks,  coils,  mo- 
tors, etc.,  to  C.  M.  Gay  &  Son.  2650  Santa 
Fe  Ave,  at  $30,300. 

Cal.,  Los  .\neeles — The  Robertson  Cole 
Studios.  Inc.  Currier  Bldg.,  has  awarded 
the  contract  for  a  moving  picture  studio  in- 
cluding a  power  plant,  on  Gower  St.  and 
Melrose  Ave.  to  the  Milwaukee  Bldg.  Co.. 
403  South  Hill  St..  Los  Angeles.  About 
$100,000. 

Cal.,  Roseville  —  The  Pacific  Fruit  Ex- 
press Co.,  65  Market  St.,  San  Francisco, 
ha-s  awarded  the  contract  for  ice  plant 
equipment  here  including  steel  tanks,  air 
blowers  coils,  motors,  etc.,  to  C.  M.  Gay  & 
Son.  2650  Santa  Fe  Ave..  Los  Angeles,  at 
$35,173. 

Ont..  Leamington  —  The  Bd.  Educ.  has 
a-warded  the  general  contract  for  a  2  story 
school,  to  John  Burroughs,  Windsor,  at 
$88,290.  A  steam  heating  system  with  elec- 
trical motor  and  blower  for  mechanical 
ventilation  will  be  installed  in  the  same, 
cost.  $17,224. 


July  6,  1920 
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Electrical  prices  on  foriowingr  pa^ei  are  prices 
^lississippf.      Klsewliere  the  prices  will  In 


to  the  powev  plant  Its  jobbers  In  the  larser  buying  centers  east  of  the 
niciilificil  bv    Increiised    freiRlit    cliarBes    anil    by    local    cf>ii(Iition><. 


POWER-PLANT  SUPPLIES 


HOSE  - 

Fire  50-Ft.  Lenbtlis 

Underwriters    2|-in 85c.  per  ft. 

Common,  2i-in 30% 

^  Air 

First  Grade        Second  Grade       Third  Grade 

J-in.perft $0  60  $0  40  $0  30 

Steam — Discounts  from  List 
First  grade Vf^'j  Second  grade 30*^0 Tliird  gratlc 45"^ 

RUBBER    BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting: 
Competition 50'r  Best  grade      .  20c-j, 

Standard  30-f0% 

LEATHER    BELTING— Present  discounts  from  list  in  fair  quantities  (]  doz. 
mils) : 


Ijglit  Grade 
30'c 


Medium    Grade 

25% 


Heavy  Grade 
20  n 


SFor  cut.  best  grade,  25%,  2nd  grade,  .SO":;, 
For  laces  in  sides,  best,  79c  pcrsq.  ft  ;  2nd,  75c. 
Semi-tanned:  cut,  20%;  sides,  63c  per  sq.ft. 

PACKING — Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $1 .  00 


Asbestos  for  high-pressure  steam 

Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compre<ised  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion 

Rubber  sheet,  duck  insertion 

Rubber  sheet,  cloth  insertion 

Aebestos  packing,  twisted  or  braided  and  graphited,  for' valve  stems  and 

■tufling  boxes  

Asbestos  wick,  j-  and  l-lb    balls      


I   70 

1.00 

I    20 

I    70 

90 

I   50 

50 

70 

.50 

.30 

1  30 

.85 


PIPE    AND    BOILER   COVERING — Below  are  part  of  standard  lists 
discounts. 


with 


PIPE  COVERING 

Standard  List 
Pipe  Size  Per  Lin. Ft. 
l-in.  $0.27 
2-in.  .  36 
6-in.  80 
4-in.  60 
3-in.  .  4S 
«-in.  1  10 
10-in.  1 .  30 
85%  magnesia  high  pressure 


-pressure  heating  and  return  lines 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

i-in.  $0.27 

1  -in.  .30 
If-in.  .  45 

2  -in.  .  60 
2i-in.                                   .  75 

3  -in.  .  90 
3J-in.                                  1 .  05 

List 

4-pIy 50%  off 

3-ply 52%  off 

2-ply 54%  off 


CREASES — Prices  are  as  follows  in  the  following  cities  in  cents   per   pound 
for  barrel  lots: 


Cup     

Fiber  or  sponge. 
Transmission.. . 

Axle 

Gear      

Car  journal 


Cin- 
cinnati 


6i 
I2(gal.) 


Chicago 
6.6 
8.6 
8.1 
4.8 
6.1 
4  7 


St. 
Louis 
8i@  91 
8;@  9J 
I2@14 
5-:@  6} 
6iO,  6i 
8^(5  95 


Bir- 
mingham 


f'OTTON    WASTE — The   following   i>rices   are   in    cents   per   pound: 

. Xcw  York  . 

r,iini.t  One  Year  Ago     Cleveland  Chica^'o 

\Miite 1100(</I5   50  13  00  16  00         llOOtoMOO 

folored  mixed.  7  00(.i  10  50     9  00tol2  00  12  00  9  50tol2CV 


WIPING  CLOTHS— Jol>l«r 
Cleveland 

■  price  per  1000  is  as 

olloi 

vs: 
13Jx  13i 
$55  00 
41   00 

131  V  20; 

J6'  on 

Chicago                   .... 

43   50 

— Chicago 

Current  One 


LINSEED  OIL—  These  prices  arc  per  gallon: 

■ New  York 

Current  One 

Year  Ago  VearAirr 

Raw  in  barrels  (5  bbl.  lots)       $1.63  SI. 90  Sr2.02  $2    10 

5-gal.cans 1.65'  2.03  2.27  2.30 

*To   this    oil   price  must  be  added  the  eost  of  the  cans  (returnable),  which  is 
t2.25  for  a  case  of  six. 

WHITE  AND  RED  LEAD— Base  price  per  pound: 
, Red- 


I  Year  Ago 


, White- 
Current  I 


Dry  In  Oil 

100-lb   kee 15  50  l7  00 

15-  and  SO-lb.  k«g«. . .    IS  75  17  25 

12Hb.  keg 16  00  17  50 

l-lb.  cans 18  50  20.00 

5-lb.  cans 20  50  22  00 


Dry 
13  00 
13  25 
li   50 

15  00 

16  00 


500  lb.  lots  less  10%  discount;    2000  lb.  lots  less    10-2^'; 


In  Oil 

14  50 
14.75 

15  DO 

16  50 

17  50 


Dry 

and 

In  Oil 

15    50 

15  75 

16  00 

15  00 

16  00 


Ago 


Dry 

and 
n    Oil 
13  00 
13  25 
13  50 

15  00 

16  on 


RIVET.S—  I  he  following  quotations  are  allowed  for  f:iir-sizcd  orders  from  warr- 
housi'; 

New  York       Cleveland        Chicago 

30%  30%  30% 

30%  30%  30% 

Boiler  rivets,  i.l,  1  in.  diameter  by  2  in.  to  Sin.  sell  as  follows  per  100  lb.: 

MewYork $6.00         Chicago $5.62         Pittsburgh $4  72 

Structual  rivets,   same  sizes: 
.\"ew  York $710        Chicago $5.72         Pittsburgh $4  82 


Steel  A  '"ifl  smaller. 
Tinned         


REFRACTORIES— Following  prices  are  f.  o.  b.  works, 

Bauxite  brick,  56%  alumina,  f.o.b.  Pittsburgh -M. 

Chrome  bri<k,  fob.  Chester.  Pa.,  earlots net  ton 

Chrome  briek,  9  in.  strs.  and  sizes,  f.o.b.  Baltimore. .  .  net  ton 
Fie  elay  brick,  l.st  quality,  9  in.  shapes,  f.o.b.  Pennsj'l- 

vania,  Ohio  and  Kentucky  works M. 

Fire  elay  brick,  1st  quality,  f.o.b.  St.  Louis M 

l'"irc  elay  brick,   1st  C)uality,  f.o.b.  New  Jersey M. 

lire  clay  brick,  2d  quality.  9  in.  shapes,  f.o.b.  Pennsyl- 
vania, Ohioand  Kentucky  works M. 

Magnesite  brick,  9in.  straights,  fob.  Baltimore net  ton 

Magnesito  brick,  9in.  sizes  and  shapes  larger  than  9  in. 

.Magnesite  brick,  fob.  Chester 

Silica  brick,  9  in.  and  9  in.  sizes,  f.o.b.  works,  Chicago 

district    M. 

.Silica  brick,f.o.b.  Biiniingham M 

Silica  brick,  f.o.b.  Mt.  Union,  Pa M . 


$145 
90-    100 
80-     90 

45-     53 
45-   . 
75-   ... 

40-    . 
90-——' 
Regular  extra.'? 
net  ton  90-    1 00 


55- 
51- 
50- 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


, New  York 

Current  One 

Year  Ago 
Best  grade. ...   90  00         87  00 
Commercial...    50  00         42  00 


•  Cleveland  - 
Current  One 

Year  Ago 
74   50  79  00 

2\   y.)  17.50 


-Chicago 

Current  Om 

Year   .\i;o 
60  00  75  00 

15  00  15  00 


SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 


Current 

New  York $20. 00 

Cleveland 20  00 

Chicago 21.00 

In  coils  an  advance  nf  50c.  nsiiallv  is  cl>ar>.'ed 

Domestic  iron  (Sw-edish  analysis)  is  selUng  at  12c.  per  lb. 

SHEETS — Quotations  are  in  cents  per  pound  in  various  cities  from  warehotise; 
also  the  base  quotations  fr<'ni  mill: 

New  York 

One 
Blue  .\nncaled         Pittsburgh  Current  Year  .Ago  Cleveland  Chicago 

7.12(5  8.00  4  57  7.55  7  02 

7.I7(a'8  05  4.62  7.65  7  07 

7.22(a8    10  4  67  7  70  7    12 

7.32@8  20  4.77  7  80  7  22 


Black 
\os.   18  and  20 
Xos.  22  and  24 

No.  26 

.\o.  28 

Cialvanized 
.\<>.   10 


Large 
Mill  Lots 
Pittsburgh 
3.55-6  00 
3.60-6  05 

3  65-6  10 
3.75-6.20 

4  15-6.30 
4  20-6  35 
4  25-6.40 
4  35-6   50 


One  Y'earAgo 
25.50-30  00 

20.00 
16  50 


8.50^9.50 
8  55(S9  55 

8  60(0  9  60 
8 .  70(<>  9  70 

9  75«i  II  00 
9  85("  II  00 
9.85(.i  II    10 

1 0  I  Ow  I  1    40 

10  25('i  II    55 

10  40(n  II    70 

10  70("  12.00 


4  57 

4.62 

4  67 
4.77 

5.30 
5.35 

5  40 
5   50 

5  50 
5  55 
5   50 

5  90 

6  05 
6  20 
6.50 


7.55 
7.65 
7  70 

7  80 

8  20 
8  25 
8  30 
8  40 

8  50 
8  60 

8  60 
8.90 

9  05 
9  20 
9   50 


7  80 
7.85 
7.90 
8.00 

8  15 
8  20 
8  35 

8  65 

9  05 
9  20 
9  50 


....    4  70-7   50 

4.80-7  60 

.\"().  14 4  80-7  60 

.Vos.  18  and  20 5    10-7  90 

Nos.  22  and  24 5   25-8  02 

No.  26 5  40-8  20 

No.  28 5.70-8  50 

*For  painted  Corrugated  sheets 
1 9  to  24  gages;  for  galvanized  corrugated  shcct.-i  add  15c.,  all  gages. 

STEEL  AND  IRON — The  following  discounts  are  to  jobbers  for  carload  lots  on 
the  Pittsburgh  basing  card,  diseountji  on  steel  pipe,  applying  as  from  January  14, 
1920,  and  on  iron  pipe  from  January  7,  1920; 


lid  30e  per  1000  lb.  for  5  to  28  gage;   25c.  f..r 


KVTT  WELD 


Inches  Black  Galv 

to  3 57  ("54       44(<i  415 


2  and  2; 
LAP  ■n'ELD 


Black  Galv. 

34i@24i       I8Sfe 
33i  I7i 


2 50'.("'47 

2J  to  6 53'.('i-50 

7  to  12 50U<i  47 

Band  14 41  (»  37i 

15 38  (»;35 


38(»  341 
4l(o  37i 
37("  33; 


2 285@205       145(<?   65 

25  to  6 30J@225        175(0,   9} 

7  to  12 275®  195       145®  6 


BUTT-WELD,  EXTRA  STRONG.  PLAIN  ENDS 


Jtol", 555®52 

2  to  3 565(5)53 


39} 

44®  405 


;  to  15 345®245        195®   9! 

2  and  25....      34i@24i        195®   95 


LAP  AVELD,  EXTRA  STRONG,  PL.\1N  ENDS 


2 48J(<i45 

2'.  to  4 51i(«  48 

4!  to  6 5ai(«,47 

7"to8 46Ua:.43 

9  to  12 4I'.(«;38 


37(5  33'. 
40(u  365 
39(5)355 
33®  295 
28(<t2A; 


2 295@2I5 

25  to  4 315@235 

45  to  6 305@225 

7  to  8 225®  14J 

9  to  12 175®   9J 


165®  8} 
195®  II'. 
185(5  10'. 
i05(a  2\ 
55®   55 


4'2 
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IIOILKR  THHI'.IK-   1  lir  ( 
Lurch 

I.»p  W>ldr<1  .SK-ol 

M  li.  4|  in 

i\  lo  )[  in , 


'  till'  i>rii 


I  (or  rnrliMiil  lot*,  f   n 
CliitrrnAl    Imti 


401  3J  l.>  4)  in IM 

301  3    to  Ij  in I 

24  21  to  2!  Ill +    I 

2    to  2'  III +16 

IS  to  I.  m +29 

Standard  Comnirrcinl  SrnnilcM — Cold  Druwn  or  Hut  Itollnl 

IVr  Not  Toll  Pit  N>t  Ton 

$127  Hill $207 

267  2  lo  2)  in 177 

257  2!  to  }J  in I(>7 

207  4  in  187 

41  to  S  in      207 

Tliwr  prirm  do  nal  n|i|ilv  lo  Hpisiut  ti|MH'ilii'ntiuiin  for  liu'omolivr  tulii-ii  nor  to 
ii|H'>'i:il  nprriliratiaiiH  for  tiil..-  lor  tin-  Niivy  DiMmrtin.nl,  «lir.|i  «lll  In- BiilijtTt  lo 
s|KM-i!il  ncgotiatioiiH. 


li  to  2  in \<>\ 


I  in.. 
liin. 
llin. 

I     in 


ELECTRICAL  SUPPLIES 


ARMORED  cable- 
Two  roM.I.  Tlir.-c(o.i.l. 
n.  &  S.  Site     TwoComl.             Tlirwroml.                I.ci.l  I  .•.ul 
M  It                       M  I't.                      \1  It                        M   It. 

No.  MroUiI $104  00  $1)8  00  $164  00  $210  00 

No.  1 2  solid 135  00  170  00  225  00  265.00 

No.  10  solid    185  00  2)5  00  275  00  325  00 

No.  8  stranded     .      285  00  375  00  520  00  500  00 

No.  6  strandcHl.         400  00  500  00  560.00  

From  tho  above  liulM  discounts  ari-; 

Less  than  roil  lots Not  T.int 

Coils  to  1.000  ft    lO', 

1.000  ft.  and  over 15% 

B.\TTERIF.S.  DRY-  liegular  No.  6  (iize  red  .seal.  (  oIiiinl)i;i,  or  I  Ovir-Uead.v: 

I'.a.h,  Not 

I.e.s.^  than  12 $0  45 

12  to  50   38 

50  to  125  (bbl.) 35 

125  (bbl.)  or  over 32 


CONDIITS.  F.LBOW.S  .XND COUPLINGS— The-. 

with  lOslay  discount  of  5  per  cent. 

, Conduit 

l)l.->.-k     Cal' 

Si/..-.  In       2,500  1..        2.: 
5.000  Lb= 
5  97  01 

:  128  48 

1  189.92 
II  256  96 
r.  307  24 

2  413  36 
25           653.57 

3  854  67 
3i        1.060  94 

B4  1,263.15 

Standard  lengths  risid.  1 0  f t . 
lengths  flexible.  I  to  2  in  .  50  ft 


.  :in-  f.  o.  b.  New  \  ork 

. Couplings.  

Hl.i.k       Galvamz.il 
2.500  to       2,500   to 
5.000  I.bs.  5,000  I.l..-. 


2  65 

8  10 

8  92 

7  42 

12  73 

14  38 

16  56 

17.50 

22  75 

23  89 

28.10 

29  52    , 

37  35 

39.36 

53.35 

56.23 

80.03 

112.46 

106.70 

140.58 

I,  ,  lOOft. 

.SLindanl 

CONDUIT  NGN-MEl  VLLIC.  LOOM— 


Size  I.  D.,  In. 


I'cct  per  Coil 

250 

250 

250 

200 

200 

150 

100 

100 
>.l\  l,-netli< 
1.1.1  l,-ng!li> 


I.i-t.  It. 
$0.03'. 
.06 
.09 
.12 
.15 
.18 
.25 


Coils 40^;   off 

T.CS3  coils,  25''c  off 


CUT-OUTS— KoUowiiig 


S.  P.  M.  I $0.11 

D.  P.  M.  I II 

T.  P.  M.  L 26 

D.  P.  .S.  B 19 

D.  P.  D.  B 37 


lift  prices  each  in  standard-package  iniantitie? 
CUT-OUTS,  PLUG 


T.  P.  toD.  P.  S.  B. 
T.  P.  to  1).  P.  T.  B. 

T.  P.  .'i.  B 

T.  P.  D.  B 


CUT-OUTS,  N.  E.  C.  FUSE 


D.  P.  M.  L 

T.  P.  M.  L 

n.  P.  S.  B 

T.  P.  S.  B 

D.  P.  D.  B 

T.  P.  D.  B 

T.  P.  toD.  P.  D.  B. 


0-30  .\rnp. 
$0.33 
.48 


31-60  Amp. 

$0.84 

1.20 

1.05 

1.80 

2  10 

3  60 
2.52 


60- 1 00  A  I. 

$1.68 

2.40 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  250  it  : 

No.  18  cotton  twisted $22.  ro 

No.  1 6  cotton  twisted 27   Cu 

No.  18  cotton  parallel 26   30 

No.  16  cotton  parallel '.  . .  34   50 

No.  18  cotton  reinforco<l  hea\'>' 34   CO 

No.  16  cotton  reinforced  heavy 42f0 

No.  18  cotton  reinforced  light 30  CO 

No.  1 6  cotton  reinforced  light 36   75 

No    1 8  cotton  Canvasite  cord .- 28   50 

No.  16  cotton  Canv..»site  cor.l    32   CO 

FUSES,  ENCLOSED- 

250-Volt                                              .Std.  I'kg  I.i~t 

3  amp.  to    30-amp 100  $0  25 

3)  amp.  to    60-amp 100  .35 

65amp.  to  100-amp 50  .90 

llOamp.  to  200-amp 25  2.00 

225rmp.  to  400-amp 25  3.60 

425  i  mp.  to  600-amp 10  5.50 


(•00- \  oil                                                 .^Id.  I'kc  l.ii 

3-:iiii|..  to     30-nfiip 100  $0.4 

IS-aiiip    lo     hO-iiMip 100  .( 

65-niiip.  lo  100  aiTip SO  I.) 

llOnii.p    lo  200uir.p 21  2.  J 

225-niiip.  to  400-aiiip 2J  J.J 

450-iinip.  lo  600-nMip 10  8  0 

Diwoiint:    l.iiui  l-5lli  nInndKnl  pnikiuip 30"J 

l-5lh  lo  ntniidurfl  packace 40';, 

Stalidar.l  iiackage               J2'i  

FUSE  PHI(;.S.  MICA  CAP—  ^H 

0   30  ampere.  Ktniiilard  packaice                   .                  t4.7J^| 

0    )0  ampere,  lens  than  xlaiidanl  pnckagc                                      6.00^ 


LAMPS 

—Below 

in 

pre-ient  o 

lotntinOH  in 

•iw  than 

standard  parka«  < 

luantitiea 

Slrnighl 
Mai 

. 

In 

H  — 

Maida  C— 

No.  in 

No.  in 

Walls 

PIlliM 

IriMled 

[*nekiigc 

Watts 

Clear 

Fronted 

Paclcaai 

10 

$0  40 

$0  45 

100 

75 

$0  75 

»?5<f 

50 

15 

40 

45 

100 

100 

1    10 

24 

25 

40 

45 

100 

150 

1    55 

1    70 

24 

40 

40 

45 

100 

200 

2.10 

2   30 

24 

50 

40 

45 

100 

300 

3    15 

3  40 

24 

60 

45 

.50 

100 

500 

750 

1,000 

4  60 

6  50 

7  50 

4  90 
6.90 
7.95 

Slandan 

'luantit 

i-s 

are  siibje* 

t  to  discount  of  10", 

from  list. 

.\iinua 

contract 

ranging  from  $150  t< 

1  $300,000 

net  allow  a  d 

ls,-,,:,„t  . 

f  I7IO40' 

;  from  list.               ■ 

PLUGS.  ATTACHMENT— 

Karl 

Hiibbell  porcelain  No.  5406.         .standard  pa.kage  250 $0. 

IhiMiell  composition  No    5467.    standunl  package     50 ". 

Hcuaniiii  swivel  No.  901.  standani  package  250 

Ilubbell  current  taps  No.  56)8,   standard  package     30      

RUBBER-COVERED  <:OPPER  WIRE- Per  1000  ft.  in  New  York. 


Solid 
o.  Single  Braid 

14 $12  00 

12 13.25 

10 18   30 

8 23   54 


Solid 
Double  Braid 
$16  00 
15  70 
21  00 
28  oO 


4. 
2. 
I. 

0. 

00. 

000. 

0000. . 


Stranded, 

Double  Braid 

$13  90 

18  05 

23  85 

32  70 

51  40 

70  00 

101  80 

131  86 

160  00 

193  50 

2)5  20 

286.60 


Prices  per  1000  ft.  for  Rubber-Covered  Wire  In  Following  Cities 


-\o.  Braid 

14 $12.23 

10 27.60 

8 38.64 

6 69.12 


Birniingliam 
Double 
Braid 


0... 

00... 

000. . . 

0000. . . 


107.42 
138.46 
178  52 
217  09 
26)  57 
320  44 
389. 17 


Sing! 

Uup 

lex 

Bra 

id 

$38  64 

$14 

85 

65 

57 

23 

45 

87 

33 

32 

10 

.    I.ouis 

ioublc 

Braid 


Duple 
$37.21 
57.2 


55.10 
73.75 
103.10 
133.30 
159.90 
189.20 
225.10 
269.30 


SOCKETS,  BRASS  SHELL— 

— ;  In.  or  Pendant  Cap ■  . ',   In.  Cap  

Kev  Keyless  Pull-  Key  Keyless  Pull 

i;aMi  Each  Kach  lOach  I'.ach  I.anh 

$0  33  $0  30  $0  60  $0.39  $0.36  $0.66 

Less  |-5tli  standani  package +50^ 

l-5th  1.)  standard  package +20^'„ 

Standard  package — 10% 

WIRE.  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.  A-  S.  recular  spools  Capprox.  8  lb  i 55c.  lb 

\"..,   18  n.  &  S.  rcgnlnr  1-lb.  coils 56e.  lb' 

WIRING  SUPPLIES— 

Uriction  tape.  ;  in.,  less  100  lb.  60c.  lb.,  100  lb.  lots 55c.  lb 

1!  libber  tape,  J  in..  less  100  lb.  65c.  lb.  100  1b.  lots 60c   lb 

Wire  solder.  les.s  100  lb.  30c.  lb..  lOO  lb.  lots 46e.  lb 

Soldering  paste.  2  oz.  cans  Nokorotle $1.20  doz 


SWITCHES,  KNIFE- 


30 
60 
100 

200 


TYTE  "C"  NOT  FUSIBLE 


60 
100 
200 


Single  Pole, 

Double  Pole, 

Three  Pole, 

Four  Pol 

Kaeh 

Each 

Each 

Each 

$0.42 

$0.68 

$1.02 

$1    36 

.74 

1.22 

1.84 

2.44 

1.50 

2  50 

3.76 

5.00 

2.70 

4.30 

6.76 

9.00 

TVPK  "C" 

FUSIBLE,  TOP  OR  BOTTOM 

.70 

1.06 

1   60 

2.12 

1.18 

1.80 

2.70 

3.60 

2.38 

3.66 

5.50 

7.30 

4.40 

6.76 

10.14 

13  50 

Discounts: 

Less  than  $10.00  list  value +25% 

$10  to  $25  list  value +10% 

$25  to  $50  list  value +5-c 

$30  t.<  $200  list  value ; — lO-; 

$200  list  value  or  over — 15'; 
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The  Executive 


By  Rufus  T.  Strohm 


I  met  Hoke  Higginson  last  week 
A-lookin'  mighty  slim  an'  sleek. 
Sez  I  to  him:     "Well,  I'll  allow 
You've  got  a  real  job  jus'  now." 
An'  Hoke  he  laffed  an'  winked  at  me; 
"I'm  an  executive,"  sez  he. 
"I  wish  that  you'd  explanify 
Jus'  what  you  mean  by  that,"  sez  I. 

Sez  Hoke:  "I'm  one  of  them  there  men 
That  git  to  work  at  nine  or  ten. 
When  every  common  office  clerk 
Has  done  about  a  half-day's  work. 
I  look  a  pile  of  letters  through 


An'  maybe  answer  one  or  two. 

An'  then  my  innards  git  a  hunch 

They're  due  for  somethin'  like  a  lunch; 

So  out  I  go  to  some  cafe 

An'  stow  a  good  square  meal  away." 

"I  saunter  in  again  at  three. 

To  see  if  there's  a  job  for  me 

Although  my  six  assistants  keep 

The  work  from  pilin'  in  a  heap. 

I  pause  to  tell  the  newest  joke. 

An'  then  I  have  a  little  smoke, 

For  though  there  are  'No  Smoking'  s'gns, 

No  true  executive  opines 

That  any  sign  could  possibly 

Be  meant  for  such  a  bird  as  he." 

"An'  while  I  smoke  I  sit  an'  scan 

The  details  of  a  little  plan 

That  I've  arranged  for  puttin'  through 

Some  work  that  I  don't  have  to  do. 

I  love  to  set  folks  on  the  run 

An'  have  'em  sweatin'  to  git  done 

A  nasty  bit  of  labor  such 

As  I  myself  'ud  hate  to  touch." 

"Then,  when  the  clock  is  strikin'  four, 
You'll  see  me  waitin'  at  the  door. 
While  Jackson  in  the  gas  coupe 
Chugs  up  to  carry  me  away. 
But  let  me  whisper  in  your  ear. 
If  things  don't  moderate  this  year 
An'  sort  of  ease  the  strain,  by  heck, 
I'm  gpnna  be  a  nervous  wrock!" 
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EFFECT   OF  LIQUID    IX 
Sl'CTION    GAS 


MITH  has  been  written  on  the  subject  of  the 
flooded  ."ystem  of  ammonia  evaporation  in  re- 
frijreratinp:  and  ice-making  plants.  This  article 
present."*  the  .salient  features  of  the  different  systems 
in  fonimon  u.se  in  the  United  States. 

The  objects  of  the  flooded  system  are:  (a)  To  sim- 
plify the  operation  of  a  plant  by  reducing  the  number 
of  valves  to  be  regulated;    (b)   to  increase  the  rate  of 

heat  transfer 
through  the  evapo- 
rating  surfaces; 
(c)  to  make  the 
plant  safer  from 
priming  accidents. 
In  the  older  refrig- 
erating and  ice- 
making  plants  the 
custom  was  to  use 
direct  expansion. 
Each  portion  of  the 
evaporating  or  low- 
pressure  side  was 
controlled  by  a  sep- 
arate regulating  or 
so-called  "expan- 
sion" valve.  The 
outlet  from  each 
section  or  coil  con- 
nected into  the  suc- 
tion line  leading  to  the  inlet  valves  of  the  compressor. 
Unless  the  regulating  (expansion)  valves  were  per- 
fectly set— and  this  was  generally  impossible — either 
too  much  or  too  little  liquid  ammonia  was  fed  to  the 
evaporator.  In  the  former  case  the  compressor  effi- 
ciency and  capacity  suffered,  as  is  evidenced  by  Fig.  1 ; 
if  too  little  liquid  was  fed  into  the  evaporator,  the  rate 
of  heat  transfer  and  capacity  of  the  low-pressure  side 
was  decreased. 

The  flooded  system  has  been  gradually  developed  in 
its  different  forms  to  obviate  the  defects  of  the  direct- 
expansion  system.  It  is  now  used  almost  exclusively  in 
medium-  and  large-sized  ice  plants  and  is  rapidly  being 
introduced  into  many  other  branches  of  the  refrigerat- 
ing industr}'.  The  use  of  direct  expansion  is  now  con- 
fined mainly  to  small  plants  and  to  the  room  coils  in 
cold-storage  establishments. 

The  term  "flooded"  is  used  to  designate  the  supposed 
condition  inside  of  the  evaporating  coils.  Popularly, 
these  coils  are  considered  to  be  full  of  liquid  ammonia. 
This  is  not  exactly  the  case,  for  there  is  some  vapor 
present  even  in  the  bottom  coils,  as  is  shown  in  Fig.  3, 
which  is  from  a  glass  model.  However,  the  proportion 
of  liquid  to  vapor  is  much  larger  in  the  flooded-  than  in 
the  direct-expansion  system.  This  causes  a  more  com- 
plete and  continuous  wetting  of  the  inner  surface  of  the 
evaporator,  which  in  turn  accounts  for  the  greater  rate 
of  heat  transfer  taking  place  in  the  flooded  than  in  the 
direct  expansion  system.  For  example,  tests  have  shown 
heat  transfer  through  li-in.  pipe  immersed  in  an  ice 
freezing  tank  of  22  B.t.u.  per  hr.  per  sq.ft.  per  deg.  F. 
temperature  difference  for  the  flooded  system,  while  15 
B.t.u.  would  be  a  good  figure  for  direct  expansion. 


The  development  of  the  flooded  .system  ha.s  followed 
four  general  lines,  as   illustrated  diagrammatically  inj 
Fig.  2. 

In  arrangement  No.  1,  the  warm  high -pres.su re  liquid  I 
ammonia  from  the  receiver  passes  directly  to  the  ex- 
pansion valve  .Y.  This  high-pre.ssure  liquid  ammonia 
is  then  "expanded"  (reduced  in  pre.ssure)  directly  into 
the  accumulator  f separator)  A  through  the  valve  X. 
The  gas  formed  by  the  pressure  reduction  (about  14 
per  cent  of  all  the  gas)  passes  directly  to  the  compressor. 
The  cold  liquid  formed  by  the  pressure  reduction  gravi- 
tates to  the  bottom  of  the  accumulator,  where  it  helps 
feed  the  coils  in  the  evaporator.  An  excess  of  liquid 
ammonia  circulates  in  the  accumulator  and  coils,  caus- 
ing the  evaporator  surface  to  be  "flooded."  The  vapor 
formed  by  the  evaporation  of  ammonia  in  the  coils  is 
separated  from  the  excess  liquid  in  the  accumulator  A. 
This  vapor  pa.s.ses  to  the  compressor  through  the  suction 
pipe  S,  while  the  excess  liquid  drops  to  the  bottom  of 
the  accumulator  and  joins  with  the  fresh  liquid  from  X. 

Arrangement  No.  2  is  similar  to  arrangement  No.  1 
except  that  a  liquid  cooler  LC  is  in.serted  in  the  body 
of  the  accumulator.  This  cooler  utilizes  the  cooling 
effect  of  the  vapor  in  the  accumulator  itself  to  reduce 
the  temperature  of  the  high-pressure  ammonia  liquid 
before  it  pa.s.ses  to  the  expansion  valve.  This  cooling 
is  dependent  on  the  amount  of  the  excess  ammonia  in 
circulation.  If  the  feed  is  not  regulated  properly  there 
is  danger  of  superheating  the  suction  gas  on  its  way  to 
the  compressor. 

Arrangement  No.  3  is  similar  to  arrangements  Nos. 
1  and  2.    The  liquid  is  fed  directly  into  the  coils  with- 


ARRANGEMENT    N9  1. 


ARRANGEMENT  NS  2  . 
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DIFFERENT    ARRAXGEMEXTS    OF    THE    FLOODEt 
SYSTEM    OF    FEEDING    COOLIXG    COILS 


out  cooling.  To  prevent  the  vapor  "flashing  back"  up 
into  the  accumulator,  use  is  made  of  a  check  valve  CY 
in  the  liquid  line  leading  from  the  bottom  of  the  ac- 
cumulator. The  excess  liquid  in  the  accumulator  can 
pass  dowTi  through  the  check  valve  into  the  coils  while 
circulation  in  the  opposite  direction  is  prevented.  This 
preventive  is  needed,  for  with  the  extra  vapor  (due  to 
this  arrangement)  passing  through  the  coils,  there  is 
danger  of  a  backing  up  of  liquid  into  the  accumulator. 
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Arrangement  No.  4  is  different  from  the  others;  it 
really  is  not  a  gravity  feed  system.  The  liquid  cooler 
LC  is  placed  in  the  separator  A  as  in  arrangement 
No.  2,  but  the  expansion  valve  X  feeds  directly  into  the 
coils,  which  are  fed  with  more  liquid  than  they  can 
evaporate.  The  excess  liquid  passes  through  the  coils 
and  collects  in  the  bottom  of  the  separator  A ;  there  it 
evaporates  and  cools  the  warm  high-pressure  liquid  in 
the  coil  of  the  liquid  cooler  LC.  There  is  danger  of 
superheating   the   suction   gas    with   this   arrangement 
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PIG.    3.      ACTION   OF   LIQUID   AND   VAPOR    IN   A    FLOODED 
COOLING   COIL 
From    a    paper    by    A.    Baer,    American    Society    Refrigerating 
Engineers,   1907. 

unless  more  liquid  is  fed  through  the  regulating  valve 
than  is  needed  in  the  evaporator. 

Arrangement  No.  4  has  special  application  in  the  main 
suction  line  of  complicated  direct-expansion  systems. 
Because  it  separates  and  makes  economical  use  of  the 
excess  and  otherwise  waste  liquid  coming  from  the 
evaporators  with  the  suction  vapor,  it  renders  unneces- 
sary the  exact  opening  of  the  regulating  (expansion) 
valves,  cools  the  high-pressure  liquid  before  it  passes 
to  the  regulating  valves,  increases  plant  capacity  and 
efficiency  and  protects  the  compressor  from  priming. 

All  these  layouts  have  the  same  elements  of  simplicity ; 
namely,  high  heat  transfer  and  safety.  The  first  three 
are  really  gravity  feed  systems.  Arrangements  Nos.  1 
and  2  are  superior  to  No.  3  in  that  the  coils  are  not 
burdened  with  the  useless  gas  formed  at  the  expansion 
valve.  All  of  the  first  three  get  the  benefit  of  the  extra 
velocity  in  the  coils  because  of  the  circulation  of  both 
fresh  and  excess  liquid.  Arrangement  No.  4  has  not  this 
benefit,  but  is  more  useful  than  the  others  in  special 
cases  of  complicated  direct-expansion  plants.  In  No.  1 
and  No.  3  the  disadvantage  of  superheating  the  suction 
gas  is  eliminated. 

Circumferential  Cracks  in  Crankshafts 

By  John  F.  Whitney 

In  a  certain  power  house  were  two  cross-compound 
engines  of  about  1,800-kw.  generator  capacity.  The 
crankshafts  of  these  engines  were  about  16  ft.  long 
over  all,  and  the  greatest  diameter  was  20  in.  at  the 
center,  where  the  16-ft.  flywheel  and  the  armature  were 
secured,  18  in.  at  the  part  where  the  eccentrics  were 
located  and  16  in.  diameter  at  the  crank  ends. 

An  insui'ance  inspector,  while  examining  the  crank- 
shaft of  No.  1  engine,  observed  what  appeared  to  be 


a  minute  wavy  line,  hardly  discernible,  with  small 
lateral  filaments  extending  outward  on  each  side.  He 
called  the  attention  of  the  chief  engineer  to  this  unusual 
defect,  and  a  magnifying  glass  showed  a  distinct  crack 
with  an  apparent  depth  of  tV  in.  It  was  decided  to 
request  the  superintendent  to  look  at  the  defect.  After 
considerable  argument  as  to  whether  the  defect  was  a 
crack,  it  was  decided  to  dismantle  a  small  lathe  used 
in  the  engine  room,  secure  the  bed  of  the  lathe  to  the 
engine  base,  and  take  a  thin  cut  about  three  inches  long. 

The  crack  was  on  the  high-pressure  side  of  the  shaft, 
and  close  to  the  fillet  on  the  part  of  the  shaft  that  was 
18  in.  in  diameter,  increasing  to  20  in.  diameter.  The 
edge  of  the  governor  wheel  extended  nearly  over  the 
ci-ack,  and  if  the  latter  was  found  not  to  extend  any 
deeper  into  the  shaft,  it  would  be  an  easy  matter  to  shim 
the  governor  pulley,  and  no  harm  would  be  done. 

This  test  method  was  carried  out,  and  further 
observation  showed  that  there  was  unmistakably  a 
serious  crack.  The  inspector  suspended  the  insurance 
policy  applying  to  this  particular  engine  and  demanded 
that  a  new  crankshaft  be  provided,  which  was  strenu- 
ously objected  to  by  the  owners.  The  chief  engineer 
refused  to  run  the  engine,  and  it  was  allowed  to  remain 
idle  for  about  a  month,  when  the  owners  decided  to  act 
upon  representations  from  a  welding  company  that  the 
shaft  could  be  welded.  The  welding  people  were  called 
in,  and  the  inspector  was  requested  to  advise  with 
them.  It  was  proposed  to  cut  a  slot  3  in.  long,  1  in. 
deep  and  1  in.  wide  on  opposite  sides  of  the  shaft  and 
to  fuse,  with  the  oxyacetylene  apparatus,  the  molten 
metal  into  the  crack,  fill  up  the  slots,  and  draw-file 
the    shaft. 

This  seemed  to  appeal  to  the  ovmers  as  an  easy  way 
out  of  the  difficulty  if  the  inspector  could  be  prevailed 
upon  to  recommend  a  reinstatement  of  the  insurance  on 
the  engine,  but  the  inspector  distinctly  disapproved  of 
this  method  of  repair  on  such  a  shaft  and  said  so. 
The  owner  would  not  put  in  a  new  shaft  and  decided  to 
go   ahead   with   the   welding   proposition. 

Although  the  engine  flywheel  weighed  about  twenty 
tons  and  the  spider  of  the  generator  probably  another 
ten  tons,  no  provision  was  made  to  support  this  weight 
during  the  welding  and  heating  operations.  Finally, 
when  the  work  was  completed,  the  crack  nicely  filed 
and  emery-papered,  the  engine  was  given  steam  and 
turned  over. 

The  crankshaft  was  out  of  true  i  in.,  causing  the 
flywheel  and  the  generator  spider  to  wobble  about  half 
an  inch  each  side  from  the  perpendicular.  Conditions 
were  worse  than  before,  and  there  was  no  definite 
assurance  that  the  weld  had  united  the  crack.  Finally, 
a  new  shaft  was  determined  upon,  and  after  it  was 
put  in  place  the  engine  was  pronounced  in  good  con- 
dition and  is  now  running  satisfactorily. 

The  old  shaft  was  sent  to  the  shop  of  the  engine 
builders,  where  it  was  proposed  to  cut  it  down  and  use 
it  for  a  smaller  engine.  The  inspector  happened  to 
visit  the  shop  while  the  old  shaft  was  in  the  lathe. 
The  deeper  the  cutting  tool  went  the  worse  the  crack 
showed  up,  and  the  shaft  was  condemned  and  was  ulti- 
mately returned  to  the  company  that  forged  it. 

When  the  interior  could  be  obsei-ved,  it  was  seen 
that  the  major  portion  of  the  center  of  the  shaft  had 
been  improperly  worked  in  the  puddling  and  hammer- 
forging  process  and  the  outlines  of  the  scrap  material 
of  which  the  shaft  was  composed  were  discernible. 
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The  Biisrli-Sulzei-  Two-Cvcle  Diesel  Eiiti^ine 


ALTHOUCJH  thp  Husc-h-Sulzer  Hros.-Diesel  EiiKine 
/^  Co.,  of  St.  Loiii.';,  Mo.,  i.s  the  oldest  de.sijifner  and 
X  jL  buildt'r  of  four-cycle  Diesel  eiiKine.s  in  this  coun- 
try, the  conipjiny  ha.s  rei-ently  hrouKht  out  two-cycle 
Diesel  eiiRiiies  for  large  .stationary  and  marine  work. 
The  company  will  continue  to  make  the  four-cycle  engines 
in  sizes  up  to  a  maximum  limit  of  150  b.hp.  per  cylinder. 
Above  this  they  will  manufacture  the  new  two-cycle 
engine,  which  has  a  number  of  interesting  features,  the 
most  prominent  being  the  system  of  scavenging  through 
double  ports  in  the  cylinder  wall,  and  a  cylinder  head 
of  simplicity  and  safety. 

The  engine  is  of  the  vertical,  four-  or  six-cylinder 
single-acting,  cross-head  type,  giving  one  power  stroke 
per  cylinder  per  revolution  of  the  crankshaft.  The 
injection-air  compressor  is  directly  driven  from  an 
extension  of  the  main  crankshaft,  and  the  scavenging 
air  pump  is  driven  in  the  same  manner.  The  entire 
unit  is  designed  for  heavy-duty  service  and  is  arranged 
for  direct  connection  or  transmission  as  required.  For 
the  same  speed  and  power  the  weight  is  about  30  per 
cent  less  than  that  of  the  four-cycle  engines. 

The  bedplate  is  built  up  of  sections,  with  transverse 
bridges  which  contain  bored  seats  for  the  main  bearing 


FIG.    1.      BrSCH-SULZER    TWO  CYCLE    DIESEL    ENGINE 

shells.  The  crankcase  is  oil  and  gas  tight,  and  of  the 
inclosed  type,  built  up  in  sections.  It  is  bolted  to  the 
top  of  the  bedplate  and  provided  with  large  removable 
covers.  Hinged  doors  in  these  covers  permit  inspection 
while  the  engine  is  running.  The  crankcase  carries  the 
crosshead  guides,  and  the  cylinder  jackets  are  bolted 
directly  to  its  top. 

Each  working  cylinder  consists  of  two  main  pieces, 


an  outer  jacket  carrying  all  axial  Htresses  and  a  liner 
which  constitutes  the  running  barrel.  The  lower  end  of 
the  outer  jacket  is  bolted  to  the  crankcase.  The  upper  | 
end  is  provided  with  studs  to  hold  the  cylinder  head. 
Both  the  jacket  and  the  liner  are  provided  with  ports 
for  the  admission  of  the  scavenging  air  and  the  dis- 
charge of  the  exhaust  gases.     The  upper  end  of  the 


FIG.  2.     CROSS-SECTIOX  OF  CYLINDER 

liner  seats  on  a  shoulder  in  the  jacket,  making  a  water- 
tight joint.  The  portion  of  the  liner  containing  the 
scavenging  and  exhaust  ports  is  turned  to  fit  a  bored 
seat  in  the  jacket,  and  is  provided  with  packing  rings 
to  make  watertight  and  gastight  joints  above  and  below 
the  ports.  The  lower  end  of  the  liner  carries  the  oil- 
wiper  rings  and  passes  through  the  bottom  flange  of  the 
cylinder  jacket,  where  a  stuffing  box  is  provided  to  make 
a  watertight  joint  between  the  outside  of  the  liner  and 
the  lower  end  of  the  cylinder  jacket.  The  entire  con- 
struction thus  allows  free  expansion  of  both  parts,  the 
space  between  the  liner  and  the  jacket  constituting  the 
water  jacket   for  cooling  the  cylinder. 

Reference  to  Fig.  2  will  show  that  the  cylinder  head 
is  of  simple  and  symmetrical  design,  the  head  contain- 
ing only  one  central  opening  of  relatively  small  diameter 
to  receive  the  combined  fuel  valve  and  starting  valve 
cage.  This  construction  was  designed  to  give  freedom 
from  casting  and  heat  stre.sses  and  great  resistance  to 
all  working  stresses  such  as  might  be  set  up  from  high 
temperatures  within  the  cylinder.  On  the  under  side 
the  head  is  concave,  forming  in  conjunction  with  the 
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concave  top  face  of  the  piston,  a  symmetrical  combus- 
tion space. 

The  scavenging  air  enters  and  the  exhaust  gases  are 
discharged  through  ports  in  the  cylinder  wall.     In  Fig. 


or  receiver  through  the  upper  ports  is  controlled  by  a 
timed  rotary  valve  driven  from  the  vertical  shaft  of 
the  engine.  This  rotary  valve  remains  closed  until  the 
exhaust    ports    have    been    uncovered    long    enough    to 


E  F 

ACTION'    IX    TWO-CTCLE    EXGIXE 


2  the  exhausr  ports  are  shown  at  the  left  of  the  draw- 
ing and  the  scavenging  ports  at  the  right.  On  the 
scavenging  side  of  the  cylinder  there  are  two  tiers  of 


reduce  the  pressure  of  the  gases  in  the  cylinder  to 
nearly  atmospheric.  At  this  point, the  valve  is  opened 
while  the  piston  uncovers  the  lower  scavenging  ports. 


FIG.    4.      PISTOX 


FIG.    3.      SCAVENGING   AIR   COMPRESSOR 


FIG.   6. 
.MR    COMPRESSOR 


ports.  The  piston  uncovers  the  upper  tier  of  scaveng- 
ing ports  before,  and  the  lower  tier  after,  it  uncovers 
the  exhaust  ports,  but  the  communication  between  the 
interior  of  the  cylinder  and  the  scavenging  air  supply 


In  this  way  a  thorough  purging  is  effected  with  com- 
plete safety  against  a  blow-back  into  the  scavenging 
receiver. 

Upon   its   return   stroke   the   piston   first   covers   the 
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lower  .sravpiiniiip  ports  and  thro  Ihr  oxhnn.sl  por's.  'Hir- 
upper  scnveripim:  ports  and  the  valve  remain  open, 
enahlinp  the  stavenjrinK  air  to  fill  the  cylincler  at  full 
.scavenpinK  pre.ssiire  before  the  communicatioM  is  shut 
off  by  the  piston.  This  desipn  provides  apainst  (he 
po.ssibility  of  a  blow-back  of  exhaust  pases  into  the 
cylinder  and,  it  is  claimed,  insures  a  dearinp  out  of 
such  thoroughness  that  substantially  no  burnt  pases 
remain  in  the  cylinder,  analyses  havinp  shown  that  the 
residue  does  not  exceed  ^  per  cent.  This  arranpement 
provides  a  simple  means  of  surcharpinp  the  cylinder. 
Surcharpinp  pives  considerably  more  power  capacity  to 
an  enpine  of  a  piven  size  and  is  especially  desirable 
in  marine  installations  where  the  weipht  per  horsepower 
must  be  kept  at  the  lowest  possible  value. 

The  fuel  valve  cape,  which  is  located  in  the  center 
of  the  cylinder  head,  Fip.  2,  contains  both  the  fuel 
valve  and  the  air-startinp  valve.  The  .startinp-valve 
cam  is  timed  to  partly  relieve  the  cylinder  compression 
on    startinp. 

Reference  to  Fip.  3  will  show  the  various  stapes  in 
a  complete  cycle  of  operation  in  one  revolution  of  the 
crank. 

Extendinp  in  front  and  alonp  the  tops  of  the  cylin- 
ders, the  camshaft  carrying  the  cams  for  operating 
the  fuel  and  starting  valves  is  inclosed  in  a  casing. 
It    is    driven    from    the    crankshaft    at    engine    speed. 


throuph  a  pair  of  heli(.il  irears  at  the  lower  end  of 
the  vertical  shaft  and  a  pair  of  bevel  pears  at  the 
upper  end.  This  drive  is  located  at  the  flywheel  en^ 
of  the  enpine  and  is  taken  off  the  main  crankshaft  on 
the  flywheel  side  of  the  first  journal,  where  it  is  least 
subject  to  torsional  irregularities.  A  centrifugal 
spring-loaded  governor  regulates  the  speed  by  controll- 
ing the  amount  of  fuel  delivered  to  the  cylinders  and 
the  pressure  of  the  injection  air.  The  povernor  is  pro- 
vided with  synchronizinp  attachments.  In  addition,  an 
overspeed  povernor  is  provided  to  prevent  racing  by 
cutting  off  (he  supply  of  fuel  when  the  speed  exceeds 
a  predetermined  limit  to  which  the  governor  is  adjusted. 

The  fuel  pump  is  of  the  multiple-plunger  type  oper- 
ated from  the  vertical  shaft.  The  amount  of  fuel 
delivered  is  determined  by  the  seating  point  of  the 
fuel-pump  suction  valve  which  is  controlled  by  the  gov- 
ernor. The  fuel  piping  is  provided  with  visible  overflow 
valves  to  free  the  line  from  any  accumulated  air  which 
would  interfere  with  starting. 

Fig.  4  will  .show  that  the  piston  proper  is  short,  being 
just  long  enough  to  accommodate  the  piston  rings, 
as  all  guiding  is  performed  by  the  crossheads.  It  is 
provided  with  a  water  jacket  under  the  upper  face.  The 
water  is  injected  into  the  cooling  chamber  in  the  piston 
head,  and  conducted  away  by  a  system  of  telescopic 
tubes  arranged  so  as  to  avoid  the  u.se  of  stuffing  boxes 


FIG.  7.     BUSCH-SULZER  TWO-CYCLE  MARINE  ENGINE 
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rr  swing  joints,  and  at  the  same  time  preventing  oil 
and  water  leakage.  The  injection  water  tube  is  inside 
the  discharge  water  tube.  The  injection  tube  has  a 
nozzle  end  and  the  discharge  tube  a  restricted  throat  to 
give  considerable  velocity  to  the  flow.  There  is  suffi- 
cient overlap  to  the  injection  and  discharge  tubes  to 
insure  against  leakage.  Immediately  below  the  piston 
is  fitted  with  a  .skirt,  the  sole  function  of  which  is 
to  cover  the  scavenging  and  exhaust  ports  in  the  cylin- 
der  wall. 

For  providing  low-pressure  scavenging  and  charging 
air  for  the  working  cylinders,  a  scavenging  pump  is 
mounted  vertically  on  the  crankcase  at  the  opposite  end 
from  the  flywheel,  ne.xt  to  the  foi-ward  working  cylinder 
and  in  line  with  it.  The  pump  is  directly  driven  from 
an  extension  to  the  main  crankshaft  and  is  provided 
with  a  crosshead  and  guide  similar  to  those  of  the  work- 
ing cylinders.  Both  suction  and  discharge  valves  are 
cf  the  simple  automatic  shutter  type  mounted  in  cages. 
These  valves  are  identical  in  size  and  design  and  are 
interchangeable.  The  discharge  side  has  a  va've  chest 
with  connections  to  the  scavenging-air  receiver,  which 
in  turn  provides  the  connection  to  the  working  cylin- 
ders. This  receiver  extends  along  the  front  of  the 
engine  and  is  bolted  to  faces  on  the  cylinder  jackets. 
This  provides  a  support  for  the  valve  gears,  camshaft 
bearings  and  casings. 

The  air  compressor,  which  provides  compressed  air 
for  fuel  injection  and  starting,  is  mounted  vertically 


on  the  crankcase  at  the  forward  end  of  the  engine  in 
line  with  the  working  cylinders.  It  is  also  driven  from 
an  extension  to  the  main  crankshaft.  The  compressor 
is  three-stage,  water-jacketed  and  provided  with  inter- 
coolers  and  aftercoolers  to  keep  the  air  at  a  low  tem- 
perature. Each  stage  of  the  compressor  is  protected 
against  excessive  pressure  by  a  safety  valve.  A  reg- 
ulating device  is  provided  to  adjust  the  injection  air 
pressure  to  suit  operating  conditions.  This  is  accom- 
plished by  varying  the  opening  of  the  suction  damper 
valve  on  the  low-pressure  stage. 

Starting  of  the  engine  is  eff"ected  by  compressed  air 
from  storage  tanks  charged  by  the  compressor.  In 
stationary  engines  only  two  cylinders  are  fitted  with 
air  starting  valves,  the  two  cylinders  being  sufficient 
to  get  the  engine  under  way. 

General  lubrication  is  effected  by  a  pressure  system. 
After  passing  through  the  bearings  the  oil  is  collected 
in  the  bedplate  and  flows  through  a  twin  filter  to  a 
positive  displacement  pump  which  forces  it  through  a 
cooler,  from  which  it  is  again  delivered  to  the  bearings, 
at  a  pressure  of  10  to  20  lb.  A  safety  valve  is  provided 
on  the  oil  pressure  pipe  and  also  bypass  connections 
for  the  regulation  of  the  pressure.  All  camshaft  bear- 
ings are  provided  with  oiling  rings.  The  cylinders, 
including  the  cylinder  of  each  stage  of  the  compressor, 
are  oiled  by  a  multiple-feed  pressure  type  oil  pump. 
Where  necessary,  oil  c         are  provided. 

Fig.  7  is  a  view  of  the  marine  two-cycle  engine. 


A  Difference  in  Specific  Gravity 


By  JOHN  S.  CARPENTER 


N: 


INETY-FIVE  per  cent?"  Exclaimed  the  sales 
manager,  screwing  up  his  face.  "What  do  you 
mean    Peterson,   the   generator   efficiency?" 

"I  mean  just  what  I  said,  Mr.  Williams.  The  effi- 
ciency of  the  turbines  as  found  by  official  test  is 
95  per  cent  at  normal  load.  But  you  got  some  chance 
making  me  believe  that  it's  the  truth!"  The  chief 
erector  took  a  bundle  of  papers  from  his  pocket  and 
threw  them  on  the  desk  in  a  disgusted  fashion.  He 
had  studied  the  test  figures  in  the  hope  that  those  five 
pages  of  closely  written  figures  would  give  up  the 
secret  of  the  bungle. 

Gages  had  been  checked  by  a  gage  tester,  the  head 
had  been  verified  by  a  surveyor  with  a  level,  water 
quantities  had  been  figured  both  by  the  city's  consulting 
engineers  and  by  the  turbine  company's  men.  Cali- 
bi-ated  wattmeters  were  used,  and  two  sets  of  men 
made  each  reading.  The  results  were  worked  out  to 
four  places  of  decimals,  and  while  nobody  doubted  the 
accuracy  of  the  work,  all  denied  the  truth  of  the 
result. 

"Usually,"  began  the  sales  manager,  "we  kick  be- 
cause we  think  we've  been  short-changed,  but  here 
you  claim  that  you've  got  too  much  and  you  don't 
know  what's  wrong!  But  give  me  the  dope  and  I'll 
think  about  it  a  bit — also  a  set  of  drawings  for  this 
job." 

"All  right,"  replied  the  erector,  "got  a  pad— three 
units,  500  hp.  each,  30  ft.  head,  150  r.p.m.,  vertical 
shaft,  to  run  on  city  sewage  plant  located  on  river 
bank  below  hill.  Bonus  at  the  rate  of  $500  for  each 
unit  on  each   per  cent  above  88  per  cent;   penalty  at 


the  same  rate  for  each  per  cent  below  88  per  cent 
efficiency.  I'll  get  you  a  set  of  drawings,  and  you  can 
go  to  it  with  my  compliments."  The  chief  erector 
folded  up  the  contract  specifications  and  leaned  back 
in  his  chair. 

"If  we  can  make  the  city's  engineers  believe  that 
it's  the  truth — 95  per  cent — that's  just  $10,500  for 
three  units  on  7  per  cent  excess  efficiency."  The  sales 
manager  laughed  gleefully  at  the  idea  and  added : 
"Say!     We'll  cut  a  little  melon  next  dividend  time." 

The  erector  snorted  as  if  amused.  "You  got  to 
get  that  melon  before  you  can  cut  it." 

"Yes,  and  I'm  going  to  write  the  city  officials  today 
that  you  have  made  your  report  and  that  you  state 
that  the  city's  consulting  engineers  agree  fully  as  to 
the  readings  and  the  result.     Is  all  that  true?" 

"True  enough,"  declared  the  erector,  "but  you  ought 
to  have  seen  them  look  at  me  when  I  told  them  I 
would  make  my  report." 

"Ten  thousand  five  hundred  dollars,"  said  the  sales 
n^anager  slowly,  with  a  dollar's  worth  of  cold  cream 
on  every  word.     "All  velvet,  too." 

"Dream  on  if  you  like,"  teased  the  erector,  "but 
you  may  find  a  few  splinters  in  the  velvet  before 
you  get  through." 

"Are  the  conditions  there  as  good  as  up  at  Holyoke — 
is  it  really  favorable  for  high  efficiency?" 

"Yes,"  the  erector  assured,  "even  a  trifle  better — 
good  draft  tube — nice  clean  tailrace." 

The  last  thing  that  day  the  sales  manager  dictated 
a  carefully  throught-out  letter  to  the  chief  engineer 
of  the  city  plant,   in  which  he  congratulated  the  city 
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oil  havinpr  .such  fine  turbines,  whirh  hail  broken  all 
previou.s  records.  Then  ho  marie  a  brief  resunip  of 
the  contract  terms  and  at  the  end  of  a  neatly  dotted 
line  .stated  (he  sum  for  which  the  city  was  debtor 
to  the  company. 

In  due  course  of  business,  which  means  how  Ihr 
letter  from  Mr.  Williams,  sales  manaRer,  percolated 
through  a  maze  of  softly  cushioned  political  oflues, 
bound  hand  and  foot  with  red  tape,  the  letter  finally 
reached  the  hands  of  0.  Braithewaite  Smythe,  chief 
engineer  of  the  municipal  power  plant.  It  was  not 
how  Chief  Engineer  Smythe  got  that  position  that 
gave  wonderment  to  those  who  knew  better,  but  rather 
how  he  held  on.  Brains,  he  told  his  confidants,  could 
always  be  bought  cheap,  but  diplomacy  and  tact,  he 
declared,  commanded  super  salaries. 

In  the  meantime  the  city's  consulting  engineers  had 
just  a  few  words  to  say.  They  had  never,  they 
cautioned,  heard  of  any  such  efficiency  oh  so  small  a 
unit.  Upon  reference  to  records  of  other  te.sts,  no 
rational  justification  existed  for  considering  that  test 
to  be  absolute.  There  had  been  an  error  somewhere 
and  they  meant  to  find  it.  Until  the  plant  had  been 
retested  and  the  error  uncovered,  they  could  not  give 
their  approval  to  the  payment  of  the  turbine  com- 
pany's claim.  It  is  not  to  be  wondered,  then,  that 
figuring  efficiencies  became  fashionable  at  the  munic- 
ipal plant. 

But  with  Sales  Manager  Williams  it  was  different. 
He  could  not  see  the  need  of  another  test.  The  one 
already  made  suited  him  completely,  absolutely.  Why 
make  another? 

Another  test  was  to  be  made.  So  there  was  nothing 
else  to  do  than  to  go  to  it  and  make  it.  But  the 
sales  manager  decided  that  he  would  be  present  this 
time. 

Peterson,  the  chief  erector,  had  come  in  from  his 
southern  job  just  in  time  to  join  in  the  festivities. 
The  same  consulting  engineers  were  there  with  two 
more  assistants.  The  whole  party,  consisting  of  the 
turbine  company's  men,  the  consulting  engineers  and 
Chief  Engineer  Smythe,  spent  a  whole  afternoon  in 
consultation  as  to  just  how  they  would  go  ahead.  They 
double-checked  every  reading  and  measurement.  Every 
doubtful  point  was  carefully  gone  over.  With  their 
data  complete,  the  calculation  of  the  results  was  in 
order. 

The  sales  manager  gave  his  chief  erector  a  vigorous 
jab  in  ribs.  "I  told  you  so — the  final  figures  are  so 
close  to  the  result  of  the  first  test  that  there's  no 
fun  in  it!" 

The  consulting  engineers  looked  at  the  figures  some- 
what dazed.  The  chief  engineer  puffed  vigorously  at 
a  cigar  that  was  cold  and  stale.  He  had  a  feeling 
that  it  was  going  to  be  expensive. 

The  sales  manager,  Mr.  Williams,  bent  over  and 
took  oflScial  note  of  the  results.  "The  results  seem  to 
be  identical  with  the  first  test.  Are  you  gentlemen 
agreed  as  to  that?"    His  tone  was  very  conciliatory. 

Nobody  fell  over  himself  in  the  hurry  to  answer. 
There  could  be  but  one  answer.  Figures  don't  lie, 
they  favor  nobody.  Williams'  chest  and  head  seemed 
to  swell  perceptibly. 

Now  Jerry  was  a  very  good  friend  of  Smythe. 
"Will  you  gentlemen  kindly  answer  me  a  question?" 
inquired  Jerrj-,  getting  all  red. 

"What  is  it,"  asked  Smythe. 

"How  much  does  a  cubic  foot  of  water  weigh?" 


"Sixty  two  point  thifp  fifty  four,"  answered  one  of 
the  highbrows. 

"Now  tell  nip  how  much  does  a  cubic  foot  of  sewage 
weigh?"  PrafllicjiJly  the  same  as  water — no  differ- 
ence," the  sales  manager  .snapped  hastily. 

They  all  looked  at  each  other.  Pretty  soon  the 
tension  was  .so  heavy  that  the  sales  manager  asked 
all  around   to  have  another   deal   at  the  cigars. 

"Jerry  has  rai.sed  a  material  point,"  one  of  the  high- 
brows cautiously  suggested. 

"If  you  fellows  are  going  to  split  hairs,"  grumbled 
the  sales  manager,  "I'm  going  home." 

"Don't  be  a  quitter,  Mr.  Williams,"  laughed  Smythe, 
"the  game's  only  begun." 

Mr.  Williams  shut  up  like  a  clam;  he  was  stung 
to  the  quick.  A  generous-sized  pail  was  filled  with  the 
.sewage  and  then  hustled  over  to  a  chemi.st  with  instruc- 
tions to  find  the  specific  gravity  and  to  furnish  a 
signed  certificate. 

It  must  be  admitted  that  Mr.  Williams  was  growing 
more  and  more  impatient.  Various  opinions  were  being 
rapidly  formed  in  the  minds  of  those  present.  Jerry, 
who  had  evidently  started  something,  was  no  longer 
looked  on  with  contempt.  It  was  a  mixed  feeling  of 
fear  and  chagrin.  The  gentle  gaze  of  Mr.  Williams 
had  changed  from  a  warm  gray-blue  to  a  cold  blue-gray. 

The  chemist  came  in  with  a  paper  and  handed  it 
to  Mr.  Smythe.  Smythe  arose  and  cleared  his  throat. 
"Gentlemen,  the  chemist  says  that  the  specific  gravity 
of  this  stuff  is  just   1.07." 

A  dozen  slide  rules  moved  to  the  same  place.  "What's 
the  verdict?"   asked   Smythe,   anxiously. 

"The  corrected  efficiency  is  88.78  per  cent,"  replied 
the  spokesman,  peering  over  the  tops  of-  his  glasses. 

True  Edges  on  Drawing  Board 

By  C.  Nye 

It  is  a  difficult  matter  to  keep  the  edges  of  a  small 
detached  drawing  board  true  for  any  considerable 
length  of  time,  as  they  frequently  become  dented  and 
curve  toward  the  courners.     Owing  to  such  an  exper- 


DRAWIXG   BOARD  BOUXD  WITH   BRAS.S   STRIP 

ience  a  brass  strip,  as  illustrated,  was  applied  to  a  new 
drawing  board  with  success.  No  holes  were  drilled  in 
advance  in  the  edges  of  the  board.  Holes  were  drilled 
at  intervals  of  several  inches  in  a  thin  strip  of  brass 
or  other  metal  and  countersunk  to  accommodate  the 
heads  of  small  screws. 


Furnace  grates  should  have  approximately  50  per  cent 
air  space  to  avoid  loss  of  combustible  material  into 
the  ashpit.  This  loss  will  depend  on  the  kind  of  fuel 
used.    Study  the  fuel  with  this  in  mind. 
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Phasing-Out  Rotary  Converters 

A  Simple  Method  of  Phasing-Out  Rotary  Converters  Requiring  No  Other  Equipment  Than  a 

Number  of  Lamps  and  Special  Brushes — How  To  Interpret  the  Different  Fluctuations  of 

the  Lamps  When  Phasing  Out  and  What  To  Do  To  Correct  the  Connections 

By   K.   a.   reed 


PROBABLY  the  most  commonly  used  method  of  phas- 
ing out  a  rotary  converter  that  has  no  knife  switches 
in  the  secondary  leads,  between  the  slip  rings  and 
transformers,  is  to  bring  it  up  from  the  alternating- 
current  side  with  a  generator.  However,  in  many  cases 
it  is  not  convenient  to  divide  the  power-house  and  sub- 
station busses  in  such  a  manner  as  to  secure  a  feeder  that 
can  be  used  to  accommodate  the  generator  and  rotary.  In 
such  instances  it  is  usually  necessary  to  bring  the  rotary 
up  from  the  direct-current  side,  unless  it  is  equipped 
with  a  starting  m.otor.  In  the  absence  of  knife  switches 
between  the  machine  and  the  transformers,  the  question 
becomes  more  or  less  serious  in  that  the  phasing  out 
has  to  be  done  on  the  high-tension  side  of  the  trans- 
formers. This  involves  connecting  potential  transform- 
ers across  the  oil-switch  terminals.  Fig.  1  indicates  the 
usual  method  of  connections  used  for  a  test  of  this  kind. 
A  more  simple,  as  well  as  much  safer,  method  of  phas- 
ing out  rotaries  has   been   used  by  the  writer,   which 


part  of  this  brush  for  a  lamp-bank  lead,  as  in  Fig.  2. 
Where  metal-graphite  brushes  are  used  on  the  alternat- 
ing-current side  of  the  rotary,  a  fiber  brush  is  made  to 
fit  the  box  holder,  as  in  Fig.  3.  A  hole  is  drilled  in 
the  center  of  this  brush  for  the  insertion  of  a  piece  of 
carbon  to  make  contact  with  the  ring.  This  carbon  has 
a  terminal  attached  for  a  lamp-bank  lead  similar  to  the 
leaf  type  of  brush. 

If  the  rotary   is  three-phase,   all  alternating-current 
brushes  are  removed  from  their  holders  and  the  three 
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FIG.   1.      POTENTIAL-TR.\NSFORMER    AX£)    LAMP    CONNKC- 

TIONS   P'OR  PHASING-Ol'T   A   ROTARY  CONVERTER  ON 

THE  HIGH-TENSION  SIDE  OF  THE  TRANSFORMERS 


requires  no  equipment  other  than  lamp  banks  and  special 
brushes  for  the  alternating-current  rings.  In  the  case 
of  rotaries  with  copper-leaf  brushes  for  the  slip  rings, 
a  piece  of  fiber  is  cut  to  fit  the  alternating-current  brush- 
holder,  and  is  of  sufficient  length  to  permit  a  piece  of 
stiff  sheet  copper  or  brass  to  be  riveted  into  one  end 
so  that  it  will  ride  on  the  ring  in  about  the  same  manner 
as  the  leaf  brush.     A  terminal  is  attached  to  the  metal 


AND  3.      SPECIAL  BRUSHES  FOR  USE  IN  PHASING- 
OUT    ROTARY    CONVERTERS 


insulated  brushes  substituted,  one  on  each  of  the  three 
rings.  As  mentioned  before,  three  banks  of  lamps  are 
provided,  one  lead  from  each  bank  being  connected  to 
the  terminal  on  the  metal  part  of  the  insulated  brush  on 
each  ring.  Leads  are  run  from  the  three  brush-holder 
stands  in  which  the  insulated  brushes  are  placed,  to  the 
other  terminals  of  the  lamp  banks,  so  that  each  bank  is 
connected  across  a  slip  ring  and  its  corresponding  brush- 
holder  stand,  as  shown  in  Fig.  4. 

For  a  six-phase  diametrically  connected  rotaiy  the 
connections  are  shown  in  Fig.  5.  In  this  case,  however, 
the  alternating-current  brushes  are  removed  from  only 
one  ring,  or  secondary  lead,  of  each  phase,  say  rings  1, 
3  and  5,  as  shown  in  the  figure.  Brushes  on  rings  2,  4 
and  6  are  left  in  their  holders  to  complete  the  circuit. 
As  a  rule,  phase  rings  are  1-4,  2-5  and  3-6,  counting  the 
inside  ring  as  No.  1,  for  rotaries  built  by  one  of  the 
leading  manufacturers;  while  the  same  scheme  of  num- 
bering, counting  the  ring  nearest  the  pedestal  as  No.  1, 
applies  to  machines  of  another  company.  Care  must,  of 
course,  be  taken  to  place  enough  lamps  in  series  in  the 
banks  to  take  care  of  the  maximum  voltage  to  which 
they  may  be  subjected. 

After  making  connections  as  outlined,  they  should  be 
checked  carefully  to  see  that  they  are  correct.  For  a 
three-phase  machine  such  a  check  can,  obviously,  be 
made  by  inspection.  With  a  diametrically  connected,  six- 
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phasp  rotan-,  howpvor,  (he  connections  between  the 
tninsformor.  or  transformers,  and  the  brush-holder 
><lanils  should  also  be  checked  up,  to  make  sure  that 
transformer  leads  have  not  been  interchanged,  especially 
so  if  the  secondary  cables  run  through  dud  lines  where 
they  cannot  be  readily  followed.  This  can  be  done  by 
lifting  all  the  alternating-current  brushes  and  ringing 


Insulatvet 
^  I     Brush 


CONNECTIONS    FOR   PHASING-OUT   THREE-PHASt; 
ROTARY  CONVERTERS 


or  lighting  out  between  brush-holder  stands  for  rings 
1-4.  2-5  and  3-6.  The  brushes  should  now  be  put  down, 
the  oil  switch  on  the  primary  side  of  the  transformers 
closed  and  the  machine  brought  up  to  normal  speod  from 
the  direct-current  side,  or  by  the  .starting  motor.  With 
the  speed  of  the  rotary  kept  at  about  normal,  the  lamps 
may  fluctuate  in  any  one  of  the  following  four  ways: 

(1)  All  the  lamps  burn  bright  or  are  dark  at  th2 
same  time.  Such  being  the  case,  no  changes  are  neces- 
sary and  the  rotary  is  in  phase  when  the  lamps  are 
dark. 

(2)  The  fluctuations  of  two  of  the  lamp  circuits  are 
together  and  the  third  is  exactly  opposite.  This  condi- 
tion indicates  that  the  secondaries  are  reversed  from 
one  of  the  transformers,  and  the  leads  from  the  trans- 
formers whose  lamp  bank  fluctuates  opposite  to  the  other 
two  should  be  interchanged  to  correct  the  fault. 

(3)  The  three  lamp-circuit  fluctuations  follow  each 
other  at  regular  intervals.  Such  a  condition  gives  an 
indication  of  phase  rotation  reversal.  Interchanging 
any  two  of  the  three-phase  primary  leads  to  the  trans- 
formers, or  interchanging  at  the  brush-holder  stands, 
the  secondarj'  transformer  leads  connected  to  1  and  3, 
and  those  connected  to  4  and  6  should  produce  condi- 
tion  (1). 

(4)  All  three  lamp  banks  become  bright  in  rapid  suc- 
cession and  then  pass  through  an  interval  when  the 
lamps  are  all  dim.  The  indication  under  this  condition 
is  that  there  is  a  combination  of  reversals  of  (2)  and 
(3).  If  the  leads  connected  to  brush-holder  stands 
1  and  3  are  interchanged,  also  those  connecting  to  4  and 
6.  and  the  machine  started  up  again,  it  will  be  found 
that  condition  (2)  will  prevail.  Then  if  the  leads  from 
the  transformer  whose  lamp  bank  fluctuates  opposite  to 
the  other  two  are  interchanged,  condition  (1)  will  exist, 


if  the  transformerB  have  been  connected  properly  to  the 
'•onvertor's  slip  rings. 

Should  (he  transformers  for  the  rotary  be  connected 
double-delta  the  phasing  out  can  be  done  in  a  similar 
manner,  although  i(  will  be  neccHsary  to  remove  the 
alternating-current  Ijrushes  from  all  the  rings  and  use 
six  insulated  l)rushes,  one  for  each  ring,  and  six  lamp 
banks,  instead  of  three  as  in  the  previous  cases  and  the 
fluctuations  of  the  lamp  circuits  will  be  .somewhat  dif- 
ferent owing  to  the  fact  that  there  are  two  separate 
deltas.  Phasing  out  connections  for  six-phase  double 
delta  transformer  .secondaries  are  shown  in  Fig.  6.  Af> 
will  be  noticed  from  the  diagram,  the  leads  from  one 
delta  are  connected  to  the  rotary  terminals  for  rings 
1,  3  and  5,  and  tho.se  from  the  other  delta  to  rings  2, 
4  and  6,  and  a  bank  of  lamps  is  connected  across  each 
ring  and  its  brush-holder  stand.  Before  connecting  up 
the  lamp  banks,  however,  the  connections  to  the  power 
transformers  should  be  checked  by  ringing  or  lighting 
out,  and  this  test  should  show  that  leads  to  brush-holder 
stands  for  rings  1,  3  and  5  are  electrically  connected, 
as  we'.l  as  those  to  stands  for  rings  2,  4  and  6;  but 
that  there  is  no  connection  between  1,  3,  5,  and  2,  4,  6. 

The  rotary  should  now  be  brought  up  to  about  normal 
■speed,  in  a  manner  similar  to  that  described  for  a  six- 
phase  diametrically  connected  machine,  and  the  fluctua- 
tions of  the  lamps  noted. 

(1)  If  the  lamps  are  all  dark  and  bright  together,  it 
indicates  that  the  connections  are  correct  and  the  ma- 
chine is  in  phase  when  the  lamps  are  dark. 

(2)  All  the  lamps  connected  to  one  delta  fluctuate 
together,  while  those  of  the  other  delta  follow  each  other 
at  regular  intervals;  the  fluctuations  of  one  lamp  circuit 
of  the  latter,  however,  occurring  at  the  same  time  as 
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those  of  the  former.  In  other  words,  the  three  groups 
of  lamps  connecting  to  one  delta  and  one  group  on  the 
other  delta  fluctuate  together,  while  the  other  two  groups 
fluctuate  in  succession.  To  correct  this  condition, 
the  transformer  leads  corresponding  to  the  two  lamp 
groups  that  fluctuate  at  intervals  should  be  interchanged. 
As  an  example,  if  the  lamp  banks  connected  to  rings  1, 
3,  5,  and  6  fluctuate  together,  the  leads  to  rings  2  and  4 
should  be  interchanged. 
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(3)  The  lamps  in  each  delta  all  follow  each  other 
regularly  in  their  fluctuations,  and  each  circuit  of  one 
I  delta  becomes  bright  with  a  corresponding  circuit  of 
I  the  other  delta;  that  is,  the  fluctuations  occur  in  pairs. 
Any  two  circuits,  one  in  each  delta,  in  which  the  fluctua- 
tions occur  together  can  be  selected  as  being  correct, 
I  and  the  other  two  leads  of  each  delta  should  be  inter- 
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changed.  For  example,  if  the  lamp  banks  connected  to 
rings  1  and  6  fluctuate  together,  leads  3  and  5,  and 
leads  2  and  4  should  be  interchanged.  Interchanging 
any  two  of  the  three-phase  primary  leads  to  the  power 
transformers  when  this  condition  exists  will  also  correct 
the  trouble.  If  the  fluctuations  of  the  lamps  are  dif- 
ferent fi-om  those  described,  the  phase  connections 
should  again  be  carefully  traced  out  or  the  polarity  of 
the  transformers  checked. 

As  a  general  rule  synohronizing  connections  for  the 
rotary  are  taken  from  the  slip  rings  by  means  of  a 
potential  transformer  whose  secondary  delivers  110 
volts.  The  primary  of  this  transformer  is  usually  con- 
nected to  the  brush-holder  stands,  since  that  is  the 
most  accessible  and  convenient  point.  The  phases  across 
which  the  primary  of  this  transformer  is  connected,  of 
course,  must  correspond  to  the  phases  on  the  high- 
tension  bus  across  which  the  bus  synchronizing  trans- 
former is  connected.  The  synchroscopte-ti-ansfformer 
connections  to  the  rotarj'  are  shown  at  A  Fig.  5.  It 
will  be  noted  that  by  removing  the  primary  lead  from 
the  brush-holder  stand  for  ring  No.  1  and  temporarily 
connecting  it  to  the  terminal  of  the  insulated  brush  on 
this  ring,  the  synch ronoscope  will  still  be  connected 
across  rings  1  and  4.  Therefore,  the  rotation  of  the 
synchronoscope,  position  of  the  pointer  when  the  ma- 
chine is  in  synchronism  as  indicated  by  the  lamps,  etc., 
can  be  checked  while  the  rotary  is  being  phased  out. 

This  method  of  phasing  out  has  advantages  over 
starting  up  a  rotary  from  a  generator,  aside  from 
eliminating  the  inconvenience  of  sectionalizing  high- 
tension  busses  in  the  power  house  and  substation,  start- 
ing up  a  separate  machine,  etc.,  in  that  when  incorrect 
connections  exist  their  nature  is  disclosed  at  once  by 


the  fluctuations  of  the  lamps,  and  the  remedy  is  obvious. 
On  the  other  hand,  if  the  rotary  is  out  of  phase  when 
starting  from  the  power-house  generator,  it  is  more 
or  less  a  "cut  and  try"  proposition  to  locate  and  correct 
the  wrong  connections. 

Kelly  Thermo  Return  Controller 

A  device  especially  designed  to  return  water  to  the 
boiler  against  any  back  pressure  and  keep  the  return 
lines  dr\'  has  been  perfected  by  the  Kelly  Controller 
Co.,  175  West  Jackson  Boulevard,  Chicago.  It  differs 
from  the  ordinary  return  trap  in  that  it  is  ther- 
mostatically controlled,  the  operating  mechanism  being 
visible  and  accessible.  The  illustration  shows  the  sys- 
tem applied  to  a  low-pressure  house-heating  boiler.  A 
steam  line  A  from  the  boiler  connects  with  the  con- 
troller chamber  B  through  a  valve  C  and  with  the 
thermostat  D  through  pipe  E.  The  return  to  the  boiler 
from  the  thermostat  is  through  pipe  F. 

Return  water  flows  to  the  controller  chamber  through 
pipe  line  G  and  is  vented  through  the  valve  H  and  the 
pipe  /.  Check  valves  /  and  K  prevent  a  back  flow  of 
water  from  the  boiler. 

In  the  sectional  view,  the  return  controller  is  in  its 
normal  position,  with  the  thermostat  D  expanded  by 
heat.  When  the  return  water  has  accumulated  in  suffi- 
cient quantity  to  cover  the  thermostat  in  the  chamber 
B,  the  differential  in  temperature  between  the  return 
water  and  the  steam  causes  the  thermostat  to  contract, 
thereby  closing  the  valve  H  and  opening  the  valve  C. 
This  action  permits  steam  at  boiler  pressure  to  enter 
B  and  thus  allows  the  water  to  return  to  the  boiler  by 
gravity.     As  soon  as  the  water  recedes,  the  thermostat 


C'OXXECTIOXS   OF  THE  THERMO  RETURX   CONTROLLER 

expands  to  its  normal  position,  closing  the  valve  C 
and  opening  the  valve  H,  thereby  allowing  the  pressure 
in  B  and  in  the  return  line  L  to  equalize  and  the  water 
to  collect  as  before  in  the  controller  chamber. 

Contraction  of  the  thermostat  D  causes  the  \evef  M 
to  move  against  the  plunger  N,  closing  the  valve  H 
while  the  spring  P  holds  the  valve  C  closed.  Further 
movement  of  the  lever  opens  the  valve  C  and  com- 
presses the  spring  0.  As  the  thermostat  returns  to  its 
normal  position,  the  lever  closes  the  valve  C,  while  the 
spring  O  holds  the  valve  H  closed.  The  final  movement 
of  the  lever  opens  the  valve  H  and  compresses  the  spring 
P.  It  is  thus  apparent  that  the  valves  C  and  H  are 
never  open  at  the  same  time. 


54 


POWER 


Vol.  62,  No.  2 


CO2  Exploration  To  Delect  Air  Leakage 


By  a.  K.  GRUNERT 


Air  leakage  through  boiler  settings  is  a  factor 
iitrrcttsing  in  importance  with  the  size  of  the 
boiler.  With  the  larger  boilers  the  old  orthodox 
methods  of  CO.  sampling  icill  not  suffice  if  cor- 
rect diagnoses  are  desired.  A  method  of  explora- 
tion for  detecting  air  leakage  a7id  giving  the  CO^ 
conditions  throughout  the  setting  is  presented. 
Its  use  in  cases  cited  so  reduced  air  infiltration 
that  final  over-all  efficiencies  of  81  to  83  per  cent 
irrrr   obtained. 


RECENT  experiments  and  investigations  by  one  of 
the  largest  utility  companies  of  the  country,  on 
,.  boilers  and  economizers  of  large  capacity,  have 
shown  that  the  question  of  air  leakage  and  infilti-ation 
is  an  important  factor.  This  is  primarily  because  the 
large  heating 
surface  i  n- 
volved  means 
1  a  r  ge  r  and 
more  compli- 
cated casings, 
increased 
mean  gas  tra- 
vel with  the 
leakage  possi- 
bilities  in- 
creasing in 
proportion, 
a  n,  d  more 
complicated 
furnace  and 
setting  de- 
signs requir- 
i  n  g  many 
sealed  joints. 
There  is  prob- 
ably no  heat 
loss  less  un- 
derstood or  more 
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ignored  in  the  average  boiler  room 
than  that  of  air  leakage  and  infiltration.  In  most  cases 
about  the  only  check  made  on  boiler-setting  conditions  is 
periodic  CO,  observations  on  the  escaping  gases.  If  the 
usual  conditions  are  indicated,  in  many  cases  no  further 
interest  is  taken  and  as  a  result  the  engineer  is  no  wiser 
than  he  was  before  as  to  the  reducible  heat  loss  inciden- 
tal to  air  leakage.  Again,  in  the  use  of  a  boiler  heat 
balance  based  on  test  or  observed  data,  the  various  losses 
are  shown  under  such  general  headings  that  the  separa- 
tion of  the  possible  reducible  losses  from  those  more  or 
less  fixed  cannot  be  accurately  or  intelligently  made  with- 
out additional  data.  For  instance,  the  loss  due  to  stack 
gases  is  generally  considered  as  a  total  quantity.  This 
loss  can  be  considered  as  the  sum  of  three  com- 
ponents: (1)  The  loss  due  to  gases  resulting  from  the 
theoretical  combustion  of  the  fuel,  which  cannot  be  re- 
duced; (2)  the  loss  due  to  excess  air  drawn  through 
the  fuel  bed,  which  is  only  partly  reducible  within 
limits;  and  (3)  the  loss  due  to  that  part  of  the  total 
excess  air  due  to  leakage  and  infiltration,  which  is 
almost  entirely  reducible  and  is  here  considered. 


Of  this  determination  the  principle  is  on  the  ba.sis  of 
the  air  dilution  nf  the  actual  ga.ses  of  combustion  with 
additional  air,  as  indicated  by  the  reduction  in  the  mean 
CO  percentage.  By  actual  ga.ses  of  combustion  is 
meant  only  that  portion  that  results  from  the  air  ac- 
tually drawn  through  the  fuel  bed.  The  difference  be- 
tween the  mean  CO.  of  this  portion  of  the  flue  gas  and 
the  mean  C0_,  of  the  total  escaping  gases  determines  the 
amount  of  air  dilution,  with  the  actual  combustion  gases, 
that  enters  the  setting  in  the  form  of  leakage  and 
infiltration. 

The  problem,  then,  resolves  itself  into  some  method 
of  obtaining  the  mean  CO^  of  these  two  conditions.  In 
practice  the  actual  determinations  cannot  be  made  a 
matter  of  precision  measurement,  but  as  the  possible 
errors  are  present  in  both  cases  in  practically  the  same 
degree,  the  results  considered  relatively  are  an  accurate 
indication  of  the  heat  loss  under  consideration.     That 

portion  of  the 
total  stack 
loss  is  in  this 
manner  .sepa- 
rate d  from 
the  remain- 
der, and  as 
a  consequence 
the  engineer 
has  some- 
thing  tangible 
to  go  by  in 
i  m  p  rov  i  n  g 
his  conditions. 
In  Fig.  2  is 
shown  a  plan 
of  the  first 
pass  of  the 
boiler  at  the 
second  row  of 
tubes.  The  in- 
stallation un- 
der consider- 
ation is  a  water-tube,  cross-drum  three-pass  type  boiler 
having  14,403  .sq.ft.  of  heating  surface.  Each  boiler 
is  equipped  with  two  chain-grate  stokers  having  a 
combined  grate  area  of  332  sq.ft.  An  economizer  hav- 
ing 9,218  sq.ft.  of  heating  surface  is  a  part  of  the 
boiler  installation.  Exhaustive  exploration  sampling 
showed  that  the  admixture  of  furnace  leakage  air  af- 
fected the  composition  of  the  actual  combustion  gases 
in  certain  more  or  less  definite  areas  in  the  first  pass. 

These  areas  are  indicated  on  the  sketch  by  the  shad- 
ing. The  remaining  portion  is  area  traversed  by  the 
actual  combustion  gases,  w'hich  at  that  point  of  the 
setting  are  undiluted  with  the  leakage  air,  the  distance 
thus  far  traversed  being  too  limited  for  a  uniform  ad- 
mixture. It  is  evident,  then  that  if  a  number  of  simul- 
taneous samples  are  drawn  over  a  suitab'e  length  of 
time  from  this  undiluted  area,  the  composite  CO.,  of  the 
actual  combustion  gases  can  be  obtained.  The  relative 
positions  of  the  sampling  tanks  are  shown  on  the  chart. 
As  the  gases  travel  through  the  boiler  passes,  their 
composition  becomes  more  uniform,  except  for  such 
lanes  as  are  effected  by  additional  leakage  air.     The 
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AREAS  AND  POSITIONS 
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mixing  action  of  the  converging  uptake  results  in  a 
fairly  uniform  mixture  of  the  total  gases  at  the  neck  of 
!the  uptake.  Simultaneously  with  those  on  the  first  pass, 
Igas  samples  from  four  points  are  drawn  at  this  place. 
'in  passing  through  the  economizer,  the  gases  become 
still  more  uniformly  mixed  and  at  the  economizer  exit 
are  practically  uniform. 

Fig.  1  is  a  diagrammatical  representation  of  the  first 
pass,  the  smallest  section  of  the  uptake  and  the  econo- 
(mizer  exit.  The  curves  shown  indicate  the  variation 
of  CO.,  across  each  area  as  designated.  These  curves 
shown  were  obtained  by  a  series  of  tests  on  a  number 
of  boilers  operating  under  steady  steaming  conditions  at 
the  capacities  ordinarily  obtained.  The  gas  samples 
were  all  drawn  simultaneously  on  each  test  by  means 
of  apparatus  described  later.  The  CO,  curves  have  a 
general  fixed  character,  the  composite  of  which  are  those 
shown. 

Having  established  these  curves,  the  mean  CO,  is 
then  readily  obtained.     The  following  table  represents 


INSTALLATION 
Chain  Grates  f35Z  5q.  feet) 
Boiler  (14,405  5q.  feet) 
Economizer  (9ti&  Sq.  feet) 

CURVES 
Composite  on  /O  tests 
under  average  operating 
conditions. 


FIG.   2.     CiRAPHICAL  REPRESENTATION  OF  AVERAGE 

COi    CONDITIONS    FROM    FURNACE    TO 

ECONOMIZER   EXIT 


the  air-leakage  conditions  of  the  boilers  under  considera- 
tion: 

Mean  CO..  actual  combustion  gayes,  per  <ent 10..') 

Gas  per  pound  of  coal,  actual  combustion  ga.>!  s.  lb 11.6 

Mean   CO^  total   gas   in   uptake,   per  cent 9.X 

Gas  per  pound  of  coal,  total  gas  in  uptake,  lb 12.3 

Air  leakage  per  pound   of  coal  for  boiler,  lb O.T 

Mean  CO;  total  gas  at  economizer  exit,  per  c-nt H.li 

Gas  per  pound  of  coal  at  economizer  exit,  lb l.'J.O 

Air  leakage  pei-  pound  of  coal  for  economizer,  lb 0.7 

Total  over-all  air  leakage  per  pound  of  coal,  lb 1.4 

Thermal  loss  due  to  air  leakage,  per  cenl 1..J7 

These  figures  are  representative  of  as  good  conditions 
as  can  ordinarily  be  obtained.  Unusual  precautions  were 


taken   to    make    the    settings    tight    and    minimize    air 
leakage. 

A  reliable  and  practical  method  of  determining  air 
leakage  of  boiler  settings  and  economizers  furnishes  the 
engineer  with  tangible  data  that  will  indicate  correctly 
the  condition  of  the  apparatus.     The  usual  practice  of 
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No.i 


'Rubber  hose 
connections  to 
sampling  pipes 


No.  I  chamber, 
'  chamber^ 


No.  3  chamber-' 

No.  4  chamber-' 
Section  A-B 

Hose  connection  ^ 
to  siphon  can 


An  oil  cap  is  used 
with  water,  both 
saturated  with  flue 
gas. 


Chamber  partitions 

to  I"  from  bottom  of  can. 


3.      QUARTERED    SAMPLING    CAN    AND    SIPHON    FOR 
DRAWING  SIMULTANEOUS  FLUE-GAS   SAMPLES 


sticking  a  single  open-end  sampling  pipe  in  the  flue  and 
drawing  a  few  samples  of  gas  for  CO^  determination  is 
alone  not  much  of  an  indication  of  the  probable  thermal 
loss  resulting  from  air  leakage.  That  a  fairly  high  CO, 
can  be  obtained  in  this  manner  does  not  necessarily 
mean  that  there  does  not  exist  in  spite  of  this  a  prevent- 
able faulty  condition. 

A  leakage  determination  as  it  was  applied  to  a  cer- 
tain particular  boiler  may  illustrate  more  fully  how 
deceptive  the  single  sampling  method  may  be.  On 
evaporative  tests  this  boiler  showed  lower  efficiencies 
than  expected.  A  series  of  leakage  determinations  were 
made  to  establish  the  true  condition  of  the  boiler  set- 
ting. By  means  of  exploration  sampling,  the  sources 
of  leakage  were  located.  The  whole  setting  was  thor- 
oughly overhauled  and  every  possible  precaution  taken 
to  reduce  air  leakage  to  a  minimum.  Subsequent  air- 
leakage  checks  were  then  made  to  determine  the  degree 
of  improvement.  The  following  table  indicates  the  con- 
ditions before  and  after  overhauling: 

Before  After 

Mean  COn  actual  combustion  gases,  per  cent 11.9  10.7 

Mean   COo  total  gases   in   uptake,    per   cent G.2  10.1 

Mean   COa  total   gases   in   economizer   uptake,   per 

cent     5.9  10.0 

Pound  of  gas  per  pound  of  coal,  actual  combustion 

gases,    lb 10.3  11.4 

Pound  of  gas  per  pound   of  coal,   total  gases  up- 
take,   lb 19.0  11.9 

Pound   of   gas   per   pound   of   coal,   total   gases   at 

economizer    exit,    lb 20.0  12.1 

Total   leakage  over-all  per  pound  coal,   lb 9.7  0.7 

Over-all  thermal   loss  due   to  leakage,   per  cent...  4.47  0.35 

It  will  be  noticed  that  the  composite  CO,  of  the  uptake 
gases  before  overhauling  was  6.2  per  cent.  It  was  pos- 
sible during  this  time  to  draw  samples  from  the  center 
of  the  flue  showing  a  CO,  of  9  to  10  per  cent,  which,  if 
it  had  been  considered  alone,  would  have  been  quite 
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deceptive  niul  mislondiiiK  in  .siziiiK  up  the  condition  of 
the  boiler.  After  the  air  leakajje  had  been  reduced  to 
an  almost  nejrlijrible  minimum,  the  composition  of  the 
ga.«!es  in  the  upt;ii<e  became  more  uniform.  The  lower 
CO,  of  the  combustion  gases  after  overhauling  was  due 
to  inferior  coal  conditions.  On  the  basis  of  the.se  obser- 
vations the  reduction  in  the  thermal  loss  due  to  air 
leakage  is  .seen  to  be  over  4  per  cent.  This  corre.spond- 
ing  increase  in  efficiency  was  sub.sequently  actually  veri- 
fied by  evaporative  boiler  tests. 

Fig.  3  shows  in  detail  one  set  of  sampling  cans  for 
drawing  simultaneous  samples  from  four  different 
points.  For  boiler  settings  of  the  size  under  considera- 
tion it  is  advisable  to  use  two  sets  for  the  first  pass,  one 
set  for  the  uptake  and  a  hand  Orsat  at  the  economizer 
exit.  The  aspiration  of  the  gas  into  the  four  separate 
chambers  of  the  gas  can  permits  of  separate  analyses 
afterward.  This  obviously  eliminates  the  errors  of  a 
perforated  pipe.  A  few  precautions  are  necessary  in 
the  use  of  this  apparatus.  The  air  in  the  sampling  pipe 
should  be  exhausted  before  drawing,  preferably  by 
means  of  a  rubber-bulb  pump  before  connecting  the  hose 
to  the  can  nipples.  The  water  used  should  be  saturated 
with  flue  gas  to  prevent  errors  caused  by  CO,  absorption 
in  the  containers.  A  saturated  oil  cap  on  the  water  has 
proved  quite  satisfactory.  After  the  samples  have  been 
drawn,  a  slight  pressure  is  put  on  the  gas  can  by  rais- 
ing the  water  can.  This  not  only  permits  of  easy 
scavenging  of  the  Orsat  apparatus,  but  if  there  are 
slight  valve  leaks  the  sample  will  leak  out  instead  of  air 
leaking  in.  Otherwise  the  use  of  this  apparatus  is  simi- 
lar to  that  of  any  aspirating  outfit. 

Keep  Capacity  Steady  While  Sampling 

In  making  leakage  determinations,  it  is  advisable  to 
operate  the  boiler  at  some  fixed  capacity.  The  quantity 
of  air  entering  through  the  boiler  setting  is  within  cer- 
tain limitations  a  fixed  quantity.  Consequently,  this 
same  quantity  of  air  means  a  higher  percentage  at  low 
capacity  and  a  smaller  percentage  at  high  capacity. 

Locating  air  leaks  is  not  always  an  easy  matter.  It 
is  frequently  necessary  to  resort  to  some  complete  ex- 
ploration method  to  determine  the  areas  of  lean  mixture, 
and  from  these  the  source  of  leakage  usually  will  be 
found  near-by.  A  great  many  of  the  recent  large  boiler 
installations  have  been  steel  incased.  This  seems  to  be 
good  practice  as  far  as  it  goes,  but  alone  it  will  not 
prevent  excessive  leakage.  Steel  casings  should  not  be 
a  camouflage  for  improper  design  and  workmanship  on 
the  inside.  The  original  design  should  be  such  that  the 
tightness  of  the  setting  will  not  depend  wholly  on  the 
casing.  A  straight  "brick  to  iron"  joint  is  seldom 
tight  or,  if  it  is,  will  not  long  remain  so.  The  con- 
struction should  be  such  that  a  seal  at  all  joints  is  pro- 
vided for  expansion  and  contraction.  At  points  where 
the  heat  is  not  excessive,  close-fitting  sheet-iron  seals 
will  suffice.  Such  cases  are  the  joints  at  the  top  and 
bottom  of  the  tube  headers.  Generally  speaking,  the 
design  of  the  boiler  setting  should  be  such  that  it  would 
be  possible  to  remove  the  casing  entirely  and  still  have 
little  air  leakage. 

There  are  innumerable  places  where  air  can  enter  in 
behind  the  casing  sheets,  and  unless  provision  is  made 
to  stop  it,  the  conditions  indicated  in  the  previous  table 
(before  overhauling)  will  usually  obtain.  Efforts 
toward  the  prevention  of  air  leakage  in  this  manner 
form  a  profitable  investment  in  several  large  installa- 


tions. The  gain  in  steaming  efficiency  has  been  estab- 
lished by  evaporation  tests,  the  final  over-all  efficienciei 
obtained  i)eing  from  81  to  83  per  cent. 

Some  engineers  are  inclined  to  do  too  miKh  theorizing 
in  interpreting  CO,  analy.ses.  Unle.ss  the  circumstances 
under  which  the  sampling  is  done  are  known,  wild  and 
erroneous  conclusions  are  to  be  expected.  In  the  larger 
steam-generating  units  now  being  operated,  the  old 
orthodox  methods  will  not  suffice  if  correct  diagnoses 
are  desired.  The  foregoing  is  therefore  offered  as  a 
method  whereby  boiler  operation  can  be  improved  in 
this  respect. 


A  Pioneer  Dienel  Engine 

To  purchasers  of  Diesel  engines  the  paramount  ques- 
tion is  that  of  the  probable  life  of  the  machine.  Many 
engineers,  recalling  the  long  life  of  the  Corliss  steam 
engine,  have  ventured  to  apply  an  amortization  charge 
of  less  than  5  per  cent;  others,  of  a  more  cautious 
nature,  have  placed  this  charge  at  20  per  cent.  It 
is  evident  that  the  proper  value  lies  somewhere  be- 
tween these  extremes.  Unfortunately,  it  is  impossible 
to  cite  examples  of  Diesels  in  operation  for  more  than 
fifteen  years.  The  history  of  the  Diesel  engine  in 
America  dates  from  1900;  from  this  date  to  about 
1905-1906  there  were  many  of  the  American  Diesel 
Engine  Co.'s  units  installed.  Most  of  these  engines 
were  discarded  owing  either  to  faulty  workmanship  in 
the  engine  or  to  unskilled  attendants,  the  principal  fault 
seemingly  being  due  to  the  splash  system  of  lubrication. 
Occasionally,  one  of  these  old  engines  is  encountered, 
plugging  along,  carrying  a  fair  load  with  little  or  no 
trouble. 

The  Fulton  Foundry  and  Machine  Co.,  Brooklyn,  has 
a  75-hp.  American  Diesel,  installed  in  1905,  which  is 
still  in  service.  The  early  history  of  this  installation 
was  not  particularly  a  happy  one.  Like  many  others, 
the  purchasers  found  that  the  splash  lubricating  sys- 
tem was  productive  of  much  trouble.  The  oil  gummed 
the  piston  rings  with  the  consequent  cylinder  wear ;  the 
carbon  from  the  interior  of  the  pistons  settled  in  the 
crankshaft  bearings,  causing  the  damaging  of  the 
shaft.  After  several  years  of  discouraging  experi- 
ences, the  owners  installed  a  pressure-feed  lubrication 
system.  The  shaft  was  drilled  with  diagonal  passages 
to  the  crankpins,  and  oil  lines  were  run  to  the  bottom 
of  each  main  bearing.  The  connecting  rods  were  also 
drilled,  the  oil  for  the  piston  pins  being  supplied  from 
the  crankpins.  A  filter  was  installed  on  the  drain  line 
from  the  crankcase.  A  pump  that  is  geared  to  the 
engine  shaft  maintains  a  pressure  of  30  lb.  on  the  in- 
let lines. 

The  owners  state  that  there  has  been  no  perceptible 
cylinder  wear  during  the  last  five  years.  No  new 
rings,  valves  or  bearings  have  been  required.  The 
crankshaft  bearings  and  crankpin  bearings  are  taken 
up  about  every  six  months.  The  engine  runs  ten 
hours  a  day,  carrying  40  hp.  The  fuel  consumption 
averages  30  gallons  per  day.  The  lubricating  oil  added 
to  the  system  never  exceeds  one  gallon  per  day.  The 
engine  to  all  appearances  is  in  excellent  condition,  and 
it  should  give  fifteen  more  years  of  service.  The  fuel 
consumption  is  a  little  high  for  a  Diesel,  but  in  view 
of  the  crudeness  of  design  possessed  by  these  early 
engines,  better  economy  can  hardly  be  expected  under 
such  low  load  conditions. 
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The  World's  Energy  Supply 


SINCE  the  days  of 
Watt  the  physical 
well-being-  of  man- 
kind has  become  more  and 
more  dependent  on  fossil 
fuels.  The  life  of  today 
would  be  impossible  with- 
out the  enormous  supply 
of  coal  necessary  to  indus- 
trial   establishments,    for 

railways  and  steamships,  in  the  metallurgical  arts  and 
for  the  heating  and  lighting  of  houses.  The  demand  for 
fossil  coal  has  increased  rapidly,  about  doubling  every 
ten  years  during  the  last  century,  and  is  now  some  1,200 
millions  of  metric  tons  per 
year.  It  is  clear  to  those 
who  have  studied  the  sub- 
ject that  our  coal  fields  will 
be  exhausted  after  a  certain 
time.  When  this  calamity 
will  happen,  and  the  proba- 
bility of  the  discovery  of 
substitute  sources  of  en- 
ergy, are  questions  of  vital 
importance. 

One  of  these  questions 
was  answered  by  the  Geo- 
logical Congress  in  Canada 
in  1913.  The  quantity  of 
fossil  coal  down  to  a  depth 
of  1,800  meters  would  suf- 
fice for  6,000  years  at  the 
present  rate  of  consump- 
tion, if  it  were  all  recover- 
able; but  a  great  deal  of 
this  coal  occurs  in  beds  too 
thin  for  profitable  working, 
a  considerable  part  is  lost 
as  dust  or  left  in  the  mines 
as  pillars,  and  further,  the 
consumption  of  coal  vvdll 
probably  increase  in  the 
future  just  as  it  has  in  the 
past.  It  is  therefore  neces- 
sary to  reduce  the  indicated 
time  considerably,  probably 
to  one-fourth,  or  about 
1,500  years.  Of  the  different  countries  the  United  States, 
in  the  matter  of  coal,  has  the  best  position  as  it  has  in 
the  matter  of  other  natural  resources.  The  coal  treasures 
there  will  probably  suffice  for  about  two  thousand  years. 
The  worst  situation  among  the  great  coal-producing 
countries  is  that  of  England,  where  the  coa's  will  be 
exhausted  within  a  little  less  than  two  hundred  years. 
Germany  will  be  able  to  meet  its  demands  during  a  little 
more  than  a  thousand  years. 

This  period  of  some  few  hundreds  or  thousands  of 
years  is  short  compared  with  the  time  estimate  made 
at  the  Geological  Congress  referred  to,  and  only  about 
one  per  cent  of  the  period  of  man's  existence,  which 
probably  lies  between  the  thousandth  and  ten-thousandth 
part  of  the  time  during  which  life  has  existed  on  our 
earth.  It  is  quite  clear  that  we  must  soon  i-ation  our 
coal  and  substitute  as  far  as  possible  for  fossil  fuel  other 


The  author,  Svante  Arrhenius,  eminent  Swed- 
ish Scientist  of  the  Nobel  Institute,  Stockholm, 
presented  a  paper  of  which  the  following  is  an 
abstract,  to  the  Franklin  Institute  when  that 
institution  recently  presented  him  with  the 
Franklin  Medal. 
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sources  of  energy.  The 
world's  yearly  production 
of  mineral  oils  repesents 
not  quite  3  per  cent  of  the 
energy  contained  in  the 
yearly  production  of  coal. 
Petroleum  ought,  there- 
fore, to  be  reserved  for 
better  purposes;  for  ex- 
ample, the  production  of 
light  and  lubricants.  Furthermore,  the  recent  failure 
of  many  oil  fields  indicates  that  we  must  economize  this 
valuable  material  in  view  of  increased  consumption. 
Still  much  less  is  the  hope  that  sources  of  natural 
gas  may  deliver  more  than 
a  small  fraction  of  the  fuel 
value  of  the  oil  fields.  Even 
peat,  although  an  impor- 
tant fuel,  can  by  no  means 
compete  with  coal.  Thus, 
for  instance,  in  the  United 
States  the  available  peat  is 
less  than  one-half  of  one 
per  cent  of  the  estimated 
coal.  Probably  the  relative 
value  of  the  European  peat 
bogs  is  about  the  same  as 
compared  with  the  Euro- 
pean coal  fields. 

It  is  often  said  that  for 
coal  should  be  substituted 
water  power.  According  to 
an  estimate  of  Engler,  the 
energy  which  might  be 
economically  taken  from 
waterfalls  amounts  to  about 
60  per  cent  of  the  energy 
of  the  present  output  of- 
coal.  But  even  this  figure 
seems  too  high,  for  many 
of  the  waterfalls  are  lo- 
cated in  inaccessible  parts 
of  the  world,  where  no  in- 
dustry is  likely  to  be  de- 
veloped for  ,a  long  time. 
So  it  seems  wise  to  reduce 
the  figure  of  Engler  about 
50  per  cent.  If  this  is  done,  it  is  evident  that  there  is 
little  hope  that  white  coal  will  be  able  to  substitute 
for  black,  except  in  a  small  degree.  For  heating  pur- 
poses water  power  will  probably  not  be  used,  because 
used  directly  for  the  production  of  mechanical  or 
electrical  energy  it  is  at  least  three  times  as  valuable 
as  the  equivalent  quantity  of  heat.  Further,  the  well- 
situated  waterfalls  are  already  developed  in  greatest 
part,  at  least,  in  Europe.  Thus,  for  instance,  in  Swit- 
zerland nearly  all  the  waterfalls  that  have  a  commercial 
value  are  developed,  and  in  a  little  less  degree  the  same 
is  true  in  all  the  other  industrial  countries  of  Europe. 
During  the  unhappy  situation  created  by  the  World 
War,  when  there  was  a  great  scarcity  of  fuel,  and  even 
now,  when  fuel  is  extremely  expensive,  waterfalls  were 
and  rapidly  are  being  put  to  use.  Within  a  short  time, 
therefore,  this  source  of  energy  will  be  taken  into  the 
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servile  of  tunn,  not  .son.sihly  (liniiiiishinjr  the  ileinaiul 
for  coal.  An  estimate  of  the  power  of  the  waterfaiis 
ha.s  been  made  by  Kroehn  and  by  Kaplan  and  i.s  of  much 
intere.st.  Although  the  (iKures  are  only  appro.ximate, 
I  jrive  them  here,  with  .some  later  correction.s.  The 
power  i.s  jjiven  in  millions  of  hor.sepower  and  horse- 
power per  inhabitant. 

r:ii:  wuki.ds  i:\i:n(;v  i\  wapkiu'owkk 


Asim 

Afrira   

North  America 
Suutli  .^riii'rira 
Kurop«' 
AuMialia 


Total 


Canada 
I'liitrd  .States 
Ireland 

Norway 

Sweden    

Finland 

Balkan  countriee. 

Switserland 

Spain 

Italy 

France 

Au8tria-Hungary. 

Germany 

Great  Britain. . . . 
Ku.ssia   


Il,.r>,|„m.r 

M 

irsi  piivnT 

...  Mill...... 

|..r 

li.l.uUlui.l 

210 

0   27 

IbO 

1    14 

160 

1    17 

94 

5   25 

6S 

0    13 

30 

3   75 

745      A% 

■rage 

0  45 

HurHciiuwer 

Horsepower 

in  Million.^ 

per 

Inliabitant 

26 

4 

I0« 

i 

2 
1} 

22 
5   2 

6.7 

12 

2.6 

0  8 

to 

0.6 

1.5 

0  4 

5  2 

0  26 

5  5 

0   15 

6  0 

0   15 

6  2 

0   12 

1    4J 

0  02 

1    0 

0  02 

3  0 

0   02 

These  figures  are  not  reliable.  Thus  Leighton  gives 
for  the  United  States  200  millions,  and  van  Hise  says: 
"Others  regard  this  estimate  as  too  high,  and  say  100 
million  horsepower  is  nearer  to  truth."  I  think  this 
latter  figure  is  more  to  be  depended  on.  Van  Hise  is  of 
the  opinion  that  even  it  will  meet  the  needs  of  a  popula- 
tion of  250,000,000.  Since  his  estimate  made  in  1910, 
the  demands  for  power  have  greatly  increased,  and 
probably  only  about  one-half  of  the  energy  given  in  the 
table  is  available  at  present  without  excessive  initial 
expenditures.  We  may,  therefore,  assume  0.5  hp.  per 
inhabitant  as  adequate  to  present  needs.  In  Asia  the 
demand  is  still  so  small  that  even  this  power  per  inhabi- 
tant is  more  than  sufficient.  Especially  fortunate  are 
those  countries,  such  as  South  American  republics  and 
Australia,  where  water  power  per  unit  of  population 
is  well  beyond  this  figure  and  may  be  developed  at  a 
moderate  cost.  The  United  States  is  among  the  great 
powers  well  endowed  in  this  regard,  as  in  most  other 
natural  sources  of  wealth,  such  as  metal,  ores  and  coal. 

Iceland  First  in  Water  Power  in  Europe 

In  Europe,  Iceland  ranks  first,  in  water  power,  be- 
cause of  its  small  population,  and  the  old  Saga  Island 
may  yet  know  a  new  and  flourishing  era.  Then  come 
the  Scandinavian  countries,  the  first  being  Norway, 
which  has  already  greatly  profited  through  its  cheap 
power  and  is  destined  to  be  one  of  the  leading  industrial 
countries  of  the  future.  Sweden  and  Finland  possess 
enough  power  for  their  needs.  Their  waterfalls  are  not 
high,  and  in  general  are  far  from  established  lines  of 
communication,  especially  from  those  of  the  ocean.  Den- 
mark has  scarcely  any  water  power,  as  also  Holland. 
Among  the  other  countries  of  Europe  the  Balkan  States 
have  more  power  than  their  industrial  needs  require. 
Switzerland  may  also  be  regarded  as  having  a  nearly 
sufficient  supply  of  water  power,  which  is  the  more 
fortunate,  as  this  highly  industrial  country  does  not  own 
any  coal  deposits.  The  same  is  true  of  the  new  Austria, 
which  has  lost  its  old  coal  districts,  but  has  retained  by 
far  the  greater  part  of  the  waterfalls  of  old  Austria, 
so  that  it  now  probably  ranks  with  Switzerland  in  this 


respect.     Spain   is  also  a  relative  y  well-situated  state, 
but  up  to  the  j)re.sent  it  hius  not  made  much  use  of  itn 
resources.     In  general,  the  waterfalls  in  the  Alps,  Spain, ' 
Italy  and  the  Halkaii.s  arc-  high  and  of  great  value.     For 
the   industries  of  P'raiice  and    Italy  water  power  Ih  of 
the  greatest  importance,  although  it  must  be  regarded  as] 
insuflkient    for   nations    so    highly    developed.      At    the! 
end  of  the  list   come  the  three  great  powers  of  Great! 
Kritain,  Germany  and  Russia,  with  only  a  fiftieth  hor.se-l 
power  per  inhabitant.     Russia  is  an  agricultural  coun- 
try,  with   a   small   demand    for  power,   and   agriculture 
will  probably  remain  its  chief  industry   because  of   its 
r.mall  power  resources,  both  in  coal  and  water.    England 
and  (Germany,  now  the  most  highly  developed  indu.stria! 
countries    in   the   world,   will   undoubtedly   also    in   the 
future  have  agriculture  for  their  chief  industry.     Prob- 
ably a  great  part  of  the.se  countries  will  again  be  cov-  | 
ered  by  forests,  as  they  were  in  the  time  of  Tacitus. 

Power  of  the  Tide 

It  is  often  asserted  that  the  power  of  tidal  waves 
.should  be  utilized.  Of  course  this  is  possible,  but  doing 
so  on  a  large  scale  would  involve  an  initial  investment 
not  justified  by  prices  likely  ever  to  be  obtained  for 
power.  The  energy  of  the  tidal  wave  is  so  widely  dis- 
tributed along  the  shores  of  the  oceans  that  it  is  impos- 
sible to  commercially  collect  a  sensible  part  of  it.  It  is 
quite  in  contrast  to  the  energy  of  fossil  fuel  and  water- 
falls. 

Solar  Energy 

All  available  energy  on  the  earth  has  its  origin  in 
solar  radiation.  Of  this  energj-  a  small  part,  0.12  per 
cent,  is  accumulated  in  vegetation,  which,  however,  is 
great  as  compared  with  the  energy  of  the  coal  burned  in 
the  industries.  A  detailed  calculation  made  by  Pro- 
fessor Schroeder,  of  Kiel,  shows  that  about  22  times  as 
much  energy  is  yearly  accumulated  in  plants  as  is  rep- 
resented by  the  coal  consumed  in  the  same  time.  Of 
this  energy  in  vegetation  67  per  cent  is  taken  up  by 
the  forests,  24  per  cent  in  cultivated  plants,  7  per  cent 
in  the  grass  of  the  steppes  and  2  per  cent  on  desert 
lands. 

The  energy  collected  by  forests  may  be  used  for  heat- 
ing purposes  and  exceeds  every  year  that  of  the  coals 
burnt  by  about  14  times.  But,  unhappily,  the  greater 
part  of  this  energy  is  collected  in  tropical  areas,  and 
the  highly  cultivated  countries  are  so  nearly  deforested 
that  their  production  of  wood  is  not  nearly  sufficient  as 
fuel  for  their  industries.  Further,  the  wood  produced 
in  civilized  countries  is  needed  for  the  production  of 
paper,  pulp  and  lumber.  In  forest  lands  the  refuse  from 
the  woods  may  be  sufficient  for  domestic  purposes,  and 
during  the  war  even  the  industrial  needs  of  certain 
countries  for  combustibles  were  met  by  wood,  where 
the  importation  of  coal  was  hindered  by  the  blockade. 
The  costs,  however,  were  very  high,  due  to  the  expen- 
sive transport  from  the  forests  to  the  industrial  cen- 
ters. The  transport  of  wood  from  the  immense  forests 
in  the  tropics  to  industrial  countries  seems  impossible 
on  economic  grounds.  The  forest  lands  possess,  there- 
fore, an  advantageous  position  in  this  regard.  Before 
other  industrialized  countries  will  be  able  to  substitute 
wood  for  coal,  an  economic  solution  of  the  transportation 
problem  is  necessary,  which  at  present  seems  fraught 
with  exceedingly  great  difficulties. 

The  other  sources  of  energy,  greatly  dispersed  in 
form,  remain  to  be  considered — those  of  the  winds  and 
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■)f  sunshine.  They  are  extremely  great  and  exceed  that 
)f  simultaneously  burnt  coal  from  5,000  to  70,000  times 
(•espectively.  The  energy  of  the  winds  is  taken  up  by 
jvindmills,  which  have  been  in  use  in  Europe  since  the 
lileventh  century.  The  great  objection  to  wind  as  a 
iource  of  power  is  its  variability  and  the  high  installa- 
;ion  costs  per  unit  of  power  continuously  deliverable.  It 
las  been  proposed  to  store  the  energy  of  the  wind  by 
neans  of  accumulators,  charged  from  windmills,  and  to 
ise  these  accumulators  during  times  of  calm.  But  even 
n  windy  countries,  such  as  Denmark,  this  method  is 
jxtremely  uneconomical  as  compared  with  coal  or  wood 
it  their  present  prices.  Windmills  are  widely  used  for 
jumping  water,  both  in  the  New  and  the  Old  World. 

Solar  Engines  to  Renevi^  Civilization  on 
Ancient  Sites 

The  radiation  of  the  sun  may  be  concentrated  by 
means  of  mirrors  on  a  boiler,  and  this  in  turn  connected 
;o  a  steam  engine.  The  best-knowTi  of  these  solar  en- 
gines was  constructed  by  John  Ericsson,  and  described 
in  Nature  in  1888.  It  was  an  improvement  of  an  earlier 
machine  constructed  in  1860.  In  his  experiments  in 
New  York  John  Ericsson  obtained  an  effect  of  one 
lorsepower  with  a  mirror  of  ten  square  meters  (15,500 
sq.in.)  opening.  Later,  his  experiments  were  taken  up 
)n  a  commercial  scale  by  Shuman,  of  Philadelphia,  who 
nstalled  a  solar  engine,  with  mirror  of  1,200  square 
Tieters  (12,915.6  sq.ft.)  in  all,  at  Meads,  ten  kilometers 
jouth  of  Cairo,  in  Egypt.  The  machine  was  of  the 
Ericsson  type,  with  some  small  modifications,  and  aux- 
liary  apparatus.  Shuman  did  not  obtain  more  than 
lalf  the  effect  of  that  obtained  by  Ericsson,  namely,  one 
lorsepower  per  twenty  square  meters  (215  sq.ft.)  mir- 
'or  opening.  After  an  inspection  of  Shuman's  plant, 
Mr.  Ackerman  thought  it  possible  to  introduce  improve- 
nents  which  would  give  as  good  results  as  those  ob 
:ained  by  Ericsson. 

After  improvements  the  solar  engine  seema  likely  to 
jlay  an  important  role  in  the  opening  up  for  cultivation 
)f  great  arid  di'stricts  in  tropical  countries,  as  Ericsson 
naintained  with  great  energy  it  would  do.  In  these 
)arts  of  the  world  are  great  deserts,  such  as  Sahara, 
he  Arabian  Desert,  the  Syrian  Desert,  and  those  in 
yiesopotamia,  which  have  in  historical  times  been  the 
leat  of  flourishing  culture,  but  are  now  the  homes  of 
vandering  tribes.  The  decay  of  these  regions  resulted 
Tom  the  destruction  of  their  aqueducts  and  irrigation 
)lants,  which  the  present  wandering  population  is  un- 
ible  to  restore.  With  the  aid  of  the  solar  machine  it 
vould  be  possible  to  re-establish  the  old  agriculture  and 
lorticulture  of  these  districts,  and  industrial  works 
'ounded  on  its  use  might  also  be  looked  forward  to. 

It  is  not  only  in  the  deserts  that  the  sun  is  shining 
learly  continuously  during  the  greatest  part  of  the  year, 
)ut  extensive  provinces  in  Spain,  Greece  and  North 
America  possess  such  a  climate  that  they  would  profit 
)y  the  introduction  of  the  solar  engine.  In  other  parts 
if  the  world,  where  the  sky  is  covered  for  the  greatest 
)art  of  the  year,  as  in  the  Congo  or  the  Amazonas,  or 
vhich  lie  nearer  to  the  poles,  as  the  temperate  regions, 
he  solar  machine  will  be  of  little  use. 

It  seems  probable  that  when  fossil  fuel  has  been  con- 
lumed,  civilization  and  culture  will  return  to  its  birth- 
)lace  about  the  Mediterranean  and  in  Mesopotamia  in 
he  Old  World,  and  to  Central  America  and  the  lanu  of 
he  Incas  in  the  new. 


According  to  some  calculations  made  by  me,  an 
increase  of  the  carbonic  acid  in  the  atmosphere  will 
give  the  whole  earth  a  more  uniform  and  warmer 
climate.  Therefore,  we  may  suppose  that  the  burning 
of  coal  will  cause  our  climate  to  approach  to  that  of 
the  tertiary  age.  Furthermore,  vegetation  is  highly 
stimulated  through  absorption  of  carbonic  acid  in  the 
soil,  augmented  through  an  increase  of  the  carbonic  acid 
in  the  air.  It  is,  therefore,  probable,  as  I  have  tried 
to  show  in  my  book,  "Worlds  in  the  Making,"  that  the 
total  consumption  of  the  available  coal  by  the  indus- 
tries will,  in  a  high  degree,  favor  agriculture  and  the 
growing  of  forests  in  the  temperate  regions  now  the 
chief  seat  of  culture.  These  regions  will  then  know 
not  only  harmful,  but  some  useful  consequences  as  the 
result  of  the  present  waste  of  our  fuel  resources. 

Kelly  Boiler-Control  Specialties 

A  number  of  power-plant  specialties  for  boiler  control 
have  been  perfected  and  are  being  placed  on  the  market 
by  the  Kelly  Controller  Co.,  175  West  Jackson  Boule- 
vard, Chicago.  Each  specialty  is  designed  to  combine 
several  functions  in  one  device,  and  in  every  case  the 
operation  is  effected  automatically  by  the  steam  pres- 
sure or  the  buoyancy  of  a  float. 

Fig.  1  shows  an  automatic  feed-water  controller  for 
intermittent  or  continuous  feed  combined  with  a  safety 
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Al'TOMATK'   CONTROLLER   AND   SAFETY 
WATER     COLUMN 

water  column  having  high  and  low-  vater  alarms  con- 
trolling from  the  water  end;  the  device  also  acts  as  a 
pump  governor. 

The  water  column  houses  a  float  which  operates  the 
high  and  low  water  alarms  and  indirectly  controls  the 
position  of  the  feed-water  valve.  On  the  lever  system 
in  the  water  column,  stops  are  set  at  the  high-  and  low- 
water  lines.  When  the  water  ri.ses  to  the  high-water 
line,  the  float  comes  in  contact  with  the  upper  stop  and 
opens  the  needle  valve  A,  a  slot  in  the  stem  of  valve  B 
allowing  it  to  remain  closed.  In  a  similar  way  the  float 
at  the  low-water  line  opens  valve  B,  while  valve  A  re- 
mains closed. 

The  valves  A  and  B  control  the  openings  to  the  alarms. 
Referring  to  the  sectional  view  of  the  feed-water  valve, 
the  stem  C  i.s  threaded  and  .screws  into  a  square  nut  E 
Nvhich  slides  in  the  yoke  E.  The  nut  is  held  in  normal 
position  by  the  spring  F.  The  position  of  the  valve  stem 
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(.'  dotermincs  (ho  (low  ol!  \va(or  (o  (ho  hnilor.  The  .spring 
F  i.s  of  su(lkMcn(  [wwer  to  overcome  the  diderential  in 
pressure  between  the  boiler  and  the  pump  pressures  and 
to  hold  in  suspension  the  combined  weight  of  (he  valve 
disk,  piston,  stem,  nut  and  the  handwheel.  The  tension 
of  the  spring  is  adjusted  through  the  nut  J.  Steam  is 
admitted  to  the  bonnet  of  the  feed-water  valve,  above 
the  piston,  through  the  passages  of  valve  li  in  the  water 
column  and  the  piping  connection  H,  and  below  the  pis- 
ton through  the  passages  in  the  valve  A  and  the  pipe 
line  /.    The  action  of  'he  combination  is  self-evident. 

When  desired  the  feed-water  valve  may  be  opened  or 
closed  by  means  of  a  hand  wheel  or  by  the  petcocks  on 
the  pipe  lines  H  and  /. 

CONTROLLNG    SUPPLY    AND    DISCHARGE 

Should  it  be  desired  to  provide  a  means  for  removing 
a  surplus  of  water  from  the  boiler,  this  may  be  done  by 
placing  another  valve  in  parallel  with  the  feed-water 
valve,  but  the  steam  connections  above  and  below  the  pis- 
ton are  reversed  and  the  discharge  valve  is  slightly  dif- 
ferent in  construction.  When  high  water  occurs,  the 
steam  pressure  is  reduced  simultaneously  under  the  pis- 


FIG.   2.      QUINTLPLE-DVTY  VALVE 

ton  in  the  water-feed  valve  and  above  the  piston  in  the 
water-discharge  valve.  This  action  shuts  off  the  water 
supply  to  the  boiler  and  opens  the  discharge  valve,  allow- 
ing the  excess  water  to  flow  out.  As  soon  as  the  water 
level  gets  back  to  normal  and  the  pressures  on  both 
sides  of  the  two  pistons  equalize,  the  discharge  valve 
closes  and  the  feed  valve  opens,  allowing  the  flow  to 
the  boiler  to  continue  as  usual.  When  low  water  occurs, 
the  water  discharge  valve  does  not  operate,  as  the  valve 
is  already  closed  and  the  reduction  of  pressure  under  the 
piston  does  not  affect  it. 

A  valve  combining  five  separate  functions  in  one  de- 
vice, is  shown  in  Fig.  2.  This  valve  automatically  pro- 
tects the  boiler,  mains  and  engine  by-  closing  when  a 


rupture  occurs  either  in  the  boiler  or  the  mainn,  or 
when  the  boiler  primes.  Enumerating  the  five  func- 
tions, the  device  may  act  as  a  non-return  or  check  valve, 
as  a  main  protection,  as  a  steam  trap  as  an  engine  pro- 
tection, and  as  an  equalizing  valve. 

Should  the  boiler  pressure  become  lower  than  the 
header  or  steam  main  pressure,  owing  to  a  rupture  or 
any  cause,  the  weight  of  the  plunger  .4  and  the  disc  B 
will  close  the  valve  slowly  against  the  cushioning  action 
under  plunger  .4,  the  opening  I)  allowing  the  air  to 
escape. 

Should  a  break  occur  in  the  main  or  header,  the  pres- 
sure lowers  on  the  top  side  of  the  auxiliary  valve  E.   As 


HIGH-PRESSfKE  CONTROLLER   FOR 
SINGLE  BOILER 


boiler  pressure  is  under  this  valve,  it  will  open,  allowing 
steam  pressure  to  be  applied  to  the  upper  side  of  plunger 
A,  which  will  close  the  main  valve.  The  piping  connec- 
tion on  the  inlet  side  is  provided  merely  for  testing  out 
the  operation  of  the  valve. 

Fhould  the  water  accumulate  in  the  trap  chamber 
from  condensation,  priming  or  any  cause,  the  float  will 
rise  and  open  the  valve  at  the  bottom  of  the  trap  cham- 
ber, allowing  the  water  to  escape.  If  the  priming  is 
greater  than  the  steam-trap  capacity,  the  float  will  con- 
tinue to  rise  and  by  means  of  pin  F  will  eventually  open 
the  auxiliary  valve  E,  allowing  steam  pressure  to  be  ap- 
plied to  the  upper  side  of  plunger  A,  which  forces  it 
down,  closing  the  main  valve  and  sounding  the  alarm. 

The  fifth  function  is  that  of  an  equalizing  valve.  From 
the  foregoing  it  will  be  apparent  that  the  quintuple  duty 
valve  will  equalize  the  pressure  and  load  between  boilers 
and  automatically  cut  in  and  out  the  boilers  without  at- 
tention. The  absence  of  springs  and  complicated  ad- 
justments and  the  general  simplicity  of  the  valve  should 
appeal  to  the  operator. 

Fig.  3  shows  a  high-pressure  controller  designed  pri- 
marily for  single  boilers  when  the  devices  shovni  in  Fig 
1  cannot  be  used.  The  controller  acts  primarily  as  i 
steam  separator.  It  is  inserted  in  the  steam-supply  lint 
from  the  boiler.  The  float  in  the  casing  is  connectec 
from  its  upper  spud  to  the  butterfly  valve  A  and  fron 
the  lower  spud  to  the  valve  B  through  a  series  of  levers 
When  the  quantity  of  water  separated  from  the  stean 
becomes  greater  than  can  be  carried  away  through  the 
bleeder  opening  C,  the  float  rises  and  pulls  the  stem  i 
downward.  This  allows  steam  supplied  through  thi 
pipe  D  to  blow  the  alarm.  If  the  quantity  of  separate( 
water  continues  to  increase,  the  float  continues  to  risi 
and  closes  the  butterfly  valve  A,  thus  preventing  wate 
from  entering  the  steam  mains.  If  the  valve  is  in  thi 
steam  lead  to  an  engine,  it  will  shut  off  the  steam  a 
well  as  the  water  and  thus  doubly  guard  the  engine 
against  a  charge  of  water. 
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I       Electric  Development  in  California 

"There  is  no  system  of  interconnected  electrical 
companies  in  the  world  which  will  compare  in  mag- 
nitude with  the  electrical  energy  situated  in  California," 
recently  declared  H.  G.  Butler,  state  power  adminis- 
jtrator.  Nearly  one  hundred  plants  will  be  tributary  to 
•it  and  consumers  who  use  over  10,000,000  kw.-hr.  daily 
[during  the  summer  will  be  supplied  from  it.  The  out- 
put of  the  plants  in  1919  was  3,300,000,000  kw.-hr. 

There  will  be  carried  out  to  Floriston  a  projected 
interconnection  between  the  Southern  Sierra  Power  Co. 
and  the  Truckee  General  Electric  Co.,  the  California 
companies,  both  north  and  south,  being  at  present  nearly 
all  interconnected.  With  all  California  companies  inter- 
connected,, Mr.  Butler  says,  it  will  be  possible  to  follow 
a  transmission  line  from  Oregon  to  Mexico,  or  from 
Oregon  down  the  San  Joaquin  Valley  to  Los  Angeles, 
from  there  to  San  Bernardino,  north  to  Mono  Lake, 
nearly  due  east  to  Stockton.  The  projected  Southern 
Sierras-Truckee  connection  will  extend  this  territory 
to  a  point  opposite  Lake  Spaulding  and  thirty  miles 
east  over  the  Divide. 

Present  Power  and  Water  Situation 

Referring  to  the  present  power  and  water  situation, 
Mr.  Butler  says:  "No  definite  plans  for  this  year  have 
been  made.  The  plans  to  be  made  will  depend  on  condi- 
tions when  it  becomes  necessary  to  use  stored  water.  All 
that  has  been  done  so  far  is  to  prepare  to  secure  as 
much  power  as  possible,  to  attempt  to  keep  the  rice  load 
within  bounds  and  to  urge  farmers,  through  associations 
and  organizations,  to  plan  and  do  their  irrigating  at 
night.  Stored  water  will  be  used  to  equalize  the  short- 
age over  the  seven  months  during  which  the  shortage 
will  prevail.  This  method  of  using  stored  water  also 
works  best  for  irrigation  as  the  water  will  be  withdrawn 
when  needed  for  crops.  The  shortage,  based  on  the  esti- 
mated demand,  will  be  114,000,000  kw.-hr.  for  seven 
months,  or  about  10  per  cent.  The  estimated  demand 
is  from  5  to  9  per  cent  greater  than  for  the  correspond- 
ing months  last  year." 

Situation  More  Serious  in  the  North  than 
IN  the  South 

Referring  to  the  shortage  in  the  north,  after  declar- 
ing that  the  situation  in  the  south  was  not  so  serious, 
Mr.  Butler  said:  "In  the  north  this  is  the  third  con- 
secutive dry  year.  It  is  difficult  to  estimate  the  stream 
flow,  which  is  important.  Indications  are  that  the  Pa- 
cific Gas  and  Electric  Co.  will  have  10,000,000  kw.-hr. 
more  than  last  year,  but  will  not  fill  its  upper  reservoirs. 
Lake  Almanor,  of  the  Great  Western  Power  Co.,  will 
be  only  40  per  cent  full.  Steam  is  a  very  uncertain  fac- 
tor. To  carry  out  the  programs  as  much  as  77,000,000 
kw.-hr.  per  month  must  be  generated.  The  best  the 
plants  have  ever  done  before  was  64,000,000  kw.-hr.  in 
August  of  la.st  year. 

"The  precipitation  in  the  Southern  District  has  been 
nearer  normal  than  in  the  north  and  the  supply  of 
energy  is  proportionally  greater.  The  San  Joaquin 
Light  and  Power  Co.  has  been  face  to  face  with  a  short- 
age since  1918  and  has  not  taken  on  an  extensive  load, 
and  the  Southern  California  Edison  Co.  also  has  been 
careful  on  new  business.  The  watersheds  of  the  hydro 
plants  are  higher  than  those  in  the  north  and  it  is  more 
difficult  to  estimate  what  the  water  supply  will  be,  but 
I  believe  it  is  safe  to  say  that  if  the  agricultural  and 


other  load  can  be  shifted  from  day  to  night  and  no  ex- 
tensive new  load  is  taken  on,  and  the  resources  are  care- 
fully husbanded,  it  may  be  unnecessary  to  place  restric- 
tions on  the  use  of  power  in  the  south." 

Pointing  out  that  there  are  eleven  large  construction 
projects  under  way,  with  a  capacity  of  208,000  kw.,  Mr. 
Butler,  making  reference  to  the  future  of  the  state,  said: 
"All  but  10,000  kw.  of  this,  or  198,000  kw.,  will  be  avail- 
able before  low  water  next  season,  and  there  are  other 
plants  in  contemplation  which  could  be  completed  by  that 
time.  Of  this  76,500  kw.  is  in  the  northern  district,  and 
the  interconnection  between  north  and  south  is  too  light 
to  permit  of  an  interchange  of  power  sufficient  to  make 
the  new  plants  of  the  south  available  for  the  north. 
Still,  with  a  normal  supply  of  water  there  should  be 
no  water  shortage  next  year.  And  the  more  distant 
future  is  safe  if  the  power  companies  definitely  realize 
— and  I  believe  they  do — that  they  must  think  in  terms 
of  hundreds  of  thousand  of  kilowatts  and  tens  of  mil- 
lions of  dollars.  But  even  then  it  will  be  a  severe  drain 
to  finance  and  build  the  power  plants  necessary  to  make 
our  water  sources  available  to  the  manufacturers  of  the 
East,  who  will  seek  them  in  increasing  numbers  as  the 
fuels  become  more  and  more  exhausted  and  more  and 
more  expensive.  The  Goodyear  Rubber  Co.,  in  my 
opinion,  is  only  the  advance  guard  of  those  manufac- 
turers, and  that  company  alone,  when  it  reaches  full 
completion,  will  take  100,000,000  kw-hr.  per  year,  or  Sh. 
per  cent  of  the  total  1919  output  of  practically  all  the 
plants  on  the  Pacific  Slope,  between  Oregon  and  Mexico." 

Projects  Now  Under  Way 

Following  is  a  list  of  projects  under  way,  with  their 
locations,  type,  probable  date  of  completion  and  esti- 
mated capacity : 

City  of  Los  Angeles,  San  Francisquito  Creek,  July  1, 

1920,  hydro,  20,000  kw. 

San  Joaquin  Light  and  Power  Corporation,  Bakers- 
field,  June,  1920,  steam,  12,500  kw. 

San  Joaquin  Light  and  Power  Corporation,  San  Joa- 
quin (Kerckhoff),  Oct.  1,  1920,  hydro,  30,000  kw. 

Southern  California  Edi.son  Co.,  Big  Creek  (new 
unit),  Nov.  1,  1920,  hydro,  16,500  kw. 

Southern  California  Edison  Co.,  Kern  River  No.  3, 
Nov.  1,  1920,  hydro,  30,000  kw. 

Pacific  Gas  and  Electric  Co.,  Oakland,  Nov.  1,  1920, 
.steam,  12,500  kw. 

Pacific  Gas  and  Electric  Co.,  Pitt  River,  Jan.  1,  1921, 
hydro,  24,000  kw. 

Los   Angeles   Gas   and   Electric   Corporation,   Jan.    1, 

1921,  steam,  10,000  kw. 

Southern  States  Power  Co.,  Adams  plant,  Jan.  1, 
1921,  hydro,  2,500  kw. 

Great  Western  Power  Co.,  Feather  River  (Caribou), 
March,  1921,  hydro,  40,000  kw. 

Southern  Sierras  Power  Co.,  October,  1921,  hydro, 
10,000  kw. 


The  principal  heat  losses  of  a  boiler  plant  are  due 
to  dirty  boilers,  inside  and  out;  leaky  settings  by  air 
infiltration ;  leaky  valves  and  poor  management  of  fir- 
ing. Air  leaks  reduce  eflficiency.  The  brickwork  of 
boiler  settings  develops  cracks  and  gaps  through  which 
air  is  admitted  to  the  furnace,  which  lowers  the  tem- 
perature of  the  gases  of  combustion.  A  careful  study 
of  the  settings  should  be  made,  and  a  remedy  applied 
such  as  plastic  fireproof  mixture,  covered  and  painted 
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Recent  AdvaiiceH  in  Surfuee-l^nition 
Oil  l<]ii<;in('s 

Those  enpiiieiM-s  who  havf  operated  surtace-ignition. 
or  hot-bulb  engines,  are  well  aware  of  the  difficultie.s 
encountered  in  operating  this  type  of  engine  on  a  low 
load.  In  engines  employing  water  injection  the  hot 
ignition  surface  is  designed  with  the  intention  that  at 
no  load,  with  the  water  injection  cut  out,  the  bulb  will 
contain  surticient  heat  to  vaporize  and  ignite  the  fuel 
charge.  At  heavy  loads  the  water  injection,  by  its  cool- 
ing effect,  maintains  the  bulb  at  a  temperature  low 
enough  to  prevent  pre-ignition.  Unfortunately,  this 
involves  more  or  less  attention  from  the  engineer. 
Furthermore,  if  the  low  or  no-load  period  extends  over 
a  considerable  time,  the  bulb  will  cool  off,  requiring  re- 
lighting of  the  starting  torch.  This  lack  of  flexibility 
is  one  of  the  disadvantages  possessed  by  this  type  of 
oil  engine. 

To  overcome  this  defect,  the  Bessemer  Gas  Engine 
Co.  has  adopted  a  decidedly  novel  design  of  vaporizing 
cr  hot  ignition  surface.  It  is  well  known  that  a  vessel, 
partly  filled  with  a  liquid  and  placed  over  a  flame,  will 
attain  a  temperature  sufficiently  high  to  boil  the  liquid. 
Further  addition  of  heat  will  merely  increase  the  rate 
of  evaporation  without  any  further  rise  in  the  tem- 
perature of  the  vessel.  The  side  of  the  vessel  exposed 
to  the  flame  reaches  a  temperature  somewhat  greater 
than  the  boiling  point  of  the  liquid;  the  temperature 
difference  is  dependent  on  the  shape  and  composition 
of  the  vessel  as  well  as  other  factors.  Taking  advantage 
of  these  facts,  the  Bessemer  company  makes  use  of 
the  cylinder  head  and  vaporizer  appearing  in  Fig.  1. 


li(|ui(l,  strikes  the  water-cooled  top.  The  vapor  is  chilled 
and,  liquifying,  trickles  down  into  the  bottom  of  the 
vaporizer.  This  continued  evaporation  and  conden.sa- 
tion  process  .serves  to  maintain  the  vaporizer  at  a  uni- 
form temperature  regardle.s.s  of  load  changes.  This 
enables  the  water  injection  to  be  discontinued. 

A  quick-starting   ignition   plug   employing   the   .yame 


FIO.     2.       BKSSKMER    KJNITION    TUBE 


FIG.    1.       BESSEMER    MERCURY    VAPORIZER 

In  the  top  of  the  cylinder  head  is  placed  a  steel  pot 
partly  filled  with  mercury  ana  held  in  place  by  a  water- 
cooled  cap.  To  start  the  engine,  a  plug  is  removed  from 
the  end  of  the  head  and  a  torch  flame  directed  onto  the 
bottom  of  the  pot  or  vaporizer.  When  the  vaporizer 
has  become  sufficiently  heated,  the  plug  is  replaced  and 
the  engine  started.  The  vaporizer  is  hot  enojgh  to 
give  the  initial  explosion,  after  w!  ich  the  heat  of  com- 
bustion maintains  the  vaporizer  temperature. 

Even  at  no  load  the  heat  absorbed  by  the  thin  steel 
vaporizer  raises  the  temperature  of  the  mercury  to 
its  boiling  point  of  675-690  deg.  F.  Part  of  the  mercury 
evaporates  and,  as  it  leaves  the  surface  of  the  boiling 


principle  has  been  recently  patented  by  the  Bessemer 
company.  This  appears  in  Fig.  2.  The  plug  is  essen- 
tially a  hollow  tube  carrying  a  charge  of  mercury  and 
provided  with  a  water-cooled  jacket.  Into  this  tube  is 
placed  an  electric  heating  element.  To  start  the  engine, 
the  current  is  turned  into  the  coil,  which  heats  the 
mercury  and  the  tube.  The  coil  should  have  no  tendency 
to  burn  out  as  is  so  prevalent  with  starting  coils,  since 
the  mercury  should  keep  the  entire  tube  at  approxi- 
mately 675  deg.  F. 


To  get  the  most  efficient  transfer  of  heat  in  a  heating 
system,  the  radiating  Surfaces  should  be  properly  de- 
signed so  as  to  create  a  circulation  of  the  heating  ele- 
ments and  to  dispose  of  the  water  and  air,  which 
are  enemies  to  heat  transfer. 


The  exhaust  is  one  of  the  principal  factors  of  the 
engine  room.  After  the  steam  has  been  delivered  to 
the  engine,  care  should  be  taken  to  see  that  it  is  utilized 
to  the  best  advantage.  Where  all  the  steam  is  needed, 
the  rate  of  steam  consumption  of  the  engine  itself  is 
not  of  particular  consequence;  that  is,  a  simple  slide- 
valve  engine  using  steam  at  the  rate  of  forty  or  fifty 
pounds  per  horsepower-hour  may  be  the  best  type  of 
engine  to  use.  As  the  demand  for  exhaust  steam  de- 
creases, the  importance  of  economy  in  the  engine  in- 
creases. If  there  are  periods  when  the  exhaust  is 
not  used,  the  economy  of  the  engine  during  these 
periods  is  of  the  greatest  importance.  For  such  work 
the  most  economical  generating  unit  should  be  selected 
and  of  a  size  that  will  be  economically  loaded  with  the 
amount  of  power  produced. 


Welding  in  Steam  Boilers 
and  Other  Pressure  Vessels 

THE  Boiler  Code  of  the  American  Society  of  Me- 
chanical Engineers  allows  the  use  of  forged  welding 
for  boiler  joints,  assuming  as  the  ultimate  tensile 
strength  of  a  joint  which  has  been  properly  welded  by 
the  forging  process,  28,500  pounds  per  square  inch,  with 
steel  plates  having  a  range  in  tensile  strength  of  45,000 
to  55,000  pounds  per  sqquare  inch.  Autogenous  welding  is 
allowed  only  where  the  stress  is  carried  by  other  con- 
struction, and  the  safety  of  the  structure  is  not  depend- 
ent upon  the  strength  of  the  weld. 

In  view  of  the  progress  which  is  being  made  in  the 
art,  and  the  consistently  excellent  work  that  is  being 
done  by  some  of  the  welding  companies,  it  is  suggested 
that  the  next  revision  of  the  Code  may  be  a  little  more 
liberal  to  autogenous  welding,  and  perhaps  permit  its 
use  in  door  frames,  flanges  of  water  legs  and  other 
places  where  the  factor  of  safety  would  be  large  in  pro- 
portion to  any  stress  upon  the  joint,  or  induced  in  other 
members  by  its  failure. 

There  is  likely  to  be  a  strenuous  effort  on  the  part  of 
the  welding  interests  for  a  more  generous  treatment  of 
autogenous  welding  in  the  Code  for  Unfired  Pressure 
Vessels,  now  in  process  of  formulation.  The  Code  in  its 
tentative  form  divides  unlired  pressure  vessels  into  two 
classes. 

Class  A: 
Vessels  for  containing  liquids  above  the  atmospheric 

boiling  point,  inflammable  substances,  or  any  gas,  and 

limited  in  size  to  those  over  6  in.  in  dia..  more  than 

1.5  cu.ft.  in  volume,  and  carrying  over  15   lb.  per 

sq.in. 

Class  B : 
Vessels  for  containing  liquids,  the  temperatures  of 

which  are  under  control  so  as  to  be  below  atmospheric 

boiling  point,  and  limited  in  size  to  those  over  9  in. 

in  dia.,  more  than  4  cu.ft.  in  volume,  and  carrying  over 

30  lb.  per  sq.in.,  but  not  to  exceed  100  lb.  pressure 

per  sq.in.    For  pressures  over  100  lb.  per  sq.in.  the 

rules  for  Class  A  vessels  apply. 

The  ultimate  strength  of  a  joint  which  has  been 
properly  welded  by  the  forging  process  is  to  be  taken  at 
65  per  cent  of  the  tensile  strength  of  the  plate.  The 
ultimate  strength  of  a  joint  which  has  been  properly 
welded  by  the  autogenous  process  may  be  used  in  Class 
B  pressure  vessels  only,  and  shall  be  taken  at  50  per 
cent  of  the  tensile  strength  of  the  plate. 

This,  the  welding  people  claim,  would  disqualify  auto- 
genous welding  for  many  uses  for  which  it  is  now  suc- 
cessfully applied.  On  the  other  hand,  it  is  urged  that 
the  autogenous  weld  is  simply  a  line  of  cast  metal  in- 
terjected into  a  ductile  surface,  and  subject  to  all  of 
the  uncertainty  of  cast  material ;  that  while  a  large  pro- 
portion of  welded  joints  show  excellent  holding  power, 
often  superior  to  that  of  the  plate  itself,  the  pro- 
portion which  fails  is  still  large  enough  to  be  guarded 
against;  that  the  integrity  of  the  metal  surrounding 
the  weld  is  apt  to.  be  impaired  in  the  process  of  welding, 


and  that  no  practicable  method  of  determining  whether 
the  weld  is  sound  short  of  a  test  to  destruction  has  been 
evolved. 

The  Boiler  Code  Committee  should  go  as  far  in 
permitting  the  applications  of  the  development  of  this 
comparatively  new  art  as  it  can  consistently  with  public 
safety,  and  on  the  other  hand  the  autogenous  welding 
people  wiU  make  a  mistake  which  will  seriously  retard 
their  own  progress  and  development  if  they  are  success- 
ful in  urging  uses  which  result  in  serious  accidents. 

Turbo-Alternator  Failures 

IN  THIS  issue  is  published  a  paper,  along  with  a 
discussion,  on  "Classification  of  Large  Turbo-Gen- 
erator Failures,"  by  Philip  Torchio,  which  was  pre- 
sented before  the  annual  convention  of  the  American 
Institute  of  Electrical  Engineers.  Mr.  Torchio  classifies 
fifty-five  failures  occurring  in  tui'bo-alteniators  ranging 
in  size  from  five  thousand  to  thirty  thousand  kilowatts. 
This  classification  is  a  valuable  piece  of  engineering 
literature.  However,  its  value  would  have  been  enhanced 
if  more  details  had  been  given  regarding  the  size  and 
speed  of  the  units,  the  kind  of  insulation  on  the  coils, 
the  length  of  time  the  machine  had  been  in  service,  the 
system  of  protection  against  overloads  or  failures,  etc. 
Nevertheless,  the  paper  has  served  a  very  important 
purpose  in  that  it  brought  out  some  very  constructive 
discussion  on  this  exceedingly  important  phase  of 
power-plant  operation. 

Even  taking  the  figures  (fifty-five)  given  by  Mr. 
Torchio,  which  date  back  twelve  to  sixteen  years,  and 
weighing  them  in  accordance  with  operating  conditions, 
they  are  not  so  formidable  as  it  first  might  seem.  Fii"st, 
for  a  number  of  years  it  was  general  practice  not  to 
provide  turbo-alternators  with  automatic  protection 
against  overloads  or  breakdowms  in  the  machine. 
Although  the  machine  does  not  require  protection 
against  external  overloads,  it  is  now  genera'ly  recog- 
nized that  protection  is  necessary  when  failures  occur 
in  the  windings.  Not  that  the  protective  device  will 
minimize  breakdowns,  but  it  will  reduce  the  effects  of 
the  failure  to  a  very  small  fraction  of  what  it  would 
be  otherwise. 

Second,  it  is  only  quite  recently  that  the  neces- 
sity of  grounding  the  neutral  of  the  generatoi-s  has 
become  generally  recognized.  As  pointed  out  by  Mr. 
Newbury  in  his  discussion,  in  four  cases  whei-e  break- 
down had  been  caused  by  surges,  the  cause  of  the  trouble 
entirely  disappeared  when  the  neutral  was  grounded. 

Third,  during  the  war  period  many  turbo-generators 
were  operated  under  the  most  unfavorable  conditions, 
and  undoubtedly  this  led  to  many  of  the  failures  during 
this  period. 

Fourth,  there  is  no  doubt  that  interconnecting  power 
systems  without  first  providing  adequate  pi-otection 
has  contributed  its  quota  of  generator  failures.  When 
these  facts  are  taken  into  consideration,  the  record 
of  turbo-alternators  has  not  been  one  to  cause  alarm. 
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Thp  caiisps  of  pa.st  allcniatnr  failiiros  air  now  generally 
lerojrni/.od  l)olh  liy  \ho  oporatiiiK  companies  and  liy  the 
manii  fact  mors,  and  very  decided  stops  have  been  taken 
to  remedy  the  causes;  consecpiontly.  it  is  evident  that 
in  the  future  Ki'iic'itor  faihires  will  be  considoraiily 
reduced.  To  absolutely  insure  against  failure  is  a  well- 
recotrni/ed  impossibility,  no  matter  what  the  restric- 
tions may  bo,  but  the  manufacturer  must  produce  a 
machine  that  will  jjive  the  maximum  decree  of  reliabil- 
ity consistent  with  the  present  state  of  electrical  devel- 
opment. More  than  this  the  operating  engineers  should 
not  insist  upon. 

Ex|»l«)riii<»  for  CO^ 

TUK  tendency  in  recent  years  has  been  toward 
greater  and  greater  capacity  in  one  boiler,  both  by 
considerably  more  heating  surface  than  formerly  fur 
nished  and  by  high  rates  of  combustion.  Large  boilers 
mean  large  furnaces,  the  design  of  which  not  only  in- 
creases the  volume  of  gas.  but  sometimes  materially 
lengthens  the  path  the  gases  must  travel  in  their  rise 
from  the  fuel  bed  to  the  flue. 

As  the  efficiency  and  completeness  of  combustion  de- 
pend much  upon  how  thoroughly  the  gases  from  the 
fuel  and  the  air  admitted  for  combustion  are  mixed, 
furnace  volume  and  character  of  the  gas  paths  or 
passages  are  well  worthy  of  investigation. 

How  well  do  the  gases  and  air  mix  in  a  particular 
part  of  the  furnace?  How  does  the  mixing  done  here 
influence  the  mixing  farther  on,  and  thereby  promote 
or  fail  to  promote  high  furnace  efficiency? 

These  are  questions  which  one  large  public  utility 
attempted  to  answer  by  exploring  the  settings  for  CO,. 
The  results  of  the  investigations  are  told  in  the 
article  beginning  on  page  54  of  this  issue.  This  is  but 
another  of  the  refinements  already  introduced  and  to  be 
introduced  in  boiler  operation.  The  trend  is  one  of 
basic  economic  importance  owing  to  the  seriousness  of 
fuel  availability  and  price. 

Proceedings  of  the  Third  International 
Congress  of  Refrigeration 

THE  third  International  Congress  of  Refrigeration 
was  held  in  Chicago  in  September,  1913.  The  pro- 
ceedings, English  edition,  of  this  congress,  have  just 
been  distributed,  delayed  by  the  war  which  later  swept 
over  Europe  and  soon  engulfed  the  United  States. 
Though  late,  the  proceedings,  which  form  three  large 
volumes,  two  of  which  are  finished,  comprise  literature 
of  great  value  to  the  industry. 

Refrigeration  is  an  industry  that  embraces  a  far 
greater  number  of  sciences  and  subjects  than  the  aver- 
age person — layman,  engineer  or  bacteriologist — has  in 
his  mind  when  thinking  about  his  particular  part  in  it. 
Happily,  this  is  as  it  should  be,  for  it  is  not  to  be  ex- 
pected that  the  engineer  should  know  as  much  about 
the  combined  action  or  native  enzymes  and  bacterial 
flora  on  milk  at  various  temperatures,  or  of  the  histology 
of  various  frozen  fish,  as  he  does  or  should  about  heat 
transfer  and  the  myriad  of  details  that  lie  wholly  in 
the  field  of  refrigerating  engineering.  And  yet  the 
success  of  cold  storage,  one  of  the  most  important  fac- 
tors in  our  highly  specialized  civilization,  depends  upon 
how  weF  the  laws  and  practices  of  building  construction, 
transportation,  engineering  and  bacteriology  are  merged 
and  functioned.     Fortunately,  the  tendency  is  toward 


do(onti;ili/..itioii  the  industry  docs  not  exjicct  the  engi^ 
noor  to  bo  th(>  ot)cy<lopodia  he  once  was  hold  to  bo.  It 
up  to  the  bacteriologists,  the  |ilant  and  animal-induntr 
.scientists,  to  furnish  inform;ition  about  the  rctardatioi 
of  decomposition  of  stored  pro<lucts.  The  (luestionB 
temperatures  for  shari)  fr(!07,ing,  and  holding,  of  odoij 
absorption,  shrinkage,  handling  of  produce,  etc.,  etc., 
are  for  tho  warohousoman  to  answer.  The  engineer 
should  bo  through  when  he  has  designed,  built,  chilled 
the  hou.se  and  keeps  it  cold  and  ventilated.  Doing  these, 
together  with  his  responsibility  for  the  power  plant  and 
refrigeration-producing  machinery,  gives  him  enough 
to  keep  him  bu.sy  to  eff'ect  and  to  keep  abreast  of  the 
progress  in  this  division  of  the  art.  Going  through  the 
proceedings  referred  to  convince.s  one  of  this. 

What  Shall  Be  the 
Horsepower  .Standard  ? 

THF^RE  is  a  growing  feeling  in  engineering  circle."?, 
particularly  marine  circles,  that  some  .standard 
should  be  adopted  for  the  horsepower.  Today  we  have 
the  steam  reciprocating  engine,  the  capacity  of  which 
is  well  expressed  in  indicated  horsepower,  and  the 
.steam  turbine,  which  so  far  no  one  has  been  able  to 
simply  and  conveniently  measure  in  terms  of  indicated 
horsepower.  The  turbo-generator  .set  is  invariably  ex- 
pressed in  terms  of  the  generator's  electrical  capacity 
with  no  reference  to  horsepower  capacity  of  the  turbine. 
Brake  horsepower  is  the  measure  of  the  capacity  of  the 
internal-combustion  engine,  a  growing  number  of  which 
find  use  on  land  and  sea.  With  electrically  driven  ships 
the  power  of  the  ves.sel  is  in  most  cases  expressed  in 
terms  of  the  electrical  energy  that  is  available  for  the 
motors. 

Our  contemporary.  Shipbuilding  and  Shipping  Record, 
believes  that  if  one  expression  is  to  be  adopted  for  all 
types  of  prime  movers,  the  shaft  horsepower  should  be 
agreed  upon.  This  seems  all  right  for  marine  practice; 
but  what  would  it  mean  to  builder  and  user  if  applied 
to  land  prime  movers?  Would  such  rating  be  worth 
what  it  would  cost  to  state  it  for  each  type  of  prime 
mover? 


There  is  reported  a  temporary  increase  in  accident.^ 
on  power  systems  due  to  the  scorn  of  personal  danger 
evinced  by  returned  soldiers  employed  in  this  work.  The 
former  doughboy  does  not  want  to  forget  that  even  if 
he  could  put  terror  into  the  heart  of  the  enemy  by  prov- 
ing himself  a  bad  actor,  he  cannot  do  any  such  thing 
with  moving  machinery,  electric  circuits  or  other  sources 
of  accidents.  The  latter  have  never  been  made  to  re- 
treat. 


During  the  war  the  Fuel  Administration  turned  the 
searchlight  on  ineflicient  plants.  It  is  a  pity  that  a 
similar  campaign  is  not  now  in  effect  to  ferret  out  coal 
and  steam  wavStes  and  compel  the  elimination  or  imme- 
diate improvement  of  these  plants.  Such  methods  would 
put  a  premium  on  efficient  plants  and  likewise  on  higher 
grades  of  men  to  own  them. 


The  .selection  of  0.  B.  Merrill  as  the  executive  secre- 
tary of  the  Federal  Water-Power  Commission  will  meet 
with  general  approval.  Nowhere  could  there  be  found  a 
man  who  is  better  qualified  for  this  work  by  experience 
and  breadth  of  view% 


JaTjr  IS,  1920 
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Faulty  Connections  the  Cause  of  Trouble 

When  making  cable  connections  to  motors,  switch- 
boards or  other  electrical  apparatus,  it  is  of  the  utmost 
importance  to  see  to  it  that  the  contact  surfaces  are 
clean  and  that  the  screws  or  nuts  are  pulled  up  tight. 
Lack  of  attention  to  these  details  is  a  common  cause 
of  trouble,  as  the  following  examples  will  show: 

A  50-hp.  three-phase  550-volt  motor,  driving  rolls  for 
crushing  crude  rubber,  began  to  give  trouble  in  a  pecu- 
liar way.  The  machine  would  operate  normally  until  a 
particularly  tough  piece  of  rubber  was  inserted  between 
the  rolls,  then  out  would  go  a  fuse.  In  the  plant  was 
an  exactly  similar  machine,  doing  harder  work  without 
any  difficulty.  The  gearing  was  examined  and  found 
to  be  free,  as  the  machine  made  a  considerable  number 
of  revolutions  after  the  power  was  shut  off.  The  motor 
and  compensator  were  carefully  gone  over  and  no  faults 
found.  Finally,  pulling  on  the  cables  where  they  con- 
nected to  the  fuse  blocks  revealed  the  fact  that  one  of 
them  was  slightly  loose,  and  on  removal  the  contact  sur- 
faces of  the  lug  and  fuse  were  found  to  be  blackened, 
showing  signs  of  the  arcing  which  had  taken  place.  It 
was  apparent  that  when  the  machine  was  subjected  to 
a  heavy  load,  the  poor  connection  caused  the  motor  to 
take  an  unbalanced  current  from  the  line.  Being  unable 
to  maintain  its  normal  speed  under  these  conditions,  it 
slowed  down  and  the  inrush  of  current  blew  out  the  fuses. 

In  another  instance  a  2.50-volt  100-kw.  direct-cun^nt 
generator,  directly  driven  by  a  high-speed  vertical  com- 
pound engine,  failed  to  take  its  proportion  of  the  load 
when  operating  in  parallel  with  other  machines.  Cut- 
ting out  all  the  shunt  resistance  made  but  little  differ- 
ence, so  the  operator  concluded  that,  either  the  engine 
was  running  slow  or  else  a  field  coil  had  become  short- 
circuited.  A  thorough  testing  and  examination  of  the 
generator  revealed  the  fact  that  one  of  the  connections 
joining  the  bottom  series-field  coils  was  hot  to  the  touch. 
This  connection  was  in  a  very  inaccessible  position,  and 
probably  for  this  reason  the  bolts  had  not  been  pulled 
up  tight  in  the  first  place.  After  cleaning  and  tighten- 
ing up  this  connection,  the  series  field  functioned  all 
right  and  the  machine  held  the  load  easily. 

The  appearance  of  many  marble  switchboards  is 
marred  by  large  cracks  caused  by  connections  that  have 
become  overheated,  either  owing  to  the  nuts  on  connec- 
tions not  being  tight,  or  else  the  switches  not  being 
kept  clean.  In  stations  operating  gas  engines  the  condi- 
tions are  sometimes  such  that  it  is  necessary  to  keep  the 
switch  contacts  lubricated  with  vaseline  in  order  to  keep 
the  surfaces  clean  and  to  prevent  the  formation  of  an 


oxide  film  caused  by  the  gas  in  the  atmosphere.  This, 
in  some  cases,  is  so  bad  that  the  commutator  of  a 
machine  shut  dovra  will  turn  black  in  a  few  hours.  I 
have  in  mind  a  switchboard  equipment  that  was  prac- 
tically ruined  by  the  effects  of  gas.  The  contacts  were 
allowed  to  become  so  badly  coated  with  oxide  and  the 
switches  so  overheated  in  consequence,  that  the  clips 
became  too  soft  to  be  serviceable.  After  this  the  vase- 
line remedy  was  applied  with  good  results. 

Toronto,  Ont.,  Canada.  H.  Wilson. 

Better  Pay  for  the  Engineer 

For  some  time  past  I  have  been  investigating  the 
engineer  in  his  plant,  and  some  of  the  discoveries  I 
have  made  have  been  rather  startling.  I  have  found 
expert  mechanics,  with  a  good  technical  education, 
acting  as  chief  engineers  in  plants  of  over  1,000  hp., 
and  who  are  getting  only  about  $2,000  per  year.  I 
have  found  other  men,  who  were  fair  mechanics,  but 
who  knew  very  little  of  the  technical  end  of  steam 
engineering,  holding  down  the  position  of  chief  engi- 
neer, with  salaries  of  around  $1,800  per  year.  Ask 
them  what  their  factor  of  evaporation  was,  what  effi- 
ciency they  were  obtaining,  what  percentage  of  CO^ 
they  were  carrying  in  their  stack  gases,  and  they 
could  not  answer. 

Now,  if  the  first  man  were  to  ask  for  more  pay,  he 
would  be  told  that  an  engineer  could  be  hired  for  less 
money  than  he  was  getting. 

As  a  result  the  first  man,  who  has  spent  years  of 
his  time  and  a  good  portion  of  his  wage  for  an  educa- 
tion, is  compelled  to  work  for  the  same  money  that 
the  second  man  receives,  as  they  both  hold  the  same 
kind  of  license. 

The  first  man  should  be  considered  a  professional 
man,  as  he  has  spent  as  much  time  and  money  to  get 
his  education  as  is  required  of  any  other  professional 
men,  but  he  is  compensated  by  receiving  the  wage 
of  a  laborer.  The  second  man  remarks,  "Why  should 
I  spend  time  and  money  for  an  education  when  I  can 
make  as  much  without  it?" 

The  remedy  for  this  condition,  in  my  opinion,  would 
be  to  establish  a  national  license  law,  divided  in 
classes,  as  chief,  first,  second  and  third,  and  these 
into  Classes  A,  B,  C  and  D,  the  last  division  being 
the  size  of  the  plant.  The  examinations  for  licenses 
would  be  divided  in  the  same  way. 

In  this  way  the  first  man  could  command  the  salary 
he  was  worth,  and  the  second  man  would  have  some 
thing  to  work  for,  making  better  conditions  all  around 

Philadelphia,  Pa.  George  H.  Smith. 
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Roinforml  llaiulliulc  l*atcli 

On  a  certain  boiler  the  hiindhole  plate.**  were  allowed 
to  leak  continuou.sly,  which  resulted  in  the  metal  around 
the  hole.**  .so  wa.stinur  away  that  the  flange  thickncs.s  of 
the  hcad.s  wa.s  greatly  reduced  and  the  boiler  was 
ordered  removed  from  service.  It  was  decided  to  rei)air 
the  boiler  by  cutting  out  the  defective  parts  and  putting 
on  a  patch.  Hanged  as  shown  by  Figs.   1   and  2. 

It  was  necessary  to  remove  two  3-in.  tubes  and  enough 
of  each  head  to  allow  the  gasket  and  the  flange  of  the 


r.\TCH  ox  I'UO.N'T 
HEAD 


PATCH  OS   KKAR 
HKAD 


handhole  plate  to  come  flush  against  the  patch.  The 
tube  holes  were  tapped  and  a  special  steel  threaded 
bushing  with  a  thin  flange-head  was  screwed  through 
from  the  inside  and  faced  up  smooth  with  the  outside 
of  the  head.  The  patch  covered  both  of  the.se  bushings, 
and  a  stay  rod  was  run  through  them  with  a  nut  on 
the  inside  and  a  machine  nut  and  a  copper  washer  on 
the  outside,  the  rods  serving  as  through  stay  for  the 
unsupported  area  created  by  the  removal  of  the  tubes. 
The  patch  was  riveted  to  the  flange  and  to  the  boiler 
head  and  the  joint  calked. 

The  edge  of  the  front  patch  flanged  was  scarfed  on 
the  under  side  to  fit  the  flange  of  the  boiler  head, 
which  was  scarfed  on  the  top  side,  taking  in  one  rivet 
hole  on  each  edge,  leaving  the  remainder  of  the  patch 


fnxA  Pfafe. 


FIG.    3      DETAILS    OF    REAR    HEAD    PATCH 

edge  chamfered  for  calking.  Figs.  1  and  2  show  the 
patch  in  position  on  the  front  and  rear  head  after  rivet- 
ing. The  heads  on  this  boiler  were  made  with  the  flanges 
turned  in,  and  the  patches  were  put  on  the  outside  of 
the  heads. 

Attention  is  called  to  the  patch  (shown  in  Fig.  3) 
that  was  put  on  the  rear  head.  The  edges  DB  are 
scarfed  on  the  top  side  of  the  flange  or  just  opposite 
to  the  patch  shown  in  Fig.  1.  The  boiler-head  flange 
is  scarfed  on  the  under  side  to  allow  the  flange  of  the 
patch  to  fit  in  under  the  edges  between  it  and  the  shell 
sheet,  as  shown,  where  E  is  the  calking-edge  end  of  the 
shell  sheet.  The  dotted  lines  FF  represent  the  plugged 
tube  holes. 


A  thoroughly  skilled  workman  did  the  work,  and 
the  boiler  has  been  in  service  for  some  years.  These 
repairs  saved  the  boilers  from  the  scrap  heap  and  saved 
the  owner  a  large  bill  of  expense.  U.  A.  CULTRA. 

Cambridge,  Mass. 

LooHC  FiiMo  (^aiiHccI  Volliige 
To  Be  Unhalanccd 

Recently  I  rewound  a  200-hp.  2,300-volt  three-phase 
motor  and  had  put  it  into  service  driving  a  16-in.  cen- 
trifugal pump,  but  upon  comparing  phases  I  found  that 
the  current  per  phase  was  39,  44  and  30  amperes  re- 
spectively, with  voltmeters  indicating  2,400,  2,450  and 
2,400  volts. 

I  shut  down  the  motor,  and  the  voltmeter  showed  all 
phases  equal.  Since  the  motor  and  pump  were  badly 
needed  it  was  started  up  and  run  for  a  week  until  I  had ' 
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COMBINED    HIGH-TENSIOX    S^VITCH    AND    FUSE 

time  to  trace  the  trouble.  Finally,  I  was  able  to  shut 
down  and  inspection  showed  the  oil  circuit-breaker  on 
the  motor  circuit,  the  transformer  switch  and  the  pole- 
top  25;000-volt  switch  to  be  in  good  condition.  There  re- 
mained only  the  transformers  and  the  disconnecting 
switches  and  fuses.  In  the  last-named  I  found  the  trouble. 
Our  combined  disconnect  switches  and  fuse  blocks  were 
mounted  upright,  and  a  20-ft.  stick  was  used  to  open  and 
close  the  switches.  The  sudden  shock  of  closing  had 
worked  one  "fuse  up  until  it  was  making  a  poor  contact 
between  the  clip  and  the  fuse  ferrule.  As  the  full-load 
current  at  25,000  volts  was  only  about  five  amperes, 
there  was  no  excessive  heating  at  the  fuse  or  clip. 

To  prevent  a  repetition  of  the  trouble  a  small  brass 
wire  ring  was  soldered  to  the  extreme  lower  end  of  the 
fuse  ferrule.  The  ring  was  placed  so  as  to  slide  between 
switches  and  fuses.  In  the  last-named  I  found  the  trouble. 
Our  combined  disconnect  switches  and  fuse  blocks  were 
the  fuse  clip  and  the  lower  stop,  as  in  the  figure. 

Pittsburgh,  Pa.  M.  A.  Anderson. 
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Cleaning  Water  Jackets  of 
Gas  Engines 

Under  "Inquiries  of  General  Interest,"  in  Pnu-er  of 
June  1,  you  state,  in  reply  to  query  of  R.  M.,  that 
muriatic  acid  will  remove  scale  from  a  gas-engine  water 
ijacket  if  the  scale  is  of  lime  formation.  I  have  had 
some  very  severe  and  tiying  experiences  with  deposits 
in  a  twin  tandem  double-acting  gas  engine.  I  tried 
many  boiler  compounds  and  solutions  suggested  by  com- 
mercial chemists.  The  muriatic-acid  solution  was 
;  strongly  recommended,  and,  in  consequence,  it  was 
given  a  thorough  test,  using  various  proportions  and 
periods  for  reaction.  It  would  remove  a  coating  of  from 
one  to  two  thousandths  of  an  inch  in  thickness  at  an 
application.  However,  no  great  amount  of  scale  was 
removed,  and  in  no  way  was  the  acid  solution  anv 
more  successful  than  the  boiler  compound. 

We  resorted  to  hammers  and  chisels,  which  was  very 
expensive  and  slow;  especially  was  this  true  where 
twelve  cylinders  22  in.  by  33  in.  had  to  be  scaled. 

After  much  experimenting  we  succeeded  in  develop- 
ing an  instrument  which  enabled  one  man  to  scale  a 
jacket  in  five  hours.  The  apparatus  was,  in  effect,  a 
gas  blowtorch.  A  piece  of  ..l-in.  copper  tubing  was 
fitted  with  a  i-in.  tee.  To  the  two  open  ends  of  the 
tee,  lines  were  run  from  the  air  starting  tank  and 
from  the  gas-supply  line,  both  lines  being  equipped 
with  regulating  valves.  When  the  gas  was  turned  on 
and  ignited  and  the  gas  and  air  valves  properly  adjusted, 
the  flame  issuing  from  the  tip  of  the  copper  tube  was 
at  a  white  heat.  When  the  flame  was  directed  against 
the  scale,  the  latter  became  very  hot  and,  in  expanding, 
dropped  off.  Since  it  required  only  a  few  seconds  for 
the  scale  to  become  heated,  the  cylinder  walls  were  not 
injured.  L.  S.  Henley. 

National  Park,  N.  J. 

Obtaining  a  Fluctuating  Record 

When  a  graphic  meter  is  used  to  record  a  veiy 
steady  circuit  and  then  is  changed  to  record  a  fluctuat- 
ing load,  the  pen  takes  considerably  more  ink  and  it  is 


FIG.    1.      GRAPHIC   METER   WITH   L.\MP   CONNECTED 
IN   SERIES 

sometimes  necessary  to  change  the  adjustment  of  the 
pen  in  order  to  get  a  good  record.  In  order  to  see  if  the 
ink  would  flow  properly  on  a  fluctuating  load,  the  scheme 
shcwni  in  Fig.  1  was  used.  The  regular  external  register 
of  the  graphic  instrument  was  omitted  and  a  carbon 
lamp  substituted,  the  bu^.b  being  carefully  broken  off 
leaving  the  filament  intact.  The  voltage  was  then 
adjusted  by  the  transformer,  shown  to  the  right,  until 
the  instrument  stood  at  its  normal  point  and  the  outfit 
was  set  in  an  open  window.     The  filament  of  a  carbon 


lamp  has  an  extremely  high  negative  temperature  co- 
eflJicient,  therefore,  the  breeze  that  came  in  cooled  it  off, 
thus  increasing  its  resistance  and  causing  a  consider- 
able change  in  the  reading  of  the  instrument.  The 
.section  of  the  chart.  Fig.  2,  shows  both  the  normal 
variation  of  the  circuit  and  the  variation  with  the  fila- 
ment in  series. 

If  it  is  desired  to  test  an  ammeter  or  a  wattmeter 
in  this  manner,  the  series  coil  should  be  excited  from 


Fir;.    2.      CTiART    .SHOWING    READING;'.    OF    METER    WITH 
AND  WITHOUT  THE  LAMP 

the  low-voltage  side  of  a  phantom  load  testing  trans- 
former, and  the  filament  connected  in  series  with  the 
primary  of  the  testing  transformer. 

Orange,  N.  J.  Victor  H.  Todd. 


Prolonging  the  Life  of 
Condenser  Tubes 

In  the  June  15  issue  of  Poiver,  page  976,  I  note 
the  contention  of  C.  Harold  Berry  regarding  the  article 
which  appeared  in  the  April  13  issue  on  "Prolonging 
the  Life  of  Condenser  Tubes." 

Mr.  Berry  points  out  that  if  two  electrodes  arc 
immersed  in  a  suitable  electrolyte  there  will  be  no 
galvanic  action  if  the  electrodes  are  not  electrically  con- 
nected outside  the  solution.  Farther  on  he  says  that  the 
tubes   are  metallically  connected  through   the  ferrules. 

If  the  tubes  are  properly  centralized  where  fabric 
packings  are  used,  there  is  no  metallic  contact  between 
the  tube,  tube  sheet  or  ferrule.  There  is  a  slight  clear- 
ance through  the  tube  sheet  and  also  a  clearance  in  the 
ferrule,  and  even  though  the  tube  was  not  properly 
centralized,  the  metallic  contact  between  the  tube  and 
the  ferrule  would  be  imperfect  owing  to  the  fact  that 
a  film  of  oxide  is  soon  formed  which  results  in  the 
connection  having  a  high  resistance,  and  should  this 
metalhc  contact  through  the  ferrule  occur,  it  is  likely 
that  it  would  be  limited  to  only  one  end  of  the  tube, 
and  then  we  would  have  exactly  the  condition  to  which 
Mr.  Berry  refers  in  the  second  paragraph  of  his  article. 

I  maintain  that  in  order  to  overcome  this  electrolytic 
decomposition  of  condenser  tubes  it  is  essential  to  estab- 
lish a  good  metallic  contact  at  both  ends  of  the  tube. 
One  end  is  not  sufficient,  as  with  one  end  bonded  or 
metallically  connected,  there  would  be  established  a  con- 
dition that  would  facilitate  electrolytic  decomposition. 
I  agree  with  Mr.  Berry  that  if  we  immerse  an  electrode 
and  a  cathode  in  a  suitable  electrolyte,  galvanic  action 
will  occur  as  soon  as  outside  connection  is  established ; 
but  on  the  other  hand,  if  we  so  connect  this  anode  and 
cathode  in  such  a  manner  that  the  current  will  not  flow 
through  the  electrolyte  then  galvanic  action  will  not 
occur.  Julian  N.  Walton. 

New  York  City. 
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Oprraliiijj  .Vlternalors  in  Parallel  Belted 
from  the  Same  Shaft 

We  have  an  engine  connected  throuRh  a  rope  drive 
to  a  countershaft  runninjr  at  200  r.p.m.  To  thi.s  counter- 
shaft i.s  beltetl  a  7.'j-k\v.  fi^O-volt  three-phase  50-cycle 
SOO-r.p.m.  alternator.  It  is  the  intention  to  install  a 
120-k\v.  alternator  operating  at  900  r.p.m.  and  belt  this 
to  the  present  countershaft.  The  countershaft,  there- 
fore, would  be  common  to  both  alternators.  The  ques- 
tion before  us  is,  will  these  machines  operate  .satis- 
factorily in  parallel  and  keep  in  .synchronism?  We  have 
not  been  able  to  find  an  installation  where  this  con- 
dition actuallj  exists  nor  can  we  get  any  definite 
information  as  to  how  .satisfactory  the  operation  would 
be  if  arranged  in  this  way.  One  engineer  says  the 
scheme  is  impractical  and  knows  of  a  case  where  it 
was  abandoned  and  one  large  alternator  substituted  for 
the  two.  Another  feels  that  the  arrangement  should 
work  fairly  satisfactorily.  From  another  source  the 
opinion  is  expressed  that  the  scheme  is  impractical 
with  belted  machines,  but  if  a  chain  drive  was  sub- 
stituted they  would  be  mechanically  interlocked  and 
would  keep  in  step.  From  a  fourth  source  of  informa- 
tion the  engineer,  while  not  knowing  of  an  actual  instal- 
lation of  this  sort,  believes  the  machines  should  operate 
satisfactorily. 

The  foregoing  makes  it  evident  that  there  is  a 
diversity  of  opinion  on  this  problem.  It  does  not  seem 
advisable  for  us  to  use  a  chain  drive  or  at  this  time 
substitute  one  large  machine  for  the  two,  or  to  install 
what  we  would  like,  from  an  engineering  point  of  view 
— direct-driven  alternators. 

We  have  an  existing  equipment  which  must  be  made 
use  of  if  possible.  A  suggestion  has  been  made  that 
the  electric  load  of  the  factory  be  divided  so  that  each 
machine  will  run  independently  of  the  other  on  the 
separate  electrical  distributing  systems.  If  there  is  no 
other  recourse,  we  may  have  to  use  this  method.  We 
would  like  to  know  of  an  installation  where  the  two 
alternators  are  belted  from  the  same  lineshaft  and  run 
in  synchronism,  as  we  consider  that  it  would  be  well 
ivnrtb  our  while  to  visit  such  a  plant  and  interview  the 
operator.  Mathew  King. 

New  York  City. 

[The  operation  of  two  alternators  in  parallel,  when 
driven  by  belts  from  the  same  lineshaft,  is  apparently 
highly  impractical.  Even  if  the  two  machines  were 
identically  alike,  which  they  are  not  in  this  case,  it  would 
be  impractical.  To  put  the  alternators  into  service, 
it  would  be  necessary  to  get  the  rotors  of  the  two 
machines  into  the  same  relative  positions  with  the 
stator  windings  and  tie  the  stators  together  in  the  cor- 
rect phase  relation,  then  to  bring  the  two  machines  up 
to  speed  and  voltage  simultaneously.  If  the  rotor  poles 
had  absolutely  the  same  relative  position  to  those  of 
the  stator,  then  the  load  should  divide  proportionally 
between  the  machines.  This  is  the  crux  of  the  w^hole 
problem.  Owing  to  the  slight  differences  there  may  be 
in  the  pulleys  and  belts,  the  two  machines  will  not  tend 
to  run  at  the  same  speed,  consequently  the  load  will 
shift  to  the  machine  that  has  a  tendency  to  run  faster, 
and  there  is  no  way  that  this  can  be  controlled.  Direct- 
current  machines  have  been  operated  successfully  in 
parallel  when  driven  from  the  same  lineshaft.  But  in 
this  case  the  division  of  the  load  between  the  two 
machines  is  only  a  question  of  voltage  control,  which 


( iin  bo  taken  care  of  through  the  shunt-field  rheostats 
and  the  efjualizer  connections  between  the  two  machines. 
In  alternators  the  division  of  load  is  controlled  by  the 
position  of  the  rotor  poles  relative  to  those  of  the  stator, 
the  machine  whose  rotor  has  the  leading  position  taking 
a  larger  portion  of  the  load.  If  the  alternators  are  con- 
nected through  gear  or  chain  drives,  they  can  be 
adjusted  to  take  their  proper  portion  of  the  load  and. 
after  once  so  adju.sted,  must  remain  in  that  position. 
If  any  Power  readers  have  had  experience  in  attempting 
to  operate  two  alternators  in  parallel  driven  through 
belts  from  the  same  line.shaft,  it  would  be  interesting  to 
know  just  what  results  were  obtained. — Editor.] 

Small  Wear  of  Engine  Cylinder  in  Sixteen 
Years'  Running 

In  September,  1904,  we  started  a  new  24  x  42-in. 
simple  non-condensing  engine.  We  calipered  it  recently 
for  the  purpose  of  finding  how  much  it  had  worn  out 
of  true  and  got  the  following  measurements:  Crank 
end,  248'i  in.  in  vertical,  24r!'2  in.  in  horizontal;  middle, 
24o''i  in.  in  vertical,  24  in.  in  horizontal;  head  end, 
246't  in.  in  vertical,  24  in.  horizontal. 

We  consider  this  an  excellent  .showing  for  16  years 
of  running,  10  hours  per  day  and  6  days  per  week, 
especially  with  the  bad  start  it  had.  In  wearing  it  in, 
when  new,  we  ran  the  engine  about  five  hours  light, 
regulating  the  speed  with  the  throttle,  the  governor 
being  out  of  action  because  of  the  low  speed.  The 
erecting  engineer  then  ordered  the  speed  increa.sed  until 
the  governor  came  into  action.  We  had  run  this  way 
for  a  few  minutes,  when  the  bull  ring  stuck  and  the 
engine  came  to  a  sudden  stop.  On  removing  the  head, 
the  cylinder  was  found  to  be  badly  scoured  and  thor- 
oughly casehardened. 

We  spent  several  hours  smoothing  down  the  rough 
places,  and  once  a  year  since  we  take  out  the  bull  and 
the  packing  rings  and  with  emery  cloth  grind  away 
all  ridges  on  the  rings  and  round  off  all  sharp  edges 
with  a  file,  replacing  the  parts  in  exactly  their  original 
position.  This  treatment  has  kept  the  cylinder  in  good 
condition  and  comparatively  smooth  all  these  years.  We 
have  speculated  as  to  whether  the  cylinder  would  not 
have  been  worn  worse  if  it  had  not  gone  through  the 
casehardening  process. 

We  diagnosed  the  original  trouble  as  being  due  to  a 
close  fit  of  the  bull  ring,  but  as  long  as  we  regulated 
the  speed  by  the  throttle,  the  vapor,  at  low  pressure, 
followed  the  piston  and  distributed  the  oil  and  carried 
the  excess  heat  away.  When  the  governor  was  operated, 
the  steam  at  boiler  pressure  was  admitted  for  perhaps 
one  inch  of  the  stroke  before  cutoff  took  place.  This 
steam  probably  was  so  small  in  quantity  and  was  soon 
expanded  to  such  an  extent  that  there  was  nothing  to 
distribute  the  lubricant  or  carry  away  heat  and  the 
rubbing  surfaces  became  very  hot. 

After  20  years'  experience  with  gas  engines,  I  am 
convinced  that  if  .steam-engine  builder?  would  put  three 
rings  on  their  pistons  and  dowel  them  sf  that  the  joints 
would  stay  in  the  bottom  of  the  cylinders,  their  engines 
would  show  higher  efficiency. 

Many  steam-engine  pistons  leak  badly  from  their  first 
revolution  on.  In  a  gas  engine  this  will  not  do.  They 
have  to  be  tight  and  usually  stay  so  for  an  indefinite 
period.  B.  0.  Benefiel. 

Anderson,  Ind. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Cleaning:  Leather  Belts  of  Oil — How  can  machine  oil  be 
removed  from  leather  belts  without  injury  to  the  matei-ial? 

H.  C.  R. 

Remove  all  gum  or  glaze  from  the  surfaces  by  scrapin>f 
them  with  a  broad  putty  knife  or  similar  sci-aper  with 
rounded  corners  so  they  will  not  cut  or  scar  the  belt  surface 
and  then,  with  the  belt  stretched  out  on  a  floor  or  bench, 
clean  first  one  side  of  the  belt  and  then  the  other  by  a 
spreading  of  di'y  sawdust  swept  off  with  a  clean  stiff  broom. 
Then  place  the  belt  in  a  warm  place  for  a  few  days,  packed 
in  clean,  fine  sawdust,  powdered  chalk  or  fuller's  earth  for 
absorption  of  the  oil  by  capillary  action. 


Treatment  of  Hot  Bearings — What  is  a  good  treatment 
for  a  Tiot  main  bearing  that  must  be  kept  running  ? 

R.  D.  B. 

One  of  the  best  remedies  for  a  hotbox  or  main  bearing 
19  to  loosen  up  the  bearing  all  around,  then  give  it  a  gen- 
erous supply  of  cylinder  oil  through  the  oil  holes,  or  feed 
the  bearing  with  a  mixture  of  about  one  measure  of  graph- 
ite and  ten  of  heavy  engine  oil.  If  heating  does  not  dis- 
appear, at  first  opportunity  clean  the  bearing  and  try  to 
run  it  down  smooth  with  a  light  load  while  the  bearing 
is  kept  flooded  with  a  very  thin  mixture  of  flowers  of  sul- 
phur in  clean  water. 


Oiliness  and  Viscosity  of  Lubricant — What  is  the  differ- 
ence between  oiliness  and  viscosity  of  a  lubricating  oil, 
and   how   do   these    respective    properties    aid    lubrication? 

A.  D.  B. 

A  lubricant  is  said  to  be  oily  when  it  is  in  nature  of  a 
limpid  greasy  liquid  that  readily  spreads  and  attaches  it- 
self to  the  bearing  surfaces  without  chemically  combin- 
ing with  their  material,  and  keeps  the  surfaces  separated 
with  reduction  of  the  friction  without  gumming  or  cutting 
of  the  surfaces.  Viscosity,  or  "body,"  of  a  lubricating  oil 
is  the  measure  of  its  fluidity  and  therefore  an  index  of 
the  cohesiveness  of  its  particles.  It  is  advantageous  to 
lubrication  if  no  greater  than  necessary  to  give  strength 
of  cohesiveness  and  adhesiveness  required  to  hold  the  oil 
together  in  a  film  of  sufficient  thickness  to  prevent  en- 
gagement of  the  irregularities  of  the  opposing  lubricated 
surfaces  and  to  prevent  the  lubricant  being  pressed  from 
between  the  surfaces. 


Wear  and  Breakage  of  Chain  Drive  of  Ventilation  Fan — 

Trouble  is  experienced  with  wear  and  frequent  breakage 
with  a  cliain  drive  used  for  transmission  of  power  from  a 
motor  to  a  16-ft.  diameter  ventilating  fan  of  a  mine.  The 
pitch  of  the^chain  is  2  in.,  the  sprocket  wheel  on  the  fan- 
shaft  Is  about  5  ft.  5  in.  pitch  diameter  with  102  teeth,  the 
pinion  on  the  motor  has  19  teeth  and  the  chain  has  124 
links.    What  may  be  the  cause  of  the  breakdowns  ? 

V.  J.  S. 
II  19  likely  that  the  distance  between  centers  and  fonn 
of  teeth  are  not  adapted  to  the  pitch  of  the  links  and  rela- 
tive sizes  of  the  wheels,  causing  delivery  of  the  slack  side 
of  the  chain  out  of  mesh  with  the  sprocket  on  the  fanshaft. 
The  data  given  indicate  that  the  center-to-center  distance 
of  the  sprockets  is  about  50  inches.  To  insure  good  oper- 
ation, the  distance  should  not  be  less  than  about  40  times 
the  pitch  or  80  inches,  and  it  is  better  to  have  the  slack 
side  of  the  chain  at  the  bottom. 


Relative  Amount  of  Steam  for  Instroke  and  Outstroke — 

Is   more  steam   required  by   an  engine  on  the   instroke   or 
outstroke?  F.  S.  B. 

No  more  power  is  required  to  be  developed  by  one  stroke 
than  the  other.  With  the  same  percentage  of  cylinder 
clearance,  same  point  of  cutoff  and  same  compression  in 
each  end  of  the  cylinder,  there  will  be  less  steam  required 
and  a  development  of  less  power  during  the  instroke  on 
account  of  the  presence  of  the  connecting  rod  and  its  re- 
duction of  the  piston  area.  This  reduction  generally 
amounts  to  no  more  than  2  to  3  per  cent  and,  in  ordinary 
operation  of  horizontal  engines,  may  be  neglected.  In  the 
case  of  a  vertical  engine  more  steam  should  be  admitted 
on  the  upstroke  to  compensate  for  lifting  the  weight  of 
the  piston  and  reciprocating  parts  during  the  upstroke  and 
the  assistance  which  their  weight  renders  to  the  down- 
stroke. 


Cylinder  Ratios  of  Compound  Engines — Is  it  considered 
practical  to  construct  and  operate  compound  engines  with 
a  cylinder  ratio  as  high  as  6  to  1?  J.  P.  0. 

In  a  cross-compound  engine  it  is  desirable  to  have  the 
load  divided  equally  between  the  cylinders  and  then  make 
the  cylinder  ratio  such  as  to  sustain  the  least  drop  of 
pressure  between  the  cylinders  and  the  least  loss  from 
range  of  temperatures  in  the  cylinders.  For  present-day 
boiler  pressures  of  100  to  200  lb.,  this  can  be  accomplished 
vi^ith  cylinder  ratios  betwen  4J  and  5  with  variation  of  load 
between  one-half  and  full  load.  Ratios  between  6  and  7 
have  been  used  on  special  engines  with  good  economy 
when  operated  with  loads  and  steam  pressures  appropriate 
for  the  ratio.  These  engines  were  marine  and  water-works 
engines  carrying  uniform  loads.  For  stationary  cross-com- 
pound engines  with  variable  loads,  the  smaller  cylinder 
ratios  have  given  better  results. 


Air  in  Cooling  Water  of  Jet  Condenser — Our  cooling  water 
supplied  to  barometric  condensers  is  furnished  by  two  8-in. 
centrifugal  pumps  which  take  their  suction  from  a  canal 
through  a  14  in.  suction  line,  430  ft.  long.  The  pumps 
are  set  so  their  suction  flanges  are  about  6  in.  below  the 
summer  water  line  in  the  canal.  In  summer  when  the 
canal  water  is  about  6  ft.  above  the  intake,  there  is  no 
trouble  to  obtain  28  in.  vacuum.  During  the  winter  season, 
when  the  water  in  the  canal  is  lowered  so  the  top  of  the 
suction  pipe  is  only  12  to  15  in.  below  the  water  surface, 
but  without  any  eddy  formation  at  the  intake,  we  can  sel- 
dom get  better  than  22  in.  vacuum.  Would  this  be  due 
to  more  air  contained  by  the  colder  water  of  winter? 

V.  T. 

It  is  possible,  though  hardly  probable,  that  the  winter 
water  contains  more  air  in  suspension,  but  with  a  submerg- 
ence of  only  15  in.  of  the  14-in.  suction  pipe  rnd  higher 
suction  lift,  direct  leakage  of  air  at  the  intake  is  likely  to 
occur  unobsei"S'ed  and  there  also  would  be  more  air  leak- 
age at  joints,  causing  lower  vacuum  to  be  obtained  by  the 
condensers. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
mtinications. — Editor.] 
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Purchase  and  Erection  of  Engineering 

Ecjnipmcnt* 


BY  A.  S.  LOIZEAUX 


IN  THE  purchase  and  erection  of  enRineerinfr  equipment 
certain  well-riefinecl  stops  are  Kcnerally  necessary,  which 
may  be  outlined  as  follows:  Determination  of  work  to  be 
done  by  the  equipment;  choice  of  poneral  character  of 
equiiinient  to  do  the  required  work;  specifications  to  cover 
construction  and  performance  of  the  various  parts  of  the 
structure  and  equijiment;  conti:acts  to  cover  price,  terms 
of  payment,  time  and  point  of  delivery,  erection  and  initial 
operation;  following  up  manufacture,  delivery  and  erection, 
inspection  of  material  and  equipment  and  necessary  test- 
inp  to  insure  that  all  terms  of  contract  are  fulfilled. 

The  enpinoer's  object  in  choosing  methods  and  equip- 
ment to  accomplish  desired  results  should  be  to  get  maxi- 
mum reliability  and  efficiency  with  an  ultimate  minimum 
cost  for  fixed  charges  and  operation.  This  object  can  gen- 
erally be  achieved  by  the  employment  of  the  best  equip- 
ment obtainable,  of  ample  capacity  and  simple  and  rugged 
construction.  This  kind  of  installation  will  not  be  the 
cheapest  to  buy  or  install,  but  will  figure  the  cheapest  in 
total  cost  over  a  period  of  years  of  operation.  The  engi- 
neer should  realize  that  the  final  judgment  of  his  work  is 
not  a  theoretical  or  technical  matter.  His  work  will  be 
judged  by  the  same  hard,  practical  tests  that  all  other 
work  is  judged  by.  Does  it  work  ?  Does  it  pay  ?  Does  it 
stand  the  test  of  time? 

To  illustrate  in  a  practical  way  the  steps  mentioned  in 
the  purchase  and  erection  of  engineering  equipment,  we 
will  take  the  problem  of  unloading  coal  from  barges  at  a 
water-front  and  transferring  this  coal  to  the  bunkers  of  a 
boiler  house  about  300  ft.  distant  from  the  water-front  and 
70  ft.  above  the  water. 

Determination  of  Work  To  Be  Done 
BY  THE  Equipment 

The  engineer's  first  step  is  the  determination  of  work 
to  be  done  by  the  equipment. 

The  power-plant  design  in  the  case  which  we  have  taken 
as  an  example  contemplated  an  ultimate  development  call- 
ing for  a  maximum  power-house  output  of  about  120,000 
kw.  If  2.5  lb.  of  coal  are  burned  per  kilowatt-hour,  this 
output  would  require  a  maximum  use  of  coal  of  300,000 
lb.  per  hour,  or  150  short  tons  per  hour.  A  load  factor  of 
80  per  cent  would  indicate  a  maximum  requirement  of 
2,880  tons  per  24-hour  day.  It  is,  of  course,  desirable  to 
unload  coal  in  daylight  in  a  working  day  of  eight  hours, 
making  the  capacity  of  coaling  equipment  large  enough 
to  supply  maximum  ultimate  coal  in  an  eight-hour  work- 
ing day.  This  condition  to  supply  2,880  tons  per  day  of 
eight  hours  would  require  an  outfit  of  360  tons  capacity 
per  hour. 

It  is  evident  that  there  is  much  latitude  allowed  to  the 
judgment  of  the  engineer  in  the  determination  of  the  first 
point;  that  is,  the  capacity  that  he  shall  require  of  the 
equipment.  One  de\ace  working  eight  hours  for  maximum 
coaling  must  be  360  tons  per  hour  capacity,  an  equipment 
working  twelve  hours  would  be  240  tons  capacity,  and  an 
equipment  working  twenty-four  hours  would  be  120  tons 
capacity. 

It  must  also  be  remembered  that  it  is  not  good  engi- 
neering practice  to  rely  on  one  equipment  of  this  character 
for  the  entire  supply  of  a  station.  The  final  judgment  as 
to  the  best  capacity  applied  to  this  problem  was  to  provide 
two  duplicate  coaling  equipments,  only  one  to  be  installed 
at  first,  each  equipment  to  have  a  maximum  capacity  of 
300  tons  per  hour,  or  be  able  to  supply  maximum  coal  re- 
quirements in  a  ten-hour  working  day.  This  gives  reliabil- 
ity even  under  breakdown  conditions,  as  each  tower  can 
supply  the  plant  with  coal. 


•Abstract  of  one  of  the  J.  E.   Aldred   Lectures.  Johns  Hopkins 
TJniversity,  Baltimore,  lid. 


In  choosing  permanent  coaling  equipment  for  the  new 
house,  the  gantry  type  was  eliminated  because  of  its  slow 
operation.  The  low-type  unloadcr  with  cars  and  skip  hoist 
was  eliminated  because  of  its  complication. 

A  low-type  unloafler  with  inclined  conveyor  and  belt  dis- 
tribution over  bunkers  was  proposed  by  a  firm  manufactur- 
ing coal-handling  machinery,  but  it  was  rejected  because 
of  multiplicity  of  parts.  The  equipment  finally  determined 
on  was  a  high-speed  coaling  tower  located  on  the  water- 
front, with  a  structural-steel  boom  overhanging  the  water. 
A  bucket  grabs  coal  from  the  barges  and  lifts  it  into  a 
receiving  hopper  105  ft.  above  the  water.  From  this  hop- 
per the  coal  passes  through  a  two-roll  crusher  and  into 
another  hopper  directly  above  a  cable  railroad.  The  cable 
railroad  is  on  the  level  of  the  top  of  the  coal  bunkers  in 
the  boiler  house  to  be  served.  The  cars  are  circulated  in 
an  endless  route  from  the  coaling  tower  over  i  bridge  to 
the  boiler  hou.se,  their  load  of  coal  is  dumped  in  thC  proper 
bunkers  without  stopping,  and  the  cars  return  tO  the  coal- 
ing tower  to  be  loaded. 

This  equipment  is  perhaps  as  simple  as  possible.  All 
the  elevating  is  done  in  one  lift  when  the  coal  is  picked  up 
from  the  barge.  Gravity  then  causes  the  coal  to  flow 
through  hoppers  and  crushers  to  the  cars.  Horizontal 
transportation  is  done  entirely  by  cars  which  are  most 
reliable  and  efficient  for  that  purpose. 

An  inspection  trip  was  made  by  the  engineer  in  charge 
of  the  coaling  problem  to  view  the  actual  performance  of 
similar  towers,  both  steam-driven  and  electric-driven,  and 
to  determine  what  were  the  valuable  and  the  undesirable 
features  of  each.  It  should  be  here  remarked  that  it 
is  most  important  for  an  engineer  to  actually  see  the  opera- 
tion of  equipment  similar  to  what  he  expects  to  purchase, 
because  some  important  features  will  at  once  appeal  to  the 
eye  which  may  be  overlooked  fti  a  specification  or  descrip- 
tion. It  is  also  desirable  to  qufestion  men  in  charge  of 
actual  operation,  as  they  soffletimeS  give  information  not 
available  from  other  sources. 

Specifications  To  Cover  Construction 
AND  Performance 

Having  chosen  the  general  character  (Jf  coaliilrg  appa- 
ratus, it  is  necessary  to  specify  the  construction  and  per- 
formance required  of  its  several  important  component 
parts. 

No  engineering  student  shouW  imagine  that  an  Engineer 
can  sit  down  and  evolve  complete  specificatioTlS  fof  highly 
developed  equipment.  This  method  has  been  sometimes 
attempted,  probably  more  in  European  thaft  in  American 
practice,  and  the  results  cannot  well  avoid  being  inferior. 
The  proper  method,  and  one  almost  universally  followed,  is 
to  call  upon  manufacturing  and  constructing  concerns  for 
their  proposed  specifications  for  equipment  and  construc- 
tion to  accomplish  the  desired  purpose. 

Selection  or  Bidders 

To  obtain  best  results  it  is,  of  course,  necessary  to  invite 
the  most  reliable  and  capable  firms  to  bid.  If  the  engineer 
is  in  doubt  who  is  best  fitted  to  do  certain  work  or  supply 
certain  equipment,  he  can  get  such  information  from  sev- 
eral convenient  sources. 

The  advertisements  of  technical  and  trade  journals  arej 
constantly  revised  lists  of  bidders.  The  engineering- 
society  journals  carry  announcements  and  advertisementsj 
of  capable  firms.  Directories  sometimes  give  a  full  list  of 
manufacturers  and  outline  their  products.  From  these 
and  other  sources  of  information  the  engineer  can  quicklj 
get,  if  he  does  not  already  know,  the  names  of  propei| 
parties  to  confer  with  on  the  prospective  work. 

For  competition  it  is,  of  course,  necessary  to  have  two 
or  more  bidders.     It  may  be  advisable  to  have  as  many  asl 
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ive  if  there  are  that  many  entirely  competent  parties. 
Beware,  however,  of  inviting  the  irresponsible  or  in- 
|:apable  bidder.  He  will  make  promises  he  cannot  fulfill 
br  quote  a  low  price  that  will  not  see  him  through  the  con- 
tract, and  then  abandon  the  work.  The  character  of  a  con- 
tractor is  important.  One  will  haggle  at  every  doubtful 
point  and  seek  extras  at  every  turn.  Another  will  fulfill 
his  contract  without  question  and  give  his  client  the  benefit 
'of  the  doubt. 

A  good  rule  in  the  selection  of  bidders  is  to  invite  only 
[those  whom  you  are  willing  to  have  do  the  work,  and 
treat  them  all  impartially,  awarding  the  contract  to  the 
one  offering  the  best  proposition,  all  things  considered, 
'Which  does  not  always  mean  the  proposition  of  lowest 
price. 

Caisson  Foundations 

I  In  the  case  of  the  coaling  tower  under  consideration  the 
two  most  experienced  foundation  concerns  in  the  country 
were  turned  to,  with  the  result  that  one  company  built  the 
caissons  for  the  first  tower  and  the  other  company  the  cais- 
sons for  the  second.  By  turning  to  the  engineering  and 
construction  firms  best  fitted  in  this  country  for  this  work, 
we  have  not  only  secured  permanent  structures,  but  were 
ourselves  relieved  from  the  serious  responsibility  of  pro- 
viding foundations  that  might  fail  under  adverse  conditions. 

Structural- Steel  Tower  and  Bridge 

'The  steel  structure  for  tower  and  bridge  was  roughly 
designed  by  the  owner's  designers;  that  is,  the  general 
size  and  character  of  th3  structure  was  determined  and 
loading  given.  The  result  is  called  a  setting  plan.  This 
drawing  or  setting  plan  was  then  submitted  to  the  struc- 
tural-steel firms  for  competitive  bids,  it  being  specified 
that  the  successful  bidder  should  completely  check  the 
design  and  be  responsible  for  its  strength  and  detail  in  all 
of  the  parts.  The  price  in  such  cases  is  given  on  a  tonnage 
basis,  so  that  moderate  changes  in  design  or  size  of  mem- 
bers will  not  aifect  the  contract. 

A  personal  conference  with  capab'-e  engineers  of  a  manu- 
facturer will  accomplish  more  than  weeks  of  correspond- 
ing. It  is  also  highly  desirable  to  have  the  contracting 
engineer  familiar  with  conditions  on  the  site. 

Engineers  of  manufacturers  are  ready  and  anxious  to 
explain  the  design  and  merits  of  their  apparatus,  and  by 
giving  each  bidder  an  attentive  hearing  the  purchasing 
engineer  can  gain  valuable  knowledge  of  the  apparatus 
offered  with  minimum  expenditure  of  time  and  effort. 

The  engineer  in  charge  should  remember  to  inquire  for 
possible  improvements  beyond  what  the  manufacturer's 
specifications  may  contain. 

In  drawing  up  specifications  for  automatic  equipment  it 
should  be  remembered  that  labor  is  in  general  the  most 
expensive  item  in  operation,  and  where  it  is  possible  to 
eliminate  a  single  laborer  at  a  wage  of  $3.50  per  day,  or 
say  $1,000  per  year,  an  investment  as  high  as  $5,000,  or 
even  $10,000,  may  be  justified.  Interest  and  depreciation 
on  the  investment  should  pay  the  laborer's  wage,  and 
operation  will  in  general  be  more  reliable  and  rapid  than 
with  the  laborer.  It  will  often  be  found  that  the  value  of 
more  rapid  operation  is  greater  than  the  saving  in  operat- 
ing wages. 

Contracts  To  Cover  Price,  Terms  of 
Payment,  Time,  Etc. 

After  specifications  have  been  evolved,  it  is  necessary  to 
enter  into  contracts  for  the  different  parts  of  the  work  to 
cover  price,  terms  of  payment,  place  and  time  of  delivery, 
provisions  for  erection,  initial  operation  and  tests  of 
equipment. 

Contract  forms  are  nearly  always  provided  by  manu- 
facturers with  clauses  protecting  them  from  numerous  pos- 
sible contingencies.  The  owner's  engineer  should  iscan 
these  carefully  and  eliminate  or  modify  any  that  may  be 
unsatisfactory  or  unfair. 

A  valuable  method  to  compare  all  important  competitive 
bids  is  that  of  tabulation.  In  tabulating  bids  parallel 
columns  are  provided,  headed  by  different  makes  of  appa- 
ratus available.     The  character  of  apparatus,  with  all   its 


important  features,  method  of  control,  operating  charai;- 
teristics,  capacities,  speeds,  sizes,  weights,  materials,  etc., 
are  tabulated  in  these  parallel  columns.  This  method  of 
analysis  enaBles  differences  to  be  quickly  and  accurately 
located.  It  discloses  which  is  the  best  proposal  and  enables 
the  best  to  be  improved  by  requiring  changes  in  the  speci- 
fications submitted  to  provide  for  any  superior  features  that 
may  appear  in  any  of  the  other  specifications.  By  this 
means  of  comparison  and  selection  remarkable  results  are 
sometimes  obtained  in  procuring  apparatus  of  high  reliabil- 
ity and  general  efficiency. 

Price  and  Terms  of  Payment 

Price  is  a  matter  of  competition  with  due  regard  to  dif- 
ference in  material  and  equipment  furnished.  It  is  well 
to  have  inquiries  for  prices  contain  the  statement  that  the 
owner  reserves  the  right  to  reject  any  or  all  bids  sub- 
mitted. The  experience  and  reputation  of  the  contracting 
firm  must  be  considered  and  price  difference  allowed  in 
favor  of  a  concern  of  ample  responsibility  to  meet  emer- 
gencies that  may  arise  or  bear  losses  that  may  occur.  In 
terms  of  payment  it  is  customary  to  allow  40  or  50  per 
cent  on  submission  of  bills  of  lading  proving  shipment. 
Contractors  will  usually  call  for  two  additional  payments, 
one  at  30  days  and  one  at  60  days  after  shipment.  These 
terms  are  in  general  not  satisfactory  to  the  owner  except 
in  the  case  of  standard  equipment.  It  is  necessary  for 
the  protection  of  the  owner's  interest,  when  equipment  is 
at  all  special,  to  provide  a  final  payment  of  25  per  cent  or 
more  after  complete  erection  and  satisfactory  operation 
of  the  apparatus.  This  safeguards  the  owner  from  care- 
lessness on  the  manufacturer's  or  contractor's  part  in  not 
putting  equipment  in  final  and  satisfactory  operating 
shape  and  provides  the  owner  with  a  whip  to  require  the 
full  performance  of  the  terms  of  the  specifications  and 
contract. 

Point  of  delivery  should  be  carefully  specified,  as  many 
troublesome  delays  are  due  to  lack  of  full  information  as 
to  this  matter. 

Erection  is  best  placed  with  the  same  concern  that  pro- 
vides structure  or  equipment  as  before  noted.  If  for  good 
reasons  it  must  be  given  to  separate  concerns,  it  is  neces- 
sary to  carefully  specify  how  and  where  the  material  is  to 
be  delivered,  who  shall  unload  it  and  move  it  to  the  per- 
manent site.  It  is  necessary  to  state  what  responsibility 
shall  be  taken  by  the  erector  and  what  by  the  manu- 
facturer or  owner.  Insurance  is  generally  necessary  to 
cover  accident  during  erection,  and  it  should  be  stated 
that  defects  of  erection  shall  be  made  good  without  loss 
to  the  owner. 

It  is  necessary  to  specify  conditions  governing  overtime 
in  erection.  These  additional  expenses  can  be  placed  on 
the  manufacturer  if  delivery  is  late,  but  only  when  so 
specified. 

Extra  work  must  be  mentioned,  giving  the  terms  and 
rates  at  which  such  work  shall  be  done. 

Actual  operation  is  the  final  test  of  all  equipment,  and 
considerable  periods  of  time  should  elapse  whenever  pos- 
sible before  final  payments  are  made,  as  it  is  possible  for 
radical  defects  to  develop  after  a  short  period  of  success- 
ful operation.  The  owner's  engineer  must  be  careful  not 
to  commit  himself  in  word  or  writing  as  to  his  final  accept- 
ance of  equipment  until  it  has  been  in  full  capacity  opera- 
tion for  a  considerable  period. 

Contracts  on  Basis  of  Cost 
There  are  some  situations  when  it  is  desirable  to  enter 
into  a  contract  on  the  basis  of  the  cost  of  the  work  to  the 
contractor.  Such  a  situation  exists  when  the  cost  is  doubt- 
ful, by  reason  of  unknown  conditions  of  soil  for  founda- 
tions, unknown  conditions  of  stream  flow  or  weather,  or  the 
like,  which  may  greatly  influence  the  cost.  The  risk  in 
ruch  cases  belongs  to  the  owner,  not  to  the  contractor. 
The  contractor  could  not  take  this  ri^k  unless  he  included 
a  high  figure  for  contingencies  in  his  bid  or  gambled  on 
his  chances  of  good  luck  in  construction.  A  contract  based 
on  cost  must  define  cost  carefully,  stating  particularly 
what  percentage  is  to  be  charged  for  overhead  costs  or 
whether  the  ovei'head  is  to  be  included  in  a  percentage  to 
cover  profit  as  well. 
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In  contracts  for  field  work  the  cost  of  "plant"  mu«t  bo 
explicitly  stntetl.  It  is  jr^ncrally  to  the  owner's  interest 
to  njrree  on  u  flat  sum  to  cover  nil  pliirit  rental,  specify! iir, 
however,  the  main  items  of  plant  that  may  be  required. 
This  makes  it  to  the  contractor's  interest  to  finish  the  job 
promptly,  to  use  his  plant  elsewhere. 

-Vfter  paying  all  costs,  includint;  overhead,  it  is  common 
to  allow  the  contractor  a  net  profit  of  T),  10  or  IB  per  cent, 
depending  on  conditions  and  the  maRnitude  of  the  work. 
Another  method,  however,  which  has  an  important  advan- 
tage, is  to  give  the  contractor  a  fixed  fee  for  his  services 
over  and  above  his  costs,  including  overhead.  This  also 
tends  to  expedite  the  work,  as  the  contractor  cannot  in- 
crease his  fee  by  delays  or  increased  costs. 

Following  Up  Manufacture,  Delivery  and  Erection 

After  contracts  have  been  signed  embodying  all  speci- 
fications, it  might  be  supposed  by  the  engineering  student 
that  the  engineer's  work  was  finished,  but  such  is  far 
from  the  pi-actical  fact.  To  obtain  what  we  have  specified 
at  the  right  time  usually  requires  a  large  amount  of  effort 
in  following  up  the  various  manufacturers  and  construc- 
tion men. 

In  all  important  equipment  where  time  has  a  large  finan- 
cial value,  it  is  wise  and  often  necessary  to  have  a  follow- 
up  system,  keeping  track  of  the  progress  of  manufacture, 
especially  of  the  heavier  parts  such  as  large  forgings  and 
castings,  to  Insure  that  delivery  will  not  be  g.eatly  de- 
layed. It  is  the  customer  who  follows  his  work  the  closest 
and  inquires  most  persistently  and  explicitly  of  the  manu- 
facturer that  gets  the  best  service  from  the  factory.  A 
trip  to  the  factory  to  see  the  exact  status  is  often  neces- 
sary and  profitable. 

An  effective  means  of  securing  results  m  deliveries  and 
erection  is  the  formation  of  a  tabulated  schedule  specify- 
ing all  the  important  parts  of  a  completed  job  at  the  side 
of  the  tabulation  and  making  spaces  showing  time  inter- 
vals at  the  top  of  the  tabulation.  The  desired  progress  of 
the  work  can  then  be  chartered  from  the  beginning  of 
manufacture  or  field  work  to  the  completion  of  the  job. 

The  foreman  in  charge  of  erection  decidedly  influences 
the  speed  and  quality  of  the  work.  When  an  unusually 
capable  foreman  is  known,  his  services  may  be  called  for 
by  the  owner  with  good  results.  A  foreman  should  have 
support  in  getting  labor  and  material,  and  in  some  cases 
where  time  is  valuable,  he  may  be  given  a  bonus  for  com- 
pletion earlier  than  the  normal  time  for  erection. 

Completion  is  often  specified  in  number  of  working 
days  rather  than  by  definite  date.  This  is  justified  for 
outdoor  construction,  especially  in  winter,  when  the  con- 
tractor is  prevented  by  the  weather  from  making  progress 
on  certain  days. 

Operation  of  Equipme^nt 

Operation  is  not  only  a  test  of  whether  specification  has 
been  met,  but  is  also  a  gage  of  the  engineer's  success  in 
obtaining  desirable  features  that  are  not  or  cannot  be  in- 
cluded in  specification.  For  instance,  such  qualities  as 
quietness  of  operation,  freedom  from  vibration,  rigidity  of 
structure,  convenience  and  ease  of  control  are  not  generally 
subject  to  specifications  In  any  exact  terms,  yet  they  in- 
dicate the  degree  of  skill  with  which  the  design  has  been 
made  and  carried  out. 

In  companies  having  a  purchasing  department  the  engi- 
neer works  through  such  department  in  most  of  his  ofl[icial 
acts,  such  as  the  invitation  to  bid  or  the  awarding  of  a 
contract.  Engineering  interviews  are  a  part  of  the  engi- 
neer's duties  to  arrive  at  coiTect  decisions,  the  final  results 
of  his  work  in  the  form  of  specifications  and  orders  or 
contracts  being  sent  through  the  purchasing  department 
and  company's  officials  to  maintain  unifoi-m  records  and 
secure  proper  approval  of  important  purchases. 

The  purchase  of  electrical  machines  has  been  simplified 
by  the  issuance  some  years  ago  of  the  Standardization 
Rules  of  the  American  Institute  of  Electrical  Engineers. 
These  rules  specify  standard  temperatures,  ratings  and 
methods  of  testing  for  electrical  machines,  to  which  most 
manufacturers  now  conforr..,  so  that  their  guarantees  are 
generally  directly  comparable. 


A  successful  engineer  in  one  who  applies  common  h<  t.  < 
to  every  stop  of  his  work,  devising  moanw  to  get  nsult, 
desired  by  the  simplest  and  most  direct  methods.  1  I  <■ 
engineer's  educated  judgment  will  enable  him  to  choose  ihu 
best  design  and  equipment  of  various  alternatives  sub- 
mitted, but  he  needs  great  diligence  and  determination  to 
drive  an  undertaking  through  from  its  inception  to  a  auc- 
cessful  and  timely  completion. 

Anthracite  (ioal  Monopoly 

Charging  that  the  anthracite  industry,  made  up  of  seven 
distinct  railway  systems,  is  knitted  closely  into  a  single 
monopoly  by  inter-stock  ownership,  by  interlocking  direc- 
torates, by  informal  conferences  and  in  general  by  the  en- 
grossing control  of  the  great  Wall  Street  banking  combine 
which  centers  about  .1.  1'.  Morgan  &  Company  and  the 
National  City  Bank,  W.  Jelt  Lauck,  consulting  economist 
for  the  United  Mines  Workers  of  America,  laid  before  the 
Anthracite  Coal  Commission  a  survey  which,  he  stated,  had 
been  made  to  discover  the  degree  of  inter-relationship  and 
combination  to  control  the  production,  transportation  and 
market  which  prevails  in  the  anthracite  industry.  Mr. 
Lauck  declared  that  this  survey  pointed  to  the  fact  that 
the  anthracite  industry  is  today  dominated  by  seven  differ- 
ent railroads,  each  of  which  controls  the  production,  trans- 
portation and  sale  to  local  dealers  of  a  certain  proportion 
of  the  total  anthracite  consumed. 

This  domination  has  resulted  from  a  consistent  effort  to 
render  secure  for  all  time  an  adequate  proportion  of  an- 
thracite traffic. 

Before  the  end  of  1919,  the  railroad  companies,  either 
operating  directly  or  through  their  coal  companies,  had 
come  into  the  ownership  of  over  90  per  cent  of  the  unmined 
coal. 

The  majority  of  the  anthracite  roads  came  to  be  repre- 
sented in  the  mining  of  anthracite  by  separately  incor- 
porated coal  companies  either  created  by  the  railroads  or 
acquired  through  stock  purchase.  Un.il  the  period  of  re- 
organization the  entire  stock  of  these  coal  companies  was 
held  by  the  separate  railroads;  and  sjch  high  rates  were 
established  for  the  transportation  of  anthracite  that  it 
became  impossible  for  a  coal  company  to  operate  at  a 
profit. 

The  combination  of  excessive*  transportation  rates  with 
the  consequent  coal  company  losses  has  furnished  apparent 
justification  for  high  prices  and  low  wages.  It  has 
amounted  to  a  process  of  writing  the  losses  of  coal  com- 
panies into  the  cost  of  transportation,  thus  justifying  high 
traffic  rates;  and  then  the  writing  of  these  high  transpor- 
tation costs  into  the  price  of  anthracite  charged  to  the 
local  dealer,  thus  justifying  the  high  prices  to  the  con- 
sumer. 

The  resulting  high  rates  have  enabled  the  anthracite 
railroads  to  pay  dividends  far  above  those  of  the  other 
railroads  in  the  country. 

The  process  just  described,  from  which  these  high  profits 
have  resulted,  is  such  that  it  is  well  concealed  from  the 
public  and  difficult  to  reach;  for  these  methods  have  enabled 
the  anthracite  corporations  to  show  margins  between  the 
cost  of  pioducing  anthracite  and  the  price  at  which  it  is 
sold  at  the  mine,  between  the  cost  of  transporting  anthra- 
cite and  the  rate  charged  by  the  railroad,  and  between  the 
total  cost  of  the  anthracite  before  it  is  delivered  to  the 
dealer  and  the  price  at  which  it  is  delivered  to  him,  which 
are  to  all  outward  appearances  no  more  than  average. 

It  is,  therefore,  unjustifiable  to  claim  on  the  basis  of 
such  margins  as  are  exhibited  (particularly  in  the  produc- 
tion end  of  the  business)  that  the  anthracite  industry  can- 
not pay  higher  wages  without  increasing  the  cost  to  the 
consumer. 

The  conclusions  drawn  from  this  study  seem  to  be  that 
as  the  result  of  the  combination  that  has  been  achieved, 
we  must  look  for  anthracite  profits  not  in  the  coffers  of  the 
coal  companies,  but  in  (a)  the  profits  of  anthracite  rail- 
roads; (b)  the  profits  of  sales  companies;  (c)  the  profits 
of  those  who  control  the  banking  combine  which  has  engi- 
neered the  anthracite  combination. 
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An  Engineering  Analysis  of  the  Labor  Problem 


By  CALVERT  TOWNLEY, 

President  American  Institute  of  Electrical  Engineers 


CALVERT    TOWNLEY 


ON'E  of  the  most  im- 
portant problems 
which  the  American 
people  now  have  to  solve 
is  that  of  the  relations  be- 
tween the  employer  and  the 
employee  classes,  generally 
referred  to  as  capital  and 
labor.  A  large  measure  of 
our  national  success  will 
depend  upon  this  solution, 
and  as  engineers  are  even 
more  directly  affected  by 
and  therefore  more  inti- 
mately connected  with,  in- 
dustrial prosperity  than  are 
the  other  professions,  it  is 
more  obviously  their  duty 
to  assist  in  the  solution  of 
the  problem  as  much  as 
they  can.  Although  this 
subject  has  been  voluminously  discussed  by  numberless  peo- 
ple, there  is  one  angle  from  which,  so  far  as  I  know,  it 
has  not  been  treated;  namely,  from  the  standpoint  of  what 
is  instead  of  what  ought  to  be,  that  is  to  say,  from  the 
engineering  standpoint,  one  of  fact,  human  nature  and  of 
economic  laws  as  contrasted  with  the  laws  enacted  by  man. 
To  begin  with,  the  first  law  of  nature  is  self  preservation. 
It  is  manifested  in  its  highest  form  as  patriotism,  in  its 
lowest  as  sordid  greed.  Between  these  two  extremes  appear 
all  forms  of  selfishness,  many  of  them  by  no  means  blame- 
worthy, others  under  control  or  not  infrequently  dormant, 
but  nevertheless  certain  to  manifest  themselves  when  cir- 
cumstances compel.  For  example,  selfishness  is  the  actu- 
ating motive  in  barter.  It  leads  the  seller  to  try  to  sell 
at  the  highest  price  and  the  buyer  to  try  to  buy  at  the 
lowest.  Barter  and  trade  are  at  the  foundation  of  industry 
and,  having  been  always  recognized  as  essential  to  pros- 
perity, have  been  encouraged  and  protected.  The  ideal  con- 
dition for  barter  is  where  both  parties  are  absolutely  free 
agents  and  neither  therefore  under  duress.  Too  great 
power,  if  continued  long  enough,  will  always  be  abused,  and 
just  as  such  power  in  government  becomes  tyranny,  simi- 
larly, too  great  advantage  in  barter  begets  commercial 
robbery.  These  statements  sound  like  platitudes,  and  I 
should  hesitate  to  repeat  them  were  it  not  for  the  fact  that 
they  not  only  bear  directly  on  the  present  situation  between 
labor,  capital  and  the  public  but  seem  to  be  so  frequently 
forgotten  or  ignored.  Please  remember  that  I  am  not 
blaming  or  praising  anyone.  I  am  trying  to  recite  cold 
facts  and  to  call  things  by  their  right  names. 

How  Labor  Unions  Came  Into  Existence 

In  the  time-honored  barter  between  employer  and  em- 
ployee the  employer  formerly  held  the  strategic  position. 
As  business  concerns  grew  larger,  this  advantage  naturally 
increased  and  just  as  naturally  the  employers'  power  was 
abused.  By  and  by  the  resulting  oppression  became  suffi- 
ciently acute  to  provoke  general  resistance,  and  the  labor 
union  came  into  being.  Workmen  banded  together  to  elim- 
inate competition  among  themselves.  The  effect  was  gen- 
erally beneficial  because  it  corrected  an  evil,  and  the  general 
public,  while  not  particularly  interested,  looked  on  approv- 
ingly. But  early  in  their  history  the  unions  made  a  serious 
although  not  a  surprising  blunder.  They  set  up  a  system  of 
contracts  between  employer  and  employee  and,  because  they 
could  escape  doing  so,  provided  no  means  by  which  the 
workmen  could  be  penalized  for  violation,  except  by  the 
union  itself.  This  flagrant  flouting  of  a  fundamental  did 
not  for  a  time  have  any  serious  effect,  but  the  blunder  once 
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made  was  never  thereafter  corrected  and  it  is  probable  that 
even  today  it  would  be  difficult  to  find  a  labor  leader  who 
could  be  made  to  see  the  seriousness  of  this  mistake,  much 
less  to  endeavor  to  rectify  it.  The  World  War  created  an 
entirely  new  condition — an  imperative  demand  for  men 
came  up  almost  over  night.  The  effect  on  the  price  of  labor 
was  axiomatic — it  rose.  The  unions,  being  the  vehicles 
through  which  the  demands  of  many  classes  of  workmen 
could  most  readily  be  expressed,  at  once  became  active. 
Wages  and  prices  rose  to  hitherto  unheard  of  figures. 
Labor  had  too  much  power;  their  demands  had  to  be  met 
whether  or  no,  and  of  course  they  abused  their  power. 
Then  the  unions  made  another  mistake.  They  credited  too 
much  of  their  successes  to  their  organization  and  failed 
to  appreciate  the  part  played  by  the  law  of  supply  and 
demand,  also  they  understimated  the  power  of  resistance 
which  would  be  engendered  by  oppression.  In  their  turn 
they  became  the  oppressors — insistent — arrogant.  Where 
their  principal  weapon — the  strike — was  not  effective  as 
against  the  employer  class  in  one  industry,  they  enlisted  the 
workmen  in  other  industries  and  who  had  no  grievance,  in 
sympathetic  strikes. 

We  hear  that  a  new  order  of  things  has  come  to  pass; 
that  the  "rights"  of  labor  must  now  be  respected;  that  the 
workman  will  hereafter  have  a  greater  share  of  the  prod- 
ucts of  his  toil;  that  he  must  share  in  the  management  of 
industry  and  have  a  recognized  place  in  government  and 
the  like.  To  my  mind  the  facts  warrant  none  of  these 
assumptions.  There  is  no  new  order — economic  laws  are 
the  same  as  they  have  always  been.  They  are  as  ruthless 
and  as  inexorable  as  are  the  laws  of  physics.  Neither  has 
human  nature  changed.  The  unions  are  in  the  saddle  but, 
to  use  a  hunting  expression,  they  are  riding  for  a  fall. 
Please  let  me  remind  you  again  that  I  am  not  blaming  the 
unions — or  anyone  else.  I  am  trying  to  confine  myself  to 
statements  of  fact  and  to  logical  opinions  based  thereon 
according  to  the  precept  and  training  of  the  engineer. 

Situation  Confronting  the  Nation 

The  individual  workman  cares  no  more  for  his  fellow  as  a 
class  than  does  the  employer.  It  follows  therefore  that  a 
union  must  continue  to  succeed  or  it  will  disintegrate  and 
disappear.  The  history  of  the  last  thirty  years  has  recorded 
many  once  powerful  unions  even  the  names  of  which  are 
now  almost  forgotten.  The  "Knights  of  Labor"  and  "The 
Amalgamated  Associations  of  Iron  and  Steel  Workers"  are 
two  examples  which  illustrate  this  point.  The  strength  of 
organization  contending  against  the  mob  is  very  great,  and 
it  is  probably  true  that  so  small  a  proportion  as  10  per  cent 
or  even  five  would  prevail  under  these  conditions.  That, 
in  fact,  is  the  situation  confronting  the  nation  today.  This 
small  organized  percentage,  supported  by  the  operation  of 
the  law  of  supply  and  demand,  has  prevailed,  but  looking 
into  the  future  it  seems  clear  that  there  is  only  needed  a 
sufficient  incentive  to  induce  the  unorganized  95  per  cent  or 
even  a  small  part  of  them,  to  get  together  in  opposition  to 
the  5  per  cent  in  order  that  the  latter  may  be  overwhelmed. 
This  incentive  has  been  or  will  be  furnished  by  union  oppres- 
sion. I  say  "has  been  or  will  be"  because  the  abuse  of  too 
great  power  always  grows.  Therefore  if  the  unions  shall 
still  continue  to  gain  their  ends  even  in  the  face  of  their 
present  insolence  and  ruthless  disregard  of  others,  their 
arrogance  and  self-confidence  born  of  such  success,  will 
inevitably  lead  them  on  to  acts  of  greater  and  yet  greater 
oppression  until  they  force  their  opponents  to  combine 
against  them  for  defense  or  even  for  self-preservation. 
Already  there  are  indications  that  the  people  will  not  much 
longer  submit  to  domination  by  the  unions.  The  Governor 
of  Massachusetts  defied  them,  was  shortly  thereafter  re- 
elected by  an  abnormally  large  majority  and  has  now  been 
nominated  on .  the  Republican  National  ticket  for  Vice 
President,  which  latter  distinction  it. is  safe  to  say  he  owes 
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iilmost  entirely  to  this  inciticnt.  The  Stale  of  Kansas  lias 
ciiaotfd  a  law  to  ourb  union  inti'iferi-nce  with  the  peace 
and  comfiirt  of  her  litizens.  and  her  (Jovernor  has  heeonie 
a  popular  national  (iKurc  in  lonsequeme.  The  temper  of 
much  of  the  daily  pre.s.s  ha.s  chanRed,  and  where  formerly 
there  was  much  said  about  the  so-called  "living  wajfe"  and 
criticism  of  "capitalistic  H'einl,"'  there  now  appear  articles 
about  "the  vicious  cycle  of  mounting  wajres  and  costs," 
"loafinjr  on  the  job"  and  the  "need  to  teach  the  people  thrift 
and  economy."  Whether  or  not  an  aroused  public  does  curb 
union  ilomiiuition,  the  present  hi^h  wajce  era  will  not  be 
radically  affected.  That  is  a  condition  controlled  not  by 
the  unions  at  all,  but  by  the  much  discus.sed  law  of  supply 
and  demand. 

Lest  I  may  be  misunderstood,  I  might  here  state  that  be- 
cause I  have  been  confining  myself  to  a  discussion  of  the 
relations  between  the  employer  and  the  employee  and  have 
had  much  to  say  about  the  employee's  abnormally  high 
wages,  I  do  not  want  to  be  understood  as  giving  that  con- 
dition as  the  only  cause  of  the  prevailing  high  prices. 

SELKISHNES3  A  UNIVERSAL  TRAIT 

Advantage  has  very  generally  been  taken  of  the  oppor- 
tunity to  increase  profits  by  those  who  had  wares  to  market, 
which  is  only  another  way  of  saying  again  that  selfishness 
is  a  universal  trait  of  which  no  class  or  classes  have  a 
monopoly.  Government  reports  of  falling  exports  indicate 
that  the  expected  lessening  of  the  foreign  market  for  our 
high-priced  products  is  approaching,  and  it  is  not  at  all 
unlikely  that  this  may  be  followed  by  heavy  increases  in 
our  imports  which  will  displace  American-made  goods.  This 
result  may  come  about  both  because  foreign  nations  are 
getting  into  their  stride  of  production  again  and  be- 
cause the  high  prices  prevailing  here  have  naturally  created 
an  attractive  market.  A  combination  of  these  and  other 
conditions  will  reduce  the  demand  for  our  products  and 
consequently  for  the  workmen  to  produce  them.     The  immi- 


gration  authcritioB  of  the  Port  of  New  York  report  tin  ir 
facilities  overtaxed  to  handle  the  large  numbern  eoniiii« 
to  our  shores  and  say  that  even  those  numberH  would  be 
far  larger  if  there  were  oidy  more  ships  U>  cai  ry  the  j)e()ple 
who  want  to  come.  It  is  natural  to  suppose  that  as  tin- 
heavy  burdens  of  after-war  taxation  are  brought  honir  lo 
the  foreign  jicoijIc,  an  increasing  percentage  will  seek  to 
escape  them  by  coming  here  to  live  and  also  that  the  gradual 
restoration  of  transatlantic  shipping  to  its  normal  sched- 
ules will  afford  the  greater  facilities  thus  demanded.  This 
augmentation  of  population — largely  workmen  of  course — 
will  swell  our  supply  and  likewise  tend  to  correct  any  short- 
age that  may  exist. 

Labor  Domination  and  High  Prices  Temporary 

If  my  analysis  of  the  facts  is  correct  it  is  clear  that  the 
present  domination  by  organized  labor  is  temporary  and 
also  that  the  era  of  high  prices  will  pass.  Therefore,  no 
material  permanent  change  in  either  our  social  order  or  in 
our  industrial  structure  is  to  be  anticipated.  In  the  contest 
between  brains  and  brawn,  waged  since  the  world  began, 
brains  have  always  won  and  brains  always  will.  Free  play 
for  the  natural  forces  of  trade  may  be  counted  upon  to 
exercise  a  beneficial  influence,  and  they  should  be  ham^jered 
and  interfered  with  by  government  restrictions  as  little  as 
possible.  We  cannot,  of  course,  determine  from  history  or 
from  any  fact  at  hand,  how  long  a  time  it  will  take  for 
conditions  to  become  normal  again,  but  what  we  need  now  is 
clear  thinking,  courage  and  patience.  I  know  that  we  can 
rely  on  the  engineer  for  clear  thinking,  and  I  haven't  the 
slightest  doubt  about  his  courage,  but  I  am  not  so  sure 
about  his  patience.  You  should  be  leaders  of  thought  in 
your  several  circles.  You  can  help  to  allay  much  of  the 
present  anxiety  about  the  so-called  unrest  and  the  appre- 
hension as  to  the  future,  therefore,  I  feel  warranted  in 
asking  you  to  give  your  close  considei'ation  to  the  subject 
matter  of  what  I  have  said  this  morning. 


A.I.E.E.  Annual  Convention  at  White  Sulphur  Springs 


FROM  June  29  to  July  2  the  American 
Institute  of  Electrical  Engineers  held 
its  36th  annual  convention  at  The 
Greenbrier,  White  Sulphur  Springs,  W.  Va. 
The  convention  opened  Tuesday  morning 
with  President  Calvert  Townley  presiding. 
After  a  few  brief  remarks  on  the  work  of 
the  institute,  Mr.  Townley  delivered  his 
presidential  address,  in  which  he  gave  a 
very  comprehensive  analysis  of  the  pres- 
ent strained  relations  between  capital,  labor 
and  the  public.  An  abstract  of  the  address 
is  published  elsewhere  in  this  issue. 

After    delivering    his    address    President 
Townley   introduced   President-elect   A.   W- 
Berresford,  who  was  greeted   with   a  very 
enthusiastic  applause.     Mr.  Berresford  said 
that  he  greatly  appreciated  the  great  honor 
that  had  been  bestowed  upon  him  by  the 
members  of  the  American  Institute  of  Elec- 
trical   Engineers    in    electing   him    as    theirs 
president  and  was  going  to  do  his  best  to  make  good  the 
trust  placed  in  him.     He  paid  high  tribute  to  the  great  work 
accomplished  for  the  Institute  by  President  Townley  during 
his  period  of  administration. 

The  reports  of  the  various  technical  committees  were  pre- 
sented at  the  Tuesday  morning  session.  For  some  time 
past  there  has  been  considerable  controversy  over  the  term 
"Instantaneous  Relay,"  as  a  result  of  which  the  Committee 
on  Protective  Devices  appointed  a  subcommittee  to  consider 
a  name  that  more  properly  described  this  device.  A  num- 
ber of  other  terms  were  suggested,  of  which  "quick-acting" 
appeared  to  have  the  preference.  On  account  of  the  wide 
diversity  of  opinion  among  the  members  of  the  committee 
on  the  subject,  no  definite  recommendation  has  been  made, 
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would  summarize  the  various  opinions  on 
the  subject  and  submit  them  for  publica- 
tion in  the  A.  I.  E.  E.  Journal 

According  to  the  subcommittee  on  re- 
actors thei'e  is  still  some  difference  of  opin- 
ion as  to  the  proper  place  to  insert  cur- 
rent-limiting reactors  to  obtain  the  best  re- 
sults, but  in  general  the  best  protection  for 
the  service  is  obtained  by  installing  the 
reactors  in  individual  feeders,  and  this  is 
the  practice  followed  by  most  companies, 
provided  there  is  the  necessary  space  avail- 
able. Although  some  engineers  prefer  to 
sectionalize  the  system  by  inserting  reac- 
tors in  the  busbars,  attention  is  called  to  the 
chances  of  the  different  sections  getting  out 
of  synchronism,  which  become  very  much 
of  an   operating  menace. 

The  subcommittee  on  resistors  for  use 
with  potential-transformer  fuses  reports 
that  a  number  of  operating  companies 
in  and  around  New  York  City  have  adopted  the 
standard  practice  of  installing  protective  resistance  in 
series  with  potential  transformer  fuses  which  are  connected 
to  the  high-tension  busses  for  the  purpose  of  limiting  cur- 
rent and  preventing  damage  to  apparatus. 

In  its  report  the  Committee  on  Instruments  and  Measure- 
ments says  that  the  various  companies  manufacturing  watt- 
hour  meter  and  demand  devices  practically  all  report  the 
completion  of  experimental  models,  finished  designs  or 
actual  production  of  devices  to  measure  kva.-hr.  and  demand 
devices  for  measuring  the  demands  of  kva.  and  kw.  and 
power  factor. 

In  the  opinion  of  the  Committee  on  Transmission  and  Dis- 
tribution, 60  cycles   is  becoming  firmly  established   as  the 


and  it  was  agreed  that  the  chairman  of  the  subcommittee      standard  frequency  for  the  United  States,  and  its  virtually 
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exclusive  use  for  general  power  supply  can  be  predicted 
for  the  near  future.  The  practice  of  using  a  grounded 
neutral  connection  for  the  higher  voltages  is  considered  to 
Ihave  clearly  demonstrated  its  superiority  and  is  rapidly 
'supplanting  the  isolated  delta  connection.  In  the  large 
'low-voltage  systems  preference  for  the  grounded  neutral 
is  evident.  The  report  further  states  that  it  is  becoming 
clearly  recognized  that  interconnection  of  power-supply 
systems  is  not  to  be  merely  an  occasional  expedient,  but 
the  normal  condition,  and  probably  will  continue  until, 
eventually,  an  interconnected  system  of  nation-wide  propor- 
(tions  will  result.  In  lieu  of  this  tendency  it  is  important 
that  present  work  be  so  planned  that  it  will  fit  into  such 
development  with  a  minimum  of  waste. 

In  the  committee's  report  of  the  Iron  and  Steel  Industry 
it  is  stated  that  the  present  total  generating  capacity  re- 
quired by  the  industry  is  approximately  1,000,000  kw.  and 
each  new  development  in  the  ai-t  of  steel  making  opens  up 
new  fields  for  electrical  application. 

The  Industrial  and  Domestic  Power  Committee  reports 
an  increasing  use  of  the  synchronous  motors.  As  a  power- 
factor  corrective  of  industrial  loads  they  continue  not  only 
desirable,  but  a  growing  necessity  to  meet  a  continual 
problem.  In  this  connection,  the  use  of  static  condensers 
has  continued  as  a  power-factor  corrective. 

Wednesday  Morning  Session 

At  the  Wednesday  morning  session  nine  papers  were 
presented.  Of  these,  one  on  the  "Classification  of  Large 
Steam  Turbo-Generator  Failures,"  by  Philip  Torchio,  with 
the  discussion,  appears  in  this  issue.  Other  papers  were: 
"Ventilation  and  Temperature  Problems  in  Large  Turbo- 
Generators,"  by  B.  G.  Lamme;  "Temperatures  in  Large 
Alternating-Current  Generators,"  by  W.  J.  Foster;  "Some 
Practical  Experiences  with  Embedded  Temperature  De- 
tectors in  Large  Generators,"  by  F.  D.  Newbury  and  C.  J. 
Fechheimer;  and  "Eddy-Current  Losses  in  Armature  Con- 
ductors," by  R.  E.  Gilman. 

R.  D.  Newbury,  in  discussing  Mr.  Foster's  paper,  pointed 
out  that  the  resistance  method  of  measuring  the  tempera- 
ture in  the  winding  was  much  more  accurate  than  tempera- 
ture coils  located  between  the  generator  coils. 

It  was  brought  out  that  there  was  no  method  in  use 
that  gives  the  true  copper  temperature.  The  resistance 
temperature-measurement  method  does  not  even  give  the 
average  temperature  of  the  copper  in  the  slot,  since  the 
machine  has  to  be  shut  down,  which  allows  the  coils  to 
cool  off  before  the  measurement  can  be  made,  also  the  end 
windings  operate  at  a  lower  temperature  than  the  coils 
in  the  Slots. 

In  discussing  Mr.  Gillman's  paper,  F.  D.  Newbury  was 
of  the  opinion  that  it  was  absolutely  impossible  to  avoid 
a  100  deg.  C.  temperature  rise  on  account  of  certain  limita- 
tions of  design,  especially  the  elimination  of  eddy  currents 
in  the  core  and  copper. 

Thursday  Evening  Session 

One  of  the  most  important  meetings  of  the  convention 
was  held  Thursday  evening,  at  which  was  presented  the 
preliminary  report  of  the  special  joint  committee  appointed 
by  the  A.  I.  E.  E.  and  the  N.  E.  L.  A.  on  the  determination 
of  power  factor  in  polyphase  circuits.  In  addition  to  the 
report  there  were  also  presented  and  discussed  ten  papers 
dealing  with  different  aspects  of  the  problem.  Two  defini- 
tions covering  two  different  forms  of  power  factor  in  poly- 
phase circuits  were  ai-rived  at  by  the  committee,  together 
with  some  suggestions  as  to  the  proper  qualifying  terms  to 
be  applied  to  each  definition.     These  definitions  are: 

1.  Power  factor  in  a  polyphase  circuit  is  the  ratio  of  the 
total  watts  to  the  (arithmetical)  sum  of  the  volt-amperes 
in  the  several  phases,  each  measured  to  a  non-inductive 
neutral  point.  This  definition  may  be  otherwise  expressed 
as  the  weighted  mean  of  the  individual  power  factor  in  the 
phases  (weighted  according  to  volt-amperes  in  each  phase). 

2.  Power  factor  in  a  polyphase  circuit  is  the  ratio  of  the 
total  watts  to  the  vector  sum  of  the  volt-amperes  in  the 
several  phases. 

After  considerable  discussion  covering  various  aspects 
of  the  problem   a  motion  was  passed  that  it  was  the  con- 


sensus of  opinion  at  the  meeting  that  polyphase  power  fac- 
tor be  defined  as  the  ratio  derived  from  the  active  power 
and  reactive  power.  The  joint  committee  was  instructed 
to  devise  a  definition  on  the  basis  of  the  discussion  at  the 
meeting,  to  be  acted  upon  later. 

Friday  Morning  Session 

At  the  Friday  morning  session  exciter  systems  was  the 
subject  discussed  and  six  papers  were  presented:  "Con- 
siderations Which  Determine  the  Selection  and  Genei-al 
Design  of  an  Exciter  System,"  by  J.  T.  Barron  and  Alex 
E.  Bauhan;  "Factors  in  Excitation  Systems  of  Large  Cen- 
tral-Station Steam  Plants,"  by  J.  W.  Parker  and  A.  A. 
Meyer;  "Exciters  and  Systems  of  Excitation,"  by  H.  R. 
Summerhayes;  "The  Application  of  Direct-Current  Gen- 
erators to  Exciter  Service,"  by  C.  A.  Boddie  and  F.  L. 
Moon;  "Exciter  Practice  in  the  Northwest,"  by  J.  D.  Ross; 
and  "Generator  Excitation  Practice  in  the  Hydro-Electric 
Plants  of  the  Southern  California  Edison  Company,"  by 
H.  H.  Cox  and  H.  Michener.  Abstracts  of  these  papers 
will  appear  in  later  issues. 

This  year's  convention  proved  to  be  one  of  the  most 
successful  held  by  the  institute  from  both  an  engineering 
and  an  entertainment  viewpoint.  Five  technical  sessions 
were  held,  at  which  a  total  of  39  papers  and  technical  re- 
ports were  presented.  The  convention  closed  Friday  after- 
noon with  a  member  and  guest  registration  of  325. 

Fuel  Oil  Famine  Endangers 
City  Light 

Declaring  that  many  Seattle  industries  and  most  of  the 
63,000  consumers  of  city  light  will  be  without  electric  cur- 
rent at  the  end  of  forty  days  unless  additional  fuel  oil  for 
the  Lake  Union  steam-power  plant  is  obtained.  Superin- 
tendent J.  D.  Ross  has  asked  the  United  States  Shipping 
Board  to  furnish  a  tanker  to  carry  fuel  oil  to  Seattle. 

The  supply  of  oil  on  hand  now,  Mr.  Ross  said,  will  not 
last  longer  than  forty  days,  and  if  an  accident  should  occur 
at  the  steam  plant  during  that  time,  the  city  would  be  vir- 
tually without  electric  current,  so  far  as  the  municipal 
power  system  is  concerned. 

Heavy  rains  are  fast  taking  the  little  snow  left  on  the 
mountains,  and  depleting  the  amount  of  power  furnished 
by  the  Cedar  Falls  power  plant.  Lack  of  hydro-electric 
power  will  throw  such  a  burden  on  the  auxiliary  steam 
plant  during  the  months  of  August,  September,  October  and 
a  part  of  November  that  a  minimum  of  20,000  bbl.  of  oil 
a  month  will  be  required  to  turn  the  wheels  of  the  Lake 
Union  plant  equipment. 


Hydro-electric  development  at  Seton  Lake  is  now  begin- 
ning to  assume  definite  form.  Plans  are  to  be  prepared 
in  Vancouver  this  year  providing  for  the  installation  of  a 
large  up-to-date  plant,  the  total  capacity  of  which  will  be 
175,000  hp.,  and  which  when  completed  will  cost  in  the 
neighborhood  of  $12,000,000.  To  begin  with,  a  plant  of 
40,000  hp.  will  be  erected,  and  this  is  expected  to  be  finished 
in  two  years.  It  will  be  the  largest  hydro-electric  power 
plant,  when  completed,  in  the  province.  The  output  of  the 
present  B.  C.  Electric  Railway  plant  at  Lake  Buntzen  is 
47,700  hp.  antl  that  of  the  Western  Power  Company  of 
Canada  at  Stave  Lake  is  less  than  that. 


Proposal  that  the  City  Council  of  Seattle,  Wash.,  ap- 
point a  commission  to  investigate  fully  the  recommendations 
of  Superintendent  of  Lighting  J.  D.  Ross  for  developing 
hydro-electric  power  possibilities  of  the  Cedar  River  plant 
was  made  by  Mayor  Hugh  M.  Caldwell  in  a  letter  to  the 
council  June  10.  The  mayor  .suggested  that  a  commission 
consisting  of  three  members  of  the  council  who  are  not  al- 
ready committed  to  some  plan  or  another,  three  members 
of  the  Board  of  Public  Works  similarly  unembarassed  and 
three  engineers  not  connected  with  the  city,  be  named  to 
investigate  the  tunnel  project  proposed  by  Superintendent 
Ross,  so  that  development  of  additional  power  may  be  car- 
ried out  without  further  delay. 
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Classification  of  Larfjo  Turho-iiriK-ralor 
F.:iliir«'s''' 

Hy  riUMP  TOKCmO, 
Clili'f  Kl.clilial   KiiKiiuii,   N.w    York   I'Mlxon   Co. 

The  experience  with  this  class  of  electrical  apparatus  is 
in  a  measure  less  satisfactory  than  coulci  be  desired.  The 
d°si>rn  difficulties  are  undoubtedly  greater  than  encoun- 
t'^rod  ill  the  desijrn  of  low-speed  jrenerators  as  used  in  hydro- 
electric plants,  but  the  exactin>r  service  re<iuirenu'nls  of 
larjre  steam-power  undcrtJli^in^rs  demand  the  maximum  of 
reliability  from  its  jrenerators.  To  meet  these  re(iuire- 
ments.  desitrninn  enjrineers  must  ultimately  produce  ap- 
paratus more  dependable.  At  the  same  time  users  must 
install  and  operate  their  generators  under  conditions  that 
will   be  most   favorable   to   their   maintenance. 

For  the  only  object  of  reviewing  past  failures  to  aid  us 
to  avoid  repetitions  in  the  future,  I  have  accepted  the  in- 
vitation of  the  Machinery  Committee  to  give  a  summary 
of  typical  jr<?nerator  failures  of  which  I  have  a  record  or 
report  from  different  installations  in  this  country. 

The  size  of  generators  investigated  ranged  from  5,000 
to  30,000  kw.,  the  larger  units  being  of  more  recent  manu- 
facture, while  the  smaller  date  back  from  twelve  to  six- 
teen years. 

The  total  failures,  several  occurring  on  the  same  unit, 
amounted  to  55,  of  which  33  occurred  in  armatures,  16  in 
fields,  4  in  armatures  and  fields,  and  2  in  terminals. 

The   classification   of   all   these   generator   troubles    is   as 

follows: 

Armature  failures  due  to : 

Mechanical    damago.s 3 

Heating  of  windings 17 

Heating    of    iron 2 

Loose    laminations 1 

Moisture    in    cooling    air 3 

Corona  shield  breaking '.L 

Heating  at   end  turn  clamping 1 

Overload   damaging   end    turns 2 

Causes    undiscovered -     33 

Field  failures  due  to: 

Open-circuited     connections 3 

Grounding     T 

Grounding  caused  by  bus  sliort  circuit 4 

Loosening  of  damper   windings 2     16 

Armature  and  field  failures  due  to : 

Moisture     1 

Undiscovered     3        < 

Terminal  failures  due  to :  ,         , 

Moisture    -  ^ 

From  the  above  analysis  given,  it  appears  that  at  least 
50  per  cent  of  armature  failui-es  are  due  to  heating,  dam- 
aging the  insulation.  To  avoid  similar  troubles,  designing 
engineers  should  use  insulating  materials  of  proved  de- 
pendability, maintain  low  copper  temperatures  by  proper 
subdivision  of  copper  and  transposition  of  strands  in  wind- 
ings and  provide  liberal  ventilation  throughout  the  ma- 
chine. The  operating  copper  temperatures  should  be  lim- 
ited at  or  closely  to  100  deg  C.  Too  great  range  of  oper- 
ating  temperatures   is   bound   to    cause   generator  failures. 

It  may  be  appropriate  here  to  emphasize  a  broad  gen- 
eral principle  to  which  perhaps  we  have  not  given  full 
consideration  in  the  past,  and  that  is  that  insulated  elec- 
trical apparatus  subjected  to  too  wide  operating-  tempera- 
ture ranges  may  be  seriously  impaired  by  mechanical 
bulging  and  damages  to  the  insulation  and  the  incasing 
structure,  without  inherent  deterioration  of  the  insulation 
itself.  We  found  that  the  insulation,  while  excellent  to 
withstand  the  maximum  temperatures,  was  mechanically 
damaged  by  the  expansion  and  contraction  of  the  copper 
which  it  surrounded.  For  instance,  mica  insulation  in- 
stalled in  hydro-electric  generator  armatures,  which  have 
only  a  small  fraction  of  length  of  a  turbo-generator  arma- 
ture and  are  operated  at  a  practically  steady  continuous 
load,  last  indefinitely  at  high  temperatures,  while  mica  in- 
sulation, under  the  same  or  lower  temperature  conditions,  in 
steam  turbo-generators  operated  at  partial  loads  for  sev- 
eral hours,  then  loaded  to  a  maximum  and  later  shut  down 
every  twenty-four  hours,  will  fail. 

*  Paper  presented  at  tlie  36th  Annual  Convention  of  the 
American  Institute  of  Electrical  Engineers,  WTiite  Sulphur  Springs. 
W.   Va.,   June   29-July  2.   1920. 


To    weed    out   crack.s   or   latent   defectH   due   to   defi 
workmanship  at  factory  or  in  installation,  the  tent  vi>l'  .  ■.• 
for   windings   should    be    raised    to   three   times    full    vuh     ■.• 
plus   1,000. 

The  large  number  of  field  failures  on  generators  of  older 
design  using  fibrous  insulation  were  practically  eliminated 
in  more  recent  designs  by  the  use  of  mica  and  asbestos 
tape  insulation. 

Experience  seems  to  indicate  that  a  solid  forged  field  has 
greater  resisUince  to  field  stresses  und-jr  bus  short-cir'uits 
than  laminated  field  structures  or  even  structures  ma(l(  ip 
of  end  plates  and  several  central  plates  a  few  inche  k. 
thickness. 

The  loosening  of  damper  windings  seems  to  have  been 
satisfactorily  overcome,  from  the  experience  of  the  last 
few  years. 

From  the  standpoint  of  the  users  it  appears  important 
that  great  care  be  exercised  in  the  supply  of  cooling  air  to 
prevent  moisture  of  condensation  depositing  on  windings. 

Discussion  on  Generator  Failures 

W.  J.  Foster  pointed  out  that  it  was  almost  impossible, 
in  the  design  of  large  turbo-alternators,  to  limit  the  oper- 
ating copper  temperatures  to  100  deg.  C,  as  recommended 
by  Mr.  Torchio.  Mr.  Foster  emphasized  the  serious  effect 
of  low  power  factor  on  the  operation  of  these  machines 
and  said  that  in  almost  every  case  the  temperature  rise 
was  from  50  to  60  per  cent  lower  at  100  per  cent  power 
factor  than  at  80  per  cent.  F.  D.  Newbury  gave  an  analysis 
of  all  the  failures  of  large  turbo-generators,  15,000-kva. 
capacity  and  above,  put  in  operation  by  the  Westinghouse 
Electric  and  Manufacturing  Co.  The  machines  have  mica- 
insulated  coils  and  were  designed  for  a  temperature  rise 
of  50  deg.  C,  but  in  some  cases  this  rise  in  spots  was  as 
high  as  100  deg.  C.  For  the  seven  years  since  the  first  of 
these  machines  were  put  into  operation,  there  have  been 
22  failures,  11  of  which  the  operating  companies  have  ac- 
cepted the  responsibility  for  without  any  question,  in  8  of 
the  failures  the  manufacturing  company  accepted  the  re- 
sponsibility, and  the  operating  company  raised  a  question 
as  to  responsibility  in  3  cases.  In  4  breakdowns,  the  cause 
was  fire  outside  of  the  generator.  In  4  other  cases 
breakdown  was  caused  by  surges  on  the  system;  in  these 
cases  the  cause  of  the  trouble  entirely  disappeared  when 
the  neutral  was  grounded.  Mr.  Newbury  classified  the  ma- 
chines into  high-voltage  and  low-voltage  units,  those  gen- 
erating 11,000  volts  and  above,  being  classed  as  high  volt- 
age, and  those  generating  less  than  11,000  volts  as  low- 
voltage  equipment.  Although  twice  as  many  machines  have 
been  wound  for  the  high  voltages  (11,000  and  above),  break- 
downs were  equally  divided  between  the  high-voltage  and 
low-voltage  classifications;  that  is,  11  failures  occurred  in 
machines  generating  11,000  volts  and  above  and  11  in  ma- 
chines generating  less  than  11,000  volts.  All  these  ma- 
chines have  open  slot  cores  which  allows  the  windings  to 
be  thoroughly  insulated. 

R.  B.  Williamson  emphasized  the  importance  of  power 
factor  on  the  operating  temperatures  of  the  machine.  In 
regard  to  Mr.  Torchio's  recommendation  that  the  test  volt- 
age for  windings  should  be  raised  to  three  times  full  volt- 
age plus  1,000,  Mr.  Williamson  said  that  for  the  lower-volt- 
age machines  it  would  not  be  difficult  to  meet  these  re- 
quirements, but  it  would  be  very  difficult  to  insulate  a 
13,200-volt  machine  to  stand  a  test  of  three  times  this  volt- 
age plus  1,000. 

W.  F.  Dawson  took  exception  to  the  impression  that  only 
an  all-mica  insulation  would  stand  up  in  a  turbo-alternator. 
From  his  experience  with  the  smaller-sized  units,  which 
covered  at  least  2,000  machines,  90  per  cent  did  not  have 
mica  insulation  and  the  failures  have  been  very  few.  All 
machines  below  4,000  volts  were  insulated  with  treated 
fabric,  where  above  4,000  volts  mica  insulation  was  used. 

J.  Lyman  emphasized  the  vital  importance  that  we  have 
generators  that  will  give  reliable  service.  He  pointed  out 
that  where  hi.gh  temperatures  were  allowed,  breakdowns 
might  occur  from  expansion  and  contraction  of  the  wind- 
ings. He  was  of  the  opinion  that  although  it  may  be  im- 
possible   to    attain    what    Mr.    Torchio    has    recommended, 
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every  effort  should  be  made  to  make  alternators  as  safe 
as  possible. 

A.  S.  Loizeaux  was  of  the  opinion  that  there  is  consid- 
erable evidence  that  the  lack  of  rigid  bracing  of  the  end 
windings  is  responsible  for  failures.  He  said  that  if  cur- 
rent transformers  were  installed  in  the  air  ducts  leading 
to  the  generator,  they  should  be  removed,  as  it  had  been 
proved  that  their  failures  in  the  air  ducts  had  been  the 
cause  of  generator  fires.  He  strongly  recommended  the 
proper  spacing  and  rigid  bracing  of  the  generator  leads. 

During  the  discussion  it  was  brought  out  that  the  large 
number  of  turbo-generator  failures  being  experienced  in 
Continental  Europe  and  England  was  due  to  the  use  of 
pulled  windings  in  semi-closed  slots.  The  use  of  semi- 
closed  slots  in  the  core  and  pulled-in  windings  is  very  handy 
from  a  manufacturing  standpoint,  but  it  is  impossible  to 
properly   insulate   the   windings   for  high   voltage. 

Philip  Torchio  expressed  the  opinion  that  large  generat- 
ing units  are  of  such  importance  that  the  last  10  or  15  per 
cent  capacity  makes  no  difference  to  the  customer,  and  that 
low  power  factor  is  a  handicap  to  the  progress  of  power 
development. 


Creamery  Boiler  Explodes  at 


Owosso,  Mich. 


The  death  of  one  fireman  and  a  property  damage  amount- 
ing to  $7,000  were  the  results  of  a  boiler  explosion  in  the 
plant  of  the  Detroit  Creamery  Co.,  of  Owosso,  Mich.  The 
plant  contained  two  marine  dry-back  boilers,  each  90  in.  in 
diameter  by  13  ft.  3  in.  /ong,  having  an  internal  furnace, 
as  well  as  seventy-eight  3i-in.  tubes.  In  a  timber  structure 
at  the  end  of  the  main  factory  building  the  boilers  were 
installed,  new,  in  1913,  and  there  is  no  record  of  their 
having  exhibited  unusual  behavior  or  signs  of  distress  at 
any  time  during  the  seven  years  of  service. 

It  appears  that  the  plant  was  operated  pretty  much 
according  to  the  usual  routine,  until  about  5:30  p.m.  on 
June  17,  or  just  a  few  minutes  before  the  day's  run  would 
have  been  completed,  when  the  explosion  occurred.  The 
furnace  of  boiler  No.  2  failed  by  collapsing  its  entire  length 
and  by  rupturing  the  first  girth  seam.  About  50  per  cent  of 
the  rivets  sheared,  and  for  the  balance  of  the  rupture  the 


Only  one  man  was  in  the  plant  at  the  time  of  the  explo- 
sion, a  fireman  who  had  been  employed  two  days  before. 
Apparently,  he  had  been  standing  in  front  of  the  boiler 
and,  when  the  steam  came  rushing  out  of  the  furnace  door, 
was  blown  across  the  river  against  the  wall  of  an  old 
packing  plant  some  five  hundred  feet  away.  The  boiler 
shell  intact  was  blown  sixty  feet  in  the  opposite  direction 


FIG.    2.      CLO.SE-UP   VIEW   OP   FURNACE   THAT   i'AILED 

against  the  rear  of  a  residence,  crushing  the  woodshed  and 
moving  the  house  fully  a  foot  on  its  foundation.  Two  other 
residences  and  an  automobile  standing  near-by  wer3  dam- 
aged. The  boiler  house  was  demolished,  the  steel  stacks 
toppled  over  onto  the  factory  building,  and  the  second  boiler 
was  moved  a  few  feet  from  its  foundation.     It  is  of  interest 


FIG.    1.      RESULT   OF   EXPLO.SION  AT  OWOS.SO.   MICH. 


metal  in  the  sheet  pulled  out.  The  rupture  extended  about 
39  in.  around  the  top  of  the  seam,  and  the  upper  part  of 
the  front  course  was  pushed  doviTi  and  forward  until  it 
almost  overlapped  the  rivets  in  the  head  seam.  The  furnace 
was  47  in.  in  diameter  by  12  ft.  10  in.  long,  being  constructed 
of  five  30-in.  sections  of  i-in.  plating.  It  was  of  the  type 
technically  known  as  a  plain  furnace,  and  was  secured  to 
the  heads  at  each  end.  The  girth  seams  and  longitudinal 
seams  of  the  furnace  were  of  the  single-riveted  lap- 
joint  type. 


to   state   that  both  boiler  shells  were  uninjured   ^nd   only 
require  new  flues  and  furnaces  to  be  ready  for  service. 

While  an  emergency  fireman,  who  was  in  the  plant  but 
a  few  minutes  before  the  accident,  was  of  the  opinion  that 
the  boiler  contained  a  sufficient  amount  of  water,  several 
who  have  examined  the  boiler  since  the  accident  are  con- 
vinced that  the  condition  of  the  furnace  sheet  and  the  rear 
boiler  head  indicated  considerable  overheating,  which  may 
have  been  the  primary  cause  of  the  accident.  This  opinion 
is  somewhat  confirmed  by  the  fact  that  boiler  No.  1  which 
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was  in  st-rvii'i"  i.i  i\ntu'cli(in  with  Nd.  2  wlicn  llio  lu'cidont 
(H'ourri'd,  had  ht-cn  diima^'cd  hy  oviThcatinjr.  This  mi^ht 
have  taken  phu'c  aflci'  the  ai-cidi-nt,  however,  as  the  fuel 
was  not  removed  from  tile  K'rntt's  for  ahout  thirty  minutes 
after  the  explosion. 

The  haik  head  of  holier  No.  2  had  the  redilisn  appearance 
itivaiiahly    eaused    hy    low    water.      The   ends    of   the    tubes, 
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which  had  been  loosened  and  were  projecting  through  the 
back  head,  gave  the  same  indication.  At  the  rupture  the 
metal  in  the  sheets  had  been  blistered,  and  where  the  rivets 


pulled  through  the  metal  had  been  drawn  down  and  had  llic 
bluLsh  a|>[)<'arunee  indicative  of  overheating.  In  cases  of 
thi.s  kind  a  line  indicating  the  water  level  is  UHUally  visible. 
As  there  was  no  indication  of  such  a  line,  it  was  the  opinion 
of  expert  observers  that  the  boiler  had  been  nearly  empty 
and  that  the  firemen  had  just  started  to  pump  water  into  it. 
There  was  testimony  to  the  effect  that  the  boiler  was  being 
filled  at  the  time  of  the  accident. 

The  first  girth  seam,  being  the  hottest  jiart  of  the  fur- 
nace, would  be  affected  first  by  low  water.  With  the  metal 
softened  by  excessive  temi)erature,  the  jr)int  ruptured  and 
the  furnace  collaj)sed  both  ways  from  this  point. 

At  the  time  the.se  boilers  were  constructed,  plain  furnaces 
were  in  common  use,  and  the  length  of  each  section  wa« 
used  as  the  base  for  the  calculation  to  determine  the  safe 
working  pressure.  On  account  of  the  inherent  defects  in 
plain  furnace  construction,  the  A.  S.  M.  E.  Code  now  pro- 
vides that  the  distance  from  head  to  head  shall  be  used 
as  the  base  for  determining  the  safe  working  pressure,  and 
limits  the  diameter  of  an  unstayed  furnace  of  this  kind  to 
38  in.  No  credit  is  given  to  the  stiffening  of  the  furnace 
by  the  double  layers  of  metal  at  the  girth  seams. 

It  is  thus  evident  that  a  plain  unstayed  furnace  47  in.  in 
diameter  would  not  be  allowed  by  the  Code  today.  Even 
with  furnaces  of  this  type  nine  inches  less  in  diameter, 
which  are  allowable,  the  new  method  of  using  the  f.rnace 
length  as  the  base,  so  reduces  the  allowable  pressui  that 
furnaces  of  the  corrugated  or  ring  joint  type  would  hj  ve  the 
preference.  In  the  present  case,  supposing  a  38-in.  furnace, 
the  allowable  pressure  by  the  Code  ruling  would  have  been 
less  than  30  lb.,  as  compared  to  a  pressure  of  85  lb.  which 
the  boilers  were  carrying  at  the  time  of  the  accident,  or 
to  95  lb.,  at  which  the  safety  valves  were  set.  Upon  this 
basis  it  is  easy  to  see  that  the  factor  of  safety  for  a  47-in. 
furnace  must  have  been  unusually  low  and  no  doubt  this 
was  a  contributing  factor  in  the  results. 


Personals 


R.  K.  Tiffan.v,  project  manager  of  the 
United  States  Ueclamation  Service,  has  re- 
signed to  open  an  oflice  as  consulting 
engineer  at  Spokane.   Wash 

Prof.  O.  H.  I-eland,  of  the  College  of  Civil 
Engineering  at  Cornell  ITniversity.  has  ac- 
cepted a  po-sition  with  llie  J.  G.  \\Tiite 
Engineering    Corp..    New    York    Ci'.y. 

Comfort  .v.  .\<Iams,  dean  of  the  Engineer- 
ing School  of  Harvard  University,  has  re- 
signed to  become  chairman  of  the  National 
Research  Council,  with  headquarters  in 
New    York. 

A.  C.  Irwin,  structural  engineer  for  the 
Portland  Cement  .Association  of  Chicago. 
has  resigned  as  chairman  of  the  national 
qualification  committee  of  the  American  As- 
sociation  of   Kngineers. 

Charles  F.  KetteriiiB.  president  of  the 
Delco  Light  Co..  Dayton.  Ohio,  was  elected 
president  of  the  Engineering  Club  of  Dayton 
at  the  recent  annual  election.  Mr.  Ketter- 
ing is  a  fellow  of  the  .\merican  Institute 
of  Electrical  Engineers. 

Doctor  F.  H.  Xewell,  head  of  the  de- 
partment of  Civil  Engineering  at  the  Uni- 
versity of  Illinois  and  past  president  of  the 
American  Association  of  Engineers,  has 
been  appointed  director  of  field  forces  of 
the  A.   A.   K.  during  the  summer  months. 


Society  AflFairs 


The  Paelfic  Coast  Section  of  the  National 
Electric  Light  .Association  will  hold  its 
annual  convention  at  Portland,  Ore.,  July 
21-2^. 

The     Stoker    Manufacturers'    .Association, 

at  a  recent  meeting  held  at  Lakewood,  N. 
J.,  appointed  the  following  officers  and 
executive  committee:  Sanford  Riley,  presi- 
dent :  M.  Alpern,  vice  president ;  A.  G. 
Pratt,  treasurer ;  S.  A.  Armstrong,  and  H. 
A.   Hatton,   J.   G.   Worker,  secretary. 


The  Miihigan  Section  of  the  .N'ational 
Electric  Light  -Association  will  hold  its 
annual  convention  at  Ottawa  Heach.  head- 
quarters at  the  Motel  Ottawa,  August  24-26. 

The  Carson   City  Chapter  of  the  A.   A.   E. 

has  changed  its  name  to  the  Nevada  Chap- 
ter and  the  jurisdiction  of  the  chapter  has 
been  made  to  include  the  entire  state  ex- 
cept  the   student   chapters. 

Tlie  Pittsburgh  Chapter  of  the  American 
Association  of  Engineers  is  raising  a  fund 
for  the  assistance  of  a  graduate  electrical 
engineer  who  is  partially  paralyzed.  G.  H. 
Chapp.  chairman  of  the  Chapter  fellowship 
committee,   is  in  charge   of  the  fund. 

The     United     Kngineering     Society,     at     a 

meeting  of  the  Trustees.  June  24.  elected 
Irving  E.  Moultrop.  of  39  Boylston  St., 
Boston,  as  a  trustee  of  the  American  So- 
ciety of  Mechanical  Engineers,  a  member  of 
Engineering  Foundation  Board  to  fill  the 
vacancy  caused  bv  the  death  of  E.  Gybbon 
SpilsbuVy,   May   28.    1920. 

The    American    Association    of    Engineers, 

Oregon  Chapter,  upon  the  invitation  of  W. 
B.  Dennis,  chairman  of  the  Oregon  Bureau 
of  Mines  and  Geology  Commission,  has  ap- 
pointed a  committee  to  assist  in  making  a 
study  of  the  geology  of  Crater  Lake  Na- 
tional Park  and  later  of  publishing  a  re- 
I)ort  of  this  district  desigaed  for  the  special 
use  of  the  tourist.  The  committee  consists 
of  R.  E.  Kremers.  assistant  city  engineer  o* 
Portland,  and  Joseph  O.  Barr.  consulting 
engineer,    Portland. 

Tlie    American    Association    of    Engineers 

has  appointed  the  following  engineers  on 
the  committee  of  uniform  fees  and  practice 
of  consulting  engineers  ;  Farley  Gannett, 
of  Harrisburg.  Pa.  :  A.  N.  Johnson,  con- 
sulting highway  engineer  of  the  Portland 
Cement  Association.  Chicago :  C.  J.  Tilden. 
professor  of  engineering  mechanics  in  Yah 
t'niversity ;  E<lwin  Duryea,  of  San  Fran- 
cisco;  Langdon  Pearso,  sanitary  engineer 
of  the  Sanitary  District  of  Chicago  ;  Wilbur 
J.  Watson,  chief  engineer.  Watson  Engi- 
neering Co..  Cleveland,  Ohio  :  John  W.  Cun- 
ningham, of  Portland.  Oregon  :  L.  E.  Ayres. 
of  Ann  Arbor.  Mich.  ;  and  George  'W.  Fuller, 
of  New  Y'ork  City.  W.  L.  Bonham.  con- 
sulting engineer,  of  Kansas  City,  is  chair- 
man of  the  committee. 


Miscellaneous  News 


"Tlie  Ontario  Government  proposes  to 
raise  by  bond  issues  $17,527,000  for  the 
development  of  hydro-electric  power  during 
the  present  fiscal  year,"  says  Tlie  Practical 
Eiigint  cr.  Development  of  the  Port  Arthur 
and  Thunder  Bay  systems  will  cost  $2,500.- 
000  and  $10,500,000  will  be  expended  for  the 
Chippewa  plant. 

The    Penn    Central    Light    and    Power    Co. 

is  planning  improvements  that  will  cost 
approximately  $900,000.  The  plant  at 
Williamsburg.  Pa.,  will  be  doubled  in  size 
and  the  i)Ower  increa.se  will  be  11,000  kw. 
A  new  substation  is  to  be  erected  at  Span- 
gler.  with  a  power  line  extending  to  the 
Patton  Clay  Works.  The  improvements 
also  take  in  the  plants  at  Huntington.  Mt. 
Union   and    Lewiston. 


Business  Items 


General  Electric  Co.,  Schenectady,  N.  Y.. 
has  purchased  a  twenty-acre  tract  of  land 
in  Philadelphia.  Pa.,  to  be  u.sed  as  a  site 
for  a  new  i)lant.  of  which  the  plans  for 
the  initial  units  are  already  under  way. 
Construction  work  will  start  in  the  fall. 
It  is  estimated  that  the  entire  plant  with 
equipment    will    cost     $5,000,000. 


Trade  Catalogs 


The  I-ink  Belt  Co.,  Chicago.  111.,  has 
ready  for  distribution  a  new  23-page  book- 
let entitled  "Link-Belt  Traveling  Water 
Screens."  It  contains  written  descriptions 
.ind  line  drawings  of  company's  newest  de- 
velopments in  water  screens.  A  copy  will 
be   sent   on   request. 

The  6riscom-RusseII  Co.,  of  New  York, 
manufacturer  of  oil  separators,  has  ready 
for  distribution  a  new  11 -page  catalog  de- 
.scribing  its  line  of  separators.  Line  draw- 
ings and  photographs  are  used  to  show  the 
details  of  mechanism.  A  copy  of  the  book- 
let   will    be    sent    on    request. 
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Is  Bituminous  So  Scarce? 


It  is  understood  generally  that  the  coal  shortage  is  most 
!;ute  in  the  bituminous  field.  Last  week  we  gave  con- 
derable  attention  to  this  feature.  This  week  we  publish  a 
tter  from  Ch.jago  giving  some  interesting  and  exclusive 
^formation. 

I  Chicago,  July  6,  1920. 

'  It  has  been  asserted  by  coal  producers,  coal  dealers,  and 
le  Fuel  and  Railroad  administi-ations  that  coal  cannot  be 
iined  unless  facilities  are  provided  for  its  immediate 
emoval  from  the  mines;  that  practically  no  mines  can 
perate  more  than  72  hours  without  the  output  being 
amoved.  At  the  same  time  we  hear  on  every  hand  rumors 
f  a  coal  shortage,  particularly  bituminous.  Public  utilities, 
lunicipalities,  factories  and  small  consumers  all  have  the 
ame  difficulty  in  obtaining  sufficient  supplies.  Dealers  state 
nat  plenty  of  coal  is  "blocked  out"  in  the  mines  and  plenty 
f  labor  available  to  dig  it,  but  that  the  atrocious  trans- 
ortation  situation  is  holding  up  production. 

Public  utilities,  municipalities,  factories  and  individual 
onsumers  all  have  the  same  difficulty — despite  the  fact  that 
reduction  has  been  speeded  up  in  order  to  overcome  the 
lackness  in  the  latter  part  of  1919.  Some  interesting 
gures : 

It  is  interesting  to  compare  certain  figures  of  production 


in  the  bituminous  field  for  the  first  146  working  days  of  the 
last  four  years : 

1917  1918  1919  1920 

Tons    .  .   257,783,000     265,547,000     201,000,000     241,291,000 

The  year  1920  is  thus  40,291,000  tons  ahead  of  1919 
according  to  the  weekly  reports  of  the  U.  S.  Geological 
Survey  for  the  week  ending  June  19,  1920.  And  this  year's 
production  is  only  9.1  per  cent  behind  1918,  which  was  by  5 
per  cent  the  greatest  year  from  the  oint  of  coal  production 
in  the  history  of  the  country.  The  1920  production,  more- 
over, is  exactly  the  same  as  the  production  of  1916. 

The  question  therefore  arises:  If  production  is  higher 
than  last  year  and  it  is  being  moved,  and  if  last  year's 
3upply  was  reasonably  adequate,  what  is  the  reason  for  a 
shortage  this  year  if  production  is  20  per  cent  higher  than 
in  1919?  Another  question:  If  this  10,000,000  tons  of  coal 
per  week  has  not  gone  to  the  general  consumer  where  has 
it  gone  ? 

Not  abroad;  at  least  not  more  than  1,000,000  tons  a  week, 
that  being  the  combined  coal  dock  facilities  of  the  Atlantic 
Coast.  Furthermore,  exports  have  been  held  down  by 
embargoes.  It  is  asserted  that  industrial  consumption  is 
greater  than  ever  before.  This  would  hardly  seem  possible, 
however,  in  view  of  the  war-time  production  that  has  been 
curtailed. 


PROPOSED    WORK 

Me..  Portland — The  New  England  Cold 
lorage  Co..  :!29  Commercial  and  York  Sts., 
3  having  plans  prepared  for  a  4  story,  75 
lOrt  ft.  cold  storage  building;.  About 
175,000.  Haven  &  Crosby.  40  Court  St.. 
Joston,  Consult.  Engrs. 

Mass..  Boston — The  Schoolhouse  Comn. 
eceived  bids  for  the  installation  of  a  heatin'^ 
ystem  in  the  Louisa  M.  .Alcott  School,  from 
.  J.  Hurler.  104  B'way.  $1.3,394:  J.  L. 
learn.  $15,300;  F.  W.  Zemier.  321  La 
Jrange   St.,    $15,494. 

Mass.,  Foxboro— Warren  A.  Merrill  re- 
eived  bids  for  the  Installation  of  central 
ilant  steam  mains  at  the  Foxboro  State 
lospital  from  the  Power  Heating  &  Ven- 
ilating  Co..  66  Travers  St..  Boston,  $i:!.055  ; 
.  J.  Hurley  Co..  104  B'way.  Boston.  $15.- 
60;    Hobart    &   Farrell.    $15,528. 

N.  Y..  .Albion — Monsignor  John  S.  Reilly, 
'res.  of  the  Bd.  of  Mgrs..  will  soon  award 
he  contract  for  remodeling  the  heating  sys- 
em.  etc..  at  the  Western  House  of  Refuge 
lere. 

X.  Y..  Buffalo — The  .\mer.  Car  &  Fdry. 
■"o..  370  Babcock  St.,  plans  to  construct  a 
.  story,  50  x  100  ft.  boiler  house,  .\bout 
i30,000.  John  N.  Cowper  Co..  Inc.,  Fidelity 
:!ldg.,   Engr. 

X.  Y.,  Buffalo — G.  Elias  &  Brother.  Inc., 
'65  Elk  St..  is  in  the  market  for  a  75-100- 
125  hp..  220  volt,  a.c,  3  phase.  25  cycle 
generator. 

N.  \.,  Ogdensbure  —  The  State  Hospital 
^omn..  Caivitol.  Albany,  will  soon  award 
:he  contract  for  additions  and  alterations. 
;o  the  Central  Heating  Plant  at  the  St. 
Lawrence  Hospital  here. 

N.  Y'..  Maro The   State   Hospital   Comn. 

A'ill  receive  bids  for  a  pump  house,  and 
vumping  equipment,  etc..  in  connection  with 
;he  water  sujiply  and  sewerage  system  at 
he  Utica  State  Hospital  here.  About 
[400,000. 

N.  Y.,  Xpw  York — J.  JIcE.  Bowman  & 
^0.,  c/o  Warren  &  Wetmore,  .\rchts.  and 
Engrs.,  10  East  47th  St..  is  having  plans 
prepared  for  a  hotel  addition,  including  a 
?team  heating  svstem.  on  42nd  St.  About 
12,000.000. 

N.  Y..  New  Y'ork — M.  H.  Cardo.  Archt. 
md  Engr.,  160  West  45th  St..  will  soon 
award  the  contract  for  a  4  story  loft  build- 
ing, including  a  steam  lieating  system,  at 
40-4  4  P.pthune  St..  for  the  Wilson  Paper 
Stock    Co.      About    $250.0011. 

N.  Y'.,  Ossinine — Chas.  D.  Rattigan,  Supt. 
of  State  Prisons.  Capitol.  Albany,  will  soon 
receive  bids  for  a  2  story.  120  x  160  ft. 
Iiuildin^for  capital  crime- convicts  and  de- 
pendencies  at   the   Sinir   Sing  Prison,   here. 


Heating,    plumbing    and    electric    contracts 
will  be  sub-let.   .\bout  $300,000. 

X.  .J.,  Butler — The  Borough  Council  will 
soon  award  th2  contract  for  an  addition  to 
the  electric  light  plant. 

X.  J.,  Trenton — The  Bd.  of  Comrs.  will 
receive  bids  until  July  16,  for  new  pumping 
equipment,  including  a  centrifugal  pump, 
motor   and   turbine   driven   generator. 

Del.,  I,ewes — J.  A.  Wetmore.  Supervising 
.A.rcht..  Treasury  Dept..  Wash..  D.  C.  will 
receive  bids  until  July  23  for  removing  two 
boilers,  furnishing  and  installing  one  40  hp. 
vertical  tubular,  high  pressure  boiler  at  the 
U.  S.  Quarantine  Station.  Deleware  Break- 
water, here. 

Del.,  Xewark — Eban  B.  Frazer.  Pres.,  and 
the  Town  Council  will  soon  award  the  con- 
tract for  furnishing  one  700  g.p.m.  hori- 
zontal centrifugal  pump,  direct  connected  to 
electric  motor,  one  700  g.p.m.  liorizontal 
centrifugal  pump  direct  connected  to  elec- 
tric motor   and   85   hp.   gas  engine. 

Md..  Baltimore — J.  A.  Dempwolf.  .Archt., 
c/o  York  Safe  &  Lock  Co.,  York.  Pa.,  will 
soon  award  the  contract  for  a  1  and  2 
story,  123  x  40ii  ft.  safe  factory,  including 
a  steam  heating  system,  on  Wilkens  Ave. 
and  St.  Catherine  St..  for  the  Miller  Safe 
Co.,  Fremont  Ave.  and  Briscoe  St.  .About 
$1,000,000. 

Md.,  Laurel — C.  L.  Reeder,  Engr.,  Park 
\\e.  and  Saratoga  St.,  Baltimore,  has  been 
commissioned  to  prepare  plans  and  speci- 
fications for  the  construction  of  a  municipal 
electric   distributing   plant.      About    $25,000. 

Md.,  Sparrows  Point  —  The  Bethlehem 
Steel  Co.  is  having  plans  iirepared  for  a  2 
story.  48  x  140  ft.  hospital,  including  a 
boiler  power  plant  etc.  About  $150,000. 
J.  E.  Sperry.  4(19  Calvert  Bldg.,  Baltimore. 
Archt.  C.  L.  Reeder.  Park  A\e.  and  Sara- 
toga  St.,   Baltimore,   Engr. 

I).  C,  Washington — Louis  Brownlow  and 
Charles  W.  Kutz.  Comrs.,  will  receive  bids 
until  July  30.  for  a  superstructure,  at  the 
Rock  Creek  Pumping  Station.  •;7th  and  K 
Sts.,   N.   W. 

D.  r.,  Wasliington — The  Construction 
Division.  War  Dept..  received  bids  for  fur- 
nishing and  installing  power  plant  equip- 
ment at  the  Walter  Reed  Hospital  here, 
from  the  Carroll  Electric  Co..  714  12th  St.. 
.\'    W. 

Va..  Rirhmond — The  Barnes  Safe  &  Lock 
Co..  13th  and  Main  Sts.,  is  in  the  market 
for  one  5  hp.  motor,  etc. 

X.  C,  Charlotte — The  Charlotte  Spinning 
Mill  Co.  is  having  plans  prepared  tor  a  3 
storv.  100  X  300  ft.  spinning  mill  and  boiler 


house.      .About  $300,000.     Watson   Eng.  Co.. 
Hippodrome  Bldg.,  Archt.  and  Engr. 

Ga..  .Vtlanta^ — The  E.  L.  Nash  Co..  810 
Candler  Bldg.,  is  in  the  market  for  one 
25    hp.    upright    boiler,    etc. 

C  Akron — The  Goodrich  Co.,  South  Main 
St..  plans  to  build  several  buildings  includ- 
ing a  water  softening  plant  and  power 
house  on  Rubber  and  Falor  Sts.  About 
$1,000,000. 

O.,  Kast  Cleveland  (Cleveland  P.  O.)  — 
The  East  Cleveland  School  Bd.  is  having 
plans  prepared  for  a  1  story.  48  x  66  ft. 
heating  plant  at  the  Prosi)ect  School.  Two 
300  hp.  boilers,  stokers,  etc..  will  be  in- 
stalled in  same.  .About  $75,000.  AV.  H. 
Nichles.  1900  Euclid  Ave.,  Cleveland.  Archt. 

O.,  Warren — The  Bd.  Educ.  will  soon 
award  the  contract  for  a  2  story,  120  x  150 
ft.  high  school,  including  a  steam  heating 
system.  .About  $350,000.  R.  J.  Keich, 
Warren.    .Archt 

Midi.,  Buchanan — The  city  plans  to  con- 
struct extensions  to  the  waterworks  system, 
including  tlie  installation  of  2  new  pumps. 
Burd  &  Giffels.  Kelsey  Bldg.,  Grand  Rapids, 
Engrs. 

Mirh.,  Detroit  —  The  Bd.  of  Educ.  50 
B Way.  plans  to  construct  5  schools.  Steam 
heating  systems  will  be  installed  in  same. 
Malcolmson.  Higginbotham  &  Palmer.  405 
Moffat    Bldg.,    -Archts. 

Mieli.,  Detroit — The  city  plans  to  pur- 
chase and  install  automatic  stokers  for 
present  boilers,  move  2  boilers  from  present 
location  and  reinstall  same,  build  tunnel  and 
install  steam  lines  from  Municipal  Courts 
building  to  Receiving  Hosiiital.  .About  $25.- 
000.  Esselstyn.  JIurphy  &  Hanford.  Mar- 
quette Bldg.  Engrs..  John  Scott  &  Co.. 
Dime  Bank  Bldg..  .Archts. 

Midi.,  Detroit  —  The  Harper  Hospital. 
Martin  PI.,  will  soon  award  the  contract  for 
an  84  X  106  ft.  heating  plant  and  is  in  the 
market  for  stokers  for  boilers,  pumps,  etc. 
-Albert    Kahn.    Marquette    Bldg..    Engr. 

Mirb.,  Durand — The  cit.v  engaged  R.  .A. 
Murdoch.  Rngr..  Free  Press  Bldg..  Detroit, 
to  prepare  plans  for  imi;roving  the  water- 
works system  and  pumping  equipment,  con- 
structing electric  driven  pumping  unit  and 
laying  water  m.ain  extensions,  etc.  .About 
$50,000. 

Mich.,  Grand  Rapids — The  Amer.  Can 
Co.,  120  Bway..  New  York  City,  will  soon 
award  the  contract  for  a  factory  including 
a  steam  heating  system,  on  6th  St.  About 
$1,000,000.     M.  M.  Loony.  Archt.  and  Engr. 

Jlich.,  Grand  Rapids  —  The  East  Side 
Water  Power  Co.   is  having  plans  prepared 
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for  ri'liullillriK  'li>ni  '>'>'!  >uniil  limil  uiilfii 
a.li>nK  ltn'  tiriiml  IMvit  lirrr.  Al.oul  »10,iimi. 
Hunl    .V    tarTilH.    KilHiy     IiMk  .     I'-iiKrit. 

Mlrh.,  «JriunI  KuiiliU  —  Til.'  I'orlliinil 
llot.l.  MdiirvH-  St.  N.  \V.  I«  hiivlUK  pliiiiH 
piTpurfil  for  ii  hi>li-l  iiildlt  Imi.  liu-lmliiiK  ii 
Hti'iiin  h.-iiUiiK  H.VHii-ni  Alioiit  J.MIm.imiii. 
Wurron  &  W.linorr.  m  lOiiHt  ITtli  SI.,  Niw 
York  I'lty,  Arclits.   ami    Kiikih. 

Mlili.  I.iuinIiik — TIk-  Mli'lilttnn  Agrlcul- 
lural  ColUkv  .iiKak-.d  .V  K  Howd.  Archt.. 
l:;7  W.sl  AlllKaii  St  i.>  i.rti):ir<>  i>l.«nH  for 
a  a  ^<tl>^v  ini'inorlal  union  laillilliiK.  inc.lililinK 
u    stouni    hratliiK    »yHliiii        Al)o\it    $250,000. 

III..  <'lilru»c« — ("aliill  \-  DoiiKlas.  ICnurs.. 
217  West  Wain-  St  .  Alllwauki'i-,  arc  rciM-iv- 
tiiK  l>l<ls<  for  i>  2.000  cajiaclty  air  comprcs.sor 
for  til.'  Illinois  Malleable  Iron  Co..  1801 
niversey  Ulvil. 

III..  Newton — The  city  i)lan8  to  extend 
and  improve  tlie  electric  HkIiI  and  power 
)>lant.  Alxnit  $20.00(i.  Fuller  &  Heard. 
Chemical    Hlds  ,   St.    Louis,    Kn^rs. 

WIh..  Hnrlford — Cahill  &  DoUKlas.  Bngrs., 
217  West  Water  St.,  Milwaukee,  are  re- 
celvini;  l>ids  for  an  air  compressor  of  a 
r.'iOO  capacity,  for  the  Kissel  Motor  Car  Co. 

WIh..  Mllwaiikrt' — The  M  .1.  Walsh  Co.. 
141  Sycamore  St.,  is  in  the  market  for  one 
Gleason  generator  for  cutting  bevel  and 
spiral  gears,  etc. 

III.,  Ciieroke* — The  State  Rd.  of  Control. 
Pes  Moines,  will  soon  award  the  contract 
for  a  waterworks  system,  includinfr  a  pump 
house,  pimip  pit,  reservoir  and  pumping 
machinery,  etc..  at  the  State  Hospital  here. 
AV  K.  lUii'll.  229  Pavidson  Hldg..  Sioux  City, 
Engr.      Noted    Jan.    27. 

la..  Muscatine — The  Muscatine  Packing 
Co.  has  awarded  the  contract  for  a  5  story. 
100  X  200  ft.  cold  storage  building  and  a  1 
storv.  ,50  X  100  ft.  power  liouse.  in  connec- 
tion'with  the  proposed  i)acking  plant,  to  the 
Federation  Constr.  Co.,  .'■i:i2  Davidson  Bldg.. 
Sioux  City.     About  $l,000,ooo. 

Minn.,  Farmington  ^ — The  Oity  jlans  to 
construct  a  pump  pit.  and  install  a  500  gal. 
duplex  or  triplex  iiumii,  motor,  etc.  About 
$10,000.  J.  F.  Druar,  Globe  BIdg..  St.  Paul, 
Kngr. 

Minn..  North  Branch — The  city  is  having 
plans  prepared  for  the  construction  of  a 
sewer  and  waterworks  system,  including  a 
deep  well  and  pump,  etc.  About  $75,000. 
J.    F.    Druar,    Globe    Bldg.,    St.    Paul,    Engr. 

Minn.,  South  St.  Paul — The  Bd.  Educ.  is 
having  plans  prepared  for  a  2  story  high 
school,  including  a  steam  heating  system. 
About  $475,000.  J.  R.  Steveson.  Clk.  Tolz. 
King*  Pav.  Pioneer  Bldg..  St.   Paul.  .Archts. 


Kail..  I'liohi — The  •"lly  Council  will  Hoon 
award  the  contract  for  niaterlitt,  IncludlnK 
a  low  and  hlKh  Hervlei-  i.umi)  and  a  1. 1100.- 
000  gal.  compound  duplex,  non  coiidenHlnK 
double  action  plunger  ly|ie  putnidtig  enKlne. 
etc..  to  complete  the  wu'.erWorkH  HVHtem. 
llhick  &  Ventch.  IntefKtate  Hldir.,  KanMBH 
City.   Mo..   ICngrH. 

Arl«.,  Duncan — .loseiih  Hardy  phinH  to 
huild  a  loo-lon  cyanide  mill  and  hiHtall  a 
76  lip.  gas  or  Hteam  engine,  at  ItH  Kold 
mine   here. 

<al.,  Hon  Diego— The  I'uli.  WkH.  OfTlce 
received  bld8  for  furnlHhinK  and  InHlalllng 
refrigeration  etiulpnieiit  at  the  Marine 
.Naval  Base  bore  from  The  Kroeschell 
Bros.  Co..  4fiO  .North  Perry  St..  Chicago. 
111.      .Noted    .lune    8. 

Onl.,  Acton — II.  N.  Parmer.  Village  Clk., 
will  receive  bids  until  July  19.  for  a  water- 
works reservoir  anil  pump  house.  10.  A. 
James  Co..  Ltd..  :16  Toronto  St..  Toronto. 
lOngrs.      Noted   March   9. 

Ont..  Milverton — S.  Petrie  will  receive 
bids  until  July  19.  for  a  waterworks  reser- 
voir and  pump  house.  E.  A.  James  Co., 
Ltd..  36  Toronto  St..  Toronto.  Archts.  Noted 
June  9. 

Ont.,  Stamford — The  town  plans  to  con- 
struct a  waterworks  system,  including  tank, 
pumps,  etc.  About  $125,000.  C.  F.  Munroe. 
Niagara  Falls.  Clk. 

Man..  A'irden — J.  M.  Leamy.  Power  Comr.. 
will  soon  award  the  contract  for  the  supply 
of  a  power  house  building  to  be  built  here, 
for    the    Manitoba    Power   Comn. 

Man..  Winnipeg — J.  M.  Leamy,  Power 
Comr.,  will  soon  award  the  contract  for  the 
supply  of  two  Semi-Diesel  Engines  for  di- 
rect connection  to  a.c.  generator  for  the 
Manitoba  Power  Comn. 

B.  C.  Vancouver — The  Canadian  Pacific 
Ry..  Windsor  St.,  Montreal,  is  having  plans 
prepared  for  a  hotel  addition,  including  a 
steam  heating  system,  on  Georgia  St.  About 
$1  500,000.  Warren  &  Wetmore,  10  East 
47th  St.,  New  York  City,  Archts.  and  Engrs. 

CONTR.^CTS    AWARDED 

Ma.ss.,  Boston  —  The  Schoolhouse  Comn. 
has  awarded  the  contract  for  the  installa- 
tion of  new  boilers,  etc.,  in  the  Lucretia 
Crocker  School,  to  J.  P.  Dwyer,  183  Harri- 
son  Ave.,    $7,588. 

N.  Y.,  New  York — The  Dept.  of  Pub. 
Charities,  Municipal  Bldg..  has  awarded  the 
contract  for  installing  refrigerating  machin- 
erv  at  the  New  York  City  Home  on  Black- 
well's  Island,  to  H.  A.  Johns-Manville  Co. 
41st  St.  and  Madison  Ave..  $6. .".On.  Noted 
June   29. 


N.  v.,  Nrn  Vurk — The  PhllllpM-Joneii  < 
11  .Ml  I'.'wuy.  hiiH  awarded  the  contriiel  t 
an  8  Mtory  olllce  biilldInK,  InchKlIng  a  hi.. 
heating  HyHtem.  at  1223  ll'way,  to 
Kiehiird  DaviN,  30  KmhI  42nd  St  Al> 
},50li.liliU. 

N.  v..  Hyr»cuiie — The  AtmOHpherle  Nltr.. 
gen  Corp.,  Milton  Ave..  hUH  awarihd  tl . 
contract  for  a  I  Htory  atnioH|iliiTli-  inirnKii 
|il:int.  Including  a  steam  hi-;itiiu'  ■  ■.  t.-it 
on  WllllH  Ave.,  to  J  E.  Wblt>  y.uy  (  ,,ri 
43  Exch.  PI.,  New  York  City  About  J.,' 
000. 

N.  Y.,  Wttlerlown — F.  W.  Woolworth.  . 
irway.  New  York  City,  has  awarded  • 
contract  for  the  conKtrucllop  of  a  6  hI' 
store  and  ofllc4-  building.  Including  a  st. 
heating  system,  to  C.  T.  Wills,  286  5th  A 
.New    York    City.       About    $800,000. 

N.    J..    I'aNHalc — The    .M.inhattan     Rubl>. - 
Co.,    Wlllett    St..    has  awarded    the   conir;. 
for    a     boiler     house    addition,     Ineludiiir 
steam  heating  system,   to  Htone  &   Webv 
120  B'way.  .New  York  City.     About  $500 

I'u.,       DuiiucHiir — The       lid.       Educ. 
awarded  the  contract  for  installing  a  Bli 
lieating  system   in   the  proposed  school  a'l 
tion   on    Hill   .St..   to   the   McGlnness   Co..   „_ 
Liberty    Ave..    Pittsburgh.  . 

Mti,,    Baltimore  —  The   Consolidated   Ou  i 
Electric     Light     &     Power     Co..     I^xlngim 
Bldg..    will    build    a    1    story.    56    x    111 
sub-station  on  the  Philadelphia  Rd.     Al 
$42,000.     Work  will  be  done  by  day  lab<  ■ 

W.  Va.,  Beech  Bottom  (Wellsburg  P 
— The  Beech  Bottom  Power  Co. 
awarded  the  contract  for  a  1  and  2  si' 
100  X  140  ft.  steel  buililing  to  be  usro 
a  machine  shop,  locomotive  repair  shop  : 
blacksmith  shoji.  to  the  Austin  Co..  I'l 
Arcade.   Pittsburgh.      About   $80,000. 

S.  C,  Charleston — The  Cyclone  St:ii 
&  Truck  Co.  has  awarded  the  contract 
a  1  story.  100  x  260  ft.  factory  and  :i 
X  44  ft.  boiler  house,  to  the  H.  K.  Fergi, 
Co..  Vickers  Bldg..  Cleveland,  O.  Ai 
$200,000. 

O..  Cleveland — The  city  has  awarded 
contract    for    furnishing    and    installing 
hydraulic     operated     sluice     gates     for 
easterly     and     westerly     sewage     treatini-r. 
plants,  to  the  Coffin  Valve  Co..  Wade  Bldg 
at    $34,140.      Noted    June    22. 

III..   Centralia — The   Illinois   Central   V.  '' 
Co.   has  awarded   the  contract  for  the  ' 
struction     of    a    passenger    station,    fr. 
house  and  i)ower  house,  etc..  here,  to  J'";- 
E.     Nelson    &    Sons.     3240    South     Michigii 
Blvd..  Chicago.      About   $400,000. 

Wis.,  Milwaukee — The  Milwaukee  Coke  . 
Gas  Co..   foot  of  Greenfield   Ave.,   will   1m 
a    1    storv,    50   X    125   ft.    addition    to    !• 
house.     About  $75,000.     AVork  will  be  <; 
bv    day    labor. 


Need  Competent  Men? 

Executives,  Operating   Engineers,  Assistants,  Etc. 

You  can  get  into  prompt    communication 
with  the  kind  of  men  you  need  through  the 

Searchlight  Section 

of  this  paper.     Some  of  the  ads  in  this 
issue   may   be   of   interest  to  you 
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Are  You  in  the  Federation? 


THE  engineer  won  the  war,  but  two 
newspaper     men      are      nominated 
against   each   other   for   the   Presi- 
dency. 

The  engineer  designs  the  product,  routes 
it  through  the  shop,  and  conducts  and 
oversees  the  complicated  processes  of  pro- 
duction, but  the  salesman  and  the  financier 
sit  upon  the  board  of  directors. 

The  engineer  has  expert  knowledge  of 
most  of  the  problems  of  government,  na- 
tional and  local.  In  the  Sixty-sixth  Con- 
gress there  were  334  lawyers,  76  business 
men,  26  journalists,  12  farmers,  13  bankers, 
4  engineers  and  a  scattering  of  other  occu- 
pations. 

Ask  the  next  ten  men  you  meet  to  name 
the  leading  citizens  of  their  communities, 
and  see  how  many  engineers  are  mentioned. 

The  submergence  of  the  engineer  is  no- 
body's fault  but  his  own.  He  has  been 
content  to  be  the  hired  man  and  let  the 
paymaster's  name  be  on  the  doorplate. 
His  habit  has  been  to  sit  quiet  in  meeting, 
and  let  the  lawyers,  doctors,  bankers  and 
business  men  do  the  talking. 

To  change  the  nature  of  the  engineer, 
to  enhance  the  public  estimate  of  his  status, 
will  take  more  than  time.  Public  recog- 
nition will  follow  upon  public  service,  if 
the  public,  which  is  fickle  and  inattentive, 
knows  who  renders  it. 

The  engineers  can  become  articulate  and 
be  mobilized   for  collective  public  service 


through  organization,  and  a  federation  ot 
engineering  societies  is  in  process  of  forma- 
tion. An  account  of  the  organizing  congress 
appeared  in  Power  of  June  15,  pp.  978, 
et  seq.  It  will  succeed  if  it  has  behind  it  a 
live,  quickened,  impelling  constituency,  of 
which  it  is  the  mouthpiece  and  executive. 
It  will  not  succeed  if  it  is  to  be  an  aggrega- 
tion of  higher  lights  appointed  by  prefer- 
ment and  left  to  try  to  work  out  some 
service  which  will  warrant  its  continued 
existence.  The  united  collective  interests, 
the  inspiration  and  incitement  of  a  con- 
stituency that  knows  what  it  wants  done 
and  is  watching  to  see  it  done,  and  respon- 
sive to  every  suggestion  for  supporting 
action,  will  make  it  go. 

And  if  it  goes  by  doing  things  for  the 
profession  of  engineering,  it  will  carry  you 
along  with  it  if  you  are  an  engineer.  It 
will  cost  the  members  of  its  constituent 
local  societies  one  dollar  a  year  each.  Is 
it  worth  this  to  you  ? 

This  is  the  engineer's  opportunity.  He 
was  never  so  much  in  the  public  eye,  never 
the  subject  of  so  much  public  encomium. 
It  is  time  to  act,  and  the  action  has  already 
started.  If  you  want  it  to  succeed,  your 
cue  is  to  get  your  own  association  to  join 
the  federation,  and  if  you  do  not  already 
belong  to  an  association,  club  or  society 
which  is  eligible,  join  one  or  organize  a 
local,  and  help  to  mobilize  the  hundred- 
thousand  and  more  engineers  of  America 
for  public  service  and  their  own  welfare. 
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KocoinslU'iiclioii  of  a  Pow(M'  Plant  Urder  Operation 


By  THORLEIF  FLIFLET 

li.NltjnltiB    lOtiKln.Mi,    Wiill.i     KI.M.^   &    Co 


AN  INTERESTING  job  of  boiler  replacement  work 
/-\  ha.s  recently  been  completed  in  the  plant  of  the 
-^  J^  Surpass  Leather  Co.,  Philadelphia,  Pa.  Power 
production  was  maintained  at  normal  over  the  entire 
period,  durinjr  which  a  battery  of  .seven  old  return- 
tubular  boilers  was  replaced,  two  at  a  time,  by  three 
water-tube  stoker-fired  boilei's.  This  work  covered 
not  only  boiler  replacement,  but  the  elevation  of  the 
boiler-house  roof,  reinforcement  of  the  old  stack,  the 
installation  of  new  breeching,  the  erection  of  a  60-ton 


purpose  without  another  handling  of  the  coal,  inas- 
much as  they  could  not  be  backed  into  the  fireroom. 
Ashes  were  wheeled  in  barrows  to  an  elevator  for  fill- 
ing the  ash  bin.  A  maximum  steam  pressure  of  110  lb. 
was  carried.  Normal  evaporation  from  and  at  212  deg.  • 
V.  was  5.6  lb.  of  water  per  pound  of  coal;  the  latter 
averaged  about  1.3,000  B.t.u.  per  pound. 

the  primary  reason  for  the  replacement  of  this  plant 
was  the  fact  Ihat  the  boilers  would  not  pass  insurance- 
inspection  regulations  because  of  their  age  and  general 


FIG.  1  THE  OLD  END  OF  THE  BOILER  ROOM  IS  SHOWN  IN  THE  FOREGROUND 


coal-s,.orage  tank  above  the  boilers,  and  a  vertical 
bucket-type  coal  conveyor  to  fill  this  tank.  Fig.  1  shows 
the  old  boiler-room  equipment  in  the  foreground. 

A  shutdown  of  the  plant  would  have  entailed  a  loss 
of  many  thousand  dollars  a  day.  Owing  to  the  necessity 
of  uninterrupted  operation  and  the  general  cramped 
condition  of  the  boiler  house,  the  obstacles  to  be  over- 
come were  many. 

The  system,  under  the  original  condition,  consisted  of 
a  battery  of  seven  horizontal  return-tubular  boilers  of 
150-hp.  rating,  built  in  1900,  and  equipped  with  over- 
feed stokers.  These  boilers  completely  filled  the  boiler 
house.  The  roof  of  the  latter  was  set  so  low  that  all 
the  steam  headers  ran  through  the  trusswork.  The 
coal  handling  was  of  the  crudest  type,  the  coal  being 
dumped  from  carts  on  the  floor  in  front  of  the  boilers. 
It   was   impossible   to   use   automobile   trucks    for   this 


obsolete  condition.     An  incidental  reason  was  the  need 
for  increased  production. 

After  an  investigation  of  the  plant  it  was  decided 
that  the  exi.sting  boilers  would  have  to  be  torn  out  and 
replaced  in  separate  units.  There  was  no  available  land  2 
for  the  erection  of  a  new  boiler  house,  which  construc- 
tion would  probably  have  been  the  simplest  solution  of^ 
the  problem  in  the  end.  As  a  result  of  the  investigation 
a  decision  was  made  to  install  three  500-hp.  water-tube 
boilers,  one  of  these  to  serve  in  general  as  a  reserve 
unit.  The  question  of  using  the  old  overfeed  stokers 
or  replacing  them  with  the  multiple-retort  underfeed 
type  was  ultimately  settled  by  the  decision  to  use  th 
old  stack,  after  suitable  reinforcement  of  the  base  ti 
allow  for  the  new  breeching  required.  It  was  only  wit! 
a  forced-draft  stoker  that  this  was  possible.  Ha 
natural-draft  stokers  been  used,  the  construction  of 
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!  new  stack  would  have  been  necessary  to  care  for  the 
I  extra  rating  in  boiler  horsepower  which  was  desired. 
j  The  existing  stack  was  150  ft.  high  and  6  ft.  6  in.  in 
diameter. 

On  account  of  the  increased  height  of  boiler  house 
required  by  the  new  water-tube  boilers,  and  to  allow  for 
the  erection  of  the  proposed  overhead  larry  track  above 
the  boilers,  the  roof  had  to  be  raised  approximately  ten 
feet  with  a  corresponding  increase  of  the  height  of  all 
four  walls.  Steel  ventilating  sash  to  replace  the  old 
wooden  sash  were  installed  in  the  front  wall  to  improve 
the  lighting  facilities  in  the  new  plant.  The  running 
of  the  steam  headers  from  the  old  boilers  through  the 
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trusses  presented  complica- 
tions that  had  to  be  overcome 
by  installing  temporary  head- 
ers at  a  lower  level  to  ex- 
tend below  the  trusses  and 
to  allow  for  complete  free- 
dom in  raising  the  roof  on  its 
truss  supports.  Fig.  2  shows 
a  sectional  view  of  the  plant 
after  the  new  equipment  was 
installed.  Prior  to  the  demo- 
lition of  the  old  boilers,  two 
temporary,  hand-fired  boil- 
ers of  approximately  100  boiler 
horsepower  each  were  in- 
stalled in  the  yard  and  con- 
nected into  the  main  steam 
header  by  temporary  lines, 
suitably  covered.  With  these 
boilers  operating  as  substi- 
tutes for  boilers  6  and  7  at 
the  end  of  the  original  bat- 
tery, the  latter  boilers  were 
torn  out  and  the  foundation 
laid  for  the  first  unit  of  the 
new  battery.  The  coal-storage 
bin  was  then  erected,  with  its 
elevator,  w'hich  was  of  the 
vertical  bucket  type.  The  ele- 
vator pit  was  installed  in  the 
boiler  room.  Under  the  new 
operating  conditions  this  ele- 
vator pit  is  supplied  either 
by  dumping  the  carts  or  the 
automobile  trucks  through 
a  sidewalk  grating.  From  the  overhead  storage  bin 
coal  is  delivered  by  a  motor-driven  traveling  weigh  larry 
of  2,000  lb.  capacity,  with  a  spout  to  discharge  directly 
to  an  extended  hopper  on  each  respective  stoker.  Fig.  3 
shows  the  foundation  for  one  of  the  new  boilers. 

The  first  new  boiler,  the  storage  bin,  larry  and  track 
were  all  installed  at  the  same  time  so  that  they  would 
constitute  a  complete  operating  unit  and  be  ready  for 
service  before  demolition  was  begun  on  any  of  the  other 
boilers.  Then,  maintaining  steam  by  the  new  500-hp. 
water-tube  boiler,  and  boilers  1,  2  and  3  of  the  old 
battery,  boilers  4  and  5  were  demolished  and  the  second 
water-tube  boiler  of  the  new  battery  installed  complete 
with  fittings,  etc.,  ready  for  operation. 

The  next  step  was  to  operate  the  two  new  boilers  for 
the  entire  plant  requirements,  cut  out  old  boilers  1,  2 
and  3  and  demolish  the  latter  two;  the  third  new  boiler 
was  erected  to  take  the  place  of  these.  Boiler  No.  1 
of  the  old  battery  was  left  in  place  until  the  new  battery 
was  complete  and  operating.    Then  it  was  demolished 


and  the  foundation  laid  ready  for  a  possible  additional 
boiler  at  some  future  date. 

During  the  work  of  demolition  of  old  boilers  2,  3,  4 
and  5  and  the  erection  of  the  new  boilers  the  two 
temporary  boilers  in  the  yard  were  kept  ready  for 
service  with  steam  up,  as  a  reserve  should  an  accident 
occur  to  the  operating  units. 

In  carrying  out  this  replacement  work  one  of  the 
most  difficult  jobs  was  to  cut  in  the  new  breeching  for 
each  successive  new  boiler  without  affecting  the  draft 
conditions  in  the  other  operating  units.  After  the 
reinforcement  of  the  base  of  the  stack,  the  opening 
for  the  new  breeching  was  cut  in  and  sealed  temporarily. 


FIG. 
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SECTIONAL    VIEW    OF   THE    REMODELED    PLANT 


The  new  breeching  was  then  constructed  to  provide  for 
each  boiler  as  it  was  erected.  When  this  was  completed, 
it  was  then  but  a  question  of  knocking  out  the  seal  left 
in  the  breeching  at  each  boiler  to  cut  the  boiler  into 
the  stack  and  into  draft  series  with  the  other  operating 
boilers.  It  was  simple  to  leave  the  original  breeching 
in  place  for  the  old  boilers,  as  it  was  fortunately  pos- 
sible to  place  the  new  breeching  above  the  old. 

The  question  of  feed-water  heating  and  obtaining 
suitable  makeup  feed  for  the  remodeled  plant  involved 
considerable  revision  of  the  old  system.  Under  previous 
conditions  no  means  of  water  treatment  had  been  in- 
stalled. Boiler-feed  water  was  taken  from  the  same 
feed-water  heater  (open  type)  that  supplied  process 
water  for  the  tanning  plant.  Owing  to  the  variable 
quality  of  the  Philadelphia  water  in  this  locality,  con- 
siderable scale  was  deposited.  It  was,  therefore,  decided 
to  install  a  feed-water  treating  system  for  all  necessary 
makeup  feed.  An  open  feed-water  heater,  was  decided 
upon  to  serve  the  boiler  plant  only,  and  all  condensate 
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was  loil  to  this  heater.  The  original  opcn-tyiw  feed- 
water  heater  was  arraiijjed  for  the  sole  purpose  of  fur- 
nishing hot  process  water  for  general  use  in  the  tan- 
nery. This  water  was  heated  by  the  main  en;i:ine  ex- 
haust. This  revised  l)oiler-feed  water  system  under 
maximum  conditions  is  based  on  8,000  gal.  an  hour  re- 
quirements for  day  load,  and  2,000  gal.  per  hour  for 
night  operation.  The  water-heating  system  has  been 
constructed  so  as  to  be  interchangeable  with  the  pump 
euctions,  so  that  in  case  either  heater  should  fail  it 
would  be  possible  to  swing  to  the  other  to  supply  the 
plant  requirements. 


FIG.  3     THE  FOUNDATION  FOR  ONE  OF  THE 
NEW  BOILERS 

Ash  handling  in  the  reconstructed  plant  is  carried 
out  by  means  of  a  standard  steam  ash  conveyor  with 
outlets  adjacent  to  the  ashpit  doors  in  the  bridge  wall. 
No  basement  construction  was  necessarj'  in  laying  out 
this  system,  as  the  cross-section  of  the  boiler  room 
shows.  Ashes  are  discharged  to  an  overhead  ash  bin 
and  run  by  gravity  through  a  chute  to  wagons  or  auto- 
mobile trucks  on  the  sidewalk. 

Forced  draft  is  effected  by  a  duplicate  blower  system; 
that  is,  one  small,  SO-hp.  turbine-driven  multivane 
blower,  and  one  engine-driven  plate  blower.  A  forced- 
draft  volume  of  30,000  cu.ft.  a  minute  is  obtained  with 
one  unit  operating;  the  other  is  held  in  reserve  as  a 
spare  for  emergency. 

Under  revised  operating  conditions,  two  boilers  are 
operated  at  150  lb.  steam  pressure;  the  third  is  kept 
as  a  reserve  unit.  The  present  normal  load  averages 
1,400  boiler-horsepower  with  a  peak  load  of  1,800; 
the  normal  load  for  the  old  plant  was  1,200  with  a  pos- 
sible maximum  of  1,400  attainable.  Two  water-tube 
boilers  as  operating  at  present  under  forced-draft  con- 
ditions with  the  stoker  system  develop  150  per  cent 
rating,  or  1,500  boiler-horsepower  with  a  possible  maxi- 
mum of  200  per  cent  rating.  The  fireroom  force  is 
reduced  from  five  to  three  men  on  the  day  shift,  and 


from  three  to  two  on  the  night  .shift.  Today  this  plant, 
under  the  able  Ruper\*ision  of  Chief  Engineer  Louis 
Fletcher,  of  the  Surpass  company,  is  showing  an  in- 
crease in  efliciency  of  more  than  25  per  cent  over  the 
former  plant.  An  average  evaporation  of  10  lb.  61 
water  to  a  pound  of  coal  is  a  general  feature. 

The  revi.sed  design  and  construction  of  this  plant 
were  carried  out  by  VValter  Kidde  &  Co.,  of  New  York 
City. 

The  Public  Estimate  of  the  Engineer 

The  public  is  beginning  to  see  the  engineer;  witness 
the  following  editorial  from  the  Lexington  (Ky.) 
Leader: 

"Outside  of  the  professor  and  the  captain  of  industry 
few  people  realize  the  evolution  that  has  come  in  engi- 
neering. Plain  humans  have  evolved  but  slowly  in  a 
half  century,  but  today  you  find  the  engineer  every- 
where. 

"In  all  walks  of  production  and  industry  except,  per- 
haps, the  industry  of  farming,  the  engineer  is  called 
in  first.  Few  capitalists  will  risk  their  money,  and 
time,  on  a  project  until  competent  engineers  have  gone 
over  the  ground  thoroughly  and  endorsed  it.  Indeed, 
it  is  now  a  large  practice  for  engineers  of  ability  to  seek 
out  independently  opportunities  for  the  investment  of 
capital  or  for  the  utilization  of  natural  resources.  Her- 
bert Hoover  himself  is  one  of  the  successful  examples 
of  this  latter  class,  who  are  sure  to  grow  in  numbers 
and  influence  every  year. 

"The  engineer  is  becoming  so  important,  as  a  matter 
of  fact,  that  the  day  may  not  be  long  distant  when  he 
will  take  first  place  in  industry  and  progress,  the  place 
occupied  for  centuries  by  the  capitalist. 

"And  will  not  the  world  be  a  better  place  for  humans 
when  that  happens?  The  capitalist  sits  in  his  office  by 
day,  the  lord  of  all  he  surveys,  and  at  night  associates 
with  his  own  class.  His  chief  affair  in  life  is  how  to 
make  money  and  how  to  spend  it.  In  most  cases  he 
is  totally  materialistic — not  entirely  because  he  wants 
to  be,  but  because  his  environment  and  habits  of  life 
restrict  him.  He  is  cold  spiritually  because  he  doesn't 
mingle  personally  with  the  woi'ld's  throngs.  Thus  when 
a  problem  comes  to  him  involving  masses  of  people,  he 
naturally  trends  to  the  materialistic  side. 

"But  the  engineer!  The  very  nature  of  his  life's 
work  carries  him  daily  among  the  people,  where  he 
sees  their  problems,  where  he  is  often  compelled  to 
live  as  they  live,  work  as  they  work  and  take  risks  that 
they  take. 

"It  is  easy  to  recognize  which  man  should  have  first 
place  in  this  worldful  of  human  beings — ^the  capitalistic 
captain  of  industry  or  the  engineer." 


A  part  of  the  exhaust  steam  from  an  engine  should 
be  used  for  heating  purposes  and  for  heating  the  feed 
water  to  the  highest  temperatui'e,  not  less  than  190 
deg.  F.  in  any  event.  The  exhaust  main  should  grade 
in  the  same  direction  as  the  flow,  be  drained  anc 
trapped  and  the  condensation  returned  to  a  feed-watei 
heater  after  filtering  through  a  separating  trap  in| 
order  to  prevent  any  grease  or  oil  from  entering  thej 
feed  water  and  making  its  way  to  the  boiler,  as  oil  wil" 
decrease  boiler  efl!iciency  and  is  dangerous  as  well. 


Use  no  live  steam  at  any  time  where  exhaust  can 
utilized. 
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Operation  and  Adjustment  of  Turbine  Machinery-II 
Putting  a  Machine  in  Service 


By  EUSTIS  H.  THOMPSON 

Consulting  Engineer,  Baltimore,  Maryland 


"A' 


LL  those  machines  running  with  scarcely  a  man 
visible."  Such  is  the  comment  of  many  who 
visit  turbine-driven  plants.  This  kind  of  ma- 
chinery seems  better  fitted  to  take  care  of  itself  than 
other  kinds.  Inspection  can  be  done  by  one  man  at 
regular  intervals,  while  in  the  meantime  the  machines 
attend  to  their  own  business  in  their  own  way. 

Efficient  production  of  power  is  a  matter  of  design 
plus  intelligent  execution.  Regulating  steam  and  water 
valves  x-equires  an  understanding  and  judgment  which 
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FIG.    1,      ITSUAL  FORM   OF   EMERGENCY   SPEED   TRIP 

can  be  acquired  with  instruction  and  practice.  Operat- 
ing does  not  appear  to  involve  deep  and  responsible 
problems. 

However,  if  a  shutdown  of  the  plant  should  occur, 
the  matter  would  appear  in  a  different  light.  Quick 
action  and  hard  work  would  be  the  order  until  the  load 
was  again  restored  to  the  plant.  A  total  shutdown 
might  not  cost  much  as  actually  charged  up  to  loss,  but 
the  ultimate  effect  on  the  plant  might  be  so  great 
that  it  could  not  easily  be  expressed  in  figures.  The 
most  efficient  plant  would  have  to  suspend  business  if 
shutdowns  occurred  at  frequent  intervals,  stopping  all 
industrial  activities  in  a  community.  Most  plants  would 
prefer  to  lose  considerably  on  efficiency  rather  than  a 
small  amount  due  to  a  shutdown.  The  greatest  element 
in  operating  appears  to  be  the  production  of  power  in 
a  dependable  way.  Manufacturers  spare  no  pains  to 
insure  reliability;  the  salesman  dwells  on  it  and  the 
purchaser  banks  on  it.  It  is  up  to  the  engineer  to  de- 
liver it. 

The  machinery  is  often  too  expensive  to  be  bought 
in  much  greater  capacity  than  actually  required.  Re- 
pair work  must  frequently  be  done  as  the  load  per- 
mits, and  the  engineer  is  thereby  forced  to  act  quickly 
and  to  the  point.  His  task  is  somewhat  heavier  than 
listening  to  the  hum  of  machinery. 

•The  first  article  of  this  series,  in  the  July  6  issue,  took  up 
placing  the  turbine  on  its  foundation. 


Placing  a  machine  in  operation  for  the  first  time 
is  one  of  the  most  important  steps  of  operation.  This 
not  only  includes  bringing  the  machines  up  to  speed 
and  building  up  load,  but  with  it  goes  the  responsibility 
of  making  sure  that  the  machine  is  in  proper  condition 
so  that  there  will  be  no  risk  of  damage.  If  a  small 
machine  of  about  100  kw.  or  under  is  ready  to  be 
started,  the  routine  would  shape  itself  as  follows:  (1) 
Inspection  of  foundation,  supports  and  piping;  (2) 
clean  thoroughly;  (3)  fill  with  oil;  (4)  inspect  me- 
chanical condition  and  adjust;  (5)  warm  up;  (6)  start 
and  bring  to  speed;  (7)  apply  load  and  carefully  ob- 
serve. 

When  inspecting  the  foundation,  make  sure  that  the 
grouting  is  solid,  also  of  the  proper  thickness,  which 
should  be  S  in.  to  1  in.  between  the  bottom  of  the  bed- 
plate and  the  top  of  the  foundation.  Grouting  inside 
of  the  bedplate  should  be  as  thick  as  can  conveniently 
be  made. 

Piping  should  be  supported  so  that  little  strain  is 
carried  on  overhanging  parts  such  as  valve  chests  or 
exhaust  heads.  UsuaHy,  200  to  400  lb.  is  all  the  strain 
that  is  necessary  at  any  time,  and  with  proper  supports 
it  can  easily  be  made  less.  Expansion  should  be  taken 
care  of  by  flexible  joints  or  flexible  arrangement  of  pip- 
iner.     In  some  cases  the  piping  can  be  anchored  at  the 


FIG.    :.      TURXIXG  MACHINE  WITH   BAR  AT  COUPLING 

turbine  and  provided  with  rollers  so  that  it  is  free  to 
expand  in  a  direction  away  from  the  turbine. 

The  steam  line  should  contain  a  drain  close  to  tlie 
throttle  as  well  as  a  strainer  for  keeping  solid  objects 
from  entering  the  turbine  through  the  steam  line.  The 
exhaust  header  should  be  designed  so  as  to  be  free 
of  water.  If  a  machine  is  condensing,  see  that  an 
atmospheric  relief  valve  is  provided  through  which  the 
exhaust  may  blow  in  case  the  vacuum  fails.  In  some 
installations  with  a  jet  or  barometric  condenser,  the 
exhaust,  under  such  conditions,  would  blow  freely 
through  the  condenser,  so  that  a  relief  valve  would  not 
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be  ab.soliitely  neces.sary.  However,  it  is  better  practice 
to  have  one  .so  that  the  relief  will  be  instantaneous. 

When  cleuninR,  be  careful  to  follow  up  splashes  of 
concrete  from  the  KroutinK  so  that  this  will  not  be 
left  in  delicate  parts  of  the  Kcierator  or  the  oil  system. 
Dirt  and  cinders  are  likely  to  be  carried  into  the  ma- 
chine durinp  shipment.  Loosely  covered  parts  and 
small  spaces  should  be  inspected  closely  with  this  in 
mind. 

Look  over  the  generator  windings  and  polepieces 
carefully  with  an  extension  light  to  make  sure  that 


FIG.   3.     TURNING  ARMATURE  WITH  BAR  INSERTED 
IN    SPIDER 


no  solid  objects  are  left  in  the  machine.  Tools  and 
bolts  have  been  left  in  this  manner  with  the  result  that 
costly  damage  was  produced  when  the  machine  was 
put  in  operation. 

Fill  the  machine  with  oil  of  the  proper  quality.  There 
is  an  oil  pocket  under  each  bearing  as  well  as  a  reservoir 
and,  in  some  cases,  a  large  pumping  chamber  beside 
this,  which  must  all  be  filled  with  oil.  As  it  is  easy 
to  skip  one  of  these  pockets  when  filling  with  oil,  it  is 
advisable  to  locate  all  of  the  oil-system  gage-glasses. 
If  one  of  these  pockets  is  not  filled,  the  oil  level  will 
become  lower  when  the  pump  goes  into  operation.  As 
soon  as  this  is  completed,  look  over  the  oil  system  for 
possible  leaks.  There  is  often  a  strainer  in  the  oil  sys- 
tem, and  this  should  be  cleaned  before 'filling  and  also 
after  the  first  day's  run,  as  waste  and  other  impurities 
are  likely  to  clog  the  strainer  when  the  machine  is 
first  started. 

In  small  machines  the  clearance  between  the  rotating 
and  stationary  parts  is  set  in  the  factory  and  usually 
can  be  depended  on  to  be  in  good  adjustment  owing  to 
the  rigid  construction  of  small  machines.  Peepholes 
are  usually  provided  in  the  turbine  casing  for  the  pur- 
pose of  obser^'ing  and  measuring  these  clearances.  This 
examination,  together  with  turning  the  machine  over 
by  hand  (see  Fig.  2),  should  be  all  that  is  necessary. 
Clearances  in  the  generator  should  be  looked  at  with  a 
drop  light.  Usually,  these  are  correct,  but  if  this  should 
be  a  special  case  where  they  are  appreciably  unequal, 
the  clearance  should  be  measured  from  one  spot  on  the 
rotor  to  several  points  on  the  stator,  by  revolving  the 


rotor  so  that  the  marked  spot  comes  to  each  point  of 
measurement  in  turn.  With  direct-current  generators 
this  should  be  correct  within  10  or  15  per  cent.  MeaHure 
to  centers  of  pole  faces. 

The  governor  and  valve  gear  should  be  carefully  in- 
spected. If  the  valve  gear  is  controlled  by  a  steam  or 
hydraulic  cylinder,  the  pilot  valve  should  be  discon- 
nected and  moved  ])y  hand  to  make  sure  that  there  is  no 
sticking.  Friction  of  all  kinds  must  be  avoided,  includ- 
ing mechanical  friction  between  disk  and  cylinder  of  the 
dashpot,  if  there  should  be  one. 

The  overspeed  emergency  trip  should  be  .set  and  trip- 
ped by  hand  a  number  of  times.  It  is  most  important 
to  see  that  this  mechanism  works  freely.  Fig.  1  .shows 
a  sectional  view  of  the  usual  overspeed  emergency  trip 
for  small  turbines. 

If  there  is  reason  to  suspect  dirt  in  the  main  bearings, 
they  .should  be  looked  into.  Ordinarily,  the  te.st  of 
turning  the  machine  over  by  hand  is  sufficient. 

When  turning  over,  it  is  generally  easiest  to  use  a 
small  bar  about  two  feet  long.  Pry  between  the  shaft 
and  a  coupling  bolt  or  the  inside  of  the  armature  spider 
(see  Fig.  3)  or  some  other  equally  solid  part.  Be 
careful  not  to  touch  the  generator  windings,  commu- 
tator bars  or  other  delicate  parts  with  the  bar.  Al- 
ways turn  in  the  direction  of  rotation.  This  can  usually 
be  ascertained  by  looking  at  the  trigger  arrangement 
of  the  emergency  trip.  The  trigger  extends  from 
its  pivot  in  the  direction  of  rotation. 

If  cooling  water  is  supplied  to  the  oil  system,  this 
should  be  tried  out.  Note  if  the  ove'-flow  piping  is 
large  enough  to  carry  the  water  off  fast.  See  that 
there  is  no  splashing  which  can  be  carried  into  the 
generator  by  air  suction.  If  the  machine  is  equipped 
with  a  vacuum  breaker  or  other  auxiliary  devices, 
they  should  all  be  tried  out  to  make  sure  that  they  are 
in  good  condition. 

Before  warming  up  the  machine,  blow  the  scale  out  of 
the  steam  pipe.  There  should  be  a  drain  close  to  the 
throttle  valve  which  can  be  used  for  this.  If  the  drain 
is  trapped,  disconnect  the  line  temporarily  so  that  the 
drain  will  freely  blow.  If  there  is  no  suitable  drain, 
open  up  a  convenient  pipe  joint  or  remove  a  blank  flange 
so  that  the  pipe  scale  can  be  thoroughly  blown  out.  Go 
over  the  exhaust  line  to  see  that  all  valves  are  open.  If 
the  turbine  is  condensing,  turn  on  the  steam  which 
seals  the  packing  rings  and  start  the  condensing  equip- 
ment. The  turbine  casing  drains  should  be  well  opened. 
Make  sure  that  the  atmospheric  relief  valve  is  in  good 
working  condition.  In  case  the  machine  is  noncondens- 
ing  and  exhausts  into  a  main  with  back  pressure,  the 
exhaust  valve  should  be  slowly  opened  to  allow  the  ex- 
haust steam  to  warm  it  gradually.  After  this  the 
throttle  valve  can  be  used  to  warm  up  a  little  more. 

Just  before  starting,  trip  the  emergency  valve  by 
hand  and  drain  the  steam  line.  This  is  a  precaution 
that  should  always  be  taken  just  before  starting  a  ma- 
chine. Turn  on  enough  steam  to  start  the  turbine. 
Allow  it  to  speed  up  a  small  amount  and  then  shut  off 
the  steam.  Listen  at  several  points  on  the  wheel  casing 
in  succession  to  see  if  there  is  rubbing  between  rotating 
and  stationary  parts.  A  good  way  to  listen  is  to  place 
a  rod  or  piece  of  pipe  on  the  turbine  casing  and  touch 
the  ear  to  the  other  end  of  the  rod.  Some  men  hear 
or  feel  better  by  touching  the  teeth  to  the  rod.  Clicking 
from  the  valve  gear  and  oil  rings  is  usually  heard,  but  a 
rub  has  a  strong  metallic  ring  that  is  unmistakable, 
and  usually  loud  enough  to  be  heard  without  a  rod. 
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<ext  look  at  the  oil  rings  in  all  bearings  to  see  that 
hey  are  turning  properly  and  carrying  oil. 
I  Allow  the  machine  to  slowly  accelerate.  Watch  the 
temperature  of  each  bearing  by  feeling  the  liner  itself. 
fMso  observe  closely  the  amount  and  temperature  of 
)verflow  oil  from  each  bearing  if  it  is  possible  to  see 
(his.  If  the  overflow  is  not  accessible,  gage  the  temper- 
ature by  feeling  the  return  oil  pipe  from  each  bearing. 
tVatch  the  oil-pressure  gage  as  the  pump  picks  up  the 
oressure,  and  be  prepared  to  regulate  the  pressure  at 
;he  relief  valve  for  this  purpose.  Small  machines 
usually  require  3  to  6  lb.  per  square  inch  oil  pressure, 
while  larger  ones  run  8  to  20  lb.  The  oil  pressure 
should  be  as  low  as  is  consistent  with  safety.  The 
reason  for  this  is  that  oil  will  last  longer  at  the  lower 
pressure. 

Final  adjustment  should  be  made  when  the  machine 
has  reached  its  highest  temperature  under  load,  as  the 
oil  is  then  thinne.st  and  pressure  for  a  given  setting 
^f  the  relief  valve  is  lowe.st.  It  is  best  to  consult  the 
manufacturers'  instruction  book  for  actual  information, 
and  it  is  the  best  policy  to  use  an  oil  pressure  that  will 
have  two  or  three  pounds  in  excess  of  the  minimum 
for  good  operation.  Carefully  watch  the  oil  level  in 
case  it  happens  that  any  important  part  of  the  oil  sys- 
tem is  left  unfilled.  The  bearings  close  to  the  turbine 
generally  run  hottest  on  account  of  the  shaft  being 
heated  by  the  steam.  In  some  machines  such  bearings 
have  been  known  to  run  constantly  at  a  temperature  of 
90  deg.  C.  or  190  deg.  F.  Judge  the  condition  of  the 


bearing  by  the  speed  with  which  it  heats  rather  than  by 
the  actual  temperature.  A  tight  bearing  will  reach 
boiling  temperature  about  as  soon  as  the  machine  will 
reach  full  speed,  and  in  some  cases,  even  more  quickly 
than  this.  It  usually  takes  about  half  an  hour  to  reach 
a  constant  running  temperature  under  proper  conditions. 

Let  the  machine  accelerate  slowly  until  normal  speed 
is  attained.  Watch  the  valve  gear  closely  as  the  gov- 
ernor goes  into  action.  In  case  the  machine  should  keep 
on  speeding  after  the  governor  has  acted,  it  would  in- 
dicate improper  seating  of  the  valves  or  bad  adjust- 
ment of  the  valve  gear. 

After  an  hour's  run  at  full  speed,  the  emergency 
governor  should  be  tested.  Hold  a  tachometer  on  one 
end  of  the  shaft  so  that  the  speed  can  be  read  by  an 
assistant.  Make  the  macnine  overspeed  slowly  by  pull- 
ing against  the  governor  or  by  disconnecting  some  part 
of  the  valve  gear  so  that  a  valve  will  be  held  open.  The 
emergency  trip  should  .shut  the  machine  down  at  10 
per  cent  above  normal  speed.  It  is  usually  safer  and 
more  practical  to  adju.st  this  emergency  to  shut  down 
at  6  or  8  per  cent  above  normal.  If  the  emergency  trip 
is  too  close  to  normal  speed,  the  machine  will  shut  down 
when  the  load  comes  off  suddenly  on  account  of  a  cir- 
cuit breaker  tripping  out. 

The  genei'ator  can  now  be  put  into  action  and  the 
machine  run  under  load  for  several  hours,  during  which 
it  should  be  carefully  and  constantly  observed. 

(The  next  article  deals  tvitk  directions  for  examining 
and  startina  larae  turbines  after  their  erection.) 


Trouble-Hunting  in  Refrigerating  Plants 


By  J.  C.  MORAN 


An  incompetent  crew  lets  a  plant  get  in  such 
condition  that  only  about  one-half  capacity  can  be 
had  from  it.  The  owners  are  nearly  ready  to 
buy  more  machines  tvhen  they  call  in  an  engi- 
neer troubleman.  Under  his  direction  the  pres- 
ent equipment  is  made  to  give  more  than  adequate 
capacity.  What  he  finds  and  does  is  told  in  the 
article. 

THE  installation  consisted  of  two  100-ton  single- 
acting  twin-cylinder  machines,  two  double-pipe 
condensers,  and  direct-expansion  coils  in  most  of 
the  rooms.  A  small  brine  cooler  was  installed  for  brine 
circulation  in  part  of  the  rooms.  The  owners  were 
having  a  lot  of  trouble  in  getting  enough  capacity  out 
of  their  refrigerating  machinery.  There  was  no  license 
law  either  in  the  little  town  where  the  plant  was  located 
or  in  the  state,  and  as  a  consequence  he  who  could  get 
a  job  was  an  engineer,  getting  the  job  being,  in  most 
cases,  a  matter  of  agreeing  to  work  for  the  smallest 
wages. 

Engineer  and  Crew  Incompetent 

This  was  also  the  case  in  this  plant.  The  engineer 
had  formerly  been  assistant  in  the  flour-mill  plant  in 
a  near-by  town,  but  not  getting  along  very  well  with 
the  chief,  had  quit  and  gone  back  to  farming.  When 
the  new  cold-storage  plant  was  built,  he  applied  for 
the  job  and  with  his  flour-mill  experience  to  back  him 
he  got  it,  mainly  because  he  was  willing  to  work  long 


hours  for  small  wages.  The  manufacturers  recom- 
mended a  man  for  the  job,  but  he  would  not  take  it 
under  the  working  conditions  and  for  the  wages  offered. 
A  fireman  was  obtained  that  previously  had  been  firing 
in  the  flour  mill,  and  he  was  put  in  charge  as  night 
engineer.  A  couple  of  laborers  were  hired  for  firemen. 
The  erecting  engineer  remained  on  the  job  for  about 
two  weeks  after  the  plant  was  in  working  order  and 
showed  them  as  much  as  possible  about  operating  it. 
When  he  left,  the  new  chief  and  night  engineer  were 
confident  that  they  could  operate  the  plant  satisfactorily 
and  that  nothing  would  happen  that  they  could  not  take 
care  of. 

As  Load  Increased  Operation  Became  Unsatisfactory 

The  machines  had  about  double  the  capacity  required 
when  th6  plant  was  first  started,  and  for  a  long  time  it 
was  necessary  to  run  only  one  machine,  even  during  the 
hottest  part  of  summer.  However,  the  load  increased 
until  it  was  40  or  50  per  cent  greater;  this  was  at  the 
end  of  three  years.  By  this  time  the  machines  were 
running  as  fast  as  they  dared  to  run  them  and  still 
the  temperatures  in  the  rooms  were  far  too  high.  The 
engineers  claimed  that  there  was  nothing  else  to  do  but 
get  more  machines. 

Happening  to  be  in  the  tovm  on  a  case  of  trouble  with 
a  small  machine  in  an  ice-cream  plant,  the  writer  met 
one  of  the  owners  and  was  asked  to  look  the  place  over 
and  give  an  opinion  as  to  what  should  be  done,  and  to 
make  an  estimate  of  the  equipment  that  would  be 
required. 


88 


row  K  K 


Vol.  r,2.  N- 


Tho  plant  was  in  a  Itiid  shape.  It  could  he  Hcuti 
without  takiiiR  tho  machines  apart  that  Home  of  the 
valves  were  leakinp,  because  they  would  Iuukc  and  yank 
like  a  pair  of  horses  that  do  not  pull  toKcther  After 
fijrurinjr  everything  over  several  times,  I  somewhat  sur- 
prised them  when  I  told  them  that  they  had  more 
caj)acity  than  needed  at  present.  This  I  proved  by  their 
own  records,  which  showeil  that  they  were  handlin}? 
only  10  per  cent  more  jjoods  than  at  the  time  the 
machines  were  started.  And  at  that  time  one  machine 
had  been  big  enoujjrh  for  the  load. 

A  New  Chief  the  Best  Remedy 

When  a.sked  what  could  be  done  to  remedy  matters, 
I  frankly  told  them  that  the  be.st  thing  would  be  a 
chief  who  knew  his  business  and  who  would  have  a 
free  hand  in  overhauling  the  plant.  I  then  gave  them 
an  estimate  on  what  it  would  probably  cost  to  overhaul 
the  plant,  which  was  quite  a  shock,  but  when  convinced 
that  this  was  a  lot  cheaper  than  to  buy  new  equipment, 
they  finally  asked  me  to  recommend  a  man  for  the  job. 
This  I  did,  and  the  new  man  was  on  the  job  a  few 
weeks  later.  The  plant  was  put  on  an  eight-hour  day 
basis  and  the  two  other  men  were  kept  working  under 
the  new  chief. 

This  was  in  the  middle  of  winter,  and  it  was  possible 
to  handle  the  load  with  one  machine  by  running  it  fast. 
The  worse  of  the  two  machines  was  shut  down  and  over- 
hauled. The  false  head  on  one  cylinder  had  probably 
lifted  at  some  time  and  a  piece  of  scale  had  stuck 
between  the  head  and  seat,  keeping  it  open  about  is  in. 
around  the  greater  part  of  the  circumference.  This 
accounted  for  the  lunging  action  of  the  machine.  The 
valves  were  also  badly  scored  and  the  piston  rings  a 
loose  fit  in  the  cylinder.  The  seats  were  ground  in  both 
on  the  false  heads  and  the  valves  and  the  piston  rings 


A  c 

FIG.  1.  A  LIME-LIKE  DEPOSIT  PLUGGED  THE  CONDENSER- 
WATER   CONNECTIONS   AT   B 

peened  to  spread  them  slightly.  The  piston  rods  also 
were  taken  out  and  turned  true,  being  slightly  smaller 
in  the  center  and  scored  from  the  three  years'  wear. 
The  old  crew  had  been  liberal  with  oil  and  packing, 
and  the  wear  on  the  machines  all  around  was  really 
less  than  one  would  at  first  expect.  Yet  most  of  the 
oil  used  in  the  compressor  and  stuffing  box  had  gone 
into  the  system  and  accumulated  in  the  expansion  coils, 
and  this  was  largely  the  cause  of  the  decreased  capacity. 
The  bearings,  steam  cylinder  and  the  rest  of  the 
machine  were  also  gone  over  and  adjusted  and  the  steam 
valves  reset.  WTien  again  started,  it  seemed  like  a  new 
machine.    When  put  on  the  load,  it  handled  the  entire 


plant  at  reduced  si»eed  and  the  teniperature.s  were  lnM 
lower  than  hud  been  the  practice  for  a  whole  yen 
before. 

When  the  second  machine  was  opened,  it  was  found 
that  the  discharge  valve  had  jammed  about  half  open 
and  probably  had  not  worked  for  .several  months.  At 
least  t.he  night  man  informed  the  new  chief  that  this 
machine  had  acted  like  this  for  .several  months,  but  as 
long  as  they  could  keep  going  they  had  not  dared  t' 
shut  down  and  look  into  it.  Besides,  they  were  a  littli 
nervous  about  taking  the  machine  apart,  he  told  tin 
chief. 

On  the  other  cylinder  one  of  the  screws  that  held 
the   suction-valve   seat   in    place   had    worked   out   aiui 
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Condensers rcf Or r: .'     '  '  - 
Purqe 


Cn:i  Header    A^ 


l.fjid Header  .y^   Hcaiur 

FIG.  2.     A  SPLIT  PIPE  I.\  THE  CO.VDENSER  HAD  ALLOWED 
AMMONIA  TO   RLOW  INTO  THE  COOLING  WATER 

evidently  at  some  time  or  other  jammed  between  the 
seat  and  suction  valve,  making  a  heavy  dent  in  the  seat 
and  slightly  warping  the  valve.  Of  course  a  large  pro- 
portion of  the  gas  handled  had  leaked  back  through 
this  opening,  and  it  is  a  wonder  that  the  machines  had 
done  as  much  work  as  they  did  under  the  conditions. 
When  the  woi-k  was  finished  on  the  second  machine, 
the  result  was  just  as  favorable  as  on  the  first,  and 
the  load  was  handled  easily  with  either  machine. 

Overhauling  the  Condensers 

While  the  work  was  being  done,  the  chief  had  been 
investigating  the  condensers.  This  was  about  mid- 
winter, as  stated  before,  and  the  water  temperature  was 
around  38  deg.  The  water  was  taken  directly  from 
the  city  main  and  pumped  through  the  condensers  to 
a  laundry  next  to  the  cold  storage  plant  which  used  all 
the  water  the  cold  storage  plant  could  spare.  Conse- 
quently, it  was  to  be  expected  that  the  condenser  pres- 
sure should  have  been  pretty  low,  but  it  was  about  200 
lb.     Both  condensers  were  in  service,  too. 

The  chief  cut  out  one  of  the  condensers  and  purged 
it  thoroughly  two  or  three  times.  Then  he  cut  it  in 
and  shut  down  the  other.  A  few  minutes  later  one  of 
the  men  came  rushing  up  on  the  roof  where  the  con- 
densers were  located  and  informed  the  chief  that  the 
condenser  pressure  had  jumped  to  230  lb.  and  that  they 
had  shut  down  the  machine. 

They  again  started  the  machine  and  the  condenser 
pressure  came  up  to  225  lb.  in  a  short  time.  Only  by 
running  the  machine  vei-y  slowly  could  the  pressure  be 
kept  down  to  200  lb.,  and  it  was  left  to  run  this  way 
until  the  other  condenser  was  purged,  it  being  a  fairly 
cool  day,  and  the  coolers  would  probably  have  been  in 
good  order  if  the  machine  had  been  shut  down  for  five 
or  six  hours.  However,  they  considered  it  better  to 
keep  the  machine  turning  over  slowly  and  get  what  they 
could  out  of  it. 

After  giving  the  second  condenser  a  good  purging,  the 
condensers  were  changed  over  again  and  this  time  the 
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)ressure  dropped  to  110  lb.  The  condensers  had  never 
)een  purged  since  started,  and  this  accounted  for  the 
iiigh  pressure,  both  condensers  being  full  of  air  and 
joul  gases.  The  fireman  in  particular  was  gi-eatly 
oleased  with  the  changed  conditions  as  it  made  a  mate- 
rial reduction  in  the  amount  of  coal  he  had  to  shovel. 

The  next  problem  was  to  determine  what  was  wrong 
Ivith  the  other  condenser.  The  new  chief  had  an  idea 
Jiat  the  trouble  was  in  the  gate  valve  G,  as  shovim 
n  Fig.  1.  When  it  was  opened  for  inspection,  it  was 
found  in  good  order.  While  inspecting  this  valve, 
[lowever,  one  of  the  men  noticed  a  white  substance,  like 
lime,  just  below  it,  and  this  was  the  cause  of  the 
crouble. 

The  Condenser-Water  Connections  Were 
Clogged  up 

The  condensers  were  of  the  double-pipe  type;  the 
diagram  illustrates  the  water  connections  to  both  of 
them.  No.  2  was  the  condenser  that  v/ould  not  work. 
The  lime-like  mass  lodged  at  B,  and  this  had  practically 
:losed  the  passage  through  the  tee  to  the  return  line;  A 
and  C  are  the  water-pipe  connections  to  the  two  stands 
Dn  either  side  of  the  tee. 

The  caps  were  removed  from  the  ends  of  the  water 
header  H  of  this  condenser,  and  with  a  long  rod  the 
Dbstruction  was  poked  out.  In  doing  this  a  strong  flow 
3f  water  was  kept  going  and  the  line  and  header 
cleared  in  a  hurry.  When  the  condenser  was  again  put 
in  service,  it  remained  at  practically  the  same  pressure 
as  the  other. 

No  one  was  able  to  account  for  the  presence  of  the 
foreign  matter  in  the  tee,  and  no  further  thought  was 
^iven  to  it  at  that  time.  About  two  weeks  later  this 
:ondenser  was  cut  out  for  a  thorough  overhauling,  and 
the  first  thing  to  be  done  was  to  remove  the  water- 
return  bends  on  each  stand,  Fig.  2,  to  test  the  pipes 
for  leaks.  When  these  were  taken  off  the  stand,  it  was 
found  that  the  pipes  were  filled  with  this  same  lime-like 
substance  for  several  pipes  dovm.  This  was  poked  out 
and  the  pipes  run  through  with  a  tube  scraper.  When 
a  pressure  test  was  tried  on  this  stand,  it  indicated 
a  bad  ammonia  leak  in  one  of  the  pipes.  The  pipe 
was  removed,  and  it  was  found  that  it  had  split  for 
about  an  inch  and  a  half  and  allowed  the  ammonia 
to  blow  continuously  into  the  water. 

The  ammonia  had  formed  some  chemical  compound 
with  the  foreign  matter  in  the  water.  This  had  filled 
up  the  pipe  at  the  tee  where  it  connected  to  the  return, 
and  with  the  increased  obstruction  nearly  all  the  water 
had  taken  the  less  obstructed  path  through  the  other 
condenser  until  circulation  through  No.  2  had  stopped, 
or  nearly  so. 

Obstruction  in  Coil 

In  one  of  the  rooms  they  had  been  unable  to  get  the 
proper  temperature  for  nearly  a  year.  Originally,  this 
room  had  maintained  a  temperature  of  about  15  deg. 
without  much  trouble,  but  for  the  last  year  they  had 
been  unable  to  keep  it  much  below  40  deg.  and  they 
had  been  obliged  to  use  it  for  storage  for  only  high- 
temperature  goods.  The  room  had  a  single  coil  about 
2,000  ft.  long.  At  first,  when  a  fair  load  was  put  into 
the  cooler  they  had  been  able  to  open  the  expansion 
valve  about  half  a  turn  without  throwing  liquid  into  the 
suction  line.  After  the  trouble  appeared,  it  was  pos- 
sible to  work  it  with  the  valve  barely  cracked,  and  even 
then  it  would  sometimes  throw  such  heavy   slugs  of 


liquid  into  the  auction  line  that  it  would  freeze  the 
machines  in  a  short  while. 

The  new  chief  experimented  with  this  coil  and  room 
for  awhile  without  results.  During  the  time  he  was 
making  his  experiments  he  noticed  that  the  liquid  level 
in  the  ammonia  receiver  bobbed  up  and  down.  If  he 
shut  this  coil  off  and  pumped  it  out  he  had  the  receiver 
full  of  liquid,  and  after  he  started  the  coil  working  he 
found  that  the  liquid  level  in  the  receiver  would  drop 
out  of  sight.  After  studying  the  matter  over  for  the 
better  part  of  a  week,  he  detected  the  cause  of  the 
trouble. 

He  came  to  the  conclusion  that  there  was  an  obstruc- 
tion somewhere  in  the  coil  and  that  the  most  logical 
place  to  look  for  it  was,  of  course,  in  the  suction  stop 
valve.  When  this  was  removed,  it  was  found  that  the 
disc  had  worked  loose  from  the  stem,  and  as  it  had 
been  placed  in  the  line  in  the  wrong  position  the  flow 
of  the  gas  through  the  valve  had  a  tendency  to  pull 
the  disc  down  on  the  seat  instead  of  lifting  it  off,  as 
would  haye  been  the  case  if  it  had  been  installed  in  the 
reverse  position. 

The  disk  had  not  seated  squarely,  but  obstructed  the 
passage  enough  so  that  when  the  coil  was  working  a 
pressure  was  built  up  in  the  coil.  This,  in  turn,  raised 
the  boiling  point  of  the  ammonia,  and  if  the  expansion 
valve  was  opened  much  the  coil  gradually  filled  with 
liquid.  The  feed  was  connected  at  the  bottom,  and  as  a 
consequence  the  coil  filled  nearly  to  the  top  with  liquid. 
This  was  the  reason  the  ammonia  disappeared  from  the 
receiver  when  this  coil  was  put  in  operation.  After 
the  valve  was  repaired,  no  further  trouble  was  experi- 
enced. 

Diesel-Engine  Speeds 

The  Diet-el-engine  manufacturer  is  confronted  by  a 
decidedly  dangerous  competitor.  In  the  last  few  years 
a  number  of  surface-ignition  engines  have  been  built 
in  sizes  above  200  hp.  One  European  concern  has 
installed  engines  of  600  hp.  and  is  now  building  a 
1,000-hp.  unit.  These  engines  are  cheaper  to  build 
and  are  rapidly  encroaching  on  the  Diesel-engine  field. 

If  the  Diesel  manufacturer  does  not  wish  to  lose  that 
part  of  his  business  devoted  to  units  under  500  hp.,  it 
will  be  necessary  for  him  to  increase  the  Diesel  speed 
and  thereby  lower  the  manufacturing  cost.  There  is 
no  structural  reason  to  prevent  Diesel  engines,  when 
properly  designed,  from  operating  at  speeds  as  high 
as  400  r.p.m.  Units  of  500-hp.,  if  operated  at  300  or 
400  r.p.m.,  could  be  manufactured  at  one-half  the  pres- 
ent cost.  The  chief  objection  that  might  be  raised 
would  be  that  this  speed  would  be  impossible  for  the 
air  compressor.  The  compressor  could  be  motor-driven 
or  abandoned  altogether.  Lighter  valve  rigging  and 
reciprocating  parts  would  reduce  the  frictional  loss, 
which  in  the  pre.sent-day  Diesel  is  excessive.  Marine 
Diesels  have  been  designed  to  operate  at  the  higher 
speeds ;  provided  with  a  suitable  foundation,  this  same 
engine  would  have  a  life  equally  as  long  as  has  the 
present-day  ponderous  slow-running  machine. 


With  tight  boiler  settings,  preventing  infiltration  of 
air,  a  clean  heating  surface,  covered  pipes,  tight  steam 
valves,  pipes  properly  drained,  and  all  condensation 
returned  to  a  feed-water  heater  or  economizer  and 
using  exhaust  steam  whenever  it  is  practical,  a  good 
start  has  been  made  to  prevent  waste  of  fuel. 
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POWER  DRIVES  FOR  J 
ROLUNG  MILLS 

S^  H:  a  Rogers 


Rnllivg  »?)///,«!  are  drircn  hi/  both  direr  I -current 
and  ttlterrmting-current  motors.  Direct-current 
motors  arc  operated  at  constant  speed;  so  are  the 
sivfile-speed  iv.ductioti  ynotors,  but  both  types  are 
also  operated  at  vai-iable  speeds,  a  regulating  set 
being  nred  to  control  the  speed  of  the  main  motor 
irhrn  rtf  the  alt ernating-current  type. 


AS  IS  well  kno%vn,  the  first  commercial  use  of 
l\  electricity  was  for  lighting,  and  it  was  next 
•^  -V  applied  to  street-car  propulsion.  It  was  not 
long,  however,  before  it  was  introduced  in  industrial 
fields.  Naturally,  motor  drives  were  tried  out  with 
some  apprehension  on  the  part  of  mill  owners,  but  this 
soon  gave  way  to  confidence,  and  today  there  are  some- 
thing like  10,000,000  hp.  in  electric  motors  in  use  in 
the  United  States.  In  recent  years  great  strides  have 
been  made  in  the  application  of  motor  drive  to  rolling 
mills,  so  much  so  that  something  like  900,000  hp.  in 
motors,  devoted  to  steel-mill  practice,  have  been 
installed. 

As  with  steam-driven  mills,  electrically  driven  main 
rolls  are  divided  into  three  classes — single  speed,  three- 


high  and  two-high  nonre*'ersing  mills,  and  two-hig) 
reversing  'mills.  In  the  fir.st  and  second  class  of  mill: 
they  generally  consist  of  a  single  .stand  containing  thra 
rolls,  as  for  instance,  mills  rolling  plate;  or  they  maj 
consist  of  a  group  of  stands  containing  two  rolls  each 
or  three-high  stands,  such  as  are  used  in  rod  or  mer 
chant  mills,  and  driven  by  a  single  engine  or  motor. 

The  third  class  of  mill  consists  of  a  single  stand  con 
taining  tw-o  horizontal  rolls  such  as  used  in  reversing 
blooming  mills,  or  a  combination  of  two  horizontal  anc 
two  vertical  rolls,  as  mentioned  in  the  preceding  artich 
in  reference  to  the  reversing  universal  mill.  Thes( 
rolls  may  all  be  driven  by  the  same  engine  or  motor 
or  each  set  may  be  driven  by  a  separate  source  of  power 

Single-speed  mills  are  generally  driven  by  single 
.speed  induction  motors,  largely  because  alternating 
current  is  distributed  about  the  plant,  but  direct-current 
motors  may  be  used.  As  in  the  case  of  engine  drive 
a  flywheel  is  generally  used  to  assist  the  motor 
carrying  the  peak  loads,  which  are  high  but  of  shori 
duration.  When  flywheels  are  used,  provision  is  mad( 
for  controlling  the  motor  by  automatically  cutting  ir 
or  out  resistance  in  the  rotor  circuit,  when  the  load 
exceeds  a  predetermined  amount.  This  causes  the  motoi 
to  slow  dowm,  and  the  flywheel  then  carries  its  part  ol 


FIG.  1.     A  -SMALL  300-HP.   DIRECT-CURRENT  MOTOR 


FIG.  2.     A  1.500-HP.  FLYWHEEL  D.C.  MOTOR 
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FJG.  3.     DOUBLE  FLYWHEEL,  INDUCTION  MOTOR  DRIVING  A  PLATE  MILL 


he  load.  The,  flywheel  also'  reduces  the  shock  which, 
E  there'were'nq  flj^wheel,  wouldbe  transmitted  from 
he  mill  back  to'the  motor!  '^    ■  "-  - 

In, Fig.  iMS  shown  a  small  General  Electric  230-volt, 
00-hp.  direct-current  motor,  with  a  speed  of  190  r.p.m. 
t'is  of 'the  flywheel  type  and  operates  the  roughing 
tand>of,the«14-in.  bar  mill  at  the  Sharon  Steel  Hoop 
'o..  Sharon,  Ohio.  In  this  instance  a  rope  drive  is 
ised.  The  14-m.  bar  mill  is  driven  by  a  flywheel-type, 
;30-volt  direct-current  motor,  Fig.  2.  It  is  of  1,500-hp. 
apacity^and'is  direcdy,  coupled  to  the  mill  by  means 
if 'a.  spring.'  coupling. , 

■A  double  flywheel  unit  shown  in  Fig.  3  consists  of  a 
Vestinghouse» induction   motor    of    1,500   hp.   capacity- 


running  with  a  speed  of  234  r.p.m.  It  receives  current 
at  2,200  volts,  60  cycles.  The  motor  has  two  flywheels, 
one  being  mounted  on  each  side  of  the  pinion.  The 
inner  flywheel  is  between  the  pinion  and  the  coupling 
to  the  motor.  The  other  flywheel  is  mounted  on  the 
end  of  the  pinion  shaft  that  extends  beyond  the  out- 
board bearing.  The  herringbone  pinion  meshes  with  a 
large  gear  of  like  design  on  the  roll  shaft  of  this  plate 
mill,  which  is  at  the  Canton  Sheet  Steel  Co.,  Canton, 
Ohio. 

The  motor  is  provided  with  a  slip  regulator  which 
slows  down  the  motor  automatically  during  periods  of 
heavy  load,  thus  permitting  the  flywheels  to  give  up 
their  energy  and  reduce  the  peak  load  on  the  electrical 


FIG.  4.-    TWO  2,000-HP.  FLYWHEEL  INDUCTION  MOTORS 


92 


POWER 


Vol.  52,  No.  3 


power  pystcm.  It  will  be  seen  that  the  flywheels  are 
arrnnnred  on  the  pinion  shaft  instead  of  on  the  mill 
shaft,  which  permits  the  n.se  of  comparatively  light 
wheels  with  larfre  lly wheel  efTeot.  It  is  necessary  to 
l)lace  the  flywheel  on  the  pinion  shaft,  because,  in  this 
type  of  mill,  which  runs  at  about  30  r.p.m.,  there  would 
not  be  sufficient   flywheel  eflFect  in  the  system  if  the 


The  flexibility  of  mill  operation  with  electric  drive 
has  permitted  a  wide  range  of  production  and  a  varia- 
tion in  mill  schedule  that  has  been  a  factor  in  increasing 
tonnage.  In  three-high  mills  the  adjustable-speed 
alternating-current  motor  drive  gives  a  wide  range  of 
speed  with  a  variation  ranging  in  many  cases  down  to 
40  per  cent.  The  e(|uipment  can  be  designed  for  either 
constant  -  horsepower  or  constant- 
torque  requirements,  but  a  majority 
of  mills  require  approximately  a 
constant  horsepower.  Fig.  9  shows 
a  1,500-hp.  adjustable-speed  alternat- 
ing-current motor  that  is  directly 
connected  to  an  18-in.  merchant  mill 
at  one  of  the  Carnegie  Steel  Co.'s 
plants;  another  one  of  the  same 
capacity  operates  a  12-in.  merchant 
mill  at  the  same  plant,  and  a  2,500- 
hp.  unit  operates  a  16-in.  hoop  and 
bar  mill  at  the  Phillips  Sheet  and  Tin 
Plate  Co,  Wenton,  W.  Va.  This 
drive  uses  6,600-volt  current.  The 
first  two  motors  are  25-cycle,  the 
latter  two  motors  are  geared  con- 
nected to  the  mill,  the  speeds  being 
28-218-145,  360-240  and  176-352 
.p.m.  respectively. 
Although  direct-current  motors  are 
used  to  drive  adjustable-speed  mills, 
the  three-phase  induction  type  of 
motor  with  phase-wound  rotors  is 
generally  used.     The  stator  winding 


\- 


AN  84-IN.  THREE-HIGH  PLATE 
MILL,   MOTOR-DRIVEN 


flywheels   were   placed   on   the   mill 
shaft. 

A  view  of  the  motor  room  of  the 
84-  and  96-in.  plate  mill  at  the  main 
plant  of  the  Youngstown  Sheet  and 
Tube  Co.  is  shown  in  Fig.  4.  Both 
of  these  Allis-Chalmers  motors  are 
of  2,000-hp.  capacity  and  are  of  fly- 
wheel type,  operating  at  811  r.p.m. 
Both  use  6,600-volt,  25-cycle  three- 
phase  current.  These  plate  mills  are 
shown  in  Figs.  5  and  6.  Both  are  of 
the  three-high  type,  and  the  rolls 
on  the  96-in.  mill  are  lifted  by  hy- 
draulic pressure.  The  adjustment  is 
by  means  of  a  motor  drive. 

A  3,500-hp.  78-pole  General  Elec- 
tric induction  motor  was  found  oper- 
ating the  18-in.  sheet  bar  mill  at  the 
Trumbull  Steel  Co.,  Warren,  Ohio. 
This  unit,  Fig.  7,  runs  at  92  r.p.m., 
with  a  voltage  of  2,200.  The  motor 
drives  the  mill  through  gears,  the 
mill  stands  being  at  right  angles  to 
the  motor  shaft.  Still  another  General  Electric  motor 
of  similar  character  was  found  driving  the  110-in.  plate 
mill  at  the  Sparrows  Point  works  of  the  Bethlehem 
Steel  Co.  This  unit  is  of  4,000-hp.  capacity  and  is 
of  the  flj'wheel  type.  As  seen  in  Fig.  8,  the  flj-w'heel 
is  mounted  on  the  shaft  betw-een  the  motor  and  the  out- 
board bearing. 


FIG.    6.      A    Ob-IN.    LLECTRICALLY    DRIVEN    PLATE    MILL 


is  the  primary  and  the  rotor  winding  is  the  secondaiyj 
When   voltage    is   sent   to   the   primary   winding,    th^ 
alternating    current    in    the    coil    builds    up    a    mag 
netic    field    which   revolves    at   a   speed    that    depend 
upon  the  frequency  and  inversely  upon  the  number 
poles.    In  the  secondarj'  winding  a  voltage  is  generate! 
which  is  a  maximum  when  the  rotor  is  at  a  standstill,* 
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ind  the  secondary  frequency  is  then  the  same  as  the 
)rimary  frequency.  The  current  flowing  in  the  sec- 
bndary  winding  exerts  a  torque  that  causes  the  rotor 


THE  3,00U-HP. 
IN. 


IXULCTION   .MOTOK   DRIVING  AN  IS- 
SHEET  BAR  MILL 


to  revolve  in  the  direction  of  the  rotating  field.  The 
rotor  speed  continues  to  increase,  but  the  secondary 
voltage  and  frequency  will  decrease  until  the  secondary 
voltage  is  of  a  value  to 
send  sufficient  current 
through  the  winding  to 
produce  the  necessary 
torque.  If  the  load  re- 
mains constant  and  the 
speed  of  the  motor  is 
reduced  by  means  of  put- 
ting resistance  in  the  sec- 
ondary circuit,  then  at 
any  other  speed  the  volt- 
age and  frequency  are 
practically  proportional  to 
the  slip  in  percentage  of 
the  synchronous  speed. 

But  if  a  constant  volt- 
age at  rotor  frequency  is 
used  to  oppose  the  sec- 
ondary voltage,  the  rotor 

speed  will  adjust  itself  to  such  a  value  that  the  sec- 
ondary voltage  exceeds  the  opposing  voltage  by  an 
amount  equal  to  that  necessary  to  send  through  the  cir- 
cuit sufficient  current  to  develop  the  required  torque. 
The  speed  of  the  motor  can  be  changed  bj'  varying  the 
opposing  voltages  if  the  opposing  voltages  ai'e  adjustable. 
A  means  of  adjusting  the  voltage  on  the  secondary  w'ind- 
ing  of  the  main  motor  is  provided  in  a  regulating  set. 
This  regulating  set  consists  of  a  squirrel-cage  induction 
generator,  and  a  direct-current  machine,  the  induction 
generator  returning  energy  to  the  line. 

Induction  motors  are  generally  provided  with  mag- 
netic control  when  speed-regulating  sets  are  used,  which 
provides  for  the  proper  interlocking  of  the  various 
circuits.  The  control  is  so  designed  that  certain  oper- 
ations must  follow  in  sequence  when  starting  the  main 
motor  when   operating  with  the  regulating  set. 

In  starting,  the  master  control  which  governs  the 
operation  of  the  contactors  controlling  the  main  motor 
must  be  in  the  off  position.  Next,  the  speed-regulating 
rheostat  must  be  placed  in  the  starting  position,  which 
corresponds    to    the    setting    at    which    the    regulating 


FIG.   8.     A  4,000-HP.   FLYWHEEL-TYPE  INDUCTION  MOTOR 


machine  generates  no  voltage.  Then  the  regulating 
set  must  be  started  from  a  starting  compensator  by 
the  squirrel-cage  machine  acting  as  a  motor.  The  main 
motor  may  then  be  started  with  resistance  in  the 
secondary  circuit,  by  the  operation  of  the  master  con- 
troller, and  this  resistance  cut  out  as  the  motor  comes 
up  to  speed.  Provision  is  also  made  for  operating  these 
motors  wi'^hout  the  regulating  set  if  such  became 
desirable. 

A  three-high  finishing  stand  of  the  84-in.  mill  at  the 
Briar  Hill  Steel  Co.,  is  driven  by  a  2,500-hp.,  2,200-volt 
induction  motor  running  at  240  r.p.m.  It  is  coupled  to 
the  mill  through  a  single  reduction  gearing  in  the 
pinion  housing,  which  gives  the  rolls  a  speed  of  50 
r.p.m.  This  unit  carries  a  31-ton  flywheel  mounted 
between  the  motor  and  the  pinion  bearing.  Two  stands 
are  used  in  tandem,  the  roughing  stand  reversing  and 
the  finishing  stand  three-high  continuous.. 

The  132-in.  plate  mill  is  a  three-high  unit  and  is 
driven  by  a  5,000-hp.  motor  having  the  same  general 
features  as  the  one  that  drives  the  finishing  stand  of 
ihe  84-in.  mill.  It  runs  at  197  r.p.m  and  is  connected 
to  the  mill  through  reduction  gears  in  the  pinion  hous- 
ing, w'hich  gives  the  rolls  a  speed  of  45  r.p.m.  The 
flywheel  weighs  60  tons,  and  a  liquid  slip  regulator 
limits  the  peaks  on  the  motor.     This  mill  rolls  a  slab 

having  an  average  weight 
of  2,670  lb.,  an  average 
thickness  of  7  in.  and  28 
in.  wide;  the  average  size 
of  the  finished  plate  is  -ic 
in.  thick  and  72  in.  wide. 
It  will  be  interesting  to 
note  that  the  power  con- 
sumption of  the  entire 
84-in.  mill  during  one  run 
of  12  hours  was  52.3 
kw.-hr.  per  long  ton,  and 
that  the  power  consump- 
tion on  the  main  drive 
was  4,850  kw.-hr.  and 
9,950  kw.-hr.  on  the  main 
motor  of  the  three-high 
finishing  mill.  On  the  new 
132-in.  plate  mill  the  fig- 
that  the  consumption  was  43.6 
power  consumption  of  the  main 
and    the    power   consump- 


ures  available  show 
kw.-hr.  per  ton ;  the 
motors    was    31.5    kW.-hr., 


1,.')0U-HP     ADJlISTABLE-.StU':EU 
CURRENT    MOTOR 


ALTER.NATLN'G- 


tion  per  ton  of  the  auxiliaries  was  in  this  instance  12.1 
kilowatt-hours. 

[Large  reversing  mill  motors  icill  he  taken  up  in 
the  next  article.) 
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Slraiii-EiijiiiH*0|)oralic)ii  ainl  MainlniancT — Knorks 
Due  to  Conneclinii  Rods  and  Pistons 

By  H.  ham  kens 

Consulting   KnuliuiT,    N«wIom,   New   Jersuy 


THE  connectinjT-rod  brasses  are  subject  to  more  or 
less  trouble.  There  is  first  of  all  the  wear  in  the 
bore;  this  is  taken  up  by  adjustment,  as  far  as  it 
will  po.  It  will  happen  that  the  wear  on  one  half  of  the 
boxes  is  much  greater  than  on  the  other,  in  which  case 
one  or  more  liners  may  be  inserted  behind  each  box,  as 
shown  in  Fig.  1.  As  the  brasses  wear,  the  distance 
between  centers  should  be  checked  and  readjusted;  if 
both  wedges  are  on  the  inside,  shims  are  again  resorted 
to.  There  is  also  a  possibility  of  the  brasses  showing 
some  wear  on  one  or  the  other  of  the  faces,  which  is 
generally  due  to  the  engine  being  out  of  line;  this  may 
cau.se  a  disagreeable  pound.  It  can  be  remedied  by 
soldering  a  thin  washer  of  copper  or  brass  on  the  face 
of  the  box,  as  shown  in  Fig.  2.  A  pair  of  spare  brasses 
for  each  end  of  the  rod  help  if  there  is  ti'ouble  with  the 
old  ones.  Trouble  with  the  adjusting  bolts  is  always  a 
probability.  With  the  inci'ease  in  engine  speeds  this 
trouble  has  multiplied;  it  seems  to  be  due  to  vibration 
caused  by  the  fore  and  back  movements  of  the  wedges, 
which  expose  the  bolts  to  bending  strains;  they  break 
under  the  heads,  which  is  naturally  the  weakest  spot  for 
steel  on  account  of  the  large  reduction  in  diameter. 
These  bolts  should  never  be  made  from  machine  steel 
and  should  not  be  cut  from  a  solid  bar;  they  should  be 
forged  of  the  best  quality  of  wrought  iron  having  a  good 
fiber  and  great  difficulty,  like  Norway  or  Swedish  iron. 
A  simple  test  of  the  quality  of  the  material  would  be  to 
clamp  one  of  the  bolts  in  a  vise  and  hit  the  head  several 


FIG.   1.     LINERS  TO  TAKE  UP  UNEQUAL  WEAR  IX 
COXXECTING-ROD  BRASSES 

hard  blows  with  a  hammer  in  different  directions.    This 
will  show  whether  the  head  can  be  broken  oflf  or  not. 

Probably  90  per  cent  of  the  connecting  rods  made 
have  solid  ends,  similar  to  the  design  shown  -in  Fig.  3. 
If  one  of  the  bolts  breaks  under  the  head,  it  is  some- 
times quite  a  job  to  remove  the  wedge,  especially  if 
the  bolt  fits  tight.  Since  brasses  and  wedge  have  to 
come  out  together  in  this  construction,  the  wedge  bolts 
must  be  first  removed.  Sometimes  there  is  a  chance  to 
get  hold  of  the  broken  bolt  with  a  pipe  wrench,  but  if 
not  or  if  the  bolt  cannot  be  backed  out  with  a  chisel,  a 
hole  must  be  drilled  into  it  so  that  it  can  be  screwed  out 
by  using  a  reamer.     Some  engineers  prefer  one  long 


bolt  f. shown  at  B  in  Fig.  3)  to  the  two  short  ones;  it  i.s 
less  likely  to  break,  and  if  it  does  there  is  a  better^ 
chance  to  back  it  out.     The  disadvantage  is  that  tbi 
wedge  cannot  be  locked. 

The  crosshead  end  of  the  connecting  rod  is  mosti] 
rounded  to  conform  with  the  cavity  in  the  crosshead,  a 


Fir,.    2.   WASHER   SOL- 

DKRED    ON    FACE    OP 

BRASSES       TO       TAKE 

UP    SIDE    PLAY 


FIG.    3.       DOUBLE-    AND 

SINGLE-BOLT   WEDGE 

ADJU.STMENT 


shown   in   Fig.   4.     The   small  half   of  the   brasses   i™ 
rounded,  following  the  shape  of  the  rod,  which  is  incon- 
venient for  inserting  shims.     It  requires  some  skill  to 
solder  the  strips  to  the  brass  and  fit  it  again  so  it  will 
bear  all  around  the  cavity. 

There  are  quite  a  number  of  places  on  the  piston  and 
rod  where  a  pound  may  develop.  The  fastening  at  the 
crosshead,  of  whatever  kind  it  may  be,  may  get  loose, 
a  cotter  will  back  out  or  the  rod  unscrew,  even  far 
enough  to  let  the  piston  strike  the  back  head.  The 
trouble  with  the  cotter  or  wedge  is  sometimes  attested 
by  the  outer  end  being  mashed  by  hammer  blows  in 
efforts  to  tighten  the  rod.  Where  this  has  been  done, 
it  would  be  worth  while  to  do  a  little  investigating, 
there  is  evidently  some  trouble  that  should  be  corrected. 
For  some  reason  or  other  the  taper  end  of  the  piston 
rod  may  have  been  forced  into  the  crosshead  deeper 
than  was  originally  intended,  the  insignificant  shoulder 
on  the  rod  not  offering  sufficient  resistance,  and  the  con- 
dition may  be  as  represented  in  Fig.  5.  In  that  case  no 
amount  of  hammering  will  permanently  tighten  the  rod. 
It  will  tend  to  break  off  the  end  of  the  rod.  The  only 
effective  remedy  will  be  a  new  rod  and  wedge  with 
plenty  of  clearance  between  the  shoulder  and  face  of 
the  crosshead. 

If  the  nut  on  a  screwed-in  piston  rod,  as  shown  in 
Fig.  6,  gets  into  the  habit  of  backing  oft',  it  usually  is 
a  sign  of  the  piston  rod  and  crossheads  being  out  of  line. 
The  nut  can  be  secured  by  setting  it  up  tight,  but  that 
will  only  throw  the  strain  on  some  other  pai't.  It  will 
be  more  advisable  to  get  a  new  crosshead  which  is  com- 
mercially perfect  in  every  respect. 

A  pound  or  noise  in  the  cjiinder  is  usually  blamed 
on  the  piston,  and  in  perhaps  nine  cases  out  of  ten  the   j 
suspicion  will  be  found  to  be  correct.     A  piston  com-   ! 
posed  of  a  dozen  or  more  parts  may  certainly  become  a 
source  of  trouble.    To  reduce  the  number  of  parts  and 
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he  chances  of  any  of  them  getting  loose,  pistons  are 
ometimes  made  of  one  piece  with  a  couple  of  snap 
iings,  as  shown  in  Fig.  7.  Since  there  is  no  way  of 
aking  up  wear  on  horizontal  engines,  pistons  of  this 
tind  should  be  made  long.  There  should  be  a  number  of 
)il  grooves  cut  in  the  circumference,  and  lubrication 
nust  be  well  attended  to.  Generally,  pistons  of  this 
:ind  are  pressed  on  the  rod  and  the  ends  riveted  over. 
)n  account  of  the  long  fit  there  is  not  much  danger  of 
Iheir  getting  loose.  The  conventional  Corliss  engine 
nston  is  shown  in  Fig.  8;  it  embodies  most  of  the 
tood  features  that  a  piston  should  have,  some  of  which 
ire  lacking  in  other  designs.  One  of  the  good  points 
|)ften  omitted  is  the  collar  on  the  rod.  To  reduce  ex- 
)ense  some  engine  builders  turn  down  the  rod  for  the  fit 
n  the  piston  spider  with  a  small  shoulder  that  is 
mtirely  inadequate. 

As  a  rule  pistons  are  rarely  examined.  They  are  left 
l^everely  alone  as  long  as  no  trouble  develops.  Every 
Possible  precaution  should  therefore  be  taken  to  pre- 
/ent  them  getting  out  of  order.  Any  nut,  bolt  or  pin 
ased  in  the  construction  must  be  well  secured.  The 
follower  bolts  may  become  a  source  of  great  trouble; 
f  ordinary  studs  or  tapbolts  are  used,  there  is  always 
;he  possibility  of  one  of  them  getting  loose  and  working 
)ut.  When  it  strikes  the  back  head,  there  is  first  per- 
ceptible a  light  click,  which  gradually  increases  to  a 
Dound,  indicating  that  not  much  time  must  be  lost  in 


Wedge  hammered  in 


TIG.    4.       SHIMS    FITTED    TO    FIO.     5.       TAPER    END    OF 
ROUNDED     END     OF     CROSS-    PI.STON    ROD    FORCED     INTO 
HEAD-PIN  BRASSES  (-ROSSHE\D 


■Snap  Rini^s- 


PIG.    6.      SHOWING     THE    PISTON     ROD 
OUT    OF    LINE    WITH    ("ROSSHEAD 


Oil  Ciroovei'^ 


FIG.  7.  ONE-PIECE 
PISTON     WITH 
.SNAP    Rl.NGS 


itopping  the  engine  and  remedying  the  trouble.  If  the 
'ollower  bolts  are  secured  as  shown  in  the  illustration, 
ind  made  of  high-grade  Norway  iron,  there  is  little 
;hance  of  their  breaking  or  working  out.  The  nuts  can 
)e  easily  secured  by  prickpunching.  The  question  of 
vhich  is  the  best  kind  of  a  piston  ring,  split  or  sectional, 
las  never  been  definitely  decided;  for  pistons  up  to  24 
n.  diameter  the  split  ring,  either  concentric  or  eccentric, 
leems  to  be  favored.  It  does  not  require  springs,  which 
ire  always  objectionable,  and  it  can  be  easily  replaced 
ind  fitted  to  the  piston  and  cylinder.  A  horizontal 
:ylinder  wears  out  of  round;  a  new  ring  should,  there- 
fore, be  carefully  filed  to  a  good  all-around  fit.  The 
iplit  should  be  placed  down  and  the  ring  kept  from 
•otating  by  a  pin.  For  some  apparently  unaccountable 
•eason  a  horizontal  cylinder  sometimes  wears  dovv7i 
'ery  rapidly.    This  may  be  due  to  the  material  of  which 


it  is  made,  probably  soft  and  open  iron,  unsuitable  for 
the  wear  it  has  to  stand.  The  best  mixture  for  cyl- 
inders consists,  of  half  pig  iron  and  half  scrap,  first 
melted  and  cast  into  pigs  and  then  remelted  again  in 
a  cupola.  Air-furnace  iron  cannot  be  recommended  for 
the  purpo.se;  it  is  generally  too  open  and  spongy.  On 
pistons  25  in.  in  diameter  and  over  it  is  good  practice 
to  face  part  of  the  junk  ring  with  some  soft  metal  like 
red  metal;  babbitt  has  been  tried,  but  with  little  success; 
it  will  melt,  and  in  a  short  while  nothing  more  is  left  of 
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it  than  a  few  pieces  which  are  knocked  about  in  the 
grooves.  Red  metal  is  an  alloy  the  composition  of  which 
is  not  recorded  in  any  text  or  reference  books,  although 
it  has  been  used  considerably  as  an  antifriction  metal 
for  the  last  twenty  years. 

The  ingredients  of  a  red  metal  that  has  been  used 
successfully  are  51  per  cent  copper,  48  per  cent  lead,  h 
per  cent  tin,  A  per  cent  nickel  with  2  oz.  of  ferro- 
manganese  per  100  lb.  as  a  flux;  the  copper  is  melted 
first,  the  ferromanganese  is  added,  then  lead  and  tin. 
The  metal  must  be  kept  well  stirred,  otherwise  the  lead 
settles  to  the  bottom.  The  alloy  is  cast  in  strips,  which 
are  hammered  into  dovetailed  grooves  turned  into  the 
face  of  the  junk  ring,  as  shown  in  Fig.  9,  and  turned 
flush  with  the  face.  They  have  been  let  project  about 
:'::  in.  or  even  iV  in.  with  the  idea  of  supporting  the 
piston  solely  on  the  soft  metal  strips,  but  this  is  not 
feasible  since  in  a  short  time  they  wear  down  to  the  fac^ 
of  the  ring,  with  the  result  that  the  junk  ring  gets  too 
much  play  in  the  cylinder. 


Some  engineers  are  of  the  opinion  that  a  furnace 
designed  for  coal  fuel  can  be  converted  into  an  oil  or 
gas-burning  furnace.  This  is  a  false  idea.  It  is  possi- 
ble to  either  cover  the  grates  with  firebrick,  leaving 
air  spaces  between  them  and  placing  burners  in  the 
furnace  doors,  or  placing  the  burners  below,  say  in 
the  ashpit  doors,  but  the  result  is  not  always  satis- 
factory. First,  the  combustion  chamber  must  be  de- 
signed differently  so  as  not  to  allow  the  flames  to 
come  in  contact  with  the  comparatively  cold  boiler  shell. 
The  bridge  wall,  its  design  and  height,  should  receive 
consideration,  as  well  as  the  location  of  the  burners. 
Sometimes  it  is  necessary  to  place  them  in  the  rear 
of  some  types  of  water-tube  boilers  to  get  the  best 
results. 


In  hand-fired  plants,  using  coal  for  fuel,  do  not 
the  rate  of  combustion  to  fall  below  fifteen 
per  square  foot  of  grate  surface  per  hour.  With 
the  rate  of  combustion  may  be  as  high  as  the 
of  the  plant  will  permit.  When  firing  with  fine 
size  coal,  the  rate  should  not  be  less  than  ten 
per  square  foot  of  grate  area  per  hour. 


permit 
pounds 
stokers 
design 
steam- 
pounds 


96 


r  O  \V  E  R 


Vol.  r>2,  No.  3 


Connections  for  Measuring  Power  with 
Single-Phase  Wattmeters 


BY  H.  C.  YEATON 


A  SINGLE-PHASE  wattmeter  may  be  used  to 
measure  not  only  a  .sinple-phase  load,  but  also 
,  the  power  of  a  balanced  four-wire  two-phase, 
a  balanied  three-wire  two-phase,  a  balanced  three-wire 
three-phase,  or  a  balanced  four-wire  three-phase  circuit. 
If  the  polyphase  circuits  are  not  balanced  or  the  power 
factors  of  all  phases  of  the  polyphase  circuits  are  not 
the  same,  only  the  approximate  power  of  the  circuits 


simply  nece.saary  to  reverse  the  leads  on  the  potential 
studs  of  the  instrument  to  obtain  correct  polarity. 

Modern  instrument  current  and  potential  transform- 
ers have  one  primary  and  one  secondary  terminal 
marked,  which  indicates  that  if  the  instantaneous  cur- 
rent flows  into  one  marked  terminal,  it  flows  out  of 
the  other  marked  terminal.  This  explains  the  meaning 
of  polarity  marks  shown  in  the  figures.     Fig.  2  gives 
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SINGLE-PHASE  WATTMETER  CONNECTIONS   FOR   MEASURING   POWER   IN   SINGLE-PHASE   AND   TWO 

PHASE  CIRCUITS 


II 


can  be  ascertained,  which  in  some  instances  might  be 
satisfactory  to  temporary  measurement  in  case  of 
emergency.  The  following  descriptions  and  diagrams 
explain  how  the  foregoing  can  be  attained. 

Connection  for  measuring  the  power  with  a  single- 
phase  wattmeter  in  a  single-phase  circuit  is  shown  in 
Figs.  1,  2.  and  3.  If  the  instrument  is  used  in  con- 
nection with  current  and  potential  transformers,  as 
in  Fig.  1,  the  readings  must  be  multiplied  by  the  ratios 
of  both  transformers.  In  case  the  pointer  tends  to  move 
in  the  wrong  direction,  indicating  wrong  polarity,  it  is 


the  connections  of  the  instrument  where  onlj'  a  current 
transfoiTTier  is  used  and  Fig.  3  the  connections  of  the 
instrument  when  no  transformers  are  used. 

The  scales  of  portable  wattmeters  are  almost  invari- 
ably marked  in  accordance  with  their  windings  and  have 
to  be  multiplied  by  transformer  ratios  when  used  with 
transformers.  Switchboard  wattmeters  usually  have 
their  scales  marked  in  primary  watts  and  are  calibrated 
for  use  with  transformers  with  which  they  are  going  to 
be  used.  This  eliminates  all  calculations,  as  the  watt- 
meter scale  reads  direct. 
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If  it  is  desired  to  measure  the  power  of  a  balanced 
|ur-wire  two-phase  circuit  with  a  single-phase  watt- 
ieter,  connect  the  instrument  as  shown  in  Figs.  4,  5 
r  6,  according  to  conditions.  Should  the  pointer  indi- 
iite  incorrect  polarity,  reverse  the  leads  on  the  poten- 
al  studs  of  the  instrument.    In  Fig.  4  the  instrument 

connected  into  the  circuit  with  both  potential  and 
irrent  transformer,  in  Fig.  5  current  transformers 
ily  are  used,  and  in  Fig.  6  the  instrument  is  con- 
jcted  directly  into  the  circuit  without  transformers. 
;  is  obvious  from  the  figures  that  the  instrument 
easures  the  power  in  only  one  phase  of  the  system, 
id  as  there  are  two  phases,  the  scale  readings  must 
i  multiplied  by  2,  and  if  current  and  potential  trans- 
)rmers  are  used,  the  scale  readings  should  be  multi- 
lied  by  the  ratios  of  the  transformers  also.    For  ex- 


Power  of  a  balanced  three-wire  three-phase  circuit 
may  be  measured  with  a  single-phase  wattmeter,  by 
connecting  the  instrument,  as  indicated  in  Figs.  10,  11 
and  12,  through  a  "Y"  box  resistor.  The  "Y"  box 
resistor  consists  of  two  legs,  the  resistance  of  each 
leg  being  equal  to  that  of  the  potential  circuit  of  the 
instrument.  To  obtain  the  total  power  in  the  circuit, 
multiply  the  scale  readings  of  the  instrument  by  3  and 
also  by  the  potential  and  current  transformer  i-atios, 
provided  transformers  are  used.  Like  all  single-phase 
wattmeters,  the  potential  connections  should  be  reversed 
if  the  instrument  indicates  incorrect  polarity  by  the 
needle  tending  to  rotate  in  the  wrong  direction.  It  is 
essential  that  a  "V"  box  be  used  with  the  single-phase 
wattmeter  in  order  that  the  current  passing  through 
the  instrument  will  have  the  same  phase  relation  as 
the  potential  across  the  instrument.  A  brief  explana- 
tion of  this  follows: 

Referring  to  Fig.  13,  the  current  through  the  instru- 
ment is  taken  from  the  phase  0-1,  and  in  order  to  obtain 
a  corresponding  potential  an  artificial  neutral  point  is 
obtained  by  means  of  a  "Y"  resistor.  The  leg  A  which 
includes  the  instrument  has  the  same  phase  relation 
as  the  phase  0-1.  Therefore,  if  the  current  and  an 
equivalent  potential  of  phase  0-1  is  measured  by  the 
single-phase  wattmeter,  the  scale  will  read  the  true 
watts  in  the  phase;  and  if  the  power  factor  of  each 
phase  is  the  same  and  the  system  is  balanced,  then  the 
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nple,  if  the  wattmeter  indicates  5.4  kw.  and  the  ratio 
:  the  potential  transformer  is  20:1  and  that  of  the 
irrent  transformer  10:1,  then  the  scale  reading  of 
le  wattmeter  is  multiplied  by  2,  20  and  10,  or  the 
ilowatts  in  this  case  are  5.4  X  2  X  20  X  10  =  2,160. 
To  measure  the  power  of  a  balanced  three-wire  two- 
lase  circuit  with  a  single-phase  wattmeter,  the  instru- 
lent  is  connected  as  shown  in  Figs.  7,  8  or  9.  Like 
lat  for  the  four-wire  two-phase  circuit  the  scale  read- 
igs  are  multiplied  by  2  and  also  by  the  ratios  of  each 
•ansformer  when  used  to  obtain  the  power  in  the  circuit. 


wattmeter  reading  may  be  multiplied   by   3  to   obtain 
the  total  power  in  the  system. 

If  the  instrument  is  connected  as  in  Fig.  14, 
the  potential  across  the  instrument  is  out  of  phase  with 
the  current  passing  through  the  instrument  by  30  deg., 
at  unity  power  factor.  At  other  power  factors  the 
current  and  voltage  in  the  three  phases  have  different 
phase  relations.  Therefore,  it  would  not  be  advisable 
to  use  this  method  for  measuring  the  power  of  three- 
wire  three-phase  circuit.  However,  in  this  case,  if  the 
system  is  balanced  and  the  power  factor  is  unity,  the 
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I)o\ver  of  (lie  circuit  i.s  pqiiiil  to  the  wattmeter'  readiiiR 
multiplied  by  2  (not  3  as  when  the  "Y"  resistor  is 
used)  and  the  ratio  of  the  transformer  if  used. 

Balanced  four-wire  three-pha.se  systems  are  not  quite 
so  common  as  the  foreRoing  circuits,  but  if  it  is  desired 
to  obtain  the  power  of  such  a  circuit  with  a  single- 
phase  wattmeter,  the  connections  given  in  Figs.  15,  16 
or  17  are  used.  The  i)ower  of  the  circuit  is  equal  to 
the  scale  readings  multiplied  by  3  and  also  multiplied 
by  the  ratios  of  the  transformers  "being  used. 

The  Caiiinicllaird-Fullagar  Diesel  Engine 

Recently,  a  500-ton  coasting  motorship  was  launched 
at  Birkenhead,  England.  One  unusual  feature  was  the 
welding  of  all  plate  seams,  riveting  being  entirely 
absent.  The  vessel  is  of  interest  since  it  is  fitted  with 
two  Cammellaird-Fullagar  high-compression  oil  engines. 

The  Fullager  engine  is  of  the  two-cycle  opposed  piston 
type.  The  engine  is  made  up  of  two  units,  each  unit 
consisting  of  two  cylinders.  In  each  cylinder  are  two 
pistons,  moving  inward  together  on  the  compression 
stroke,  the  combustion  chamber  being  formed  between 
the  tops  of  the  two  pistons.  The  fuel  is  injected  into 
this  central  space.  As  the  pistons  move  outward  under 
the  influence  of  the*  burning  chargfe,  the  upper  piston 
uncovers  a  series  of  ports  which  allow  the  gases  to 
escape.  At  the  same  time  the  lower  piston  uncovers 
the  scavenging  ports.  The  air  then  completely  clears 
the  cylinder  of  the  burnt  charge. 

The  engine  differs  from  the  usual  opposed-piston 
engine  by  having  the  upper  and  power  pistons  of 
adjacent  cylinders  'linked  together  by  diagonal  tension 


rods.  This  design  eliminates  the  cranks  that  would 
otherwise  be  required  for  the  upper  pistons.  The 
engine  is,  as  a  consequence,  considerably  shorter,  fort 
and  aft,  than  either  a  two-cycle  or  four-cycle  engine 
of  equal  capacity.  The  diagonal  rods  are  always  in 
tension,  relieving  the  crank  of  all  pressure  on  the  com- 
pression stroke.  This  feature  should  reduce  the  lubri- 
cation difficulties  experienced  with  many  two-cycle 
engines.  The  upper  pistons  have  rods  and  crossheads 
with  which  to  resist  the  side  pressure  of  the  diagonal 
rods.  The  crossheads  are  inclosed,  and  the  cavities  thus 
formed  act  as  the  scavenging  cylinders.  The  scaveng- 
ing piston  is  rectangular  in  form,  but  it  is  claimed  that 
the  leakage  at  the  corners  is  negligible. — Gas  and  OH 
Power. 


In  designing  a  boiler  furnace  for  burning  oil  or  gas, 
whether  of  the  vertical  or  horizontal  return-tubular 
type,  careful  consideration  should  be  given  to  the 
combustion  chamber,  bridge  wall,  additional  checker 
wall  to  separate  the  flames  of  the  burners,  the  draft, 
whether  natural  or  forced,  location  of  "burners,  water- 
or  fire-tube  boilers,  the  transportation  of  fuel  and  tight 
settings. 


Poor  firing  causes  holes  to  develop  in  the  fuel  bed. 
Carrying  an  uneven  fire,  too  thin  or  too  heavy  a  fire, 
shaking  the  grates  or  using  the  slice  bar  too  frequently 
(which  causes  clinkers)  and  improper  care  of  dampers 
reduce  the  boiler  efficiency.  Attention  to  what  the 
boiler  is  doing  from  day  to  day  will  pay  good  returns, 
if  faultyiconditions  are  remedied  when  first  detected. 
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Government  Standards  for  Oils  and  Greases 


Here  follows  an  abstract  of  the  report  of  the 
United  States  Government's  Committee  on 
Standardization  of  Lubricants.  Under  these 
standards  of  test  methods  and  qualities, 
lubricants  for  the  Government  vnll  be  purchased. 
All  the  test  methods  here  given  may  readily  be 
applied  in  the  usual  poiver  plant  by  the  engineers 
in  charge. 

Methods  of  Testing  Lubricants 

FLASH  POINT— This  test  shall  be  made  in  the 
Cleveland  open-cup  tester,  the  apparatus  being 
used  without  any  bath  or  outer  cup  surrounding 
le  oil  cup.  The  oil  cup  should  have  two  marks  on  tho 
iside,  the  first  ]  in.  below  the  top,  and  the  second  I  in. 
3low,  the  first  to  be  used  when  testing  oils  with  a 
ash  point  below  425  deg.  F.  and  the  second  when  test- 
ig  oils  with  a  flash  point  at  or  above  425  deg.  F. 
he  clean  oil  cup  should  be  inserted  into  the  tripod 
ng,  which  must  be  level,  and  the  cup  filbd  to  the  proper 
lark  with  the  oil  to  be  tested.  Care  should  be 
cercised  not  to  spill  any  oil  on  the  sides  or  top  of  the 
ip,  and  if  this  accident  should  happen,  all  such  oil 
ust  be  carefully  removed.  A  "bulb  immersion" 
lermometer  should  then  be  inserted  into  the  oil  and 
ispended  from  a  suitable  support.  The  bulb  of  the 
lermometer  should  be  3  to  »  in.  in  length.  During 
le  test  the  bulb  must  be  fully  covered  by  the  oil  and 
le  bottom  of  the  thermometer  must  not  be  less  than 

in.  from  the  bottom  of  the  cup.  The  thermometer 
lUSt  be  suspended  in  the  oil  midway  between  the  center 
id  inside  edge  of  the  cup.  The  alcohol  or  gas  burner 
then  placed  under  the  oil  cup  so  as  to  heat  it 
niformlj'.  The  oil  may  be  heated  rapidly  at  first,  but 
le  rate  of  heating  should  be  8  to  10  deg.  F.  per  minute 
jring  the  last  80  deg.  of  heating  prior  to  attaining 
le  flash  point.    As  the  flash  point  is  approached,  a  test 

made  for  every  5  deg.  F.  rise  in  temperature  (on  the 
ladings  which  are  multiples  of  5)   by  slowly  passing 

small  bead-like  test  flame,  not  exceeding  J  in.  in 
ngth,  across  the  center  of  the  cup  i  in.  above  the 
irface  of  the  oil,  the  movement  occupying  one  second. 

The  temperature  when  a  flame  first  jumps  from  the 
ist  flame  to  the  oil  is  called  the  flash  point  of  the  oil. 
he  test  must  be  made  where  the  cup  is  free  from 
rafts  and  must  also  be  made  in  a  subdued  light. 

Fire  Point — After  the  flash  point  has  been  obtained, 
le  same  method  of  testing  shall  be  continued  until  tho 
1  takes  fire  and  continues  to  burn.  The  temperature 
;  which  the  oil  continues  to  burn  is  the  fire  point  of  the 
1. 

Viscosity   (A.  S.  T.  M.  method.  Revised  in  1920.)  — 

Viscosity  shall  be  determined  by  means  of  the  Say- 
3lt  standard  universal  viscosimeter. 

2.  The  Saybolt  standard  universal  viscosimeter  (see 
!ction)  is  made  entirely  of  metal.  The  standard  oil 
ibe  A  is  fitted  at  the  top  with  an  overflow  cup  B,  and 
le  tube  is  surrounded  by  a  bath.  At  the  bottom  of  the 
;andard  oil  tube  is  a  small  outlet  tube  through  which 
le  oil  to  be  tested  flows  into  a  receiving  flask,  (right) 
hose  capacity  to  a  mark  on  its  neck  is  60  (±0.15)  c.c. 
he  lower  end  of  the  outlet  tube  is  inclossd  by  a  larger 
ibe,  which  when  stoppered  by  a  cork  C,  acts  as  a 


closed  air  chamber  and  prevents  the  flow  of  oil  through 
the  outlet  tube  until  the  cork  is  removed  and  the  test 
started.  A  looped  string  may  be  attached  to  the  lower 
end  of  the  cork  as  an  aid  to  its  rapid  removal.  The 
temperatures  in  the  standard  oil  tube  and  in  the  bath 
are  shown  by  thermometers.  The  bath  may  be  heated 
by  any  suitable  means,  The  standard  oil  tube  shall  be 
thoroughly  cleaned,  and  all  oil  entering  the  standard 
oil  tube  shall  be  strained  through  a  60-mesh  wire 
strainer.  A  stop  watch  shall  be  used  for  taking  the 
time  of  flow  of  the  oil,  and  a  pipette  shall  be  used  for 
draining  the  overflow  cup  of  the  standard  oil  tube. 

The  standard  oil  tube,  which  may  be  standardized  by 


SECTION   OF   OIL  TUBE  USED  WITH   SAYBOLT   STANDARD 

VISCOSIMETER ;    RECEIVING   CUP   IS    SHOWN 

TO   THE   RIGHT 


the   United   States   Bureau   of   Standards,   Washington, 
D.  C,  shall  conform  to  the  following  dimensions: 

Minimum,  Ncrmal  Maximum 
Dimensions                                                      Cm.           Cm.  Cm. 

Inside  dianiPtpr  of  outlet  tube 0.1750  0    1765  0    1780 

Length  of  outlet  tube 1.215  1.225  1.235 

Height  of  overflow  rim  above  bottom  of  outlet 

tube 12.40  12.50  12.60 

Diameter  of  container  of  standard  oil  tube. . .  2  955  2.975  2.995 

Outer  diameter  of  outlet  tube  at  lower  end.  .  0.28  0.30  0  32 

3  Viscosity  shall  be  determined  at  100  deg.  F.  (37.8 
deg.  C),  130  deg.  F.  (54.4  deg.  C.)  or  210  deg.  F. 
(98.9  deg.  C).  The  bath  shall  be  held  constant  within 
0.25  deg.  F.  (0.14  deg.  C.)  at  such  a  temperature  as 
will  maintain  the  desired  temperature  in  the  standard 
oil  tube.  For  viscosit.^  determinations  at  100  deg.  and 
130  deg.  F.,  oil  or  water  may  be  used  as  the  bath  liquid. 
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For  viscosity  determinations  at  210  deg.  F..  oil  shall  be 
jsed  as  the  bath  liquid.  Viscosity  determinations  shall 
be  made  in  a  room  free  from  drafts  and  from  rapid 
changes  in  temperature.  All  oil  introduced  into  the 
standard  oil  tube,  either  for  cleaning  or  for  test,  shall 
first  be  passed  throuKh  the  strainer. 

To  make  the  test,  heat  the  oil  to  the  necessary 
temperature  and  clean  out  the  standard  oil  tube.  Pour 
some  of  the  oil  to  be  tested  throuffh  the  cleaned  tube. 
Insert  the  cork  stopper  into  the  lower  end  of  the  air 
chamber  at  the  bottom  of  the  standard  oil  tube,  suffi- 
ciently to  prevent  the  escape  of  air,  but  not  to  touch  the 
small  outlet  tul)e  of  the  standard  nil  tube. 

Heat  the  oil  to  be  tested',  outside  the  viscosimeter,  to 
feliphtly  below  the  temperature  at  which  the  vi.scosity  is 
to  be  determined  and  pour  it  into  the  standard  oil  tube 
until  it  cea.«es  to  overflow  into  the  overflow  cup.  By 
means  of  the  oil-tube  thermometer  keep  the  oil  in  the 
standarc^  oil  tube  well  stirred  and  also  stir  well  the  oil 
in  the  baih.  It  is  extremely  important  that  the  tempera- 
ture of  the  bath  be  maintained  constant  during  the  entire 
time  consumed  'n  making  the  test.  When  the  tempera- 
ture of  the  ba'.h  and  of  the  oil  in  the  standard  oil  tube 
are  constant  ind  the  oil  in  the  standard  oil  tube  is  at  the 
desired  tenirerature,  withdraw  the  oil-tube  thermom- 
eter; quickly  remove  the  surplus  oil  from  the  overflow 
cup  by  means  of  a  pipette  so  that  the  level  of  oil  in  the 
overflow  cup  is  below  the  level  of  the  oil  in  the  tube 
pi'oper:  place  the  60-c.c.  flask  in  such  a  position  that 
the  stream  of  oil  from  the  outlet  tube  will  strike  the 
neck  of  the  flask  so  as  to  avoid  foam.  Snap  the  cork 
from  its  position,  and  at  the  same  instant  start  the  stop 
watch.  Stir  the  liquid  in  the  bath  during  the  run  and 
carefully  maintain  it  at  the  previously  determined 
proper  temperature.  Stop  the  watch  when  the  bottom 
of  the  meniscus  of  the  oil  reaches  the  mark  on  the  neck 
of  the  receiving  flask. 

The  time  in  seconds  for  the  delivery  of  60  c.c.  of  oil 
is  the  Saybolt  viscosity  of  the  oil  at  the  temperature  at 
which  the  test  was  made. 

Pour  Test  (A.  S.  T.  M.  Method  D47-18)— 1.  The 
pour  test  indicates  the  temperature  at  which  a  sample 
of  oil  in  a  cylindrical  container  of  specified  diameter  and 
length  will  just  flow  under  specified  conditions. 

Apparatus  For  Pour  Test 

2.  Apparatus:  The  apparatus  for  the  pour  test  con- 
sists of  the  following:  glass  jar,  approximately  II  in. 
inside  diameter  and  4  to  5  in.  high,  provided  with  a 
tightly  fitting  cork;  mercury  thermometer,  fitted 
securely  in  the  cork  so  that  the  shaft  will  be  held 
centrally  in  the  jar  with  the  tip  of  the  bulb  ^  in.  from 
the  bottom  (the  thermometer  specially  made  for  this 
test  has  a  bulb  1  to  i  in.  long)  ;  metal  jacket,  clo.sely 
fitted  around  the  glass  jar  and  provided  at  the  bottom 
with  a  disk  of  cork  felt  about   1   in.  thick. 

3.  Method:  Place  the  oil  in  the  jar  to  a  depth  of 
about  11  in.,  or  to  a  sufficient  depth  to  reach  ]  in.  above 
the  bulb  of  the  thermometer;  fit  the  cork  tightly  into 
the  jar  and  place  the  jar  in  the  metal  jacket;  then 
place  the  jacket  in  a  freezing  mixture.  At  each  drop  in 
temperature  of  5  deg.  F.  (on  the  readings  which  are 
multiples  of  5  deg.)  remove  the  jar  from  the  jacket  and 
tilt  it  just  enough  to  make  the  oil  flow.  The  pour  test  of 
the  oil  shall  be  taken  as  .5  deg.  higher  than  the  reading 
of  the  thermometer  when  the  oil  has  cooled  so  that  it 
will  not  flow  when  the  jar  is  tipped  to  a  horizontal 
position. 


4.  The  rate  of  cooling  should  be  such  that  the  poui 
lest  be  completed  in  about  one-half  hour. 

T).  The  materials  used   in  the   freezing  mixture  v;i 
with  the  temperature  re(|uired  to  cause  the  lubricant  t' 
.solidify.    Cracked  ice  will  be  suflicient  for  a  temperatun 
above  plus  35  deg.  F.     For  temperatures  between  plu; 
15  deg.  F.  and  plus  35  deg.  F.  a  mixture  consisting  o 
one  volume  of  salt  and  twenty  volumes  of  ice  may  l> 
used.     The  .salt  for  this  purpo.se  should  be  dry  and  firn 
enough  to  pass  a  20-mesh  .screen.     From  plus  15  deg.  ' 
minus  5  deg.  V.  ice  and  salt  in  the  proportions  of  one- 
two  are  suitable.     From  0  deg.  to  — 25  deg.  F.  a  mix 
ture  of  ice  and  calcium  chloride  is  used.     For  tempera 
tures  lower  than  — 5  deg.  F.  a  mixture  of  .solid  carb' 
dioxide  and  acetone  is  more  convenient  and  will  prodi, 
temperatures  of  — 70  deg.  F.  or  le.ss. 

G.  To  obtain  the  .solid  carbon  dioxide,  invert  ai 
ordinary  liquefied  carbon-dioxide  cylinder,  open  thi 
valve  carefully  and  let  the  gas  flow  into  a  chamoi.s-.skii 
bag.  Rapid  evaporation  will  cause  the  carbon  dioxidi 
to  solidify. 

7.  The  carbon  dioxide-acetone  mixture  may  be  made  a; 
follows:  Place  a  sufficient  amount  of  dry  acetone  ii 
a  covered  copper  or  nickel  beaker;  place  the  beaker  ii 
an  ice-.salt  mixture  and  when  the  acetone  reaches  plu: 
10  deg.  F.  or  less,  add  solid  carbon  dioxide  gradually 
until  the  desired'temperature  is  reached. 

Cold  Test  for  Cylinder  Oils 

Cold  Test  of  Steam  Cylinder  and  Black  Oils  (A.  S 
T.  M.  Method  D47-18)— The  object  of  the  cold  test  i 
to  determine  the  lowest  temperature  at  which  oil  wil 
flow  from  one  end  of  a  container  to  the  other,  in  cast 
it  should  become  frozen  and  the  resulting  solid  oi 
stirred  till  it  has  assumed  a  sufficiently  pasty  con 
sistency  to  flow.  The  test  is  conducted  by  freezing  ai 
ounce  of  the  oil  solid  in  an  ordinary  4-oz.  sample  bottle 
using  a  freezing  mixture  if  necessary.  A  thermometei 
should  then  be  introduced  into  the  frozen  mass,  am 
after  it  has  become  cold,  the  bottle  containing  the  con 
gealed  oil  is  removed  from  the  cooling  medium.  Th( 
frozen  oil  is  thoroughly  stirred  with  a  thermometei 
until  the  mass  will  run  from  one  end  of  the  bottle  t( 
the  other,  and  at  this  moment  the  temperature  a.' 
indicated  is  recorded.  The  reading  is  the  cold  test  o1 
the  oil. 

If  the  figures  indicating  the  cold  test  are  inside  th( 
bottle  and  covered  by  the  softened  oil,  the  reading  car 
be  obtained  by  grasping  the  bottle  by  the  neck  wit? 
one  hand,  having  in  the  same  hand  a  piece  of  wa.ste 
which  incloses  the  thermometer.  The  thermometer  is 
then  withdrawn  through  the  waste  with  the  other  banc 
for  a  sufficient  distance  to  enable  the  operator  to  se« 
the  end  of  the  mercury  column  and  read  the  temperature 

Saponification — Weigh  10  grams  of  oil  into  a  350-c.c 
Erlenmeyer  fiask.  Add  from  a  pipette  50  c.c.  of  th( 
alcoholic  potassium  hydroxide  solution  followed  by  21 
c.c.  of  the  purified  benzene  (C.HJ.  Connect  with  £ 
condenser  loop.  Boil  on  steam  bath  or  electric  hot  platt 
for  90  min.,  shaking  occasionally.  Remove  and  adc 
25  c.c.  of  neutral  gasoline,  and  titrate  with  the  hall 
normal  hydrochloric-acid  solution,  after  adding  2  or  ? 
drops  of  the  phenolphthalein  indicator  solution  until  the 
pink  color  is  destroyed.  The  absence  of  the  pink  coloi 
may  be  determined  after  the  titration  has  begun,  by 
allowing  the  solution  to  stand  at  rest  approximately  s 
minute  and  noting  the  color  of  the  lower  zone.  Run  twc 
blanks  with  the  same  mi.xture  of  alcoholic  potassium 
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ydroxide  solution  and  purified  benzene.  From  the 
iflference  between  the  number  of  cubic  centimeters  of 
lalf-normal  acid  required  for  the  blanks  and  for  the 
'etermination,  the  percentage  of  fatty  oil  may  be 
alculated  as  follows: 

^No.  of  ex.  NI2  acid  used  X  .02805  X  100  _  per  cent  ofl 
JL  0. 19  0  X  weight  of  oil  taken  "    fatty  oil    ]' 

!  Corrosion — A  clean  strip  of  pure  copper  about  I  in. 
/ide  and  2  in.  long  is  heated  to  redness  in  a  bunsen 
ame  and  while  red  hot  dropped  into  alcohol.  The  strip 
3  then  allowed  to  dry  as  quickly  as  possible  in  the  air 
nd  dropped  into  a  sample  of  the  oil  contained  in  a  test 
ube.  About  half  the  length  of  the  copper  strip  should 
e  submerged.  The  test  tube  is  then  closed  with  a 
topper  and  left  to  stand  for  24  hours.  At  the  end  of 
his  time  the  copper  strip  is  removed  and  washed  clean 
vith  proper  solvents.  It  is  then  compared  with  a  similar 
trip  freshly  cleaned  as  previously  described.  No  dis- 
oloration  of  the  test  strip  should  be  shown  by  this 
omparison. 
Evaporation^Twenty  grams  of  the  oil  is  placed  in 
weighted  flat-bottomed  glass  crystallizing  dish  having 
diameter  of  approximately  3,'  in.  The  dish  is  then 
laced  in  an  oven  at  a  temperature  of  212  deg.  F.  for 
wo  hours,  cooled  in  a  desiccator,  and  weighed. 

Precipitation — Five  c.c.  of  the  oil  is  mixed  with  95  c.c. 
f  petroleum  ether  in  a  tall  stoppered  graduated 
:>-linder  and  allowed  to  stand.  The  petroleum  ether 
lust  be  freshly  redistilled  and  the  portion  boiling  above 
•50  deg.  F.  discarded.  It  must  not  show  perceptible 
Dlubility  in  concentrated  sulphuric  acid. 
Protection — A  clean  polished  steel  plate  2  in.  long, 
in.  wide,  and  ,i  in.  thick,  is  coated  by  immersing  in 
le  lubricant  which  has  been  heated  to  a  temperature 
f  212  deg.  F.  The  plate  is  removed  while  still  hot, 
llowed  to  cool  in  a  vertical  position  and  suspended 
ertically  within  a  10  per  cent  salt  solution. 

Specifications  for  Lubricating  Oils,  Class  A 

1.  This  specification  covers  the  grades  of  petroleum  oil 
sed  by  the  United  States  Government  and  its  agencies  for 
16  general  lubrication  of  engines  and  machinery  where  a 
ighly  refined  oil  is  not  required.  This  oil  is  not  to  be  used 
)r  steam-cylinder  lubrication. 

2.  Only  refined  petroleum  oils  without  the  admixture  of 
itty  oils,  resins,  soap,  or  other  compounds  not  derived  from 
ude  petroleum,  will  be  considered. 

3.  These  oils  shall  be  supplied  in  five  grades,  known  as 
ttra  light,  light,  medium,  heavy  and  extra  heavy. 
roperties  and  Tests: 

4.  Flash  and  Fire  Points:  The  flash  and  fire  points  of 
le  five  grades  shall  not  be  lower  than  the  following: 

Flash,  Deg.  F,  Firo,  Deg.  V 

Extra  light 315  355 

Light 325  365 

Medium 335  380 

HcavT 345  390 

Extra  Hea\T 355  400 

5.  Viscosity:  The  viscosity  of  the  five  grades  of  oil 
;  100  deg.  F.  must  be  within  the  following  limits: 

Sfcond.s 
Extra  light  140-160 

Light  .  175-210 

Medium     275-310 

Heavy 370-410 

Extra  heavy 470-520 

6.  Color:  The  color  of  the  extra-heavy  grade  shall  not  be 
irker  than  No.  6  National  Petroleum  Association  standard 

•  its  equivalent.  The  color  of  the  other  grades  shall  not  be 
irker  than  No.  5  National  Petroleum  Association  standard 

•  its  equivalent. 

7.  Pour  Test:  The  pour  test  shall  not  be  above  the  fol- 
wing  temperatures: 

Deg.  V 

Extra  light 35 

Light 35 

.Medium 40 

Heavy 45 

Extra  heavy 50 


8.  Acidity:  Not  more  than  0.10  milligrams  of  potassium 
hydroxide  shall  be  required  to  neutralize  1  gram  of  the  oil. 

9.  Corrosion:  A  clean  copper  plate  must  not  be  dis- 
colored when  submerged  in  the  oil  for  24  hours  at  room 
temperature. 

10.  All  tests  shall  be  made  according  to  the  methods 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Specifications  for  Lubricating  Oils,  Class  B 

1.  This  specification  covers  the  grades  of  petroleum  oil 
used  by  the  United  States  Government  and  its  agencies 
for  the  lubrication  of  turbines,  dynamos,  high-speed  engines 
and  other  classes  of  machinery  where  an  oil  better  than 
Class  A  is  required.  The  oil  must  be  satisfactory  for  use 
in  circulating  and  forced-feed  systems. 

2.  Only  refined  petroleum  oils  without  the  admixture  of 
fatty  oils,  resins,  soaps  or  other  compounds  not  derived 
from  crude  petroleum  will  be  considered. 

3.  These  oils  shall  be  supplied  in  five  grades,  known  as 
extra  light,  light,  medium,  heavy  and  extra  heavy. 
Properties  a7id  Tests: 

4.  Flash  and  Fire  Points:  The  flash  and  fire  points  of 
the  five  grades,  shall  not  be  lower  than  the  following: 

Flash,  Deg.  F.      Fire,  Deg    F. 
Extra  light                                                           315  355 

I.ictht  325  365 

Merlnini  335  380 

Heavy  345  390 

E-cIra  hep.vv  355  400 

•').  Viscosity:  The  viscosity  of  the  five  grades  at  100 
flop.  F.  must  be  within  the  following  limits: 

."Sceond.s 

Extra  light 140-160 

l.'ght      175   210 

Medium 275   310 

Ifra\T 370-410 

Extra  hea\T 470-520 

6.  Color:  The  color  of  the  extra-heavy  grade  shall  not 
be  darker  than  No.  6  National  Petroleum  Association  stand- 
ard or  its  equivalent.  The  color  of  the  other  grades  shall 
not  be  darker  than  No.  5  National  Petroleum  Association 
standard  or  its  equivalent. 

7.  Pour  Test:  The  pour  test  shall  not  be  above  the 
following  temperatures: 

Deg.  F. 

Extra  light : 35 

Light  35 

Medium 40 

Heav>'    45 

Extra  heavy 50 

8.  Acidity :  Not  more  than  0.07  milligrams  of  potassium 
liydroxide  shall  be  required  to  neutralize   1  gram  of  oil. 

9.  Corrosion:  A  clean  copper  plate  must  not  be  dis- 
colored when  submerged  in  the  oil  for  24  hours  at  room 
temperature. 

10.  Emulsifying  Properties :  The  oil  shall  separate  com- 
pletely in  30  minutes  from  an  emulsion  with:  (1)  Distilled 
water;  (2)  1  per  cent  salt  solution;  (3)  Normal  caustic 
soda  solution.     The  demulsibility  shall  not  be  less  than  300. 

11.  All  tests  shall  be  made  according  to  the  methods 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Specifications  for  Lubricating  Oils,  Class  C 

1.  This  specification  covers  the  grades  of  petroleum  oil 
used  by  the  United  States  Government  and  its  agencies  for 
lubrication  of  air  compressors  and  internal-combustion 
engines,  except  aircraft,  motor-cycle  and  Diesel  engines; 
also  for  the  lubrication  of  turbines  and  other  machinery 
where  an  oil  better  than  Class  B  is  required.  This  oil  must 
be  satisfactory  for  use  in  circulating  and  forced-feed 
systems. 

2.  Only  refined  petroleum  oils  without  the  admixture  of 
fatty  oils,  resins,  soaps,  or  other  compounds  not  derived 
from  crude  petroleum,  will  be  considered. 

3.  These  oils  shall  be  supplied  in  five  grades,  known  as 
extra  light,    ight,  medium,  heavy  and  extra  heavy. 
Properties  and  Tesfs: 

4.  Flash  and  Fire  Points:  The  flash  and  fire  points  of 
the  five  grades  shall  not  be  lower  than  the  following: 

Flash,  Deg  F      Fire,  Deg.  F. 
Extra  light                                                       315  355 

Light  323  365 

Medium  335  380 

Hea\-\  345  390 

Extra  hea-y.  355  400 

Oil  for  use  in  air  compressors  where  the  air  leaving  any 
stage  or  cylinder  has  a  temperature  above  212  dej.  F.  shall 
have  a  flash  point  not  lower  than  400  deg.  F. 
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T).  Viscosity:  The  visiosily  of  the  five  Ki'Sfles  at  100  dcg. 
F.  must  bo  within  the  following  limits: 

Soroiulo 

Kilmliaht 140   IhO 

I.inlit  \T>  2\0 

M.Mlmin     IT)    ilO 

lliin>  370  410 

K»trn  h.uvy 470  520 

6.  Color:  The  color  of  the  extra-heavy  f^radc  shall  not 
bo  darker  than  No.  6  National  Petroleum  Association 
standard  or  its  eciuivaient.  Tlu-  color  of  the  other  grades 
shall  not  be  darker  than  No.  .'>  National  Petroleum  Associa- 
tion standard  or  its  eiiuivalent. 

7.  Pour  Test:  The  pour  test  shall  not  be  above  the 
following  tcmperutures : 

Dcg.  F. 

Kxtni  liglit ; 35 

l.inht 35 

Meftium +0 

\Uti\-y 45 

Kxtra  hi'a\i' 50 

8.  Acidity:  Not  more  than  0.05  milligrams  of  potassium 
hydro-xide  shall  be  recjuired  to  neutralize  1  gram  of  the  oil. 

9.  Corrosion:  A  clean  copper  plate  must  not  be  dis- 
colored when  submerged  in  the  oil  for  24  hours  at  room 
temperature. 

10.  Emulsifying  Properties:  The  oil  shall  separate  com- 
pletely in  30  minutes  from  an  emulsion  with:  (1)  Distilled 
water;  (2)  1  per  cent  salt  solution;  (3)  normal  caustic- 
soda  solution.    The  demulsihility  shall  not  be  less  than  300. 

11.  Carbon  Residue:  The  carbon  residue  shall  not 
exceed  the  following: 

Tcr  Cent 

Kxtra  light 0   10 

Light 0  20 

Medium 0  30 

Heavy 0  40 

Extra  heavy 0. 60 

12.  Further  tests  on  oils  of  Class  C  may  be  required 
at  the  option  of  the  department  of  the  Government  using 
the  oils. 

13.  All  tests  shall  be  made  according  to  the  methods 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Mineral  Steam  Cylinder  Oil  for  Non-Condensing 
Engines 

1.  This  specification  covers  the  grade  of  petroleum  oil 
u.sed  by  the  United  States  Government  and  its  agencies  for 
non-condensing  steam-engine  cylinder  lubrication  where  a 
mineral  oil  is  required;  also  as  a  stock  oil  for  compounding. 
Properties  and  Tests: 

2.  The  oil  must  be  a  well-refined  petroleum  oil  without 
compounding  of  any  nature. 

3.  Flashpoint:  The  flash  point  must  not  be  less  than 
475  deg.  F. 

4.  Viscosity:  The  viscosity  r.  210  deg.  F.  must  be 
within  the  following  limits:  135  t     165  sec. 

5.  Cold  Test:     The  cold  test  ".ust  not  be  above  45  deg.  F. 

6.  Precipitation  Test:  When  5  c.c.  of  the  oil  is  mixed 
with  95  c.c  of  petroleum  ether  and  allowed  to  stand  24 
hours,  it  shall  not  show  a  precipitate  or  sediment  of  more 
than  0.25  c.c.  (5  per  cent  by  volume  of  the  original  oil). 

7.  All  tests  shall  be  made  according  to  the  methods 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Compound  Steam  Cylinder  Oil  for  Non-Condensing 
Engines 

1.  This  specification  covers  the  grade  of  petroleum  oil 
used  by  the  United  States  Government  and  its  agencies  for 
the  lubrication  of  steam  cylinders  of  non-condensing  engines 
and  pumps  where  a  compounded  oil  is  required 
Propertws  and  Tests: 

2.  The  oil  must  be  a  well-refined  petroleum  oil,  com- 
pounded with  not  less  than  5  nor  more  than  7  per  cent  of 
acidless  tallow  oil  or  lard  oil. 

3.  Flash  Point:  The  flash  point  must  not  be  less  than 
415  deg.  F. 

4.  Viscosity:  The  viscosity  at  210  deg.  F.  must  be 
within  the  following  limits:  120  to  150  sec. 

5.  Cold  Test:     The  cold  test  must  not  be  above  45  deg.  F. 

6.  Precipitation  Test:  When  5  c.c.  of  the  oil  is  mixed 
with  95  c.c  of  petroleum  ether  and  allowed  to  stand  24 
hours,  it  shall  not  show  a  precipitate  or  sediment  of  more 
than  0.25  c.c.    (5  per  cent  by  volume  of  the  original  oil). 


7.  Acidity:  The  oil  muHt  not  contain  more  than  0.40 
per  cent  of  acid  calculated  nn  oleic  acid  (equivalent  to  0.80 
nig.  K.O.H.  per  gram  of  oil). 

8.  All  tests  shall  be  made  according  to  the  methodi 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Gear  Chain  and  Wire-Rope  Lubricant 

1.  This  specification  covers  the  grade  of  petroleum  ofl 
used  by  the  United  States  Government  and  its  agencies  f< 
the  lubrication  and  protection  of  chains,  wire  ropes  ar 
gears  of  cranes,  dredges,  steam  shovels  and  all  other  hoii'. 
etiuipment,  for  the  lubrication  and  protection  of  the  ge;i! 
and  ropes  of  balloon  hoists;  and  for  swabbing  the  wires  ui. 
cables  of  aircraft. 

2.  The  oil  must  be  a  petroleum  product  only,  free  from 
vegetable  or  animal  oils  or  products  derived  from  them.  It 
must  be  entirely  free  from  fillers,  such  as  talc,  resin  and  all 
materials  of  every  nature  not  related  to  the  original 
product. 

Properties  and  Tests: 

3.  Viscosity:      The   viscosity   at  210   deg.   F.   must  be  | 
within  the  following  limits:  900  to  1,100  sec. 

4.  Protection:     When  applied  to  a  plate  of  polished  sted 
the  lubricant  must  protect  the  steel  for  a  period  of  thirty  ' 
days  when  immersed  in  a  10  per  cent  salt  solution.  j 

5.  All  tests  shall  be  made  according  to  the  methods 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Cup  Grease 

1.  This  specification  covers  the  grades  of  cup  grease 
used  by  the  United  States  Government  and  its  agencies  for 
the  lubrication  of  such  parts  of  motor  equipment  and  other 
machinery  as  are  lubricated  by  means  of  compression  cups; 
No.  J  and  No.  1  to  be  used  in  spindle  cups  or  transmissions. 

2.  The   grease   must   be   a   well    manufactured    product,  ] 
composed  of  a  calcium  soap  and  a  highly  refined  mineral  oiL 

Properties  and  Tests: 

3.  The  mineral  oil  used  in  reducing  the  soaps  must  be  a 
straight  well-refined  mineral  oil  with  a  viscosity  at  100  deg. 
F.  of  not  less  than  100  sec. 

4.  Soap  Base:  This  base  to  be  a  whole  fat  such  as  pure 
tallow  oil,  neatsfoot  oil,  lard  oil,  horse  oil  or  other  pure 
animal  oils  used  singly  or  in  combination. 

(a)  No.  i  cup  grease  shall  contain  approximately  13  per  | 
cent  of  a  calcium  soap  made  from  an  approved  fat. 

(b)  No.  1  cup  grease  shall  contain  approximately  14  per 
cent  of  a  calcium  soap  made  from  an  approved  fat. 

(c)  No.  3  cup  grease  shall  contain  approximately  18  per 
cent  of  a  calcium  soap  made  from  an  approved  fat. 

(d)  No.  5  cup  grease  shall  contain  approximately  24  per 
cent  of  a  calcium  soap  made  from  an  approved  fat. 

5.  Consistency  :  These  greases  must  be  similar  in  con- 
sistency to  the  approved  trade  standards  for  No.  i,  No.  1, 
No.  3  and  No.  5  grease. 

6.  Moisture:  The  grease  must  be  a  boiled  grease,  con- 
taining not  less  than  one  or  more  than  three  per  cent  of 
water  when  finished. 

7.  Corrosion:  A  clean  copper  plate  must  not  be  dis- 
colored when  submerged  in  the  grease  for  24  hours  at  room 
temperature. 

8.  Ash: 

No.  i  grease.  The  ash  shall  not  be  greater  than  1.7  per  cent 
No.  1  grease.  The  ash  shall  not  be  greater  than  1.8  per  cent 
No.  3  grease.  The  ash  shall  not  be  greater  than  2.3  per  cent 
No.  5  grease.    The  ash  shall  not  be  greater  than  3.5  per  cent 

9.  Fillers:  The  grease  shall  contain  no  fillers  such  as 
resin,  resinous  oils,  soapstone,  wax,  talc,  powdered  mica  or 
graphite,  sulphur,  clay,  asbestos,  or  any  other  filler. 

10.  All  tests  shall  be  made  according  to  the  methods 
adopted  by  the  Committee  on  Standardization  of  Petroleum 
Specifications. 

Ice-Machine  Oil 

1.  This  specification  covers  the  grades  of  petroleum  oil 
used  by  the  United  States  Government  and  its  agencies  for 
cleaning  and  oiling  guns  and  small  arms  where  aircraft 
machine-gun  oil  is  not  required;  also  for  lubrication  of 
cylinders  of  ice  machines;  for  lubrication  of  pneumatic  tools 
and  for  hydraulic  systems. 

2.  The  oil  must  be  a  straight-run,  highly  refined  petrol- 
eum oil,  free  from  vegetable  or  animal  oils  or  products 
derived  from  them;  must  be  suitable  in  every  way  foi  the 
uses  listed  in  Par.  1;  and  must  not  gum  or  corrode  metals 
under  any  conditions. 
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3.     These  oils  shall  be  supplied  in  two  grades  known  as 
Jo.  100  and  No.  125. 
properties  and  Tests: 

I  4.  Flash  Point:  The  flash  point  must  not  be  less  than 
lOO  deg.  F. 

I  5.  Viscosity:  The  viscosity  at  100  deg.  F.  must  be 
irithin  the  following  limits:  No.  100  oil,  9.5  to  110  sec; 
;o.  125  oil,  120  to  135  sec. 

6.  Pour  Test:  The  pour  test  shall  not  be  higher  than 
'  deg.  above  zero  F. 

7.  Acidity:  Not  more  than  0.03  milligrams  of  potassium 
lydroxide  shall  be  required  to  neutralize  1  gram  of  oil. 

8.  Emulsifying  Properties :  The  oil  shall  separate  com- 
)Ietely  in  30  minutes  from  an  emulsion  with:  (1)  Distilled 
vater;  (2)  1  per  cent  salt  solution;  (3)  normal  caustic- 
^oda  solution.    The  demulsibility  shall  not  be  less  than  300. 

9.  All  tests  shall  be  made  according  to  the  methods 
idopted  by  the  Committee  on  Standardization  of  Petroleum 
specifications. 


Diesel  Engineers 


In  a  recent  article  on  an  installation  of  two  200-hp. 
Diesel  engines  mention  was  made  of  the  troubles  occur- 
-ing  during  a  six  months'  period  of  operation.  The 
lamages  consisted  of  a  fractured  crankshaft,  two  frac- 
ured  cylinder  heads,  two  damaged  piston  heads  and  a 
'ractured  cylinder  liner.  The  trouble,  apparently,  was 
lue  to  the  cooling  water.  It  might  have  been  impos- 
iible  to  install  a  water-purifying  system,  but  there  is 
10  excuse  for  the  failure  to  keep  jackets  free  from  scale 
)y  a  frequent  dose  of  muriatic-acid  solution. 

The  list  of  breakages  might  well  be  considered  an 
ndictment  of  the  operating  force.  In  fact,  the  trouble 
s  deeper  seated.  The  claim  that  any  ordinary  man  can 
)perate  a  Diesel  engine  has  been  sponsored  too  fre- 
luently  by  the  manufacturer.  It  is  time  to  realize 
hat  an  oil  engine  requires  a  man  of  more  than  ordinary 
nechanical  skill  and  one  who  is  possessed  with  a  fund 
)f  patience  and  willingness  to  work.  In  the  sale  of  an 
lil  engine  the  manufacturer  should  arrange  to  furnish 
m  erector  who  would  not  only  erect  the  engine,  but 
vould  also  remain  for  a  period  of  nine  months  to  a 
-ear  to  operate  the  plant  and  to  instruct  the  plant 
ingineer.  In  the  plant  cited,  the  pay  of  an  erector 
vould  not  have  been  one-half  the  repair  bill.  The 
iconomy  of  the  Diesel  is  amply  attractive,  and  there 
s  no  necessity  of  employing  or  advocating  the  employ- 
nent  of  other  than  high-grade  engineers. 

Explosion  of  Blowoff  Tank 

By  George  B.  Longstreet 

On  Monday  morning,  June  15,  a  cast-iron  blowoff 
;ank  in  the  steam  plant  of  Riverbank  Court,  Cam- 
jridge,  Mass.,  exploded.  Fortunately,  no  one  was 
ieriously  injured.  The  tank  was  26  in.  in  diameter  and 
I  ft.  high,  with  flanged  heads,  top  and  bottom.  It 
vas  situated  in  one  corner  of  the  boiler  room  behind 
'Jo.  1  boiler  and  directly  beneath  the  smoke  flue. 

The  rupture  occurred  in  the  barrel  of  the  tank  close 

0  the  bottom  flange.  At  the  point  of  rupture  the  shell 
vas  corroded   from   its  original   thickness   of    (    in.   to 

1  in.,  while  directly  opposite  the  v-in.  shell  showed  no 
igns  of  corrosion.  The  inlet  was  at  the  top  and  the 
lutlet  near  the  top,  on  the  side.  The  outlet  pipe  ran 
lown  inside  to  about  eight  inches  from  the  bottom,  and 
he  point  of  rupture  was  directly  under  it.  The  tank 
vas  vented  from  the  top  and  was  clean,  also  the  valve 
>n  the  discharge  was  wide  open,  as  the  bent  stem 
howed. 

Referring  to  the  illustration,  the  fracture  occurred  at 


the  bottom,  as  shown.  The  pipe  shown  inside  the  tank 
is  the  discharge.  The  tank  stood  in  the  corner  beneath 
the  broken  piping.  The  pipe  shown  in  the  vertical  posi- 
tion was  the  vent  pipe  and  originally  was  horizontal, 
connecting  at  the  top  of  the  tank.  The  explosion  drove 
the  tank  up  against  the  flue,  shearing  the  rivets  and 
bending  the  angle  iron  above  the  boiler  back  doors 
upward  enough  to  allow  the  doors  to  pass  under  it ;  they 
were  struck  during  the  downward  course  of  the  tank. 
Pipe  fittings  that  were  on  the  rack  shown  at  the  right 
were  blown  about,  and  the  weights  of  a  damper  regu- 
lator,  not  shown,  were  hurled  back  of  another  boiler, 


RESULT  OF  EXPLOSION  OF  BLOWOFF  TANK 

one  of  them  striking  the  engineer,  who  was  blowing 
down  No.  2  boiler.  All  lights  in  the  boiler  room  were 
put  out  at  the  time.  The  engineer  "stuck"  and  shut  off 
the  blowoff,  although  he  was  bruised  and  his  arms  and 
face  were  somewhat  scalded. 

Seizure  of  Fuel 

An  opinion  of  the  United  States  District  Court  for 
the  Southern  District  of  Ohio  defines  the  right  of  a 
railway  company  to  seize  coal  shipments,  as  against  a 
person  to  whom  the  shipper  intended  to  make  delivery. 

In  the  Ohio  case — Springfield  Light,  Heat  and  Power 
Co.  vs.  Norfolk  &  Western  Railway  Co. — it  was  decided 
that  where  a  railway  company  accepts  a  shipment  of 
coal  designed  for  delivery  to  the  shipper's  customer, 
the  company  cannot  seize  the .  coal  without  becoming 
liable  in  damages  as  for  wrongful  conversion. 

But  it  IS  held  that  where  a  shipping  coal  opei-ator  is 
in  default  under  a  contract  to  furnish  the  railway  com- 
pany's fuel  requirements,  the  company  may  refuse  to 
accept  for  transportation  coal  loaded  on  its  cars,  for 
delivery  to  the  company's  intended  customer,  and  retain 
the  fuel  for  application  on  its  contract  with  the  operator. 


Oscar  C.  Merrill,  Secretary  of  the  Federal  Water-Power  Commission 


OWING  to  the  small  amount  of  governmental  work 
pertaining  to  water  powers,  few  specialists  in  that 
subject  have  been  developed  in  the  Federal  service.  Fore- 
most among  these,  however,  is  Oscar  C.  Merrill,  who 
has  just  been  designated  executive  secretary  of  the 
Federal  Water-Power  Commission. 

Mr.  Merrill  was  born  in  Manchester,  Maine,  in  1874. 
He  attended  high  school  at  Augusta  and  Lisbon  Falls, 
Maine,  and  later  entered  Bates  College  from  which  he 
was  graduated  in  1899.  After  two  years  as  an  instructor 
in  the  high  school  at  Lubec,  Maine,  he  entered  the 
Massachusetts  Institute  of  Technology,  graduating  in 
1905.  In  the  autumn  of  1905  he  became  an  instructor 
in  engineering  at  the  University  of  California. 


In  1906  he  began  consulting  work  with   Charles  G., 
Hyde,  specializing  in  power  and  sanitary  engineering. 

In  May,  1909,  Mr.  Merrill  was  engaged  by  the  Fores^ 
Service  to  make  a  special  study  of  water  powers  it 
California.  In  1910  he  was  placed  in  charge  of  al 
water  powers  coming  under  the  jurisdiction  of  the  Forest 
Service  and  in  1914  was  made  chief  engineer  of  the 
Forest  Service,  in  which  capacity  he  made  an  exhaustive 
investigation  and  report  to  Congress  on  the  ownershif 
and  control  of  water  power  sites.  As  chief  engineer 
had  charge  of  all  water  powers,  mapping,  surveys  an^ 
road  construction.  He  prepared  the  regulations  whicl 
have  been  followed  by  the  Forest  Service  and  formei] 
the  foundation  for  the  present  Water-Power  Act. 
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Availability  and  Reliability  ot 
Power-Plant  Equipment 

AVAILABILITY  for  service  is  a  consideration  quite 
21.  often  overlooked  by  engineers  in  selecting  and  in- 
stalling new  equipment.  Salesmen  handling  the  ma- 
chinery wish  to  present  the  best  possible  case  for  their 
companies  and  endeavor  to  convince  their  customers 
that  their  particular  machines  can  run  all  the  time  and 
need  never  be  out  of  service.  Experience  with  power- 
plant  equipment  indicates  that  such  is  not  the  case  and 
that  every  machine  should  receive  a  thorough  overhaul- 
ing at  regular  intervals  to  correct  small  troubles  which 
may  grow  serious  if  allowed  to  develop.  Furthermore, 
there  are  periods  when  the  machines  are  out  of  service 
from  incidental  causes  and  from  inherent  troubles. 

It  is  therefore  apparent  that  there  is  an  availability 
factor  for  each  machine  which,  if  kijown,  would  assist 
engineers  greatly  in  the  choice  of  equipment  and  par- 
ticularly in  the  determination  of  the  number  of  spare 
units  necessary.  Unfortunately,  there  are  no  published 
records  of  the  proportion  of  time  that  various  classes 
of  machinery  are  not  available  for  service.  It  is  doubt- 
ful if  any  such  records  exist.  It  would  therefore  seem 
advisable  for  engineers  to  collect  data  from  which 
"availability  factors"  can  be  determined. 

Availability  for  service  depends  to  a  large  extent  on 
the  reliability  of  the  equipment.  This  leads  to  a  deter- 
mination of  which  types  are  less  liable  to  accident. 
Every  engineer  desires  to  have  only  reliable  machines  in 
his  plant.  Some  types  are  moi-e  susceptible  to  accident 
than  others.  For  instance,  many  of  the  old-style  steam 
turbines,  running  at  comparatively  slow  speeds  had 
relatively  few  accidents  as  results  of  vibration.  On 
the  other  hand,  the  newer  high-speed  machines  have, 
in  some  cases,  had  considerable  difficulty  with  blading, 
with  vibration  and  with  wear  in  the  bearings.  All 
these  difficulties  have  not  been  entirely  overcome  yet, 
and  these  considerations  will  naturally  affect  the  avail- 
ability factor  of  such  units. 

The  aim  of  the  machinery  builder  should  be  to  in- 
crease the  reliability  of  his  equipment,  even  at  some 
added  expense.  In  the  long  run  the  most  reliable  ma- 
chine, since  it  is  available  a  greater  length  of  time, 
performs  the  greatest  and  most  satisfactory  amount  of 
service. 

Reliability  and  availability  are  also  dependent  on 
operating  methods.  For  instance,  a  water-tube  boiler 
will  operate  at  a  moderate  percentage  above  rating  for 
a  considerable  period  without  needing  overhauling.  If 
this  same  boiler  is  forced  to,  say,  three  hundred  per 
cent  rating,  its  tubes  will  slag  up  much  more  rapidly 
than  the  increased  overload  would  indicate,  and  it  will 
probably  require  proportionately  much  more  cleaning. 
The  influence  of  operating  conditions  will,  therefore, 
be  a  determining  factor  in  availability. 

It  is  not  necessary  to  discuss  the  predicament  in 
which  an  engineer  finds  himself  when  a  machine  fails 
at  the  time  that  his  only  spare  unit  is  not  available. 
Yet  some  big  plants  are  being  planned  with  the  smallest 


possible  margin  of  spare  units.  These  may  by  good 
fortune  "get  away  with  it,"  but  to  a  conservative  en- 
gineer it  would  appear  that  the  availability  factor  has 
been  given  little,  if  any,  careful  thought  in  these  de- 
signs. 

Reserve  Strength  of 
Elevator  Ropes 

ONE  of  the  most  important  factors  in  the  safe  opera- 
tion of  elevator  machines  is  the  strength  of  the 
cables.  When  the  cables  are  new,  if  properly  installed 
they  may  have  a  factor  of  safety  of  eight  or  ten,  but 
as  they  wear  and  some  of  the  wires  in  the  different 
strands  become  cracked,  this  factor  of  safety  is  reduced. 
The  question,  How  much  is  the  factor  of  safety  reduced 
.with  different  numbers  of  wire  broken  in  each  strand? 
has  always  been  debatable.  In  this  issue  is  published  an 
article,  "Reserve  Strength  of  Elevator  Ropes,"  by  W. 
Voigtlander,  in  which  are  given  the  results  of  a  series 
of  tests  made  on  wire  ropes  to  determine  their  reserve 
strength  under  various  conditions.  Although  these  tests 
were  made  on  new  cables,  they  give,  if  applied  with 
reservations,  some  idea  of  what  the  reserve  strength  of 
cables  in  service  may  be  with  various  combinations 
uf  broken  wires  per  strand. 

As  a  handy  approximation  of  the  condition  of  elevator 
cables  it  is  general  practice  to  condemn  them  when  six 
wires  per  strand  are  broken.  This  condition  is  some- 
what similar  to  that  given  in  test  six  by  Mr.  Voigt- 
lander. According  to  this  test  a  new  cable  having  six 
wires  per  strand  cut  has  approximately  seventy-five  per 
cent  of  its  original  strength;  in  other  words,  if  in 
service  it  had,  when  new,  a  factor  of  safety  of  eight, 
with  six  wires  per  strand  broken  this  factor  of  safety 
would  be  reduced  to  six.  However,  a  cable  that  has  been 
in  use  for  a  considerable  period,  and  six  wires  per 
strand  are  cracked,  will  not  have  the  reserve  strength  of 
a  new  one  with  the  same  number  of  wires  per  strand 
broken,  on  account  of  the  wear  and  various  abuse  that 
the  cable  may  have  been  subjected  to  in  service.  No 
doubt  on  the  average  the  reserve  strength  of  a  cable  in 
service  with  six  wires  per  strand  broken  is  nearer  fifty 
or  sixty  per  cent  than  seventy-five.  However,  these 
tests  are  worthy  of  careful  study  by  those  who  are 
responsible  for  the  safety  of  elevator  operation. 

Another  interesting  subject  that  Mr.  Voigtlander 
has  given  valuable  data  on  is  the  method  of  socketing 
wire  rope.  Undoubtedly  his  statement,  "It  has  been 
conclusively  demonstrated  by  repeated  tests  that  the 
most  efficient  socket  attachment  is  made  by  a  straight 
wire  brush  held  in  the  conical  basket  of  the  socket  by 
means  of  spelter  (pure  zinc),"  will  be  somewhat  of  a 
surprise  to  many  who  are  familiar  with  the  general 
practice  of  socketing  cables.  It  is  common  practice, 
and  in  general  is  considered  the  best  method,  to  cut  the 
hemp  center  out  for  a  short  distance  back  into  the  cable 
and  turn  the  ends  of  the  strands  back  into  the  center, 
pull  the  end  back  into  the  basket  of  the  socket  and  pour 
it  full  of  a  holding  metal,  usually  lead  or  babbitt. 
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What  can  be  ohtaineH  iinHer  ideal  conditions  with 
hiph-prnde  workmen  and  that  produced  by  the  average 
workman  out  on  the  job  are  two  entirely  different 
things.  If  cables  are  socketed  by  Mr.  Voijytlander'a 
method,  it  is  absolutely  ea.sential  that  a  high-grade  job 
he  done  or  there  is  danger  of  their  pulling  out  of  the 
ba.skets.  On  the  other  hand,  where  the  ends  of  the 
strands  are  turned  into  the  center  of  the  cable,  even  if 
the  filling  metal  has  not  been  properly  poured,  the 
terminal  will  stand  a  large  percentage  of  the  maximum 
stress  that  it  is  capable  withstanding.  There  is  little 
doubt  that  the  practice  recommended  by  Mr.  Voigt- 
lander  is  an  excellent  one  where  a  high  degree  of  care  is 
e.\ercised,  but  where  the  average  workman  is  depended 
on  to  do  the  socketing,  then  the  "turned-in"  method  is 
to  be  recommended,  if  for  no  other  reason  than  that  it 
off'ers  a  higher  degree  of  safety.  Further  discussion  on 
this  subject  by  Power  readers  would  be  of  general 
interest. 

Burning  Coal  Under  • 

Emergency  Conditions 

IN  THESE  days  of  coal  shortage  one  cannot  be  too 
particular  as  to  the  kind  and  quality  of  coal  he  buys;  • 
more  often  he  is  glad  to  take  what  he  can  get  as  an 
alternative  against  shutdown.  Therefore,  aside  from 
inferior  quality,  we  find  many  boilers  operating  with 
a  coal  entirely  different  from  that  for  which  the  fur- 
nace or  stoker  was  designed.  Especially  is  this  true 
in  the  Middle  West,  where  cases  have  recently  come 
to  our  attention  of  boilers  designed  for  Iowa  and 
Illinois  soft  coals  being  compelled  to  burn  coke  breeze 
or  anthracite  screenings  and  buckwheat;  and  this,  in 
one  case  with  high  Stirling  boilers. 

The  advent  of  the  mechanical  stoker,  the  forcing 
of  boilers  and  the  elimination  of  smoke,  together  with 
a  realization  that  the  boiler  room  was  the  place  of 
greatest  waste  or  saving,  all  have  been  responsible  for 
much  study  of  combustion;  and  engineering  literature 
is  rich  in  the  results  of  such  investigations.  But  the 
aim  was  always  to  arrive  at  a  design  best  suited  to 
the  burning  of  a  particular  class  of  coal,  and  usually 
under  given  conditions  of  operation.  There  was  no 
thought  of  building  a  universal  furnace  or  stoker 
equally  adapted  to  all  coals,  because  the  necessity  was 
not  there  and  it  was  better  engineering  to  adapt  the 
design  to  the  available  fuel.  Consequently,  there  is 
not  available  much  published  information  that  would 
aid  our  friends  in  the  Middle  West  in  the  present 
emergency.  However,  there  may  be  those  among  our 
readers  who  have  had  a  similar  problem,  and  their 
experience  toward  solution  will  be  helpful  to  others. 
Discussion  of  the  problem  is  invited. 

Automatic  Starting 

of  S^Tichronous  Motors 

WHEN  a  type  of  electric  motor  and  control  equip- 
ment is  developed  to  the  state  where  it  can  per- 
form its  function  automatically,  it  is  generally  con- 
sidered to  be  a  reliable  piece  of  apparatus.  This  is 
apparently  what  the  present  development  in  synchronous 
motors  and  synchronous-motor  controllers  is  approach- 
ing. Not  so  long  ago  this  class  of  equipment  was  con- 
sidered one  requiring  high-class  attention  to  assure 
satisfactory  operation.  The  experience  that  G.  G.  Reh- 
field  gives  in  a  discussion  letter,  "Synchronous  Motors 


for  Driving  Centrifugal  Pumps,"  on  page  108  in  thin 
issue,  is  very  interesting  and  shows  what  is  possible 
to  accomplish  with  a  .synchronous  motor  of  modern  type, 
properly  designed  for  the  service  to  which  it  is  applied. 

The  early  types  of  .synchronous  motors  retiuired 
auxiliary  starting  equipment  to  bring  them  up  to  .speed 
so  that  the.y  could  be  first  synchronized  and  thrown  on 
the  line  as  generators,  after  which  the  starting  machine 
was  cut  out  and  the  load  thrown  on  the  motor  through  a 
clutch  or  by  some  other  means.  If  everything  was 
favorable,  the  motor  carried  its  load  without  further 
trouble,  otherwi.se  .serious  difficulty  was  liable  to  develop 
from  hunting.  The  motor  Mr.  Rehfield  di.scusses  starts 
up  automatically  and  pulls  into  step  in  less  than  five 
seconds  when  driving  a  centrifugal  pump  fully  primed, 
with  all  valves  open. 

The  first  synchronous  motors  were  for  the  most  part 
standard-type  alternators  adapted  to  motor  applications. 
During  the  last  few  years  engineers  have  given  careful 
study  to  the  characteristics  of  these  motors  and  have 
attempted  to  design  them  with  due  regard  to  these 
characteristics.  As  a  result  this  cla.ss  of  equipment  is 
today  operating  satisfactorily  on  applications  which  a 
few  years  ago  were  thought  impossible. 

Fine— If  It 
Could  Be  Done 

EUGENE  MacAULIFFE  proposed  to  the  Interst?te 
Commerce  Commission  in  its  coal  hearings  on  July 
ninth  that  it  require  the  railroads  to  move  from  the 
mines  not  less  than  two  million  tons  of  coal  per  work- 
ing day  for  the  next  three  months,  and  1.9  millions  per 
day  for  the  next  two  months.  Thus  there  would  be 
established  a  daily  required  performance  which  he  esti- 
mated would  be  adequate  to  supply  this  year's  coal,  and 
to  which  all  parties  in  the  much  disputed  coal  matter 
would  agree  as  fine.    But — 

Eight  hours  sound  sleep  each  night  is,  in  our  humble 
lay  opinion,  the  finest  cure  for  insomnia  known.  But 
the  M.D.  who  would  so  prescribe  for  this  malady  might 
find  his  patients  were  not  wholly  responsive  to  orders. 
We  fear  that  the  railways  are  likely  to  be  about  as 
difficult  to  handle  in  their  present  state  of  ill  health. 

Nevertheless,  the  basic  fact  remains  that  this  mini- 
mum amount  of  coal  must  be  moved  if  we  are  to  get 
along  this  year.  Perhaps  the  most  successful  measure 
by  which  we  may  insure  its  movement  is  to  put  this  re- 
sponsibility directly  upon  the  carriers.  If  they  can  move 
other  classes  of  freight  only  aft^r  their  coal-handling 
job  is  done,  maybe  we  have  created  the  best  possible 
incentive  to  do  this  necessary  task. 


The  manager  of  a  Texas  company  recently  wrote  the 
Geological  Survey  asking  the  Director's  opinion  of  the 
efficiency  of  his  power  plant,  which  his  returns  show 
consumes  one  barrel  of  oil  for  each  thirty  kilowatt-hours. 
He  was  anxious  to  know  whether  his  consumption  was 
above  or  below  the  average  of  plants  reporting  to  the 
Survey.  Dr.  Smith  advised  him  that  in  Texas  the  aver- 
age consumption  of  oil  is  one  barrel  for  each  two  hun- 
dred kilowatt-hours.  In  addition,  the  Texan  was  in- 
formed that  there  are  two  oil-burning  plants  in  Arizona 
which  average  nearly  three  hundred  kilowatt-hours  to 
the  barrel  of  oil.  Dr.  Smith  suggests  that  this  corres- 
pondent probably  will  have  no  grievance  regarding  the 
interference  of  the  Federal  Bureau  in  the  affairs  of  his 
private  company. 
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The  Economy  of  Non-Condensing 
Turbines 

John  A.  Stevens,  in  his  article,  "Economies  To  Be 
Expected  of  the  Superstation,"  in  the  June  1  issue, 
brings  out  points  regarding  the  economy  of  non-con- 
densing turbines  which  are  of  great  importance. 

His  curves.  Fig.  6  and  Fig.  7,  show  that,  making 
proper  allowances  for  the  heating  value  of  the  exhaust 
steam,  a  4,000-kw.  non-condensing  turbine,  even  when 
running  at  the  unusual  back  pressure  of  80  lb.,  produced 
electricity  at  a  water  rate  per  kilowatt-hour  of  4  lb.  to 
5  lb.  actually  chargeable  to  power.  No  condensing  tur- 
bine can  approach  such  a  performance. 

The  superior  economy  of  non-condensing  turbines, 
when  the  exhaust  steam  can  be  utilized,  is  of  course 
due  to  the  fact  that  no  heat  is  lost  to  the  condensing 
water. 

There  are  only  three  ways  in  which  the  heat  energy 
in  the  steam  entering  a  non-condensing  steam  turbine 
can  go: 

1.  In  the  form  of  useful  work.  Regardless  of  the 
water  rate  of  the  turbine,  the  heat  energy  converted 
into  work  is  2,545  B.t.u.  per  horsepower-hour. 

2.  Escape  to  the  atmosphere.  This  item  includes 
radiation,  the  heat  from  bearing  friction  and  from 
steam  leakage. 

3.  As  heat  in  the  exhaust  steam.  This  heat  includes 
the  energy  dissipated  by  all  the  internal  losses  in  the 
turbine. 

The  only  energy  loss  is  in  Item  2,  which  may  be  kept 
small  compared  to  Items  1  and  3,  with  resulting  very- 
high  efficiency  of  utilization  of  the  heat  in  steam. 

It  is  safe  to  say  that  when  the  exhaust  steam  can 
be  utilized  for  heating  or  industrial  processes,  power 
can  be  produced  by  a  non-condensing  steam  turbine 
with  far  less  consumption  of  fuel  than  by  a  condensing 
turbine,  either  directly  or  through  motors. 

One  very  significant  clause  in  Mr.  Stevens'  article 
reads,  "...  it  is  suggested  that  power  contracts 
be  made  with  the  permission  to  manufacture  what 
power  is  desired  by  byproduct  turbines — that  is,  byprod- 
uct to  power  production.     .     .     ." 

For  best  economy,  and  minimum  national  fuel  con- 
sumption, those  buildings,  manufacturing  plants,  etc., 
which  require  considerable  steam  for  heating  or  indus- 
trial processes,  should  generate  steam  at  reasonably 
high  pressure  and  use  it  first  in  generating  power  before 
putting  it  into  the  heating  mains.  If  a  non-condensing 
turbo-generator  set  is  used,  tied  in  with  an  electrical 


distribution  system  from  a  central  station,  it  will  be 
possible  to  carry  just  enough  load  on  this  unit  to  supply 
the  required  exhaust  steam.  The  additional  fuel  for 
generating  power  will  be  far  less  than  in  the  most  effi- 
cient condensing  unit  possible. 

This  feature  should  be  brought  out  more  prominently 
in  connection  with  superstation  discussion,  as  it  is  a 
vital  one.  Many  engineers  now  have  a  mistaken  idea 
that  the  construction  of  a  few  very  efficient  large  power 
stations  would  eventually  do  away  altogether  with  the 
small  plant.  Mr.  Stevens'  article  is  a  valuable  con- 
tribution on  the  subject  of  national  fuel  conservation 
and  will  bear  careful  study.  M.  D.  Church, 

Chief  Engineer,  Terry  Steam  Turbine  Co. 

Hartford,  Conn. 

Compressor  Used  Wet  Steam 

On  a  recent  visit  to  a  large  manufacturing  plant  in 
Buffalo,  I  noticed  that  the  main  steam-driven  duplex 
air  compressor,  which  supplied  compressed  air  to  the 
various  pneumatic  tools  throughout  the  plant,  was  in 
continual  operation.  Instead  of  shutting  it  down  when 
there  was  sufficient  air  in  the  tanks,  the  governor  was 
apparently  adjusted  so  that  the  compressor  turned  over 
slowly  until  the  air  tanks  needed  replenishing.  It  is 
the  ordinary  practice  to  have  the  governor  adjusted 
to  shut  off  the  steam  supply  when  the  air  tanks  are 
filled  to  capacity,  and  so  I  naturally  concluded  that 
considerable  steam  was  being  wasted,  since  the  com- 
pressor was  kept  in  operation  all  day  and  shut-off 
periods  were  of  considerable  duration. 

The  chief  engineer  quite  agi-eed  with  me  and  took 
me  out  to  the  boiler  room,  where  I  saw  a  very  faulty 
piping  installation.  The  steam  pipe  feeding  the  steam 
cylinders  of  the  compressor  joined  the  main  steam  line 
of  the  plant  at  the  bottom  of  the  main  and  within  two 
feet  of  the  feeder  from  the  boiler.  With  this  installa- 
tion all  drip  and  condensate  and  any  foam  from  the 
boiler  naturally  went  along  with  the  live  steam  to 
the  compressor,  making  it  necessaiy  to  keep  the  latter 
in  continual  operation  to  prevent  the  accumulation 
of  water  in  the  compressor  or  supply  line  and  steam 
cylinders  during  periods  when  the  air  tanks  were 
filled. 

It  seems  to  me  that  the  application  of  a  little  common 
sense  when  thip  installation  was  first  made  would 
have  resulted  in  a  considerable  saving  in  view  of  the 
fact  that  the  compressor  has  been  operated  as  out- 
lined for  the  past  eight  years. 

East  Orange,  N.  J.  Howard  S.  Fisher. 
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SyiiohronoiiH  .Molorn  for  Driving 
Crntrifiipal  Piinipn 

In  the  Ji>n.  -0  issue  of  Power  Soren  H.  Mortenaen 
dipcusaed  s^vnchronous  motors  for  driving  centrifugal 
pumps.  The  starting  characteristics  were  further  dis- 
cussed by  B.  S.  Stevens  in  the  April   13  issue  by  pre- 


Fu//  H>/fagie  applied- 
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RECORD  OF  CtRRKNT  TAKEN  Dl'RI.VG  STARTING   BY  SYNCHRONOt 
MOTOR    DRIVING    CENTRIFI-GAL    PUMP 


senting  additional  data  from  a  synchronous  motor  driv- 
ing an  ammonia  compressor.  To  bring  out  additional 
data  presentation  is  made  herewith  of  a  graphic  record 
of  the  starting  of  a  synchronous  motor  driving  a  cen- 
trifugal pump 
installed  in  Mor- 
ris &  Co.'s  plant 
at  Chicago.  Fig. 
1  shows  the 
chart  incorpor- 
ated in  Mr.  Mor- 
tensen's  article, 
giving  the  cur- 
rent taken  and 
the  time  re- 
quired for  start- 
ing a  centrifugal 
pump  from 
stand-still  to  full 
speed,    with   the 

discharge  valve  closed.  Fig.  2  is  the  chart  taken  by 
the  writer  on  a  3,000-gal.  centrifugal  pump  working 
under  a  head  of  140  ft.,  the  pump  being  driven  by  a 
160-hp.  440-volt  two-phase  60-cycle  1,200-r.p.m.  motor 
of  the  self-starting,  self-synchroniz- 
ing type.  This  chart  shows  two  com-  ^^.^_^^, 
plete  starts,  and  it  is  to  be  noticed 
that  the  pump  was  started  fully 
primed  with  the  foot  valve  on  the 
suction,  the  discharge  valve  wide 
open  and  the  starting  compensator 
set  on  the  50  per  cent  voltage  tap. 
The  chart  is  self-explanatorj'  and 
reads  from  right  to  left. 

From    the   time    the   first   voltage 
was  applied   to  the  motor  until  the 
latter  had  pulled  into  step  under  full- 
load     conditions,     approximately     4i 
seconds  had  elapsed.    The  sharp  peak 
as  the  motor  started  shows  approxi- 
mately 90  kw.  drawn  from  the  line, 
while  the  rapidly  descending  curve  for  a  few  seconds 
shows  a  rapid  increase  in  speed  of  the  motor,  and  of 
course,  as  the  motor  approaches  near  to  full  speed,  a 
rapidly  increased  power   factor. 


It  will  be  noticed  in  the  curve  that  excitation  wan 
not  applied  until  full  voltage  had  been  put  upon  the 
mo' or;  and  when  excitation  wafl  applied,  the  motor 
pulled  into  step  almost  instantaneously.  Kesults  are 
entirely  different  from  those  obtained  from  Mr.  Morten- 
.sen's  method  of  applying  the  field,  soon  after  the  re- 
duced voltage  is  applied  to  the  motor.  Throwing  on 
the  field  before  full  voltage  is  ap- 
plied to  the  motor  simply  retards 
the  operation  by  prolonging  the  time 
required  for  the  motor  to  reach  full 
.speed  and  pull  into  synchronism.  The 
curve  shown  in  Fig.  2  is  a  beauti- 
ful example  of  what  can  be  done 
with  a  synchronous  motor.  To  my 
knowledge  no  chart  has  been  pub- 
lished previou.sly  .showing  where  a 
synchronous  motor  has  started  from 
rest  and  pulled  into  step  at  full  load, 
or  approximately  full  load,  at  the 
pull-in  point.  It  is  admitted  that  the 
motor  is  a  little  large  for  the  me- 
chanical load  it  has  to  pull;  but 
this  has  nothing  to  do  with  the  characteristics  shown 
in  the  curve.  The  primary  idea  is  to  .show  how 
a  synchronous  motor  of  good  design  can  be  started  and 
put  into  service  under  full  load,  drawing  the  min- 
imum amount  of 

power  from   the 

line,  with  a  con- 
tinuous oncom- 
ing load  being 
applied.  It  is  my 
belief  that  the 
secret  of  the  re- 
suits  obtained 
lies  in  the  con- 
struction of  the 
rotor,  particu- 
larly the  squirrel 
cage  winding  or 
starting  winding 
as  it  may  be 
called,  and  also  in  the  large  pole  embrace  and  the 
small  space  between  pole  tips,  which  means  a  reduced 
electrical  air  gap  for  the  motor  and  at  the  same  time 
does  not  sacrifice  the  actual  mechanical  or  running  air 


'•Motor  started 


U OnTV%  Voltc^e  Tcp  J ,  VQn  fulli)^  Motor  in  Step,  piclringi  up  the  Lpad 

l/oior  throwrr  on  Line'      ^'^i^      '"■  -Field  Switch  closed 

RECORD  OF  CURRENT  TAKEN  DURING  STARTING  BY  SYNCHRONOUS 
MOTOR   DRIVING   AMMONIA   COMPRESSOR 
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gap.  With  a  rotor  designed  to  reduce  the  effective  or 
electrical  air  gap  to  a  minimum  and  thereby  decrease 
the  reluctance  of  the  magnetic  circuit,  it  is  possible 
to  secure  a  much  larger  starting  torque  with-  the  same 
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Ikva.  taken  from  the  line,  or  with  same  starting  torque 
to  be  produced,  the  kva.  from  the  line  will  be  reduced. 
j  Specifications  on  the  machine  as  purchased  are  as 
I  follows : 

I  Horsepower    output     150 

Kilovolt-amperes   at   unity   power  factor 119 

Amperes   per   terminal    135 

Per  cent   overload    0 

I  To  be  used   for   continuous   duty 

Following  are  the  starting  data  as  guaranteed : 

starting  voltage  in  per  cent   of  full  voltage 45 

Stalling  torque  in  per  cent  of  full-load  torque 30 

Starting  kv.a.  in  per  cent  of  full-load  kv.a 105 

Pull-in  torque  in  per  cent  of  full-load  torque  at  45   per  cent 

full   voltage    18 

Pull-in   kv.a.    in   per   cent    of   full-load   kv.a.    at    45    per   cent 

full   voltage    105 

The  efficiencies  guaranteed  at  100  per  cent  power  fac- 
tor are  91.5  per  cent  at  one-half  load,  93.1  per  cent  at 
three-quarter  load  and  94.4  at  full  load. 

The  foregoing  has  been  given  to  bring  out  a  more 
full  discussion  of  the  use  of  the  synchronous  motor  in 
general.  Although  the  present  material  has  been  con- 
fined to  synchronous  motors  driving  pumps,  there  is 
much  to  be  said  on  other  types  of  drive  for  synchronous 
motors,  such  as  the  ammonia  compressor,  on  which  B.  S. 
Stev&ns  had  something  to  say  in  the  April  13  issue  of 
Power.  In  another  article  the  writer  will  present  data 
from  a  similar  unit  operating  under  pi'actically  the 
same  conditions.  G.  G.  Rehfield, 

Chicago,  111.  Electrical  Engineer,  Morris  &  Co. 

Blowoff-Pipe  Protection 

A  short  letter  in  a  recent  issue  told  of  a  blowoff  pipe 
that  burst  owing  to  being  burned  on  account  of  not 
being  properly  protected.  I  had  a  similar  experience 
at  one  time.  Although  the  pipe  was  covered  by  a 
V-shaped  baffle,  as  shown  in  Fig.  1,  I  have  found  that 
this  design  of  baffle  does  not  afford  sufficient  protection 


PROTECTIONS   FOR   BLOWOFF   PIPE 

as  the  hot  gases  back  in  around  the  pipe,  as  shown  by 
the  arrows,  and  a  burned  pipe  is  the  result.  After 
having  one  blowoff  pipe  burn  out,  I  hit  on  using  a 
protection  built  as  shown  in  Fig.  2,  which  permits  air 
to  enter  the  space  between  the  baffle  and  the  pipe 
where  it  goes  through  the  back  wall.  I  have,  in  service, 
three  blowoff  pipes  so  protected  which  are  as  good  as 
new  after  five  years'  use.  L.  A.  COLE. 

Black  Lick,  Ohio. 


Overhauling  and  Aligning  the  Engine 

I  have  tried  Mr.  Airey's  method  of  centering  the 
line  in  the  head  of  a  cylinder,  as  described  on  page  764 
of  the  May  11  issue,  and  found  it  tedious  and  open  to 
inaccuracies  when  used  by  the  average  engineer. 

I  fit  a  dressed  board,  size  about  1  in.  by  6  in.  in 
the  counterbore  with  an  inch  hole  in  the  center  of  the 


CENTERING  BOARD  FOR  LINING  UP  ENGINE 

board.  Over  this  hole  I  tack  a  piece  of  tin,  mark  the 
center  of  the  cylinder  on  the  tin,  and  punch  a  small  hole 
through  this  center.  The  line  is  passed  through  this 
hole  and  is  firmly  held  without  any  more  measuring  at 
that  end  of  the  cylinder.  W.  A.  COOIL. 

Esplanade,  B.  C. 

Electric-Arc  Versus  Gas  Welds 

I  .have  read  with  considerable  interest  Mr.  Miller's 
comments  on  my  article  on  "Electric  Arc  Versus  Gas 
Welds,"  published  on  page  934  of  the  June  8  issue 
of  Power,  Mr.  Miller  seems  to  assume  that  my  state- 
ments regarding  the  superiority  of  the  arc  weld  were 
based  upon  a  few  experiences  in  which  I  have  been 
fortunate  enough  to  have  secured, the  services  of  com- 
petent arc  welders  and  equally  unfortunate  in  having 
only  incompetent  gas  welders.  Such  however  is  not 
the  case.  I  have  had  under  my  supervision,  directly 
and  indirectly,  considerably  over  one  hundred  welders, 
over  half  of  whom  were  gas  welders.  Some  of  the  arc 
and  some  of  the  gas  welders  were  very  competent,  some 
far  from  competent,  but  this  fact  did  not  affect  the  gen- 
eral average  results  obtained. 

I  also  have  examined  hundreds  of  welds  made  in 
various  metals  and  have  made  numerous  tests  and 
practical  observations  of  arc,  thermit  and  gas  welds, 
and  the  results  of  these  observations  and  tests  were 
such  as  to  place  the  electric  arc  weld  first,  the  ther- 
mit weld  second  and  the  gas  weld  last  in  practical 
value  and  general  adaptability.  Mr.  Miller  states  that 
a  lack  of  thorough  fusion  is  as  likely  to  take  place 
with  an  arc  as  with  a  gas  weld.  I  have  not  found 
such  to  be  the  case,  as  with  the  extreme  difficulty  of 
localizing  the   heat  when   making   a   gas   weld,   there 
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are  likely  to  l)e  |X)rtions  of  the  wold  in  which  imperfect 
fusion  ha.s  occurred;  this  owinj?  to  these  places  not 
havinK  been  brought  to  a  proper  weldinjjr  temperature. 
With  the  arc  weld  the  metal  is  deposited  in  the  weld 
by  the  so-called  instantaneous  fusion  process  and  im- 
perfect fusion  is  not  nearly  as  liable  to  occur. 

In  mentioning  some  tests  made  on  are  welds,  Mr. 
Miller  quotes  the  tensile  strength  as  varying  from 
18.000  to  G5,000.  In  order  to  answer  this  statement 
more  data  would  be  essential  such  as  to  the  test  speci- 
mens, welding  system  used,  original  metal,  electrodes 
used  and  the  physical  properties  of  the  weld  (aside 
from  the  tensile  strength),  as  the  tensile  strength  alone 
is  no  criterion  of  a  weld.  The  tensile  strength  does 
not  follow  with  equal  ratio  the  elasticity,  enlongation 
and  other  valuable  properties.  I  have  increased  the 
tensile  strength  of  a  welded  specimen  by  hammering 
the  weld,  but  I  can  assure  the  reader  that  I  did  not 
increase  certain  other  essential  properties  by  this 
operation. 

Mr.  IMiller  states  that  good  welding  can  be  done  with 
all  types  of  arc  machines.  This,  to  a  great  measure, 
I  believe  to  be  so,  but  I  would  qualify  that  statement 
in  that  some  machines  are  capable  of  doing  very  much 
better  welding  than  others.  His  statement  that  cer- 
tain processes  are  best  for  certain  classes  of  work  I 
also  agree  with.  But  the  jobs  where  the  gas  weld 
is  the  best  are  so  few  as  found  in  plant  repair  work 
that  I  use  the  gas  process  for  the  cutting  of  metals 
only. 

If  I  were  to  have  a  large  quantity  of  thin  sheet 
metal  to  weld,  I  would  use  the  gas  process,  as  I  be- 
lieve it  best  for  that  class  of  work.  But  in  weld- 
ing castings  or  other  work  where  there  is  so  great 
chance  of  failure  by  shrinkage  or  contraction  stress, 
I  would  not  consider  making  a  gas  weld  if  the  arc- 
weld  apparatus  was  obtainable.  Even  in  cast-iron  weld- 
ing where  users  of  the  gas  torch  claim  such  advantage 
gained  in  the  deoxidizing  agency  of  the  reducing  flame, 
I  would  still  prefer  the  arc  weld,  even  if  steel  studs 
or  reinforcement  pieces  were  found  necessaiy,  this  be- 
ing on  account  of  the  severe  contraction  stresses  set 
up  consequent  to  the  preheating  required  by  the  gas- 
welding  system  and  the  uncertainty  that  such  stresses 
have  been  relieved  by  any  after  heat  treatment  used. 
I  am  not  prejudiced  in  favor  of  any  particular  weld- 
ing system  except  that  I  have  used  both  for  a  num- 
ber of  years  and  have  discarded  the  poorer  for  the 
better. 

A  word  in  regard  to  the  propeller  welding:  Mr. 
Miller  states  that  he  would  guarantee  to  weld  these 
propellers  satisfactorily  by  the  oxy-acetylene  process. 
Several  other  jobbing  firms  and  the  repair  department 
of  one  of  the  leading  manufacturers  of  gas-welding 
equipment  agreed  to  do  the  same  thing.  Their  welds 
on  the  propellers  failed  in  a  very  short  time;  and 
although  they  lost  the  time  spent  on  the  welding  and 
the  gas  used,  this  was  a  small  item  beside  the  amount 
the  boat  owners  were  out  for  the  expense  of  dock- 
ing ves'^el  and  renewing  propellers  after  these  failures. 
Another  peculiar  circumstance  was  this:  Although  on 
a  propeller  of  four  blades  a  different  welder  was  em- 
ployed on  each  blade  with  the  gas  process,  still  all 
the  welds  failed  and  failed  in  exactly  the  same  manner; 
while  with  the  arc  welding  process  there  were  also 
four  welders  employed,  each  on  a  separate  blade,  and 
none  of  these  welds  failed.  According  to  Mr.  Miller  the 
four  gas  welders  were  incompetent,  the  four  arc  welders 


competent,  and   the   process   used   in   no  way   at  fault 
This  does  not  appear  reasonable  to  me. 

I  have  recently  welded  by  the  arc  process  a  monel- 
metal  runner  shaft  on  a  high-speed  centrifugal  pump, 
machined  the  .same  with  ease,  and  it  is  in  use  and 
giving  every  satisfaction.  The  bronze  and  composi-j 
tion  jobs  that  I  have  done  by  the  arc  process  are  far' 
too  numerous  to  mention.  I  find  that  in  certain  alloy, 
welding  the  amperage  and  arc  length  are  of  fully  as 
great  importance  as  the  copper  ratio. 

In  regard  to  Mr.  Miller's  statement  that  no  jobbing 
vshop  would  take  a  chance  on  welding  a  ca.st-iron  press 
frame  by  the  electric  arc  process,  last  October  a  3,000 
ton  cast-iron  press  frame  was  welded  by  the  I'arc 
process  by  a  jobbing  shop  which  uses  only  that  process 
and  2,194  lb.  of  metal  had  to  be  fused  into  the  weld,  so 
badly  was  the  frame  fractured.  This  press  has  been  em- 
ployed since  that  time  under  especially  severe  conditions, 
and  with  no  sign  of  failure  in  the  weld  or  elsewhere. 
This  is  only  one  of  many  repairs  to  cast-iron  press 
frames  by  the  arc  process  that  have  come  under  my 
observation. 

Anyone  has  only  to  a.sk  for  the  advertising  matter 
of  the  many  jobbing  shops  which  do  only  arc  welding, 
to  find  how  very  many  of  them  are  glad  to  tackle  a 
cast-iron  press  frame  job  and  furnish  all  required 
guarantees.  If  Mr.  Miller  cares  to  visit  my  shop  at 
the  present  time,  I  will  be  very  pleased  to  show  him 
an  arc  weld  I  am  making  of  a  cracked  high-pressure 
cylinder  of  a  3,500-hp.  steam  engine,  boiler  pressure 
225  lb.,  and  I  can  assure  him  that  I  anticipate  no 
difficulty  in  making  the  weld  and  no  failure  after  the 
work  is  completed.  C.  T.  Perry,  M.  E. 

Staten  Island,  N.  Y. 

Repairing  a  Boiler  Plate  Lamination 

Although  I  should  hesitate  to  use  the  welding  process 
to  join  the  plates  in  a  boiler  shell,  instead  of  using 
rivets,  I  see  no  reason  for  worry  as  to  the  consequence 
of  filling  a  lamination  by  means  of  the  electric  arc, 
as  stated  on  page  817  of  the  May  18  issue  of  Power. 

A  patch  and  rivets  might  be  preferable  to  the  oxy- 
acetylene  process  on  account  of  the  heating  of  the  sur- 
rounding plate.  As  stated  in  my  original  letter,  there 
was  A  in.  of  good  plate.  The  metal  was  thoroughly 
cleaned  and  the  edge  of  the  cavity  beveled.  The  cavity  ■ 
was  then  filled  above  the  surrounding  plate  and  the 
surplus  metal  ground  off.  A  recent  inspection  of  the 
part,  which  would  have  been  difficult  to  locate  if  we 
did  not  know  where  it  was,  showed  that  it  was  in  good 
shape  and  a  hammer  test  failed  to  show  any  fault. 

This  method  of  repairing  will  naturally  fail  to  meet 
favor  with  boilermakers,  but  that  fact  should  not  inter- 
fere with  improvements  in  doing  work. 

Toronto,  Ont.,  Canada.  R.  McLaren. 


Study  the  boiler  conditions  and  provide  a  way  to 
weigh  the  coal,  measure  the  feed  water,  rate  of  com- 
bustion, the  necessaiy  draft,  install  water  heating  and 
reheating  devices  and  take  the  temperature  readings 
at   different   points   at    stated   inters'als. 


Putting  the  plant  in  a  good  conditions  is  not  all.  A 
good  plant  badly  operated  or  neglected  will  show  very 
low  efficiency ;  a  poor  plant  skillfully  operated  will  show 
comparatively  high  efficiency. 


July  20,  1920 
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INQUIRIES  ffl 
OF  GENERAL 
INTEREST 


Heating  Surface  of  Closed  Feed-Water  Heaters — What 
lumber  of  square  feet  of  brass-tube  heating  surface  is 
illowable  per  boiler  horsepower  for  closed  exhaust-steam 
ieed-water  heaters?  R.  W.  R. 

For  heating  feed  water  from  60  to  190  deg.  F.,  allowing 
>0  lb.  of  water  required  per  hour  per  boiler  horsepower, 
;he  usual  allowance  is  a  sq.ft.  of  heating  surface  per  boiler 
horsepower  and  for  heating  the  water  from  60  to  204  deg. 
P.,  J  sq.ft.  per  boiler  horsepower.  The  actual  surface  re- 
quired depends  on  the  condition  of  the  heating  surfaces; 
;hat  is,  whether  clean  or  coated  with  grease  or  scales,  and 
ilso  depends  on  the  character  of  circulation. 


Advantage    of    Increasing    Feed-Water    Temperature — In 

,he  generation  of  steam  ali  100  lb.  per  sq.in.  gage  pressure, 
ivhat  percentage  of  saving  is  effected  by  heating  the  feed 
.vater  by  exhaust  steam  to  190  deg.  F.  in  place  of  110 
leg.  F.?  R.  N. 

By  referring  to  steam  tables,  it  may  be  seen  that  a  pound 
)f  steam  at  100  lb.  per  sq.in.  gage,  or  115  per  sq.in.  ab- 
;olute,  contains  1,188.8  B.t.u.  above  32  deg.  F.,  and  with  the 
"eed  water  at  the  temperature  of  110  deg.  F.,  or  110  —  32  = 
(8  deg.  F.  above  32  deg.  F.,  each  pound  of  the  feed  water 
'or  conversion  into  steam  requires  1,188.8  —  78  =  1,110.8 
B.t.u.  If  the  feed-water  temperature  is  190  deg.  F.,  then 
or  conversion  into  steam  each  pound  of  the  feed  water 
.vould  require  190  —  110  =  80  B.t.u.  less,  and  the  saving 
vould  be  80  -i-  1,110.8  =  0.072,  or  about  7  per  cent,  provided 
:here  is  no  loss  from  additional  back  pressure  on  the  engine. 


Heating  of  Induction  Motor — We  have  a  three-phase,  3-hp., 
i20-volt  induction  motor  which  was  rewound  recently.  The 
notor  is  star  connected,  runs  up  to  speed  and  drives  its 
oad  satisfactorily,  but  heats  up  evenly  all  around  the  stater, 
hough  not  dangerously.  What  causes  the  heating  ?  Would 
I  be  prevented  by  changing  to  a  delta  connection  ?  J.  E.  F. 

From  the  statement,  it  does  not  appear  that  there  is 
inything  wrong  with  the  motor.  If  it  heats  up  evenly  all 
iround  the  stator  but  not  dangerously,  that  is  true  with 
iny  motor,  even  when  operating  under  no  load.  It  is  under- 
tood  that  the  machine  was  rewound  by  putting  in  the  same 
;ind  of  a  winding  that  was  originally  on  the  motor.  Chang- 
ng  from  a  star  connection  to  a  delta  would  only  make 
natters  worse,  and  probably  the  motor  would  not  operate 
it  all.  A  star  connection  will  operate  on  58  per  cent  higher 
oltage  than  a  delta  connection,  and  if  the  motor  does  not 
leat  excessively  and  does  its  work  satisfactorily,  there  is 
10  ground  for  complaint. 


Trouble  with  Glass-Gage  Breakage — Much  trouble  is  ex- 
jerienced  with  breakage  of  water-gage  glasses  on  one  of 
)ur  boilers.     What  may  be  the  cause  and  the  remedy? 

W.  R. 

The  durability  of  a  water-gage  glass  depends  largely  on 
he  method  of  packing  the  glands  and  on  proper  alignment 
pf  the  gage-glass  fittings.  Test  the  alignment  by  placing 
hrough  the  fittings  a  round  bar  turned  to  the  size  of  the 
mshings.  A  new  glass  should  have  a  diameter  not  less 
han  «'4  in.  less  than  the  bore  of  the  gland  nut  and  bushj 
ind  the  glass  tube  should  have  at  least  i  in.  end  play  to 
illow  for  expansion,  observing,  however,  that  the  glass  is 


long  enough  to  prevent  the  packing  from  being  forced  over 
the  end  of  the  glass  and  cause  obstruction  of  the  glass-tube 
ends  or  the  passages  of  the  fittings.  Tighten  up  the  top 
and  bottom  gland  nuts  alternately.  With  the  fittings  in 
good  alignment  and  glands  properly  packed,  sufficiently 
tight  joints  should  be  secured  from  screwing  up  the  gland 
nuts  by  hand,  or  at  most  by  a  gentle  touch  with  a  wrench. 
If  the  glass  tube  cannot  be  turned  with  the  comparative 
ease  by  the  finger  and  thumb  after  the  gland  nuts  have 
been  set  pressure  tight,  it  may  be  taken  for  granted  that 
the  glands  are  improperly  packed  or  that  the  fittings  are 
out  of  line. 


Size  of  Instrument  Transformer — How  are  the  sizes  of 
potential  and  current  transformers  for  a  polyphase  meter 
determined?  For  instance,  we  have  a  polyphase  wattmeter 
rated  at  60  cycles,  80  amperes,  110  volts,  connected  to  a  three- 
phase  2,300  volt  supply  circuit  through  potential  and  cur- 
rent transformers.  The  potential  transformers  are  marked 
"20:1  ratio,  0.05  kva."  and  the  current  transformers  are 
marked  "2,500  to  4,500  volts  16:1."  V.  K.  S. 

Current  transformers  are,  in  general,  designed  to  give  5 
amperes  on  the  secondary  at  full  load,  and  all  ammeters, 
wattmeters,  power-factor  meters,  etc.,  are  designed,  when 
supplied  from  current  transformei-s,  for  5  amperes  in  the 
current  coil.  Potential  transformers  are  usually  designed 
to  step  the  voltage  down  to  110  volts,  the  transformers 
themselves  to  have  0.05  kilovolt-amperes  capacity.  This  is 
standard  practice,  although  sometimes  there  are  exceptions 
made  to  this  rule,  which  are  special  cases. 


Boiler  Horsepower  for  Stated  Evaporation — How  many 
boiler  horsepower  will  be  developed  by  evaporation  of  100 
cu.ft.  of  water  per  hour  from  a  feed  temperature  of  50 
deg.  F.  into  steam  at  150  lb.  per  sq.in.  gage  pressure? 

R.  L.  K. 

A  cubic  foot  of  water  at  the  temperature  of  50  deg.  F. 
weighs  62.4  lb.,  and  100  cu.ft.  would  be  6,240  lb.  One 
boiler  horsepower  is  equivalent  to  evaporation  per  hour 
of  34.5  lb.  of  water  from  and  at  212  deg.  F.,  each  pound 
requiring  the  latent  heat  of  evaporation  at  212  deg.  F. 
which,  as  ascei'tained  from  steam  tables,  would  be  970.4. 
By  further  reference  to  the  steam  table  it  may  be  seen  that 
a  pound  (by  weight)  of  steam  at  the  pressure  of  150  lb. 
gage,  or  150  +  15  =  165  lb.  per  sq.in.  absolute,  contains 
1,195  B.t.u.  above  32  deg.  F.  With  feed  water  at  the  tem- 
perature of  50  deg.  F.,  or  50  —  32  =i  18  deg.  above  32 
deg.  F.,  each  pound  of  the  feed  water  would  receive  1,195 
—  18  =  1,177  B.t.u.,  or  1,177  -=-  970.4  =  1.2129  times  as 
much  heat  as  required  for  its  evaporation  from  and  at  212 
deg.  F.  The  quantity  1.2129  would  be  the  "factor  of  evapo- 
ration" for  the  stated  conditions  of  feed  water  temperature 
and  the  pressure  at  which  the  steam  was  generated  and 
evaporation  of  6,240  lb.  of  water  per  hour  would  be  per- 
formed at  the  rate  of  6,240  X  1.2129  -^  34.5  =  219.38 
boiler  horsepower. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  i-eceive  attention. — 
Editor.] 
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Tlie  Separalioii  of  Dissolved  Cases  from  Water' 


LABORATORY  tests  of  a  method  for  rumovinjr  dissolved 
jriist's  from  water  liavinn  demonstrated  itr.  commercial 
J  utility,  further  expei'iments  were  made  on  commercial 
appariitus,  and  tlie  general  conclusions  are  jiresented  in  this 
paper.  The  process  consists  of  the  rapid  injection  of  heated 
water  into  a  region  of  vacuo,  the  explosive  boiling  of  the 
water  by  the  heat  of  the  liquid  and  the  recovery  of  the  heat 
liberateil  by  a  condenser  cooled  by  the  incominjc  water  on  its 
wav  to  the  heater.     It  is  demonstrated  that  this  process  is 
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FIG.  1.     LABORATORY  APPARATUS  FOR  THE  SEPARATION 
OF  DISSOLVED  GASES  FROM  FEED  WATER 

able  to  handle  water  in  quantities  suitable  for  power-plant 
boiler  feed,  that  it  is  capable  of  removing  all  the  dissolved 
gases  in  a  commercial  sense,  and  that  this  involves  no 
method  or  apparatus  with  which  the  average  operating  engi- 
neer is  not  familiar. 

The  laboratory  apparatus  is  shown  diagrammatically  in 
Fig.  1.  The  water  to  be  treated  was  heated  in  a  gas  water 
heater  which  delivered  the  hot  water  to  the  separator.  The 
latter  consisted  of  an  airtight  steel  tank  with  a  series  of 
copper  return-cascade  trays,  over  which  a  sprayhead  deliv- 
ered the  water  uniformly  in  a  thin  sheet.  A  vacuum  being 
maintained  in  the  separator,  some  of  the  liquid  boiled  explo- 
sively, and  the  resulting  vapor  and  any  free  gases  were  car- 
ried off  to  the  condenser,  which  was  a  small  commercial 
machine  of  the  surface  type.  Here  all  the  vapor  was  con- 
densed and  the  heat  reclaimed  by  using  the  water  on  its  way 
to  the  heater  as  cooling  water.  The  separator  tank  was 
connected  with  a  barometric  tail-pipe  to  remove  the  treated 
water.  The  condenser  was  drained  out  through  a  small 
receiver  and  trap  and  the  non-condensable  gases  were  drawn 
out  by  the  air  pump  and  delivered  to  the  gasometer  for 
measurement.  It  was  found  that  the  gasometer  method  of 
measuring  the  volume  of  non-condensable  gases  was  not  of 
consistent  accuracy  with  the  rest  of  the  data,  and  it  was 
therefore  necessary  to  resoi-t  to  direct  testing  of  the  water 
which  had  passed  through  the  process.  The  method  finally 
adopted  was  the  iodiometric  titration  method  of  Winkler 
for  dissolved  oxygen. 

At  the  conclusion  of  about  four  months'  intermittent  test- 
ing the  apparatus  was  taken  apart  and  examined.  Steel 
tanks,  copper  pans  and  condenser  gave  evidence  of  very 
accelerated  corrosion,  and  this  led  to  the  use  of  cast  iron 
and  non-corroding  bronzes  in  the  construction  of  the  first 
commercial  apparatus.  These  materials  have  withstood  the 
corrosive  tendencies  for  over  four  years  of  experimental 
operation.  The  laboratory  experiments  developed  a  further 
fact,  that  the  water  which  has  been  passed  through  this 


process  and  completely  dcgasifigd  has  an  enormous  avidity 
for  rediasolving  small  amounts  of  air.  In  any  practical 
application  of  the  process,  therefore,  absolutely  rigid  exclu- 
sion of  air  must  be  maintained  if  the  full  benefits  are  to  be 
secured. 

After  the  success  of  the  laboratory  apparatus  was  demon- 
strated, a  commercial  installation  was  made  at  the  Jean- 
nette,  Pa.,  works  of  the  Klliott  Co.,  of  Pittsburgh,  and  thin 
apparatus  has  been  in  routine  operation  since  the  autumn  of 
1915.  The  separator  consisted  of  a  1,000-hp.  Klliott  cylin- 
drical heater  shell  with  modified  water  injection,  different 
proportions  of  water  storage  volume  and  pan  area  and  a 
change  of  material  to  resist  corrosion.  At  the  outset  a 
300-hp.  open  feed-water  heater  was  installed  to  supply  the 
hot  water,  and  the  vacuum  was  maintained  by  a  rotary 
motor-driven  dry  air  pump  in  series  with  the  condenser.  The 
drip  from  the  condenser  was  allowed  to  drain  directly  back 
to  the  separator  and  the  air  pump  discharged  directly  to 
the  atmosphere,  otherwise  the  scheme  of  connection   was 
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of  Mechanical  Engineers. 


FIG.    2.      INTEGRAL    VERTICAL-UNIT    COMMERCIAL   TYPE 
OF   APPARATUS 


identical  with  that  shown  in  Fig.  1.  Later,  an  increase  in 
boiler  capacity  necessitated  a  1,000-hp.  heater,  and  an 
Elliott  shell-type  heater  similar  to  that  used  for  the  sepa- 
rator was  installed  and  the  whole  outfit  repiped  and  made 
into  an  integral  vertical  unit.  This  heater-separator  unit 
is  shown  in  Fig.  2.  A  steam  injector  was  substituted  for 
the  rotary  air  pump,  and  the  condenser  was  mounted  on  the 
atmospheric  side  to  recover  the  injector  steam,  the  con- 
denser drainage  being  now  to  the  heater  instead  of  to  the 
separator. 
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The  mechanism  of  separation  appears  to  depend  on  three 
'actors:  The  natural  decrease  of  solubility  with  tempera- 
ture increase,  the  mechanical  agitation  of  boiling  and  the 
'eduction  of  pressure.  The  reduction  of  solubility  with 
heating  amounts,  roughly,  to  70  per  cent  of  the  volume  at 
hormal  temperature,  and  separation  to  this  extent  was 
|irbitrarily  credited  to  the  heater.  Water  at  212  deg.  F. 
Injected  suddenly  into  the  vacuum  in  the  separator  boils  with 
explosive  violence.  Vapor  bubbles  form  upon  minute 
.'ntrained  air  bubbles  and  in  passing  off  into  the  region  of 
reduced  pressure,  mechanically  carry  some  of  the  dissolved 
xiv  with  them.  By  far  the  major  portion  of  the  separation, 
barticularly  in  the  elimination  of  the  final  traces  of  dis- 
■solved  gases,  -s  accomplished  by  reduction  of  partial  pres- 
sure. With  a  separator  water-storage  volume  correspond- 
ing to  two  minutes'  operation  at  rating,  it  is  impossible  to 
detect  any  temperature  depression  in  the  vapor  mixture  or 
in  the  water  leaving  the  separator,  below  the  vapor  tempera- 
ture corresponding  to  the  vacuum.  The  most  logical  conclu- 
sion from  this  is  that  with  the  continuous  sweep  of  the  wet 
dense  water  vapor  from  the  separator,  the  air  component  of 
the  total  pressure  has  been  reduced  substantially  to  zero. 

Fig.  3  is  plotted  with  percentages  of  separation  as  ordin- 
ate-- and  vacuum  referred  to  a  30-in.  barometer  as  abscissas 
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for  a  water  temperature  at  admission  to  the  separator  of 
212  deg.  F.,  corresponding  to  atmospheric  equilibrium.  This 
plot  is  a  graphical  average  of  a  large  number  of  determina- 
tions made  both  with  the  laboratory  and  a  commercial-sized 
apparatus.  Percentage  of  separation  is  defined  for  the  pur- 
poses of  these  cm-ves  as  the  ratio  of  the  quantity  of  gases 
removed  to  that  actually  present  in  the  raw  water,  and  the 
calculations  were  made  in  terms  of  volume.  At  separation 
values  much  in  excess  of  95  per  cent,  the  quantity  of  gases 
remaining  is  so  exceedingly  small  that  accuracy  of  testing 
is  a  limiting  feature  in  extending  the  conclusions  to  this 
range.  It  is  the  writer's  fi-ank  opinion,  however,  that  the 
flat  portion  of  the  curve  in  Fig.  3  represents  complete  sep- 
aration of  the  gases,  but  it  is  impossible  to  prove  it. 

This  work  was  undertaken  as  an  industrial-research  prob- 
lem with  the  expectation  that  it  would  have  two  distinct 
fields  of  usefulness:  The  elimination  of  boiler  and  econo- 
mizer corrosion  in  boiler  plants,  and  of  that  of  the  entire 
distribution  system  in  central-station  heating;  and  the  im- 
provement of  conductivity  in  surface  condensation  of  steam. 
It  developed  in  the  course  of  experiment  that  it  had  addi- 
tional merit  in  the  removal  of  dissolved  and  half-combined 
carbon  dioxide.  The  matter  of  corrosion  has  received  wide 
attention  from  the  engineering  profession,  and  the  pernicious 
effect  of  dissolved  oxygen  is  unquestioned.  A  high-pressure 
steam  boiler  is  so  complicated  a  chemical  factor  that  there 
can  be  no  general  panacea  for  its  ailments,  but  the  removal 
of  dissolved  oxygen  and  carbon  dioxide  is  a  decidedly  effec- 
tive step  in  the  elimination  of  corrosion. 

The  removal  of  carbon  dioxide  and  oxygen  will  aiso, 
undoubtedly,  prolong  the  life  of  cast-iron  economizer  tubes 
and  will  make  the  installation  of  steel-tube  economizers 
economically  practical  and  conservative. 

The  bicarbonates  of  calcium  and  magnesium  are  soluble 


in  water  in  any  proportions  in  which  they  are  likely  to  exist 
in  natural  supplies.  They  will,  however,  readily  part  with 
their  carbonic  acids  under  the  conditions  existing  in  the  sep- 
arator equipment,  thereby  being  reduced  to  carbonates 
which  may  be  precipitated  before  entering  the  boiler,  thus 
avoiding  the  scale  troubles  from  this  class  of  compounds. 
The  elimination  of  the  carbon  dioxide  by  this  apparatus, 
therefore,  should  help  in  the  solution  of  scale  problems  as 
well  as  in  those  of  corrosion. 

Exhaustive  tests  were  made  to  determine  the  effect  of  air 
removal  on  the  conductivity  of  heat  in  surface  condensers. 
These  tests  show  that  the  removal  of  air  would  cause  an 
increase  in  conductivity  of  about  20  per  cent  based  upon  the 
entire  area  of  the  condenser.  The  economical  limit  of  the 
removal  of  heat  by  the  cooling  water  after  it  has  been  con- 
conducted  will  probably,  however,  limit  conductivity  to  sub- 
stantially the  same  values  that  are  used  in  commercial  prac- 
tice today.  Since  in  part  of  the  condenser  the  heat  ti-ans- 
mission  is  from  steam  through  metal  to  water,  and  in 
another  part,  from  water  through  metal  to  water,  and  since 
the  rate  of  heat  transmission  in  these  zones  is  so  radically 
different,  it  is  impossible  in  tests  on  condensers  of  different 
types  with  air-free  steam  to  arrive  at  any  data  with  which 
to  formulate  or  verify  laws. 

It  is  possible,  then,  from  the  data  of  this  paper  to  design 
apparatus  that  will  accomplish  the  separation  of  dissolved 
yases  from  boiler  water  as  completely  as  it  may  economi- 
cally be  desired  to  do  it.  Control  of  the  process  is  secured 
through  regulation  of  the  temperature  drop  of  the  water  in 
passing  into  and  through  the  region  of  vacuum.  The  bene- 
fits to  be  derived  from  this  removal  of  dissolved  gases  are 
at  least  a  partial  elimination  of  cori'osion  in  boiler  and  econ- 
omizers, the  precipitation  of  dissolved  bicarbonates  and 
therefore  a  partial  solution  of  the  scale  problem  and  a  gain 
of  approximately  20  per  cent  in  the  conductivity  of  surface 
condensers  upon  the  condenser  area  as  a  whole. 

Mr.  Speller's  Discussion  of  the  McDermet  Paper 

The  following  is  an  abstract  of  a  written  discussion  of 
Mr.  McDermet's  paper  by  F.  N.  Speller,  metallurgical  engi- 
neer. National  Tube  Co. 

The  method  of  mechanical  de-aeration  described  by  Mr. 
McDermet  affords  another  means  whereby  the  gases  may 
be  removed  from  water,  and  illustrates  again  that  the  prac- 
tical solution  of  the  cori'osion  problem  is  mainly  a  question 
of  special  engineering  design.  At  temperatures  below  180 
deg.  F.  our  experiments  have  shown  that  the  last  0.5  c.c. 
per  liter  (0.116  cu.in.  per  gal.)  of  oxygen  is  much  more 
difficult  to  remove  by  mechanical  means,  while  above  180 
deg.  F.  equilibrium  can  be  easily  obtained  when  the  tem- 
perature approximates  the  boiling  point  for  the  prevailing 
pressure. 

The  oxygen  content  (which  is  closely  proportional  to  dis- 
solved air)  varies  from  5  to  10  c.c.  per  liter  (1.16  to  2.31 
cu.in.  per  gal.)  in  natural  water  according  to  seasonal  tem- 
perature. As  it  is  simple  enough  to  remove  most  of  the 
gases  without  any  special  apparatus  other  than  a  well- 
vented  heater,  it  is  perhaps  better  not  to  consider  per- 
centage removal  of  gases,  but  rather  as  to  how  much  re- 
mains after  leaving  the  heater  and  how  best  can  this 
residual  oxygen  be  removed.  The  variation  in  reduction  of 
dissolved  air  reported  from  10  to  70  per  cent  at  212  deg.  F., 
if  I  interpret  these  figures  correctly,  indicates  the  use  of  an 
undersized  open  heater.  It  would  seem  more  desirable  to 
plan  to  remove  dissolved  gases  as  far  as  possible  in  the 
heater.  An  open  heater  operating  at  the  National  Tube 
Co.,  McKeesport,  Pa.,  at  a  temperature  of  170  deg.  F.  left 
a  daily  average  of  2.55  c.c.  per  liter  (0.589  cu.in.  per  gal.) 
of  free  oxygen  in  the  feed  water,  the  theoretical  minimum 
for  these  conditions  being  2.35  c.c.  per  liter  (0.543  cu.in. 
per  gal.).  Another  series  of  tests  made  at  another  plant 
with  an  open-heater  temperature  of  204  deg.  F.,  gave  us 
0.75  c.c.  (0.173  cu.in.  per  gal.)  residual  oxygen,  the  theo- 
retical minimum  under  those  conditions  being  0.50  c.c  (0.116 
cu.in.  per  gal.)  per  liter.  A  test  on  a  large  open  heater  at 
the  Philadelphia  Electric  Co.,  reported  to  me  by  Mr.  N.  E. 
Funk,  gave  0.70  c.c.  per  liter  (0.162  cu.in.  per  gal.)  in  feed 
water  leaving  the  heater  at  209  deg.  F.  with  some  corro- 
sion in  economizer  tubes,  but  much  less  than  before  when 
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thi'  hi'Htcr  wns  (ipiTjitfd  at  UK  dc^r.  !•'.;  the  fcoil  \viit(  r 
iiftiT  heating  in  this  cnsp  iiirrird  '2.06  r.c.  pvv  liU-r  (0.475 
111. in.  ptT  K"l)  "f  <^>*i'*'  <>xy>rfn.  We  havt-  shown,  howovj-r, 
that  it  is  possible  to  npproacli  cjuite  i-loso  to  the  thcort'tical 
niininiuni  oxygon  in  an  opi'n  heater  by  a  larfccr  area  of 
battles  or  by  sprayinjr  the  water. 

The  method  of  lollcition  of  .sample  is  not  described  and 
may  have  a  be.'irinK  on  the  heater  variations  Mr.  McDermet 
refers  to.  In  taking  samples  of  hot  water  under  pressure 
for  oxypen  determination,  we  draw  the  sample  slowly  while 
under  pressure  through  a  copper  or  tin  coil  immersed  in 
ice  water  so  that,  when  drawn  into  sample  bottle,  the  tem- 
perature of  the  water  is  about  normal.  This  insures  reten- 
tion in  solution  of  all  trases,  and  if  the  sample  tube  e.xtends 
to  the  bottom  of  the  bottle,  9  sample  can  be  collected  in 
a  minute  or  two  without  apitation  and  without  reabsorption 
of  air. 

Corrosion  Proportional  to  Krek  Oxygen  in  Solution 

The  amount  of  residual  oxygen  that  will  cause  serious 
corrosion  in  a  given  time  varies  with  the  temperature  at 
which  the  water  is  used.  It  has  been  demonstrated  experi- 
mentally by  the  work  done  by  Dr.  W.  II.  Walker  of  the 
Massachusetts  Institute  of  Technology  and  ourselves  that 
corrosion  of  piping  is  closely  proportional  to  the  free  oxygen 
in  solution.  Several  years'  experimental  work  on  mechan- 
ical and  chemical  de-aeration  has  been  done  at  the  Massa- 
chusetts Institute  of  Technology  and  National  Tube  Com- 
pany Research  Laboratories  in  co-operation,  and  several 
plants  have  been  put  into  service  to  test  out  these  principles 
in  hot-water  supply  systems  for  buildings  and  in  central 
heating  stations  and  power  plants  to  develop  the  best  type 
of  apparatus  for  such  service.  This  experience  indicates 
that  feed  water  used  with  steel  economizers  should  carry 
less  than  0.20  c.c.  per  liter  (0.046  cu.in.  per  gal.).  The  fore- 
going tests  therefore  indicate  that  open  heaters,  as  usually 
operated,  will  not  reduce  the  oxygen  low  enough  to  stop 
corrosion. 

The  residual  oxygen  in  feed  water  after  passing 
through  a  properly  vented  open  heater  may  be  reduced 
below  the  danger  point  by  further  mechanical  de-aeration 
such  as  passing  the  water  from  heaters  over  baffles  at 
about  the  boiling  point  in  a  separate  chamber  at  lower 
pressure  (no  condenser  required)  or  injuecting  the  super- 
heated water  into  a  low-pressure  chamber  with  a  condenser 
in  series,  as  described  by  Mr.  McDermet;  or  by  chemical 
treatment;  or  by  a  combination  of  systems,  as  is  most 
suitable  and  convenient.  We  have  :i.^d  in  continuous  use  for 
nearly  five  years  a  process  for  rcTioving  oxygen  by  the 
latter  principle.  The  heated  water  is  massed  under  pressure 
through  a  large  mass  of  expanded  steel  scrap,  which  I 
have  termed  "deactivating"  the  water  in  distinction  to 
mechanical  de-aeration.  In  this  way  the  last  trace  of  oxy- 
gen may  be  removed  within  a  wide  range  of  temperature 
and  pressure. 

Mr.  McDermet  calls  attention  to  the  very  accelerated 
corrosion  in  the  steel  tank,  copper  pans  and  condenser  of 
his  experimental  apparatus.  We  have  frequently  found 
when  using  closed  heaters  that  about  one-half  of  the  corro- 
sion is  removed  by  contact  with  parts  of  the  heater  or  con- 
necting pipes,  which  indicates  how  very  effective  is  this 
means  for  removing  dissolved  oxygen.  Mechanical  means 
for  removing  free  oxygen  from  water  require  careful 
adjustment  and  control  of  temperature  and  pressure, 
whereas  chemical  m.eans  such  as  the  use  of  a  suitable  kind 
of  steel  scrap,  will  "fix"  the  oxygen  independently  of  such 
variations  without  further  attention  except  for  the  renewal 
of  material  at  long  intervals. 

Mr.  McDermet's  paper  shows  an  interesting  method  that 
may  be  used  for  mechanical  de-aeration  of  water,  but  he  is 
hardly  justified  from  the  data  and  experience  given  in 
claiming  that  this  process  involves  a  minimum  of  operating 
expenses.  There  seems  to  be  no  doubt  that  the  controlling 
factor  in  water  corrosion  is  the  presence  of  dissolved 
exygen,  carbonic  acid  being  of  minor  importance.  The  most 
economical  and  convenient  method  for  controlling  corrosion 
in  steel  economizers  will  be  developed  by  experience,  but 
that  control  of  corrosion  can  be  accomplished  by  the  appli- 


cation f)f  these  principles  1  believe  has  been  iKtabli'-hfd 
beyond  doubt;  therefore  with  attention  to  the  relnti\i 
perature  of  waste  gases  atxl  feed  water  so  an  to  avci 
side  condensation  on  tubes,  there  is  no  apparent  reuM 
steel  economizers  caimot  be  used  without  any  more  ■ 
oration  than  is  now  experienced  in  boilers. 


Water  Levrl  Indicator  for  Hoilern 

The  ordinary  method  of  checking  the  water  level  in  a 
steam  boiler  by  means  of  test  cocks  has  the  disadvantage 
that  with  such  pressures  as  are  in  use  the  fluid  issuing  from 
the  cocks,  when  they  are  open,  is  in  the  form  of  a  jet  which 
is  practically  the  same  whether  the  water  level  be  above, 
or  below,  the  test  cock.  Partly  in  view  of  this  it  has  long 
been  usual  in  good  practice  to  fit  two  water-level  gage 
glasses  instead  of  one.  Even  so,  however,  it  is  possible 
that  the  two  glasses  may  be  out  of  action  at  once,  and  in 
some  cases  it  is  not  always  easy  to  distinguish  between  a 
full  glass  and  an  empty  one.  A  simple  and  effective  form 
of  water-level  indicator  which  has  all  the  advantages  of  the 
test  cocks  in  checking  the  water  level,  but  does  not  suffer 
from  their  disadvantages,  has  been  patented  by  Messrs. 
Cammell  Laird  &  Co.,  Ltd.,  and  is  being  manufactured  by 
Messrs.  Bromell  Patents  Company,  Ltd.,  of  64  Darnley  St., 
Glasgow,  says  Engineering.  It  consists  of  a  metal  tube  of 
external  diameter  and  length  such  that  it  may  replace  the 
glass  tube  in  an  ordinary  water  gage.  The  metal  tube  is 
drilled  with  a  series  of  small  holes  about  ;'_■  in.  in  diameter, 
and  at  a  pitch  of  a  few  inches  apart. 

When  this  tube  is  in  position  on  a  boiler  and  the  gage 
cocks  are  open  so  that  it  is  put  in  communication  with  the 
water  and  steam  spaces,  it  is  found  that  the  jets  which 
issue  from  the  holes  that  are  below  the  water  level  are  very 
distinct  in  character  from  those  which  issue  from  the  holes 
above  the  water  level.  The  steam  jets  issuing  above  the 
water  level  are  barely  visible  and  have  a  very  small  angle 
of  divergence,  while  the  jets  below  the  water  level  are  in  the 
nature  of  a  distinct  white,  cloudy  spray,  and  have  a  wide 
angle  of  divergence.  It  will  be  clear  that  this  device  en- 
ables a  very  close  reading  of  the  water  level  to  be  obtained 
with  ease  and  certainty,  and  that  there  is  nothing  in  it  to 
go  wrong.  A  hole  may  be  stopped  up,  but  if  this  happens 
it  is  at  once  evident  and  may  easily  be  cleared.  With  the 
size  of  the  holes  used,  this  minor  trouble  is  not  very  likely 
to  occur. 

It  is  found  that  the  best  contrast  between  the  jets 
is  obtained  when  the  length  of  the  jet  passage  is  equal  to 
its  diameter,  and  to  obtain  this  proportion  a  flat  is  filed  on 
the  tube  at  the  point  where  the  hole  is  drilled.  It  will  be 
evident  that  these  distinctive  jets  may  be  obtained  by  fitting 
suitable  nozzles  to  ordinary  test  cocks,  but  the  arrangement 
would  not  give  the  close  reading  of  water  level  which  is 
obtained  with  the  indicator,  unless  an  unusual  and  probably 
undesirable  number  of  test  cocks  were  fitted. 

Pension  Plan  of  Ontario  Hydro-Electric 
Commission 

In  accordance  with  an  act  passed  by  the  Ontario  Legisla- 
ture, the  Ontario  Hydro-Electric  Commission  has  inaugu- 
rated for  the  benefit  of  its  employees  a  pension  plan,  an 
insurance  and  sick  benefit  plan  and  a  savings  account  for 
women  employees. 

About  2,500  employees  will  benefit  from  these  plans.  A 
pension  will  be  paid  to  any  male  employee  with  service  of 
15  years  and  who  has  reached  age  of  sixty-five  or  who  has 
become  permanently  disabled  before  his  sixty-fifth  birthday. 
The  pension  will  be  an  annual  payment  of  one  eightieth  of 
the  pensioner's  average  salary  for  previous  5  years,  multi- 
plied by  th«  number  of  years  he  has  been  in  the  service. 
There  will  be  no  assessment  on  the  employees  for  any  of 
the  benefits. 

A  savings  account  will  also  be  opened  for  each  woman 
employee,  in  which  will  be  deposited  5  per  cent  of  her  salary 
each  year,  and  the  amount  thus  accrued  will  be  paid  to  her 
when  she  leaves  the  service. 
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Reserve  Strength  of  Elevator  Ropes* 

By  W.  Voigtlandbr 

Encineering  Dtpjiitnient,   Jolin   A.   Roebling's   Sons   Company, 

Trintuii,   Xi  w   J<iso\ 


rHE  prime  mechanism  of  the  modern  elevator  is  the 
wire  rope,  for  upon  its  condition  and  life  more  than 
upon  any  part  of  the  equipment  is  the  service  depen- 
lent.  I  will  therefore  touch  upon  the  reserve  strength  of 
;  X  19  ropes,  inasmuch  as  there  seems  to  be  much  doubt  as 
o  the  strength  of  ropes  having  one  or  more  wires  broken. 
Jy  6  X  19  ropes  we  -^ 
a  e  a  n  six  19-wire 
.trands  laid  about  a 
enip  center,  as  shown 
n  the  sectional  view 
""ig.  2.  The  construc- 
ion  of  the  rope  is 
^uch  that  the  outside 
ayer  consists  of  al- 
ernate  large  and 
,mall  wires  so  as  to 
'orm  a  round  strand, 
rhe  upper  diagrams 
;how  the  dissected 
•trand,  and  in  the  fol- 
owing  discussion  of 
roken  wires  reference 
,vill  be  made  to  large 
)utside  and  small  out- 
iide  wires.  Tests 
Tiade  by  Roebling's 
;  h  0  w  the  reserve 
strength  for  various 
;onditions  when  using 
lew  ropes  with  wires 
:ut.  The  results  of 
these  tests  are  given 
in  the  accompanying 
table,  but  only  some 
;  X  t  r  e  m  e  conditions 
will  be  pointed  out. 

Test  1,  having  one 
large  wire  cut  in  each 
)f  the  6  strands  at  the 
same  cross-section, 
resulted  in  a  reduc- 
ion  of  both  the  metal- 
area  and  the 
breaking  strength  of 
the  rope  to  approxi- 
mately 93  per  cent  of 
the  original. 

Test  2,  having  one 
large  and  one  small 
wire  cut  in  each  of 
the  6  strands  at  the 
same  cross-section  re- 
sulted in  89 i  per  cent 
af  original  area  and 
[)0i  per  cent  of  orig- 
inal strength. 

Test  4,  two  large 
wires  and  two  small 
wires  similarly  cut  in 
each  of  the  6  strands, 
resulted  in  79:!  per 
cent  area  and  833  per 
cent  strength. 

Test  8,  all  twelve  outside  wires  cut  in  only  one  strand, 
resulted  in  89i  per  cent  area  and  75  per  cent  strength. 

Test  1.  One  large  wire  cut  from  each  strand.  Each  wnre 
cut  three  times.  End  cuts  a  distance  of  two  rope  lays  from 
center  cut.     Each  series  of  cuts  in  same  circumference. 

Test  2.  One  large  and  one  small  wire  cut  in  each  strand 
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on   same    axis.     Each    .vire   cut   three   times.     End    cuts    a 
distance  of  one  rope  lay  from  center  cut. 

Test  3.  Two  large  wires  and  one  small  wire  cut  in  each 
.strand  in  same  manner  as  in  test  2. 

Test  4.  Two  large  and  two  small  wires  cut  in  each  strand, 
same  manner  as  in  test  2. 

Test  5.  Three  large 
and  two  small  wires 
cut  in  each  strand, 
same  manner  as  in 
test  2. 

Test  6.  Three  large 
and  three  small  wires 
cut  in  each  strand, 
same  manner  as  in 
test  2. 

Test  7.  Four  large 
and  three  small  wires 
cut  in  each  strand, 
same  manner  as  in 
test  2. 

Test  8.  Three  sets 
of  four  wires  each  or 
all  outside  wires  in 
one  strand  only  cut. 
Wires  -^ut  only  once. 
Each  set  of  four  wires 
cut  were  a  distance  of 
one  strand  lay  from 
each   other. 

Test  9.  Same  as 
test  7,  except  each 
wire  cut  only  once. 

Test  10.  Same  as 
test  8,  except  two 
strands   were   cut. 

Test  11.  Four  large 
wires  and  three  small 
outside  wires  in  each 
strand  cut.  One  large 
wire  in  each  strand 
cut  in  center  in  sanae 
circumfei'ence.  One 
end  cut,  two  large 
and  one  small  wires; 
other  end  cut  two 
small  and  one  large. 
Distance  from  center 
to  end  cuts  one  strand 
lay.  Each  wire  cut 
only  once. 

Test  12.  Same  as 
test  10,  except  that 
each  set  of  cuts  was 
a  distance  of  one  rope 
lay  apart. 

Test  13.  Same  as 
test  8,  except  that 
each  set  of  cuts  was 
a  distance  of  one  rope 
lay  apart. 

The  examples  given 
arc  sufficient  to  point 
out  that,  where  the 
broken  wires  are  uniformly  distributed  in  all  six  strands,  the 
reserve  strength  is  greater  in  proportion  than  the  net 
metallic  area.  It  has  been  demonstrated  by  us  in  tests 
that  where  every  outside  wire  of  all  the  six  strands  have 
been  cut,  the  reserve  strength  is  42  per  cent,  whereas  the 
net  metallic  area  is  37.6  per  cent. 

It  is   seen   from   test  8   and   also   shown   in   test   10   that 
where  all   the  cut  wires  occur  in  only  one  strand,  the  re- 


The  Correct  Method  of  Socketing  Wire  Rope 

1.  Measure  from  end  of  rope  a  length  equal  to 
basket  of  socket.  Serve  at  his  point  with  not  less 
than  three  wraps.    Cut  out  hemp  center,  open  strands- 

2.  Separate  wires  in  strands,  straighten  by  means 
of  iron  pipe,  cleanse  with  kerosene  oil,  wipe  dry. 

3.  Dip  wires  into  one-half  muriatic  acid,  one- half 
water  (use  no  stronger  solution).  Keep  wires  in  long 
enough  to  be  thoroughly  cleansed— wipe  dry,  serve  end 
that  socket  may  slip  over  all  of  the  wires. 

4.  After  placing  on  socket,  cut  serving  wire  at  top — 
have  all  wires  evenly  distributed  and  even  with  top  of 
basket — place  fire  clay  around  bottom  of  socket. 

5.  Pour  in  molten  pure  zinc — do  not  use  babbitt. 

6.  Remove  all  servings  except  one  nearest  socket. 
After  cooling,  it  is  ready  for  service. 
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Ht'ivi-  strength  is  less  in  proportion  than  the  net  metallic 
ar»'H.  This  is  duo  to  the  fart  that  the  ntrand  that  is  thus 
fUt,  collapses  to  a  <le«:ree  that  allows  the  other  five  strands 
to  change  their  relative  |)«sitions  and  therohy  reduees  the 
original  efruiemy  of  the  rope  eonstruetion. 

It  is  therefore  of  the  utmost  imijortanee  that  any  con- 
tlition  that  causes  one  strand  in  any  of  the  ropes  on  an 
elevator  to  wear  more  than  other  strands  should  bo  bettered 
or  as  much  as  possible  done  away  with.  The  chief  causes 
for  this  condition  of  one  strand  wear  are  improper  sockel- 
inp,  une(|ual  tensions  in  the  ropes  supporting  the  <'ar  and 
worn  ^rrooves  in  the  drum  and  idlers. 

It  has  been  conclusively  demonstrated  by  repeated  tests 
that  the  most  efficient  socket  attachment  is  made  by  a 
"straight    wire    brush"    held,  in    the    conical    basket    of    the 
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socket  by  means  of  spelter  (pure  zinc).  The  proper  method 
of  socketing  is  shown  on  the  accompanying  plate.  To  bend 
the  wires  back  not  only  reduces  the  efficiency  of  the  con- 
nection, but  has  proved  to  have  pushed  back  one  or  more 
strands,  causing  "high  strands."  These  "high  strands"  are 
thus  the  first  to  wear  and  cause  more  rapid  failure,  as  al- 
ready pointed  out.  To  use  other  metal  than  zinc  will  prove 
less  efficient — perhaps  not  in  a  test  sample  in  the  testing 
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machine,  but  in  a  long-endured  load  at  only  the  working 
tension.  This  refers  principally  to  the  use  of  babbitt, 
solder,  lead  and  other  low-melting  alloys. 

Unequal  tensions  of  the  rfipes  cause  rope  failure  shown 
in  broken  wires  due  to  fatigue.  Though  the  estimated 
factor  of  safety  for  a  set  of  ropes  may  be  8  or  10,  it  has 
been  shown  that  where,  by  unequal  tensions,  one  rope  may 
be  carrying  twice  or  even  greater  proportion  of  its  supposed 
load,  the  combined  load  and  bending  stresses  have  so 
fatigued  the  steel  that  the  wires  break  prematurely.  The 
unequal  tension  also  accentuates  any  faulty  condition  in 
socketing  as  well  as  placing  more  load  on  one  groove  or 
more   of  the   multiple-grooved   drum    and    idlers. 
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Worn  grooves  cause  rope  wear  due  t-o  excessive  Mlipp  ■ 
of  which   one   instance  will  serve  uh  an  example.     In 
to  1   traction  machine  one  of  the  grooves  on  the  drum 
found    to    be     '     in.    below    the    level    of   the   others,    v.i 
would   result   in  approximately    i',.    in.   reduction   in   cir. 
ference.     The  extreme  ))oints  of  travel  resulted  in  27  !■ 
lotions  of  the  drum,  which  caused  the  one  rope  to  slip 
inches    more   than    the   others    in  each    travel    up    or   fji.v 
A  groove  worn  down  by  an  old  rope  will  pinch  a  new  rop. 
and   this  causes  .short   life   for  rc))lacement  ropes,  and  tl 
ropes   are    usually    blame<l    as    inferior    in   workmanship  i 
quality. 

Iiit<'rstatr  Commerce  ComminHioii  to  Act 
on  Transportation  ProhlemH 

Continuance  of  the  Interstate  Commerce  (Commission 
service  order  No.  7  may  he  expected.  This  conclusion 
based  on  the  <iuestions  asked  and  the  general  attitude  ( 
the  members  of  the  Commission  who  heard  the  argumei 
in  the  matter  of  the  supply,  exchange,  interchange  and  n 
turn  of  open-top  equipment.  Representatives  of  the  buili 
ing  industries  and  of  the  various  activities  connected  wil 
the  building  of  roads  made  strenuous  pleas  for  the  modil 
cation  of  the  order,  so  that  a  portion  of  the  open-top  cai 
could  be  allotted  to  their  more  necessary  uses.  The  publ 
utility  representatives  declared  it  to  be  their  firm  belli 
that  nothing  less  than  assigned  cars  at  the  mines  woul 
meet  their  requirements.  The  coal  operators  contended  ths 
the  order  should  not  be  modified.  If  the  mines  are  give 
100  per  cent  car  supply  for  a  few  weeks,  they  asserted,  ti 
acute  shortage  will  be  met. 

It  was  charged  that  contracts  are  being  disregarded  an 
coal  sold  at  high  prices  in  the  open  market.  Since  coi 
costs  can  be  passed  along  easily  in  the  so-called  luxur 
manufacture,  those  concerns  could  afford  to  pay  nearly  an 
price  in  order  to  keep  their  plants  in  operation.  It  wa 
pointed  out  that  in  other  industries  coal  forms  a  muc 
more  important  part  of  costs,  and  in  such  cases  as  publ; 
utilities  the  increase  in  price  cannot  be  passed  along. 

Recommendations  made  by  Lemuel  F.  Owen  of  the  Ch 
cago  Building  Material  Exchange,  representing  the  Buildin 
Material  dealers  of  Chicago  and  Cook  County  to  the  Into 
state  Commei'ce  Commission  provide  for  an  increase  in  th 
per  diem  rental  charge  on  all  open  and  closed  cars,  as  b« 
tween  roads  from  ninety  cents  to  two  dollars  per  day;  t 
prohibit  the  reconsignment  of  all  cars  and  to  establish 
demurrage  charge  based  on  the  value  of  the  commodity,  c 
the  freight  rate,  instead  of  the  now  prevailing  per  diei 
demurrage,  irrespective  of  the  commodities  contained  in  th 
car. 

If,  within  a  reasonable  length  of  time,  the  enforcemer 
of  the  foregoing  fails  to  provide  relief  for  the  existing  cor 
ditions,  it  is  recommended  that  at  a  reasonably  later  dat 
an  order  should  be  made  effective  limiting  the  furnishing  c 
all  cars  for  the  transportation  of  any  and  all  commoditif 
excepting  the  absolute  essentials — food,  fuel,  clothing,  she 
ter  and  highways. 


In  an  address  before  the  National  Association  of  Windo" 
Glass  Manufacturers  at  Atlantic  City,  Commissioner  Colve 
said:  "I  hope  that  when  the  United"  States  buys  $200,000 
000  of  new  equipment  for  the  railroads  that  equipmer 
will  not  be  used  that  way.  I  hope  cars  will  be  charged  1 
the  road  on  whose  tracks  they  go  at  a  fair  but  stiff  renb 
for  each  day.  I  hope  that  a  higher  demurrage  charg 
mounting  swiftly  to  severe  penalties,  will  compel  the  shippf 
to  load  and  unload  with  all  speed.  I  hope  reconsignmer 
will  be  limited  strictly  to  its  use  and  thaf  its  abuse  will  b 
made  impossible.  As  a  single  instance  of  such  abuse  I  hea 
of  100  cars  of  coai  held  on  sidings  near  a  coal-hungry  cit 
and  awaiting  reconsignment  to  the  highest  bidder." 


The  Westinghouse  Electric  and  Manufacturing  Co.  is  1 
be  congratulated  upon  the  appearance  of  a  book  of  Wester 
views  beautifully  illustrated  and  bound,  which  formed  thi 
company's  contribution  to  the  recent  National  Electr; 
Light  .Association  Convention  at  Pasadena,  Cal. 
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Soft-Coal  Shortage  Acute 

liow  the  country  has  run  down  in  its  stock  of  soft  coal 
Strikingly  shown  in  a  report  just  issued  by  the  Geological 
5f-vey.  These  official  figures,  embracing  every  state  in  the 
ion.  show  that  huge  industrial  and  utility  plants  of  the 
mil  have  been  going  along  during  the  last  few  months 
\  h  an  average  of  from  one  to  two  weeks'  supply  of  coal. 
iVliile  in  ordinary  times  there  is  a  supply  of  some  35,000,- 
II  tons  of  coal  in  the  country's  bins  in  the  early  spring 
,  ntlis  the  country's  surplus  throughout  last  spring  was 
:  lost  entirely  exhausted. 
■  11  .May  31,  the  Survey's  figures  show,  there  were 
cks  of  bituminous  coal  at  industrial  plants,  other  than 
cl,  of  3,389,066  tons  throughout  the  country,  represent- 
It  an  average  of  3?  weeks'  supply.  Public  utility  plants 
rd  on  hand  1,372,880  tons,  or  a  little  over  3  weeks'  supply. 
;al-gas  plants  had  stocks  of  222,805  tons,  or  enough  to  last 
I  weeks.  In  some  centers  the  shortage  was  much  more 
late  than  in  others. 

]With  an  increasing  demand  for  coal  throughout  the 
lantry  and  lessened  production  because  of  car  shortage, 
fe  average  of  stocks  in  the  hands  of  manufacturing  plants, 
'blic  utilities  and  other  large  consumers  throughout  the 
iintry  gradually  diminished  during  June.  Unofficial  ve- 
rts show  that  many  of  the  manufacturing  plants  by  that 
ne  had  run  down  to  a  supply  that  would  last  only  a  little 
er  a  week. 

Inability  of  coal  operators  to  get  anywhere  near  an  ade- 
ate  supply  of  cars  to  take  coal  from  the  mines  is  brought 
t  by  the  Geological  Survey.  Reports  embraced  in  the 
irvey's  statement  from  some  3,000  mines,  representing 
proximately  60  per  cent  of  the  aggregate  soft-coal  capac- 
'  of  the  country,  show  that  there  was  an  average  of 
i'^  per  cent  of  potential  production  lost  through  shortage 
coal  cars,  for  the  entire  country.  In  some  of  the  fields, 
tably  West  Virginia,  Kentucky  and  Illinois,  the  loss  of 
eduction  due  to  shortage  of  cars  ran  from  50  per  cent 
d  up  to  65  per  cent  of  normal. 

New  England  States  Association, 
N.  A.  S.  E.  Convention 

The  annual  convention  of  the  New  England  States  Asso- 
ition  of  the  N.  A.  S.  E.  combined  with  the  Mechanical  Ex- 
jit  of  the  New  England  Association  of  Commercial  Engi- 
ers  was  held  at  Worcester,  Mass.,  July  7-10.  The  Ban- 
aft  Hotel  was  the  headquarters. 

There  were  upwards  of  seventy-five  delegates  in  attend- 
ee. Among  the  visiters  were  numbered  National  Presi- 
nt  John  J.  Callahan  and  many  past  presidents,  also 
big  delegation  of  prominent  members  of  the  organization 
)m  the  New  England  States  and  elsewhere. 
The  Casino,  situated  in  close  proximity  to  the  headquar- 
■s,  was  arranged  for  the  use  of  the  supplymen  in  the  dis- 
ly  of  their  wares.  Booths  were  occupied  by  105  firms 
hibiting  mainly  new  devices  in  the  engineering  field,  the 
lole  making  a  most  attractive  display,  which  was  liberally 
tronized  during  the  four  days. 

The  exhibit  at  the  Casino  was  formally  opened  on  Wednes- 
y  evening.  Harry  H.  Atkinson,  president  of  the  New 
igland  Association  of  Commercial  Engineers,  presided 
d    introduced    the    following    speakers,    who    made    short 


addresses:  Hon.  Channing  H.  Cox,  lieutenant  governor  of 
Massachusetts;  Major  James  Myrick,  treasurer  of  the 
supplymen;  Robert  Johnson,  chairman  of  the  local  commit- 
tee; Charles  E.  Hildretli,  president  of  the  Chamber  of 
Commerce,  and  Tremont  E.  Eggleston,  Jr.,  chairman  of  the 
exhibition  committee.  The  exhibition  was  open  from  10 
a.m.  to  10:30  p.m. 

The  opening  exei-cises  of  the  engineers  were  held  in  the 
banquet  hall  of  the  Bancroft  Hotel  on  Thursday  evening. 
The  meeting  was  called  to  order  by  Chairman  Robert  John- 
son, who  introduced  Herbert  E.  Stone,  master  of  cere- 
monies. Alderman  Joseph  W.  Leydon  welcomed  the  con- 
vention to  Worcester  in  place  of  Mayor  Sullivan,  who  was 
called  from  the  city.  Warren  H.  Goodrich  responded  and 
spoke  of  the  growth  of  the  N.  A.  S.  E.  during  the  past  year. 
Charles  E.  Hildreth,  president  of  the  Worcester  Chamber 
of  Commerce,  told  of  the  dignity  of  the  engineering  profes- 
sion and  expressed  how  pleased  the  citizens  of  the  city  were 
to  have  the  delegates  and  visitors  among  them.  He  said 
that  the  engineer  was  undoubtedly  the  mainspring  of  civil- 
ization. Charles  C.  Gardiner,  chairman  of  the  Educational 
Committee,  of  Taunton,  spoke  of  the  help  that  the  mem- 
bers of  the  N.  A.  S.  E.  have  always  given  to  the  Govern- 
ment in  the  time  of  need  and  hoped  that  the  members  in 
Worcester  and  other  cities  would  get  in  closer  relation  with 
the  Chamber  of  Commerce,  as  much  good  could  be  accom- 
plished in  this  way.  Dr.  Ira  N.  Hollis,  president  of  the 
Worcester  Polytechnic  Institute,  advised  strict  economy  and 
frugality  on  the  part  of  the  engineers.  He  urged  the 
necessity  for  internal  peace  in  our  own  country.  If  this 
could  be  brought  about  there  would  be  absolutely  no  fear 
of  friction  with  outsiders.  He  said  that  happiness  never 
comes  in  the  pursuit  of  happiness,  but  in  the  pursuit  of 
work;  that  man  is  happiest  who  is  doing  some  intex'esting 
work  for  someone  else.  Vice  President  Elmer  L.  Dean 
responded  for  the  engineers,  and  the  ceremonies  closed 
with  the  singing  of  the  National  Anthem. 

On  Friday  evening  a  smoker  was  given  in  the  banquet 
hall  of  the  hotel.  This  event  was  well  attended  and  an 
enjoyable  program  of  entertainment  was  given  by  members 
of  the  Supplymen's  Association  and  some  local  talent. 

The  outing  at  Lake  Park  on  Saturday  afternoon  was  a 
big  success.  Autos  conveyed  the  company  to  the  grounds 
where  outdoor  sports  of  all  kinds  were  indulged  in,  with 
prizes  to  the  vnnners.  The  baseball  game  resulted  in  a 
tie.  The  festivities  ended  with  an  appetizing  sheep  bake 
at  the  Winchester  Boat  House. 

The  election  of  officers  of  the  delegates  resulted  as  fol- 
lows: Dudley  S.  Kimball,  president,  Cambridge;  George  C. 
Madison,  vice  president,  Worcester;  Freeman  L.  "Tyler, 
secretary,  Taunton;  Walter  H.  Damon,  treasui'er,  Spring- 
field; John  H.  Graham,  conductor.  Fall  River;  Thomas 
Livingston,  doorkeeper,  Meriden. 

The  New  England  Association  of  Commercial  Engineers 
elected  officers  as  follows:  Harry  H.  Atkinson,  president. 
Economy  Lubricating  Co.;  S.  E.  Smith,  vice  president, 
McClave-Brooks  Co.;  Maj.  James  W.  Myrick,  treasui'er, 
.A,uto  Force  Ventilating  Co.  The  three  trustees  elected  to 
serve  three  years  were:  F.  S.  Eggleston,  Eggleston  Sup- 
ply Co.;  L.  W.  Merrihew,  Sti-ong,  Carlisle  &  Hammond  Co.; 
Fred  M.  Couch,  V.  D.  Anderson  Co. 

The  presentations  were  a  past  president's  badge  and 
diamond  stickpin  to  Warren  Goodrich,  gold  watch  and  chain 
to  Harry  Atkinson  and  a  magTiifying  glass  to'Walter  Damon. 


.\'.    A.   S.    K.    MKMUKIIS    A.\'l>    I  iKI.lCG.X'I'KS    flil  CSK.NI     AT   CO.\  V  li.NTlO.N 
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(;iiarp;<'s  Aiitlirncilc  liidiiHlry  \h  CoiilrollrW 
by  a  SyHlnii 

W.  Jott  Lauck,  in  jiijruiriK  llu-  admismbility  of  exhibits 
on  proliti'orinK  and  monopoly  which  he  had  submitted  in  be- 
half of  the  United  Mine  Workers  of  America  and  to  which 
the  representatives  of  the  operators  had  interposed  objec- 
tions, declared  that  the  real  profits  of  the  anthracite  in- 
dustry were  at  least  seven  limes  the  apparent  profits  and 
charged  that  the  anthracite  coal  industry  is  dominated  by 
a  monopolistic  system  that  is  squeezinp  both  the  consumer 
and  the  wajre  earner  by  diverting  profits  at  points  where 
noitiicr  can  see  throuph  the  screen  of  legal  devices  and 
bookkeeping. 

Mr.  Lauck  contended  that  there  is  no  warrant  for  the  as- 
sertion that  the  anthracite  industry  cannot  pay  hiRhcr  wages 
without  a  further  increase  in  the  price  charged  to  the  con- 
sumer. The  anthracite  industry  is  paying  profits  that  are 
amply  adequate  to  absorb  the  cost  of  a  just  increase  in 
wages. 

"Enough  money  is  abstracted  between  the  time  when 
the  coal  leaves  the  mine  and  the  time  when  it  reaches  the 
local  dealer  to  pay  the  requested  wage  increase  and  at  the 
same  time  to  reduce  the  price  of  the  anthracite  to  the 
consumer,"  said  Mr.  Lauck. 

The  anthracite  industry  is  similar  in  structure  to  an  octo- 
pus. Its  head  and  body  are  a  very  small  group  of  banking 
interests.  Its  arms  are  seven  railway  systems  which  con- 
trol at  their  extremities  the  anthracite  mining  operations  of 
the  country. 

The  books  of  the  entire  concern  represented  by  the  seven 
great  business  organizations  must  be  examined  before 
anyone  can  say  just  what  the  profits  are. 

Mr.  Lauck  declared  that  such  an  examination  of  the 
books  was  necessary  for  the  settlement  of  the  controversy 
and  that  the  bookkeeping  evidences  of  the  unity  between 
the  railroads  and  their  coal  companies  was  overwhelming. 
Smch  high  rates  for  the  transportation  of  anthracite  were 
established  by  the  railroad  companies  that  it  became  im- 
possible for  a  coal  company  to  operate  at  a  profit.  The 
railroad  coal  companies  were  then  supported  by  subsidies 
granted  in  one  form  or  another  by  the  parent  railroad 
company.  This  was  made  possible  by  a  bookkeeping  sys- 
tem that  rendered  the  finances  of  the  two  companies  prac- 
tically one. 

In  the  rush  to  monopolize  anthracite  reserves,  the  rail- 
road companies  purchased  thousands  of  acres  of  unproduc- 
tive land  for  which  the  consumers  and  mine  workers  are 
being  asked  to  pay  by  high  prices  and  a  non-living  wage. 

The  point  which  Mr.  Lauck  emphasizes  and  brings  out 
is  that  a  well-defined  process  exists  by  which  the  profits 
of  the  anthracite  industry  are  successfully  concealed,  the 
high  prices  being  explained  by  apparent  high  costs.  The 
losses  of  the  railroad  companies  are  written  into  the  cost 
of  transportation  through  advances  without  interest  and 
through  the  funding  operations  which  impose  large  fixed 
charges  upon  the  railroad  department.  The  high  freight 
rates  which  such  inflated  transportation  costs  seem  to  jus- 
tify are  written  into  the  cost  of  anthracite  and  serve  to 
bridge  the  gap  between  the  mine  cost  and  the  high  prices 
which  prevail. 


Engineer  Officer  on  Water-Power 
Commission 

Another  step  in  the  organization  of  the  Federal  Power 
Commission  was  taken  July  8,  when  the  President  desig- 
nated Lieut.  Col.  William  Kelly  as  its  Engineer  Officer. 

Much  of  Colonel  Kelly's  experience  has  been  in  California 
om  engineering  projects  which  brought  him  in  close  contact 
with  the  water-power  situation.  He  was  graduated  from 
the  United  States  Military  Academy  in  1899.  He  trained 
the  117th  Engineers  and  took  that  regiment  to  France  in 
1917.  Later,  he  became  Chief  Engineer  for  the  Fourth  Army 
Corps.  From  that  post  he  was  promoted  to  Base  Com- 
manding Officer.  He  is  now  engaged  in  river  and  harbor 
work  at  San  Francisco. 


I\ii<>;iii<'<'rin«;  Foun<latioM  and  an  American 
lly<lraiili<'  Laboratory 

Cerlam  engineers  have  recently  proposed  an  eiidowe<i 
American  Hydraulic  Laboratory.  There  are  many  needed 
contributions  to  hydraulic  engineering  and  the  underlying 
science  which  can  best  be  made  by  a  laboratory  witli 
sufficient  resources. 

In  Engineering  Foundation  there  exists  the  instrumental- 
ity   for    bringing    into    existence    such    a    laboratory    a.s   I- 
suggested.      Engineering    Foundation    Board    is    thor^ 
competent  to   receive  and   administer  endowment   fui 
any    amount,    including    those    which    might    be    especially 
designated  for  an  American  Hydraulic  Laboratory. 

Instead  of  creating  a  new  laboratory,  it  might  he  four-' 
advisable  for  Engineering  Foundation,  if  funds  should  i 
provided,  to  serve  as  an  American  Hydraulic  Institute.  1 ' 
institute  could  enlarge  the  usefulness  of  the  existii 
hydraulic  laboratories  of  the  universities,  the  GovernnHi 
and  the  industries  by  directing  experimenters  and  allocatiri 
problems  to  the  laboratory  best  equipped  for  each  specifi 
project  undertaken.  It  could  contribute  to  the  support  i 
the  experimenter  and,  if  existing  facilities  were  not  a'i 
quate,  could  improve  the  facilities  in  the  laboratory  select. 
for  the  work. 


Tbe  Water  Power  Commission 


Begins  Organizing 


Regulations  governing  the  administration  of  the  Water- 1 
Power  Act  are  to  be  drafted  by  a  committee  consisting  of  ; 
Oscar  C.  Merrill,  Gen.  Enoch  H.  Crowder  and  Herman  | 
Stabler.  Two  or  three  months  will  be  required  to  draft  I 
the  regulations,  it  is  believed.  I 

The  first  official  act  of  Mr.  Merrill,  as  secretary  of  the 
Federal  Power  Commission,  was  to  present  formally  to  the 
Solicitor  of  the  Treasury  the  questions  pertaining  to  the 
employment  of  the  personnel  of  the  commission.  Due  to  an 
oversight,  the  act  does  not  provide  any  specific  authority 
for  the  employment  of  specialists,  clerks  or  assistants  ofj 
any  kind. 

The  wording  of  the  act  in  several  places  makes  it  very 
clear,  however,  that  it  was  the  intention  of  Congress  for 
the  commission  to  employ  the  necessary  personnel.  If  the 
solicitor  should  find  that  no  authority  for  employment  is 
given,  the  work  of  the  commission  will  be  considerably 
hampered,  as  it  will  have  to  depend  entirely  upon  such  help 
as  can  be  loaned  by  the  War,  Interior  and  Agriculture 
Departments. 

Major  Max  C.  Tyler  has  been  selected  by  Gen.  Lansing 
H.  Beach,  the  chief  of  engineers,  to  make  the  report  on  the 
Great  Falls  power  project,  which  was  authorized  by  the  act 


Advisory  Board  for  Power  Survey 

Prof.  L.  P.  Breckenridge,  head  of  the  department  ol 
Mechanical  Engineering  of  Yale  University,  has  been  ap 
pointed  chairman  of  the  advisory  board  which  will  play  ar 
important  part  in  the  power  survey  of  the  North  Atlantic 
seaboard  between  Boston  and  Washington.  He  will  worl 
in  close  co-operation  with  William  S.  Murray,  the  chairman 
of  the  engineering  staff  which  will  be  engaged  on  this  work 
Professor  Breckenridge  will  represent  fuel  engineering  or 
the  board. 

The  full  membership  of  the  boai'd  has  not  been  selected 
as  yet.  E.  G.  Buckland,  vice  president  of  the  New  York 
New  Haven  &  Hartford  R.R.,  has  accepted  an  appointment 
to  the  board,  as  has  James  H.  McGraw,  president  of  the 
McGraw-Hill  Co.,  Inc.  Among  other  members  of  the  board 
yet  to  be  designated,  are  representatives  of  the  National 
Electric  Light  Association  and  the  American  Electric  Rail- 
way Association. 

The  super-power  survey  is  to  be  directed  from  Nev 
York  City,  where  the  United  States  Geological  Survey  just 
has  opened  offices  in  the  Buckley-Xewhall  Building,  709 
Sixth  Avenue. 


July  20,  1920 
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ne.   Acme    (iiinmiitutor    Snioodiine 

Ireen    Kqiiipmpnt   Corporation,   Moiiailnock    Klock,   Chicago,   III. 
"Po\v,>r."    192(1 


This  stone  possesses  higli  in- 
sulatinK  quality  anil  wlien  lield 
against  the  surface  of  a  commu- 
tator or  collector  rinK  while  a 
machine  is  in  motion  will  smooth 
ilown  the  uneven  surfaces.  The 
(  lifting  down  is  clone  with  one 
^raile  of  stone  and  the  linisliing 
surface  is  made  with  anotlicr  of 
finer  texture.  Although  the  stone 
is  made  with  a  flat  surface  its  con- 
tour, due  to  wastage,  will  really 
conform  to  the  convex  shape  of 
the  commutator  that  is  being 
treated. 


Eulatur.    R.    K.    H.vdro-EIeetrU-    Pressure 

luggles-KIingeniann  Manufacturing  Co.,  Salem.  Mass. 
"Power,"   June    1.    1920 

This  special  regulator  is  designed  to 
eliminate  all  erratic  action  in  operation. 
The  scale  beam  is  free  to  respond  accu- 
rately to  variations  in  pressure  of  1  lb. 
or  less  and  to  transmit  its  readings  by 
means  of  electric  contact  to  limit  the 
movement  of  the  motor  plunger.  The 
variations  in  pressure  are  transmitted  to 
a  pilot  valve  which  controls  the  move- 
ment of  the  motor  by  means  of  electric 
magnets.  One  magnet  controls  the  up- 
ward movement  of  the  plunger  and  an- 
other the  downward  movement,  the  pilot 
valve  normally  being  held  in  a  neutral 
position  where  no  pressure  can  be  trans- 
mitted to  the  motor  or  cylinder.  The 
motor  travels  by  stages.  The  plunger  is 
moved  step  by  step  with  a  well-designed 
period  of  rest  between  stages  of  its 
travel.  When  a  change  of  pressure  tal<es 
be.  the  plunger  is  moved  rapidly  to  the  next  succeeding  stage 
1  comes  to  rest  and  so  remains  until  the  pressure  changes. 


Wrench,    Adjiistuble    Ratchet 
AUan-Diffenbaugh    Wrench   and   Tool    Co..    6<!50    South    Halstetl 

St.,    Chicago,    111. 

"Power."   192U 


A  s  e  1  f-a  d  j  u  s  ti  n  g 
wrench  that  will  talje 
the  place  of  several  sizes 
of  open-end  wrenches. 
To  operate,  simply  place 
the  jaws  over  the  nut 
and  pull  on  the  handle — 
the  harder  the  pull  the 
harder  the  jaws  will 
grip.  To  let  go  of  the 
nut.  simply  release  the 
handle,  whicli  releases 
the  grip   of  the   jaws   and   permits  a   ratchet  action   on   the   nut 


Ml  Limit,  Clock-Pendulum   Precision 

;.  K.  Clock,  Fidelity  &  Casualty  Co.,  of  New  York.  N.  Y. 
"Power,"   June    1,    1920 

This  is  a  device  for  the  control  of  steam 
engines  and  is  connected  to  any  recipro- 
cating part  of  the  engine.  There  are  two 
pendulums,  one  being  positively  driven 
and  moved  through  a  fixed  arc  ;  the  otiier, 
or  weighted  pendulum,  is  in  line  and 
swings  with  the  positively  driven  arc  until 
such  time  as  tlie  operation  becomes  fast 
enough  to  overcome  the  stabilizing  spring, 
which  tends  to  hold  the  weight  |>endulum 
firmly  on  two  pins  that  project  through 
the  curved  slots  in  the  disk  attaclied  to 
the  weight  pendulum.  As  the  positive 
driven  pendulum  moves  to  the  right  and 
starts  upon  the  return  stroke  faster  than 
that  for  wliich  it  is  adjusted,  a  contact 
is  made  witli  electrical  apparatus  and  by 
moving    a     lever    and    by    working    of    the 

ious  mechanisms,  the  pilot  valve  is  opened,  resulting  in  a  flow 

water  through   the   connection    to   the   operating  cylinder.      This 
atches  the   automatic   throttle   valve  and   gives   it  a   otort.   and 

throttle  sleeve  being  relea.sed  together  wi*h  the  piston  effect  of 

steam  valve  stem  closes  the  tlii'>tt»c  promptly. 


Boiler.    Riirtnn    Dnplev    Water-Tube 
De  Pere-Burton  Co..   De  Pere,   Wis. 

"Power,"   May    11,    1920 


This  is  a  one  pass  boiler,  provided  with 
two  cross-drums  at  opposite  ends  of  the 
setting.  The  tubes  lead  obliquely  upward 
across  the  path  of  the  gases  and  enter 
tlieir  respective  drums.  A  vertical  row 
of  tubes  lead  from  the  water  leg  at  one 
side  of  the  boiler  and  enter  the  drum  at 
the  other  side.  The  next  row  of  tubes 
connect  the  water  leg  at  the  right-hand 
side  of  the  setting  and  the  drum  at  the 
opposite  side.  Thus  the  rows  of  tulns 
alternate  in  the  direction  of  their  slope 
and  cross  over  the  combustion  chamlier. 
Most  of  the  tubes  are  curved  at  one  end. 
The  tubes  may  be  cleaned  from  witliiii 
the  drum,  and  instead  of  pulling  them  out 
through  hand  holes  in  the  header  they 
may  be  removed  into  the  combustion 
chamber.  Key  caps  are  provided  in  the 
water   leg   opposite   each    tube. 


Transmissiiin    Turbine   Gear 

B.    F.    Sturtevant    Co.,    Boston,    Mass. 

"Power,"    June    8,    192ii 


This  turbo-transmission 
is  designed  for  shaft  and 
pump  drive.  It  is  self- 
contained  and  does  away 
with  turbine  bearings  and 
turbine  packing.  The  tur- 
bine and  pinion  shaft  is 
supported  by  two  bear- 
ings in  the  gear  casing, 
but  the  turbine  pri>per 
overhangs  the  sear  casing 
at  one  end.  Two  pinions 
are  carried  on  the  turbine 
shaft,  and  these  connect 
with  two  large  gears 
which  are  carried  on  the 
gear  shaft  ami  couple  to 
tliii  abaft  or  pump  that  i 


suhitor,   Fraiii»»«'<>   I'ump 

Cdward   valve  and   Manufacturing  Co.,   Chicago, 
"Power,"   May   25,    1920 


This  pump  regulator  is  designed  to 
maintain  a  constant  ditferential  be- 
tween the  discharge  pressure  and  the 
steam  pressure,  or  a  fixed  iiressure 
at  the  delivery  end  of  the  pump.  One 
of  the  distinguishing  features  is  the 
separation  of  the  valve  proper  and 
the  control  cylinder,  thus  eliminating 
expansion  and  contraction  troubles 
due  to  the  high  temperature  of  the 
steam.  The  regulator  will  operate 
either  in  a  horizontal  line  or  in  any 
other  position.  It  is  said  that  with 
a  normal  pressure  of  175  lb.,  an  in- 
crease of  less  than  H  lb.  will  close 
the  valve  and  stop  the  pump,  or  a 
decrease  of  3  lb.  will  cause  the  valve 
to   open   in   full. 


to  be   driven.     It   is  built  in   two  sizes,   25   and   50  hp.     The  speed 
is  controlled  by  a  throttling  governor  driven  from  the  gear  shaft. 


Filter,    New    Wayne    Gravity    Oil 

Wayne  Oil    Tank   and    Pump  Co.,    Fort   Wayne,   Ind. 
"Power."   June   15.    1920 


This  filter  handles  continuously  large 
volumes  of  oil.  The  water  and  much 
of  the  sediment  are  removed  by  a  tray 
system,  thus  reducing  the  work  of  the 
filtering  medium.  Dirty  oil  passes  through 
a  screen  to  a  heating  compartment,  then 
through  a  precipitating  chaml)er  and 
from  there  to  filtering  units  from  which 
it  goes  to  the  clean-oil  compartment. 
The  screen  removes  impurities  from  the 
oil  and  much  of  the  remaining  impurities 
are  gathered  and  deposited  on  the  tr.i 
Water  is  separated  from  the  oil  as 
passes  over  the  heating  coils.  The  tin  il 
filtering  is  done  by  means  of  cloth  filti  i 
units  which  renioxe  the  remaining  shine 
and  impurities  that  have  not  been  pre- 
cipitated. This  type  of  filter  is  built  lor 
capacities  ranging  from  2  to  600  gal  per 
hour. 


MW^?"^^ 

^ 
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New  PuhlicaliotiH 


F.Kf^flK.NT  lU)llj;it  MAXACKMKNT.  Hv 
(Mmil.  H  K  Wild.-.  I'lil.llHliid  l>y  \a>uk- 
iniiiiH.  ( ?ri't'H  &  t'o..  l.<)iiiUin  mid  Niw 
York  I'lolh;  )>  x  it  in.;  2G6  paRcx. 
ITlio    JITiO, 

Till'  aiilhor,  who  has  liud  ooiinldorablc  t-x- 
txTloiu'i'  In  lliiH  Held  abroad,  almn  to 
itrldKc  tlir  Kai>  bi'twi-fii  the  si'lciitltlr  dls- 
ciiMMioii  of  chfiiilstry,  find  aniilyMiH,  clc. 
and  III-  inindy  dcHorlptlvc  arllclcH  and 
paniphli'ts  dialing  with  sti'Uin-inakinK  ap- 
paratiis  Tlw  clcnuntary  sclcntllU-  prln- 
clpU'8  iimUrlyinB  tin-  various  siibjocts  arc 
laKon  up  In  tin-  usual  si'iiiu-ncr.  The  troat- 
nu-nt  is  pIcasiiiK  and  of  utility  value.  Tn 
tho  way  of  illustrations  the  author  has 
proviilfd  many,  and  whib'  many.  If  nor 
most  of  thfui,  aro  calaloK  reproductions,  thi- 
s.di'ftion  is  Rood.  Th>>.  rj'adcr  will  bo 
disappointod  with  tho  niraKn-  text  dovotoil 
to  mcchanioal  stokrrs  and  furiiaivs  suiii-d 
to  various  stokers  and  fuols.  I'rrliaps  llic 
author  is  not  to  be  criliciztMl  ina.'^nuich  as 
niochanical  stokirs  of  tho  multiplo-rotort 
type  aro  not  nearly  so  eommon  in  tho  Brit- 
ish Isles  as  in  .\niorica  it  is  presumed  that 
he  wrote  for  the  KnKlish  reader  chiefly.  In 
the  I'niled  States  onKineors  will  want  to 
follow  tho  list  eodo  of  tho  .\nforlcf»n  Society 
of  Meohanioal  lOnirinoors  instead  of  the 
forms  given  by  tho  author;  they  are  simi- 
lar of  course,  but  in  view  of  the  value  of 
standard  methods  in  testing  reporting  and 
comp.'iring  thoni  the  .\merican  Society's 
code  should  bo  used  here.  As  efficient 
boiler  room  management  these  days  is  so 
much  intUioiio.il  liy  design  and  general  ar- 
rangement of  boiler  house  and  equipment 
the  Amerioaii  ongint-er  will  be  disappointed 
to  find  that  the  author  has  barely  touched 
on  this  important  subject  so  interrelated 
with    tnanagemcnt. 


Obituary 


O.  C.  Woolsen.  mechanical  engineer,  with 
offices  in  Newark  and  New  York  Citv.  died 
at  his  homo.  80  Broad  St..  Newark.  N.  .1.. 
on  July  2.  following  a  lingering  illness. 
Mr.  Woolsen  oontrtcted  a  cold  which  de- 
veloped an  .isthmatic  condition,  causing  his 
death.  The  news  came  as  a  shock  to  his 
many  busine.<;s  acquaintances  and  friends 
both  in  Newark  and  Now  York.  Mr.  Wool- 
.sen  was  well  known  in  onginetring  circles 
and  for  many  years  was  a  member  of  the 
.American  Society  of  Mechanical  Engineers, 
tho  Newark  Board  of  Trade  and  the  New 
York  Railroad  Club.  He  is  survived  by 
two  daughters.  Helen  Woolsen  and  Mrs. 
Charles  Woigand.  of  Newark,  and  a  son. 
O.  C.  Woolsen.  Jr.,  who,  at  the  time  of  his 
father's  death,  was  at  St  Paul.   Minnesota. 


Personals 


S.  H.  Cleland  has  Ijeen  a|ipointed  Kastorn 
sales  manager  of  tlie  National  Kngineering 
Co..  Chicago.  He  has  ojienod  temporary 
offices  at  l."i  Rast  Fortieth  St.  New  York 
City. 

H.  F.  Strirklanil  has  resigned  as  chief 
engineer  of  the  Hydro-Electric  Power  Com- 
mission of  Ontario.  Mr.  Strickland  was 
connected  with  the  commission  for  eight 
years. 

Alexander  Wilson,  formerly  chief  elec- 
trical engineer  of  the  Jfontreal  I>ight.  Heat 
and  Power  Co..  has  opened  an  office  as  con- 
sulting engineer  in  the  Yorkshire  Building. 
Montreal.   Quebec. 

\V.  V.  Rett,  formerly  with  several  large 
sioel  companies,  has  joined  the  staff  of 
Barton  R.  Shover,  consulting  electrical, 
iron  and  steel  plant,  and  steam  enginoor. 
Oliver   Building.    Pittsburgh.    Pa 

Oeorge  >I.  Wisner,  for  the  past  thirteen 
years  chief  engineer  of  the  sanitary  district 
of  Chicago,  has  resigned  to  enter  business 
for  himself.  Mr.  AVisner  will  continue  to 
act  as  consulting  engineer  for  the  district 
board. 

Prof.  C.  C.  Williams,  of  the  School  of 
ISngineering  at  the  University  of  Kansas, 
will  go  to  Europe  this  summer  to  study 
transiKirtation  problems  there.  He  will 
visit  England,  Holland  France.  Belgium. 
Jtalv  and   Switzerland. 


Kdwln  A.  ItoKrrH  haK  reHlKned  hln  ponl- 
llon  aa  power-plant  eiiKlneer  of  I  hi*  New 
Cornelia  Copiior  t^o  .  AJo.  Arlr...  and  Iihh 
opened  an  olflce  an  CoiiniiIIIiik  enKl'H'or.  In 
Sun  I'Vanclsco.  Cal,.  spoelall/.ing  in  fuidoll 
eombuNtlon  anil  power-plant  ellirleney  work. 

Kduuril  llliikrny.  formerly  In  the  enKi- 
I Ing  dop.'irlmenl  of  tlii'  AiiK-rlean  Tele- 
phono  and  1'oleKriipli  Co  ami  the  W.Mtern 
I'nioii  TeleKrajib  Co.,  Ih  now  a  member  iif 
tho  technical  staff  of  the  i-oHoareli  dopiirt- 
moiit  of  the  Radio  Cnrporatlon  of  Aini-rloa, 
.New    York    City. 

(iporice  J".  Sonn,  formerly  with  the  Na- 
tional Conduit  and  Cable  Co..  Inc..  and  th'' 
.National  Krass  and  Copper  Tube  Co..  Inc.. 
as  mechanical  engineer.  Is  now  with  Ih.' 
.Machine  Tool  Engineering  Co..  Inc..  .Singer 
Muilding.  New  York  City,  as  siH'cial  h.-iIoh 
npresentutive. 

I>r.  r.  O.  :\Iiillloiix.  p.ist  proRldenl  of  the 
.Vmerican  Institute  of  lOloctrlcal  EngineerH 
and  president  of  the  International  Electro- 
technical  Commission,  has  b.-.n  made  an 
honorary  member  of  lhi>  .Scioii'to  Framiais 
lies  Electrieieiis.  the  loading  oleotrleal  so- 
ciety  of   Franco. 

4.  W.  DorMpy,  assistant  professor  of  ol.i- 
trical  engineering  at  thi'  University  of 
Manitoba,  has  incorpor:ited  :i  company 
under  tho  name  of  tho  Dorsoy  Electrical 
I^ahorntories.  Utd.  Professor  Dorsey  an- 
nounced a  few  nights  ago  that  he  had  dis- 
covered a  new  and  cheaper  way  of  trans- 
mitting electrical    power. 

.*<um  W.  Smith,  for  many  years  sales 
manager  of  the  Uehling  Instrument  Co..  of 
-Vow  York,  and  formerly  equipment  engi- 
neer for  the  Southern  New  England  Tele- 
phone Co..  has  joined  the  Smith  Engineer- 
ing and  Supply  Co..  Boston.  This  concern 
will  represent  the  Uehling  Instrument  Co. 
and  the  Adriance  Bate  Co..  makers  of  the 
Bate  flue  cleaners,   in  Now  England. 

Kdwa.rd  3.  Cliene.v.  secretary  of  Ih- 
Standards  Committee  of  the  American  In- 
stitute of  Electrical  Engineers,  formerly 
connected  with  the  OoHHral  El.ctric  Co. 
and  recently  chief  of  tho  Division  of  IJght. 
Heat  and  Power  of  the  Pulilic  .Service  Com- 
mission. Second  District,  .Mbany.  N.  Y..  has 
opened  an  office  at  61  Broadway.  New  York 
City,  for  a  general  engineering  and  consult- 
ing practice. 


Societv  .'Vffairs 


The  American  Peat  Soi-ietv  will  hold  its 
annual  meeting  at  M.idison.  Wis.,  Sept.  2-4. 
A  number  of  interesting  papers  will  be 
presented  .it  the  meeting.  A  definite  pro- 
gram has  not  been  prepared  as  yet. 

The  Association  of  Iron  and  Steel  Elec- 
trical Engineers  will  hold  its  fourteenth  an- 
nual convention  at  the  Hotel  Pennsylvania, 
Now  York  City.  Sejit.  20-24.  Tho  program, 
as  a  whole,  deals  with  the  complete  plant 
electrification  from  the  ore  pile  to  the  fin- 
ished product.  A  feature  of  the  convention 
will  be  the  display  of  the  products  of  the 
representative   electrical    manufacturers. 

The  New  York  Section  of  the  American  In- 
stitute of  Electrical  Engineers  is  planning  a 
series  of  ""'"t  meetings  throughout  the  com- 
ing voar  with  the  ■Mpi.O;;?.''tan  .S<^ction  of  the 
American  Society  of  Mechanical  ^^f'"^*''"^- 
.\mong  the  subjects  selected  for  discU.?!5lort 
at  tho  meetings  are  marine  engineering,  en- 
ginering  education,  industrial  installation, 
pow-er  generation,  steam-railroad  electrifica- 
tion and  industrial  relations.  The  first 
meeting  will  be  held  in  October. 

The    National    Electric    Tyiglit    Association 

has  been  invited  to  appoint  a  representative 
to  serve  on  an  advisory  board  which  will 
co-operate  with  the  eiTgineering  staff  of  the 
North  Atlantic  S"at>oard  Super  Power  Sur- 
vey. L.  P.  Breckenridge.  professor  of 
mechanical  engineering  at  Yale  Univ'ersity. 
will  head  the  Advisory  Board  and  also  rep- 
resent the  fuel-engineering  profession. 
Other  members  of  the  Board  already  ap- 
Iiointed  .are  James  H.  McGraw.  president 
of  the  McGraw-Hill  Publishine-  Co..  and  E. 
r?  Buckland,  vice  nresident  New  York.  New 
Haven  &  Hartford   Railroad. 


Business  Items 


The  MeJiico  (Mo.)  Power  Co.  has  pur- 
chased the  municinal  plant  at  Wellsville 
and  is  now  furnishing  current  from  the 
central  plant   in   Jlexieo  to  that  city 


Thr    .\illronda4-k    Powrr    iinil    I.IkIiI    (  iirii 
Ih     plunnlnir     to     conHtruct     a     Hleani  puA. 
pluiil   In  the  Mohawk  Valley,  aH  un  auxlh.i 
111     llH     vurloUH     wali-r-povM-r     nliinlH        'I 
new    plant.    II     Ih    •■xiX'Cled,    will    be    loeiii. 
near    Anislirdatii,    «li<'r<-    wveral   ulteH   hiu. 
Iii'on    lllVesllKated 

Thr     t'oiillirrii     SIrrriM     Power    Co.,     S!-- 

r.ernardliiii,  Cal.,  Ih  planning  a  $260,000  i 
iirovomenl  to  llH  Hteam  plant.  Work  y 
begin  at  once.  Tho  Improvement  IB  an  :, 
illllonal  ■•froiiuency  cbanKe"  to  be  iiiMtiii 
by  till'  .Southern  .Sl.rraH  and  Koutherii  C 
fornia    EdlHon   Co    Jointly. 

The    Tiinaw  iinilii    Tower   <'o..    .North   Tun^. 
w.'inda,    .\.     Y.,    has    Htarted    work    on    ili. 
coiiHlrintlon     of    an     aildition    to    its    tr.m 
former    8t:itlon.    which    will    give    the    km 
pany    ei|ui]>ment     for    the    tr.-inBmlRRion 
twice   as   much   jiower   aw   ;il    prenent    foi 
dustrial   and    lighting   purixisea 

The    Mrtit    I'eiin    Power    Co.   has  obtaim  ■ 
poHKoHHlon  of  ten   I'innHylvania  corporal im 
liceiiHed  to  operate  in  Orcene  County.  Thf 
concerns  are:   Mt.  Mori  is  I'ower  Co.,  AIm 
Power     Co.,     Center     Power    Co.,     f;ilii 
Power    ('o.,    OrayHVille    Power    Co.,    Jacl*  .<-. 
Power    Co.,    Morris    Power    Co.,    Springfleli; 
Power   Co.,    and    the    Wayne   Power    Co 


Trade  Catalogs 


1 


(iirtiiiiner  .stundarilizril  Steam  Ash  Con- 
veyor is  tho  title  of  a  new  13-page  cataloi! 
now  ready  for  ilistribution  by  the  Girtanner 
Kngineering  Corp..  of  New  York.  Illustra- 
tions and  descriptions  of  the  fJirtanner  line 
of  ash  conveyors  are  given.  A  copy  of  the 
catalog   will    bo   sent    on   request. 

The  <ias  <'oml>ustioii  Co.,  Union  Arcade. 
Pittsburgh.  Pa.,  has  ready  for  distribution 
a  new  24-page  catalog  entitled  "The  Brad- 
shaw  Burner."  Descriptions  of  the  varioup 
types  of  burners  are  given,  including  stand- 
ard and  pressure  tyjus  for  boilers,  standaril 
types  for  stoves  and  standard  pressure 
types  for  gas  producers.  An  analysis  of 
combustion  chamber,  .stack  and  gas  pres- 
sures is  also  contained  in  the  catalog.  A 
copy  will  be  sent  on  request. 

The  Crescent  ISelt  FuBtener  Co.,  of  New 
York,  has  ready  for  distribution  a  new  6- 
page  pamphlet.  Form  N.  Y,  227,  dealing 
with  belt  joints.  .\  service  chart  which 
will  enable  the  customer  to  determine  the 
size  of  Crescent  plates  and  livets  adapted 
to  his  use  for  any  condition  of  work  i* 
given.  Full  description  of  the  method  of 
making  joints  is  also  outlined.  A  copy  of 
the   pamphlet    can    Vie    obtained    on    request 

The  Westingliuiise  Electric  and  >Iannfac- 
turing  <'o..  East  Pittsburgh,  Pa.,  has  pub- 
lished a  new  catalog  4-A-l.  giving  a  com- 
plete list  of  distribution  transformers  with 
list  prices.  Distril)uted-shell,  rectangular- 
core,  and  simple-shell  construction  with 
auxiliary  ajiparatus  has  been  outlined  clear- 
ly. Single-phase.  2.5-  and  60-cycle  and 
throe-phase  flo -cycle  transformers  oil-insu- 
lated and  self-ioolod.  with  their  voltage  rat- 
ings, have  been  listed.  The  standardization 
of  distribution  transformers  liy  various  as- 
sociations   is   discussed. 

The  Portable  ^laehinery  Co.  of  Passaic, 
N  .1  t;.;i2  published  a  new  24-r.age  catalog 
entitled  •PbrtaM.i  Conveyors."  By  a  num- 
ber of  illustrations  the  scOCl^  conveyor  han- 
dled by  this  company  is  s'lOVn  iV.  actual 
operation.  The  conveyor  described  in  Tiwi 
booklet  is  designed  to  be  moved  and  operated 
by  one  man.  Its  distinctive  fe-^ture  is  the 
"feed  end,"  which  can  be  pushed  and  com- 
pletely liuried  in  the  materi-I  to  be  con- 
veyed, thus  allowing  the  material  to  be 
scraiied  into  the  carrying  belt  instead  of 
-lieitig  lifted  by  shovel  into  a  feed  hopper 
A  copy  will  be  sent   on   request. 

The  ^letal  and  Thermit  Corporation,  New- 
York  N.  Y..  has  just  issued  the  Third 
Edition  of  its  Thermit  Pipe  Welding 
Pamphlet  No.  Ifi.  Tn  this  now  edition  the 
subject  of  Thermit  pipe  welding  has  been 
revised  and  brought  tip  to  date.  The  new 
ii;miiib'et  d'Scribos  .and  illustrates  in  detail 
how  Thermit  pipe  welds  are  made  and  con- 
tains reports  on  successful  tensile  strength 
and  vibration  tests  of  Tliermit  pipe  welds 
conducted  by  Stevens  Institute.  One  of  the 
features  of  the  new  pamphlet,  not  previ- 
ously published  in  former  editions,  is  a 
chat^  showing  the  comparatively  low  cost 
of  a  Thermit  welded  pipe  as  compared  with 
the  cost  of  installing  compression  flanges 
with  bolts  and  gaskets,  and  of  installing 
elbows   with    flanged    connections. 
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I             Coal  Situation  No  Better — No  Worse 

j    No  reduction  in  prices  of  bituminous  coal  in  the  eastern  The  steam  sizes  of  anthracite  are  in  a  fairly  satisfactory 

states.     Investigation  under  way  in  Baltimore.     Car  short-  position  from  the  standpoint  of  coal  men.     High  bituminous 

age  still  the  prime  factor  in  Illinois*  high  prices.     Diversion  prices    have   increased    the   anthracite    demand    until   buck- 

of  fuel  to  Michigan  disturbs   Midwest   market.     Desperate  wheat  is  difficult  to  obtain.     Consumers  with  contracts  are 

coal  situation  in  Milwaukee  leads  to  the  appointment  of  a  stocking  up  for  winter. 

commission  to  appeal  to  the  I.  C.  C.  u..i«:_-           i^    i       i  •         ^       .        ^           ,      x^ 

The  larger  coal  consumers  in  Boston  have  SO-days'  supply  ,„S     T               '''r  '^l^'^'^'^'-'^Z^  f»»"'  ^^t.  Department  of 

according  to  a  o«reful  survey.     In  several  industrial  centers  [iTZZl    nTh^  ^^•*'"^°'-%f ^k>"^  questions  of  shippers 

stocks  have  increased  during  the  month,  apparently  owing  I'.^jL  ''f"*'    of   bituminous.     It   is    reported    that    the    coal 

to    reduced    consumption.      The    demand    remains     strong  r,    ,                        ""^f        f'    '"vestigation    very    seriously, 

nevertheless  and  producers  are  in  a  position  to  exact  high  Jlf  T"'"'   '""T   "^f       *"'   *,\«^*^^P,*  '"oal  at  high   prices;  so 

prices.     Last  week   $12   and  upward  was   paid  for  coal   at  ^ft  fl    "P"'"*"''  '^"^'  "?*  ^^^  *«  'l"''*^'  ,^"t  "^^^^^y  ««ks 

first  hand,  these  prices  being  f.o.b.  mines  in  central   Penn-  11^/'^"^"'"™'^  T       u-""^,  ^"^  ^^"^  f?-'  *^^"  ^''^P*'  *^" 

sylvania  for  July  shipment.  ""^^"* '     ^^"^  "^^""^"^  '«  ^'e'lly  competitive. 

New    York— Comparatively    little    coal    is    being    moved  '^''l^vaukee— At  Senator  Lenroot's  suggestion  a  committee 

from  the  local  docks  for  local  consumption  except  on  permit  "'"'.  T''n            ^"^    ^    Washington    to    appeal    to    the    In- 

for  use  by  a  public  utility  corporation.     The  bituminous  de-  ^erstate    Commerce    Commission    for    relief.     The   commis- 

mand   is   lighter  but   the   average   price   remains   the   same  ■:'>°"  ^^>"     !u"''^!   u  .f  f  ^  an  embai-go  on  exports.     Docks 

as  last  week,  i.e.,  $14  to  $15  at  the  piers  with  a  couple  of  '"   ^^"^   northwest   hold  five   million  tons   less  than   a   year 

dollars  added  for  loaded  bottoms.  1^°  f"''   ^'^^^   ''^^'^r.^^stocks  can   be  accumulated   before 

In  spite  of  holiday  curtailments  in  production  and  ship-  ^^"^  '-•^"*''  °^  ^'-"^^  navigation,  factories  will  shut  down, 

ment,  the  anthracite  situation  is  easier.     The  resumption  of  Chicago — The  market  continues  to  absorb  whatever  coal 

the  regular  towing  service  from  Perth  Amboy  and  a  better-  '«  offered  and  premiums  are  being  paid  for  spot.     Current 

ment  in  towing  conditions  in  some  of  the  other  ports  has  prices  for  spot  range  from   $5.25  to  $6.50  f.o.b.  mines,  on 

brought  more  coal  into  the  city.     There  has  also  been  an  central  and  northern  Illinois  coals,  with  no  differential  be- 

improvement  in  the  railway  service  and   an   increased  car  tween  the  price  of  lump,  screenings  or  mine  run.     The  car 

supply,  resulting  from  the  Interstate  Commerce  Commission  shortage   has   resulted   in   a   considerably   stiffened   market, 

order.     The  steam  sizes  are  slightly  easier.     Current  quota-  even  during  last  week. 

tions   for   company   coal   per   gross   ton   at  the   mines   and  st.  Louis— All  steam  sizes  of  anthracite  ai-e  in  the  great- 

f.o.b.  Tidewater,  lower  ports,  are  as  follows:  est  demand.     The  local  trade  has  a  fair  supply,  but  no  stor- 

Buckwheat    u.ooZ'Ui.        $5™@T/.t5  ^^'t  ahead    outside  buyers  paying  $4  75  to  $5.50  for  steam 

Rice   3.00  @   3.50           4.75  @   5.25  and  domestic  sizes  in  the  Standard  field. 

Barley    2.25W    2.50  4.00@    4.2.5 

Boiler    2.50                      4.25  Birmingham — There  is  a  bountiful  supply  of  cars  on  the 

Philadelphia — Despite  the  lifting  of  embargoes,  receipts  Southern   and   Frisco   Lines,   mines   being   furnished   a    100 

have  not  increased  appreciably.     A  number  of  plants  have  per  cent  supply.     On  the  other  hand,  production  has  fallen 

curtailed  production,  which  has  eased  the  market  consider-  off  even   from   last   week.     The   shortage   of  coal   is   acute 

ably.  Price  variations  are  wide  and  there  is  hardly  a  market  throughout  Southern  territory,  and  industrial  plants,  rail 

figure.     Bituminous  prices  range  from  $10.50  to  $12.50  for  loads  and  public  utilities  have  very  small  stocks.     There  is 

Pennsylvania  coals,  while  Fairmont  grades  have  been  sub-  practically  no  spot  coal,  and  in  spite  of  a  strong  and  active 

ject  to   greater   variations,   with   quotations   running    from  demand  for  domestic  and  steam  grades,  little  new  business 

$8.50  to  $12.75,  a  good  average  being  $11.75.  can  be  accepted  because  of  operating  difficulties. 


New  Publications 


PROPOSED    WORK 

N.  H.,  Portsmouth — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D.  C.  will 
soon  receive  bids  for  removing'  and  recon- 
structing boiler  and  stokers. 

Mhks.,  Boston — The  Boston  &  Maine  K.H. 
Co..  Xorth  Station,  will  soon  award  the 
contract  for  a  6  story,  125  x  135  ft.  club 
building  including  a  steam  beatinR  systiin 
About   $500, 000. 

Mass.,  Boston — MowU  &  Kand,  Archts.. 
50  Bromfield  St..  will  .soon  award  the  con- 
tract for  converting  present  store  building 
into  ;i  theatre  including  a  steam  heating 
system  on  Washington  and  Kssox  Sts..  for 
the  Washington  Essex  BIdg.  Trustees,  72u 
ScoUar    Bldg.      About    $l,500,0Uii. 

Mass.,  Cambridge  —  Monks  &  .lohnson, 
Engrs..  99  Chauncey  St.,  Boston,  will  soon 
iward  the  contract  for  a  1  story^  40  x  80 
;t.  boiler  house,  etc.,  for  the  Carr  Faston^r 
::o.,  47  Ninth  St.     .\bout   $40,000. 

Mass.,  Cambridge  —  .lohn  i".  Spofl'oril. 
\rcht..  36  Bromfield  St.,  Boston,  will  soon 
iward  the  contract  for  a  C  story,  loii  x  KM) 
't.  manufacturing  building  including  a 
Jteam  healing  system  on  Main  St.,  for  the 
Suffolk  Engraving  &  Electrotyping  Co.,  394 
Vtlantic   Ave.,    Boston.      .\bout    $225,000. 

Mass.,  Danvers  —  The  Comn.  on  Mental 
diseases,  36  State  Hou.se  St..  Boston,  plans 
p  b\iild  a  1  story  power  plant  at  the  State 
Jis.'ine  Asylum  here.  About  $250,000. 
Cindall.  Taylor  &  Co..  93  Federal  St.,  Bos- 
on.  .Vrchts.  and  Engrs. 

^  Muss.,  Xorthbridge  —  The  Bd.  of  S°wer 
-omrs.  plan  to  construct  .a  sewerage  system 
ind   pnmr.ing  station   for  the   town,      .\bout 


$142,000.     McClintock  &  Woodfall.   15  Court 
Sq.,  Boston,  Engrs. 

Mass..  South  Byfleld  —  The  Dummer 
Academy  plans  to  construct  a  3  story  school 
building  including  a  steam  heating  system. 
.\bout   $150,000. 

Mass..  Taunton — The  Municipal  LiglUinR 
Comn.  plans  to  construct  a  1  story  electric 
light  plant  addition  on   West  Water  St. 

N.  Y..  New  York — The  .-Andrew  Friedman 
Foundation  Home  for  Men  and  Women,  206 
Bway.,  plans  to  build  a  home  including  a 
.steam  heating  system  on  the  Grand  Con- 
course. About  $1,500,000.  H.  A.  Jacobs, 
320  5th  Ave.,  New  York  City,  and  .J.  H. 
Kriedlander.  681  5th  Ave.,  New  York  City, 
.\rchts. 

N.  v..  New  York — Sommerfeld  &  Steckler. . 
.\rchts.  and  Engrs..  31  Union  Sc|.,  will  re- 
ceive bids  until  August  2  for  a  7  story,  50 
v  50  ft.  factory  including  a  steam  heating 
system,  for  the  Rigaud  Perfume  Co..  75 
Barron  St. 

N.  \.,  Warsaw — H.  H.  Charles  is  in  the 
market  for  one  20-hp.  portable  gas  engine 
with  4(1  ft.  10  in.  belt  and  heavy  well  out- 
rit-ivith  extra  stem  and  bits. 

N.  .J..  New  Bfii:-.£wick — W.  B.  Wills,  Inc  . 
.\rcht.  and  Engr..  1181  Myrtle  Ave.,  Brook- 
lyn, plans  to  build  a  1  story  theatre  inclu>!« 
ing  a  steam  heating  system.  .Nboul  $350.- 
000.      Owner's   name   withheld. 

Pa.,  Altouna  —  The  Altoona  Gymnasium 
Comn.  will  receive  bids  in  .Vugust  foi-  a  2 
story,  80  X  130  ft.  gymnasium  including  a 
steam  heating  system,  etc..  on  Lexington 
Ave.  and  9th  St.  About  $200,000.  Jallade, 
[..indsay  &  Warren,  37  Liberty  St..  .Vew 
York   City.    .Vrchts. 

Pa..  Philadelphia  —  The  Pennsylvania 
R.R..  Bell  Bldg..  is  in  the  market  for  a  220 
volt  d.c.  motor. 

D.  C,  Washington— The  Dist.  Comrs.  will 
soon  receive  bids  for  a  2  story.  300  x  400 
ft.    psychopathic   ward    building   in    connec- 


tion with  the  i)roposed  hospital  to  be  known 
as  the  Gallinger  Hospital.  Plans  includi 
a  central  iiower  plant.      .Vbout  $1,500,000. 

U.  C,  Washington  —  Marsh  &  Peter. 
.Vrchts.  and  Engrs..  522  13th  St.,  will  soon 
award  the  contract  for  .a  9  story  news- 
l>aper  building  addition  including  a  steam 
lieating  system  for  the  Star  Newspaper 
Co.,    11th   St.   and   Pennsylvania  Ave. 

Va.,  .Vshland — The  Ashland  Ice  Plant  is 
ill  the  market  for  one  air  compressor  and 
one  electric  motor.    (^.  B.  Boschen,  Pur.  Agt. 

Fla.,  .larksonville — The  Porter  Judy  Fruit 
Co.,  442  West  Bay  St.,  has  secured  a  permit 
for  installing  an  18  car  capacity  cold  stor- 
.•ige  plant  at  its  establishment  here.  .About 
$40,000.      B.   W.   Anderson,  Supt. 

Ala..  Florence  —  The  Chamber  of  Com- 
merce plans  to  build  a  ))ower  i>lant  here  on 
•  'ypress  Creek,   for  the  city. 

Ala..  Mobile — O.  B.  Rogers,  .\rcht.  and 
lOngr.,  Van  Antweri)  Bldg.,  will  soon  award 
the  contract  for  installing  a  steam  heating 
system  in  the  pror,<ised  15  story,  75  x  150 
ft.  office  building  on  the  Northwest  corner 
of  Daupliiii  and  Concei)tion  Sts.,  for  the 
Van  Antwerp  Drug  Co.,  Van  .Antwer])  Bldg. 
About    $.)00, 110(1. 

Tenn.,  Smithville  —  The  Corp.  of  Smitli- 
ville  VOTeM  i:pon  $30,000  bonds  to  construct 
a  transmission  line  liV.m  here  to  the  Great 
l-'alls  Power  Co.  at  Rock  IslantJ. 

O.,  Cleveland — The  Bd.  Educ,  E.  6th  St 
and  Rockwell  .\ve..  plans  to  build  a  1  story 
junior  high  school  including  a  steam  heat- 
ing system  on  Hopkins  Ave.  W.  R.  Mc- 
Cormack.  .Xrcht. 

O..  Cleveland  —  The  Citizens  Savings  & 
Trust  Co..  East  9th  St.  and  Euclid  Ave.. 
IS  having  plans  i)rei)ared  for  a  10  story.  80 
X  150  ft.  bank  and  office  building  including 
a  steam  heating  system,  at  East  101st  St. 
and  Euclid  Ave.  .Vbout  $500,000.  Walker 
*  Weeks.   1900   Euclid   .We.    .Archts 
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O.,  f  lfVi*liiml  Till-  rll>  r.-ci-lv<-a  lililN  fiii 
fiirniHhIiiK  uikI  IhhIhIIIiik  two  K.OOO.nOO  eill. 
and  iiii>'  ■«, 000. 0(10  Kill,  motor  driven  vertical 
i-eatrlfuKal  piimpH  with  nioiorH,  .te  .  from 
I>r.t\o-l)ovle  I'o..  Mlamonil  ItaiiK  Itlili;  . 
PltmlmrKh.  I'll.  $20.7:to.  .lo.seiih  Skel.loii 
Knit.  fo.  24-.'  Wuter  St.,  Toledo.  »'.;7.Bi:". 
Noted  June  29. 

O..  4'lrtrlniul — The  Ohio  Athletic  A.sModa 
tlon  111  c  o  T.  Kerry.  2Kil  Scranlon  Ucl., 
idaiis  111  liiilld  an  S  story  commercial  ami 
dull  ImildiMK  IncludlnK  a  Hteam  heatlnK  «>■» 
torn  OH  KmcIIiI  Ave.  and  Ka«t  3Xml  .'^l 
Aho'iit    J400.000. 

O..  flrvrlund — Parish  &  PlnKham.  lOBOn 
Mailisoiv  A\e..  will  Noon  award  the  contract 
for  I  1  .slorv.  .10  x  50  ft.  holler  ilanl  Two 
2.'.0  hp  hollers  will  he  In.stalled  In  same 
About  $40,000.  Krneut  McOeorKe.  lood  lOii- 
clid    .\ve..    ArclU.    and    lOnRr. 

Iiid..  rortluml— The  Portland  Oil  &  Ki 
flnlnij  To.  plans  to  hiilld  a  refinery  .and  is 
In  the  market  for  steam  pumps,  pipe.  etc. 
H.  J.  McConoley,  Secy,  and  Treas. 
""  Mlrh..  Detroit — The  Rd.  Educ.  50  Bway., 
,will*  'ion  award  the  contract  for  a  2  story. 
S.'i  N  li|  ft.  addition  to  the  Davidson  School 
on  Koman  and  Joseph  C'ampau  Aves..  $19.1.- 
Oou  :  a  2  story,  77  x  LSS  ft.  school  to  he 
known  as  the  Georfre  School  on  Russell  and 
Superior  Sts..  $230,000;  and  a  2  story.  lo.S 
X  200  ft.  school  to  be  known  as  the  Patten- 
Kill  School  on  Xorthfleld  and  Spokane  Aves.. 
$.!:'.o.ooo.  Separate  contracts  for  installinp 
steam  heatinp  systems  in  these  schools  will 
he  let. 

Mich..  Tort  Huron — The  City  and  Poiinty 
of  St.  Clair,  c  o  A  K.  Stevenson,  plans  to 
build  .1  .1  story  city  hall  addition  includinp 
a  steam  heatinpr  system  on  Huron  Ave. 
About  $.120,000. 

Mirh..  St.  Clalr — The  City  is  having  plans 
prepared  for  furnishinK  and  installine  a 
SOO  hp.  eUKino.  800  kva.  direct  connected 
Kenerator.  water  meter,  pipine,  etc  About 
$.T7,7.i.^.     G.  C.  Champe,  Toledo.  O.,  Engr 

Slirli.,  Wayne — F.  ly.  Forman.  Villatje 
Clk..  will  soon  award  the  contract  for  fur- 
nishiner  and  installing  a  motor  driven  cen- 
trifugal pump  with  a  1,000.000  gal.  iier  day 
capacity  in  connection  with  the  proposed 
filtration  plant  here. 

III..  Chirafco — The  Ajax  Forge  Co..  2.')0:i 
Blue  Island  Ave.,  is  in  the  market  for  one 
.tOO  ft.  per  min.,  12.')  lb.  pressure,  belt  drive 
air   compressor. 

III.,  riiioaeo — The  Chicago  Northern  Ma- 
sonic .Association,  c 'o  F.  M.  niennon.  fijfi 
South  State  St..  had  plans  prepared  for  a 
2  story.  150  x  150  ft.  masonic  temple,  in- 
cluding a  steam  heating  system  on  Win- 
throp  Ave.  and  Argyle  St.  .About  $:!00.ooo. 
Hyde  &  Brown.  8  South  Dearborn  St.. 
Archts. 

III..  Chirairn  —  Max  Goldberg.  Hari.er 
Theatre.  52.16  Harper  Ave.,  is  having  plans 
prejiared  for  a  1  story.  115  x  I.tO  ft.  addi- 
tion to  the  present  theatre  including  a  steam 
heating  system.  About  $350,000  z  E 
Smith.   105   East   55th   St..   Archt. 

III.,  Chira^o — Hyde  &  Krown.  Archts.  8 
South  Dearborn  St..  will  receive  bids  until 
August  10  for  a  1  story.  125  x  2on  ft.  ma- 
sonic temple  including  a  steam  heating  svs- 
tem  on  Cottage  Grove  Ave.  and  61st  St.. 
for  the  Midway  Masonic  Temple  As.socia- 
tion.      About    $750,000. 

AVis..  Stratford — Frank  J.  Curtin.  Village 
Clk..  will  soon  award  the  contract  for  the 
construction  of  a  well  reservoir  and  an  18  x 
30  ft  i)umping  station  and  for  furnishing  a 
250  gal.  power  pump  and  a  2"  hiv  gasoline- 
kerosene  engine  W.  G.  Kirchoffer.  Madi- 
son.  Engr. 

la..  Marslialltswn  —  The  C.  A.  Dunham 
Co..  341  South  Dearborn  St..  Chicago,  plans 
to  build  a  2  story,  40  x  150  ft.  addition 
to  present  heating  apc.-aratus  factorv  here. 
.About    $150,000. 

la..  Webster  City — The  Webster  City 
Stock  Co.  is  having  plans  prejiared  for  a 
6  story  hotel  and  store  building  including 
a  steam  heating  system.  About  $300, ooo. 
Proudfoot.  Bird  &  Rawson,  810  Hubbell 
Bldg  .  Des  Moines,  Archts. 

Minn.,  Minneapolis — The  Bd.  Educ.  had 
plans  prepared  for  a  4  story,  220  x  30(1  ft. 
senior  high  school,  including  a  eteain  heat- 
ing system  on  20tii  Av^.  and  Quincv  St 
About  SVOO.r.nO.  E.  H.  Enger.  30]  s  :frd 
Ave.    S..    Archt. 


.Minn..  .MlnneuiiulU  —  The  \M  ivliie  Ik 
liMVluK  pliinM  i.repared  for  a  3  Htory  Junior 
high  Brhool.  IncludlnK  a  Hteam  heiitinK  bvm- 
tem.  on  30th  Ave.  .N  and  EmerMon  .\ve 
.\liout  IBOO.ood  I.;  H  lOnijer.  301H  Iril  .\vi- 
S.    Archt 

Net).,  I.lnroln — The  .Stuti-  LeulnlHlure  of 
Lincoln  phins  to  conatruct  a  .'•  or  R  Htory 
c.tpllol  luilldlnK  Including  a  Hteam  healing 
system.  About  $7.'i«o,ftOO.  Bertram  <> 
Goodhue.  2  Wi'sl  47th  St,  New  Vork  City. 
.Archt.    and    lOngt' 

Mont.,  PoIhok  —  The  Rocky  Mountain 
I'ower  Co.  of  Hutte  has  (lle<l  an  applleallon 
at  the  otilce  of  the  feder;il  register  of  lands, 
for  iirellmlnary  power  permit  to  construct 
.1  dams  in  the  Flathead  River  between 
northeast  corner  of  the  Bison  range  anil 
lolnt  where  river  enters  the  lake  Bear  here. 

Mo..  KiuiMaN  City —The  Kansas  City  l.lghl 
*i  Power  Co.  iilans  to  install  5  new  substa- 
tions in  the  down-town  (list,  between  Oak 
and  Wyandotte  Sts.  and  7th  and  l.'ith  Sts. 
The  stations  will  l>e  equipiied  with  auto- 
matic motor  generator  .sets  for  coM\erting 
a.c.  to  d.c.  The  first  st;itlon  will  be  located 
in  the  R.  A.  Long  Bldg  on  10th  ;ind  Grand 
Aves..  and  equipment  will  include  one 
standard  1.500  kw.  rotary.  Estimated  cost, 
$500,000. 

Mo.,  Moberly — The  city  plana  to  construct 
:i  pumping  plant,  etc.  About  $250,000. 
Fuller  &  Beard.  Chemical  Bldg..  St  I.onis. 
Engrs. 

Tex..  Port  .\rtbur — The  Eastern  T.x;is 
Electric  Co.  plans  to  build  a  generating 
station  extension  and  install  a  4.oimi  i<\v 
turbo  generator,  two  665  hp.  hollars  with 
auxiliary  equiment  .mil  pumps  .About 
$600,000.  Jo.seph  Bowers.  Supt  Stone  X- 
Webster  Inc..  147  Milk  St.,  Boston,  Ma'^s  . 
Engrs. 

Cal..  Brawley — The  citv  plans  to  build  a 
1  story,  60  x  80  ft.  power  plant  along  the 
water  front.  Two  100  hp.  Diesel  engines 
.md  two  100  hp.  motors,  two  S.!"  gp.m. 
centrifugal  pumps  will  be  installed  in  same. 
.\bout   $15,000.     G.   R.   Wade,  City  Engr. 

Cal..  Mare  Island — The  Bureau  of  Yards 
&  Docks.  Navy  Dert.,  Wash..  D.  C..  will 
soon  receive  bids  for  the  installation  of  a 
heating  system  in  the  structural  shop  here. 
.Noted  May   18. 

Ont.,  Chatham — The  city  is  having  plans 
prepared  for  altering  pumphouse,  including 
the  installation  of  electrical  driven  centrif- 
ugal pumps,  etc.  About  $5a,000.  R.  A. 
.lames  Co.,  Ltd.,  36  Toronto  St.,  Toronto, 
Kngr. 

Ont..  Hamilton — The  city  has  voted  upon 
,$15,000  bonds  to  construct  an  electric  light 
plant. 

Ont..  Port  .\rthur  —  The  Kaministiquia 
Pulp  &  Paper  Co.  plans  to  construct  a  pulp 
mill  A  hydro-electric  plant  will  probably 
be  installed  in  same.  About  $l,ono.{in(i. 
C    D    Howe.   Engr. 


CONTR.ACTS    AW.VRDED 

N.  H..  Portsmouth — The  Portsmouth  Hos- 
pital has  awarded  the  contract  for  a  2 
storv,  10  X  150  ft.  boiler  house,  laundry, 
etc,  '  to  H.  .A.  Wood,  21  Brewster  St..  at 
$35,000.      Noted   June  29, 

.Mass..  Beirliertown  —  The  Committee  on 
Mental  Diseases,  36  State  House.  Boston, 
has  awarded  the  contract  for  installing  a 
heating  system  in  the  proposed  hospital 
buildings  at  the  State  Hospital  here,  to  the 
Holyoke  Valve  &  Hydrant  Co.,  Race  St,, 
Holyoke.    at    $21,481.      Noted    July    6 

Mass..  Boston  —  The  New  Boston  .Arena 
Co.,  c/o  Frank  &  Wilcox.  Archts.,  294 
Washington  St..  has  awarded  the  contract 
for  a  1  and  2  story  auditorium  building, 
including  a  steam  heating  plant  on  St. 
Botolph  St.,  to  the  W.  M.  Bailey  Co..  88 
Broad    St.,    at    $800,000. 

Mass..  Fall  River  —  The  Osborn  Mills. 
Montaup  St..  has  awarded  tlie  contract  for 
a  two  storv  sub-station,  to  Beattie  &  Cor- 
uell-    13    North    Quarry    St..    at    $25,000. 

Mass.  Molden — The  Standard  Oil  Co.  of 
New  York.  26  B'way,  New  York  City,  has 
awarded  the  contract  for  a  1  story.  60  x 
102  ft,  warehouse  and  a   1   story.   60  x  132 


ft  holler  hoUHe,  to  II.  D  l:.nt.  175  5lh  Av<»., 
New     Vork     Clly 

Miikn..  Hnmervllle  (  IIohIoii  P  O  )  -TIi« 
<;riat  Alhinlle  &  PuclfW-  Tea  Co.  4.'.|  D 
.St  .  South  IliiHtoM.  lias  awarded  the  con- 
tract for  a  5  Htory  I"0  x  37"  ft  warehiiiie, 
ini-hidluK  a  steam  heating  HyHtem  here,  to 
the  Turner  Constr.  Co.  178  TremonI  St., 
BoHlon.    at    $650.00(1. 

Conn..  Hiirlfnrd  —  The  llarlford  Auto 
Club  Garage  Co,  36  Itac4'  St..  will  build  a 
7  Htory,  147  x  150  fi  garage,  etc.  InchnllnK 
:■  Hteam  heating  uyHtem  on  Hicks  and  South 
Aim  Sts.  About  $500,000.  Work  will  lie 
done  bv  dav  labor.  C  F  Luce,  36  Pearl 
St.     Archt. 

N.  v.,  l.fMiK  iNliind  City — Stein  Mall  ft 
Co.  Inc.  61  irway.  New  York  Clly.  has 
awarderl  the  contract  for  .'i  4  story  factory, 
including  a  steam  heating  Bystem.  on  6th 
and  J;ick«on  Aves.,  to  the  Turner  '"onntr, 
Co..    244    Madison    Ave.       About    »4«0,000, 

X.  v.,  Oneldii — The  Standiird  Oil  Co.  of 
New  York  has  .-iwarded  the  contact  for  a 
1  story.  23  x  60  ft.  garage,  l,'i  x  20  ft. 
boiler  hou.se.  12  X  16  ft,  {tump  house.  In- 
cluding steam  heating  system  to  H.  D. 
Best,  175  5th  Ave,.  New  York  City,  at 
$15,000. 

N,  v..  KyraeuHe — The  Standard  OH  Co.  of 
.New  York.  26  B'way.  New  York  City,  has 
awarded  the  contract  for  a  2  storv.  100  x 
140  ft.  warehouse.  1  story.  40  x  55' ft.  tank 
house.  1  story.  16  x  90  ft.  boiler  and  pumii 
house  and  a  1  storv  60  x  120  ft.  garage 
to  H.  D.  B«-st.  175  5th  Ave,.  New  York  City, 

V.  J..  Newark — The  Peerless  Baking  Co.. 
7  11  South  14th  St..  has  awarded  the  con- 
tract for  a  2  story.  50  x  100  ft.  factorv 
and  power  hou.se.  on  Nye  Ave.  and  Clinton 
PI.,  to  the  United  Fireirooflng  Co..  8  West 
40th    St..    New    York    City. 

Tenn..  Memphis — The  Tten  Biscuit  Co,. 
1202-24  Capitol  .Ave.,  Omaha  Neb.,  has 
awarded  the  contract  for  an  8  story,  290 
X  450  ft  biscuit  factory,  including  a  steam 
heating  system  here,  to  the  Alexander 
(  onstr,  Co..  388  North  Front  St,  About 
$500,000, 

Tenn.,  XaKhville — The  Waterworks  Dept 
has  awarded  the  contract  for  two  20,000, oon 
gal,  capacity  high  service  pumps  and  two 
20.000.000  gal.  capacity  low  service  pumps 
to  the  Worthington  Pump  Co.,  at  $180. 95o' 
Noted    June    29. 

O.,  Cleveland — The  Eaton  Axle  Co.,  IO307 
Euclid  Ave.,  has  awarded  the  contract  for 
a  1  story.  62  x  123  ft.  heat  treating  plant 
and  boiler  room  at  831  East  140th  St  to 
the  Lundoff-Bicknell  Co..  5716  Euclid  .Ave. 
at    $50,000. 

O..  East  Cleveland  fCleveland  P.  O.)  — 
The  Cleveland  Electric  Illuminating  Co., 
Illuininating  Bldg.,  Cleveland  has  awarded 
the  contract  for  a  1  storv,  43  x  49  ft. 
electric  sub-station  addition  at  16301  Euclid 
Ave.,  to  F.  E.  Hauselman.  408  Illuminating 
Bldg..   Cleveland,   at   $50,000. 

III.,  Belleville — The  Arcade  Theatre  Co. 
has  awarded  the  contract  for  a  3  story. 
80  X  175  ft.  theatre,  including  a  low  pres- 
sure steam  heating  system,  on  Main  and 
High  Sts..  to  the  Mullen  Bldg.  Corp.  About 
$250,000. 

III..  Mt.  Vernon  —  Swift  &  Co..  United 
States  Yards,  Chicago,  has  awarded  the 
contract  for  a  2  story  warehouse  and  cold 
storage  building,  to  Theo.  Stark  &  Co., 
Cedar   Rapids,   la.,    at   $165,000. 

111..  Roakford — The  city  has  awarded  the 
contract  for  furnishing  and  installing  an  air 
compressor,  in  connection  with  the  proposed 
concrete  reservoir  on  Stanley  and  Cedar 
Sts..  to  the  Swords  Bros.  Co.,  17th  St..  at 
$1»,470, 

la.,  Muscatine— ^E.  M,  Henle  will  build  a 
5  story.  120  x  140  ft.  theatre  and  store 
building,  including  a  steam  heating  system. 
About  $527,000.  Work  will  be  done  by  day 
labor. 

Kan.,  Paola — The  city  has  awarded  the 
contract  for  installing  pumps,  to  the  William- 
son Pnmp  &  Machine  Co..  Kansas  City,  Mo., 
at    $14,690, 

Ont,,  Kitchener  —  The  Paramount  The- 
atres. Temple  Bldg.,  has  awarded  the  con- 
tract for  a  1  and  2  story  motion  picture 
theatre,  including  a  vacuum  steam  heating 
system  with  mechanical  ventilation  system, 
on  Queen  St..  to  B.  H.  Secord  &  Sons,  133 
Nelson    St,,    Brantford,    at    $300,000, 
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Clinkers 

By  Kufus  T.  Strohm 

IN  DAYS  gone  by  we  could  depend  on  fuel  companies  to  send  the  grade  of  coal 
required.  We  had  a  chance  to  pick  and  choose,  and  so  the  stuff  we  used  to  use 
worked  pretty  well  when  fired.  But  days  like  those  will  dawn  no  more,  for 
War  stuck  in  its  bloody  oar  and  knocked  things  arsy-versy,  and  what  with  walk- 
outs at  the  mines  and  tie-ups  on  the  railroad  lines  nobody  shows  us  mercy. 

Although  we  uttered  kick  and  threat  and  smashed  the  rules  of  etiquette  with 
"damns"  and  "highty-tighties,"  the  coal  that  we  received  of  late  is  loaded  down 
with  bone  and  slate,  and  oodles  of  pyrites.  We  did  our  darndest  with  the  stuff,  but 
when  we  used  just  air  enough  for  burning  all  the  gases,  the  ashes  fused  to  lumps 
of  glue  that  soon  grew  soft  and  trickled  through  the  grate  bars  like  molasses. 

In  every  air-space  it  congealed,  till  half  the  openings  were  sealed,  preventing  air 
admission;  it  froze  in  ledges,  chunks  and  balls  until  the  oridge  and  furnace  Wcills 
were  in  a  fierce  condition.  And  when  on  sultry  days  and  nights  we  hoped  to  set 
the  plant  tc  rights  by  putting  In  some  quick  work,  the  clinkers  were  so  firmly  stuck 
that  we  were  wholly  out  of  luck  and  ruined  half  the  brickwork. 

We  gave  them  scads  of  heavy  licks  with  hammers,  sledges,  bars  and  picks,  we 
sawed  and  wrenched  and  chiseled;  but  though  we  twisted,  gouged  and  pried  from 
front  to  rear,  from  side  to  side,  our  efforts  mostly  fizzled.  For  when  we'd  finished 
our  routine  and  got  the  furnace  fairly  clean  of  clinker,  ash  and  rubble,  the  next 
fresh  batch  of  coal  we  used  was  scarcely  hot  before  it  fused  and  brought  the 
same  old  trouble. 

I  don't  abhor  the  thought  of  Hell  because  it's  peopled,  so  they  tell,  with  liars, 
thieves  and  drinkers.  The  reason  I'll  fight  shy  of  it  is  simply  this — the  brimstone 
pit  has  far  too  many  clinkers! 
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Care  and  Maiiileiiaiice  ol*  Kire-Prolrrlioii 

Systems — 1 

By  C.  H.  JENKINS 

Siiiiii  liitiMiloiit  of  SuivcyM,   Ihf  Unil'i  wilt'TH'    r.uriuu  of  llii;    Mhldlf   and   Soutln  in    States 


IN  THE  plans  of  a  niodeni  plant  or  building  a.H  much 
attention  is  given  nowadays  to  the  protection  against 
fire  as  to  any  part  of  the  equipment.  The  entire 
apparatus  for  this  purpose  usually  is  in  charge  of  the 
power-plant  engineer.  The  investment  and  business 
must  be  protected  against'  destruction  by  fire.  Auto- 
matic  protection    is   the   most   desirable,    and    of  such 


by  the  water  pressure,  and  the  water,  striking  agains' 
the  deflector,  is  sprayed  against  anything  within  fiv« 
or  six  feet  on  all  sides  of  the  head.  The  floor  is  we' 
down  in  a  circle  ten  to  twelve  feet  in  diameter. 

Sprinklers  have  been  improved  and  perfected  unti 
they  are  now  reliable  devices.  When  they  are  correctlj 
installed  and  properly  maintained,  they  will  extinguish 


FIG    1.     THE  SPRINKLER  SYSTEM  WITH 

OUTSIDE   TAXK   AND   COXXECTIOX 

WITH  CITY  WATER  SUPPLY 


equipment  the  automatic  sprinkler  system  has  given  the 
best  results. 

Briefly,  the  purpose  is  to  place  sprinkler  heads  on 
pipes  filled  at  all  times  with  water  under  pressure. 
The  sprinkler  is  a  brass  casting  with  a  nozzle 
opening  I  in.  in  diameter  and  a  deflector  to  scatter 
the  water.  The  opening  is  kept  closed  by  a  plug 
or  valve  held  in  place  by  a  strut  or  combination 
of  levers.  The  levers  are  held  together  by  a  soft- 
soldered  link  which  melts  at  from  155  to  165  deg.  F. 
In  case  of  fire  the  heat  melts  the  solder  and  the  levers 
fall  apart,   releasing  the   valve,  which   is   forced  open 


the  average  fire  or  will  at  least  hold  it  in  check  unti! 
further  help  arrives.  Usually,  a  sprinkler  in  operatior 
will  create  enough  disturbance  to  attract  attention. 

The  phi-ase  "correctly  installed"  is  used  advisedly. 
Standard  rules  for  the  installation  of  automatic  sprin- 
klers have  been  published  by  the  National  Board  of 
Fire  Underwriters.  They  are  the  rules  in  general  use 
today  and  are  universally  accepted  as  standard  through- 
out the  United  States  and  Canada  by  both  the  installing 
companies  and  the  insurance  interests.  Nevertheless 
there  are,  throughout  the  counti-y,  a  number  of  equip- 
ments which  might  be  called  home-made  imitations  of 
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t  sprinkler  system.  They  have  been  installed  some- 
imes  by  the  owner,  using-  his  employees,  and  sometimes 
|y  local  fii-ms  whose  usual  business  is  steamfitting  or 
ilumbing'.  In  either  case  it  too  frequently  happens 
Jiat,  owing  to  imperfect  knowledge  of  the  rules  or 
iequirements  of  installation,  the  equipment  is  faulty 
ind  does  not  allow  the  sprinklers  to  give  full  results. 
|\1ien  an  investment  of  this  kind  is  undertaken,  it  is 
[est  practice  to  contract  with  a  specialist  in  this  line 
if  work  and  thus  obtain  first-class  standard  equipment. 
I  Given  a  system  properly  installed,  we  can  expect  good 
jTOtection  against  fire,  provided  the  equipment  is  well 
•laintained.  Maintenance  is  the  vital  necessity  to 
Insure  full  benefit  from  the  investment.  Strange  as  it 
bay  seem,  good,  first-class  maintenance  is  not  as  com- 
lon  as  it  should  be.  Why  a  firm,  otherwise  efficient, 
hould  invest  from  ten  to  twenty  thousand  dollars  in 
\.  means  of  fire  protection  and  then  leave  the  system 
b  take  care  of  itself  is  difficult  to  understand.  The 
lystem  is  too  often  left  in  the  care  of  someone  who 
joes  not  understand  it  and  is  not  particularly  inter- 
Isted  in  it.  In  either  case  the  investment  is  apt  to 
:e  nullified  by  the  apparatus  being  out  of  service  when 
he  fire  comes. 

,  Engineers  and  the  mechanical  department  are  usually 
iretty  busy  people,  and  the  fire-protection  system,  beino,- 
,'.n  addition  to  the  usual  equipment,  is  likely  to  receive 
•  ttention  only  when  there  is  nothing  else  pressing.  It 
night  be  well  for  those  in  charge  to  bear  in  mind  that 
f  the  plant  burns  down,  numbers  of  people  will  lose 
[heir  jobs.  A  small  amount  of  time  spent  in  looking 
iver  the  system  at  frequent  intervals  will  guard  against 
uch  contingency. 

"Unsatisfactory"  Fires. 

The  National  Fire  Protection  Association,  which 
teeps  as  complete  a  record  of  fires  as  is  possible,  reports 
w  the  years  1897  to  1919  inclusive  1,017  "unsatis- 
"actory"  fires  in  properties  equipped  with  sprinklers. 
;)f  that  number  283,  or  27.9  per  cent,  were  due  to  the 
vater  being  shut  off  part  or  all  of  the  sprinkler 
:;quipment;  that  is,  a  valve  in  the  pipe  feeding  water 
0  the  sprinklers  was  shut  when  the  fire  started. 
Dbviously,  if  there  is  no  water  on  the  sprinklers  they 
;annot  extinguish  fires. 

!  Of  the  remaining  cases  36  were  due  to  portions  of 
:he  piping  system  being  allowed  to  freeze  so  that  water 
.•ould  not  pass  through  to  the  sprinklers  w^hen  the  heads 
)pened.  The  others  were  due  to  miscellaneous  causes. 
The  large  losses  represented  by  these  fires  were  due 
iirectly  to  unsatisfacton,--  maintenance. 

During  the  year  1919  one  inspection  department 
covering  five  states  reports  impairments  of  fire  protec- 
tion coming  to  its  notice  during  the  year  as  follows: 


Wives 
Shut 

Tanks 
Low 
or 

Empty 

Prpssvirc 

Tanks, 

Poor 

Condition 

Dry 
\'alves 
Out  of 
Order 

Alarm 
Valves 
Out  of 
Order 

Fire 

Pumps 

Poor 

CondiJtion 

438 

329 

66 

109 

46 

Another  department»covering  five  other  states  i-eports 
the  following: 


i'alvee 
Shut 

Tanks 

Low 

or 

Empty 

Pressure 

Tanks 

Poor 

Condition 

Dry 
Valves 
Out  of 
Order 

Alarm 
Valves 
Out  of 
Order 

Fire 

Pumps 

Poor 

Condition 

323 

41 

31 

56 

613 

60 

These  were  all  actual  impairments  found  at  tiie  time 
of  inspection  by  representatives  of  the  two  departments. 


Note  the  large  number  of  valves  found  closed  in  both 
cases. 

In  1917  a  loss  of  about  one  million  dollars  occurred 
in  a  sprinklered  property.  The  piping  in  one  section 
had  frozen,  and  the  water  has  been  shut  off  to  make  re- 
pairs. Repairs  were  made,  but  water  was  not  turned  on 
the  sprinklers  on  account  of  very  cold  weather.  It  was 
Saturday  afternoon  and  only  a  few  hands  were  on  the 
premises.  A  fire  occurred  in  the  section  where  the 
water  was  shut  off,  and  the  sprinklers  being  out  of 
service,  there  was  nothing  to  stop  it.  By  the  time  it 
was  discovered  and  help  arrived,  the  fire  was  so  well 
started  that  it  could  not  be  controlled.  The  greater 
part  of  the  plant  was  destroyed. 

In  another  instance  a  valve  was  shut  for  repairs  and 
the  fire  started  so  near  it  that,  when  discovered,  no  one 
could  reach  the  valve.  The  building  burned  down. 
These  are  but  two  of  numerous  similar  cases.  The 
lesson  is  clear.  There  must  not  be  the  least  careless- 
ness when  repairs  are  being  made  to  fire-protection 
apparatus. 

When  a  large  number  of  sprinklers  are  shut  off,  it  is 
best  practice  to  keep  a  man  at  the  closed  valve  ready 
to  turn  it  on.  A  man  working  near-by  may  be  used 
for  the  same  purpose.  In  any  event  the  water  should 
be  turned  into  the  pipes  as  soon  as  possible. 

It  often  happens  also  that  valves  become  closed  for  no 
reason  that  can  be  discovered.  A  case  is  recalled  where, 
in  a  textile  property,  a  sprinkler  valve  was  found  shut ; 
no  one  had  any  idea  how  it  became  shut.  The  foreman 
of  the  room,  however,  found  the  explanation.  The  valve 
was  of  the  ordinary  type  with  handwheel  to  operate 
and  located  close  to  the  outside  wall,  about  five  feet 
from  the  floor.  The  room  was  used  for  spinning  yarn. 
The  foreman  noticed  that  when  the  spinning  frame  was 
running  well,  the  girl  operator  would  step  back  and,  by 
reaching  up  and  taking  hold  of  the  valve  wheel,  would 
hang  part  of  her  weight  on  it,  supposedly  to  rest 
herself.  The  valve  was  so  placed  that  she  had  always 
to  approach  it  the  same  way  and  each  time  she  gave 
the  wheel  a  slight  turn.  In  the  course  of  time  the 
valve  became  shut.  An  inspection  of  the  system  found 
it  in  that  condition.  Numerous  cases  like  these  have 
been  found.  The  only  safeguard  is  frequent  and  careful 
inspection  of  the  apparatus  to  make  sure  that  it  is  all 
in  order. 

Closed  valves  have  been  the  cause  of  most  large 
sprinklered-property  losses. 

The  engineer,  master  mechanic  or  whoever  has  charge 
of  .such  a  system  should  conscientiously  study  it  until 
familiar  with  it  and  its  operation.  He  should  at  fre- 
quent stated  intervals  make  a  careful  examination  of 
the  whole  equipment. 

The  Sprinkler  System 

Fig.  1  shows  a  sprinkler  layout  equipped  with  auto- 
matic sprinklers.  A  standard  system  includes  complete 
equipment  of  sprinklers  installed  according  to  the 
standard  rules,  and  two  standard  water  supplies. 

The  supplies  are  called  the  primary  and  secondary 
supplies.  The  primary  supply  should  be  able  to  give 
a  normal  water  pressure  of  25  lb.  on  the  highest 
sprinklers.  It  should  also  have  capacity  sufficient  to 
supply  at  least  ten  opened  sprinklers  at  a  pressure  of  12 
to  15  lb.  with  water  flowing.  In  properties  of  especially 
inflammable  occupancy  a  greater  capacity  would  be 
required.  The  secondary  supply,  usually  either  a  grav- 
ity tank  or  pump,  should  have  ample  capacity  to  sup- 
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plcmont  till-  jirininry  supply.  Kilhor  .>*})oiil(l  lu'  lapal)!.; 
of  taking  cnre  of  the  .sy.steni  alone  if  the  other,  for  Hn\ 
rea.soii,  i.>^  out  of  .service;  normally,  they  work  toj?ether. 
The  capacities  and  arraiiKenieni  of  the  various  sujiplies 
used  will   he  dealt  with   later. 

The  sysleni  shown  in  Fijir.  1  has  a  connection  fioni 
the  puhlic  water  works,  also  a  pravity  tank  on  a  trestle. 
'I'hese  are  connected  to  a  G-in.  iinderRround  i)ipe  in  the 
yard.  Branches  run  from  this  main  feed  pipe  to  each 
biiildinji:,  in  each  of  which  there  is  an  outside  valve  to 
.shut  off  the  water  when  necesasry.  The  branches  run 
to  a  central  distributinp  point  in  each  building,  where 
an  upright  pipe  or  ri.ser  carries  the  water  to  each  floor 
The  distributing  pipes  branch  out  from  the  riser  in 
each  story.  An  alarm  valve  is  .sometimes  inserted  in 
each  riser,  which  rings  a  ponp  when  water  passes 
throujrh  it.  There  may  also  be  another  gate  valve  inside 
at  the  base  of  the  riser,  but  usually  one  valve  is 
enough.  The  building  called  vvarehou.se*  is  equipped 
with  a  so-called  dry-pipe  .system,  air  being  kept  in  the 
pipes  to  prevent  freezing  in  co'd  weather. 

Testing  a  New  System 

Before  a  system  of  this  kind  is  turned  over  to  an 
owner,  it  is  the  practice  to  test  it  out  at  high  hydraulic 
pressure.  It  is  usual  to  test  inside  pipe  at  150  lb.  per 
sq.in.  for  one  hour,  and  outside  pipe  at  the  same  pres- 
sure for  two  hours.  These  tests  should  reveal  flaws  in 
material,  also  poor  workmanship. 

When  the  sj'stem  has  been  completed,  the  engineer 
or  whoever  is  to  have  charge  of  it  should  make  it  a 
point  to  go  over  the  installation  with  the  sprinkler- 
company  foreman.  He  should  carefully  examine  it  and 
understand  it.  The  owner  must,  of  necessity,  leave  the 
care  of  such  apparatus  to  the  mechanical  department. 
It  becomes  part  of  the  latter's  duty,  therefore,  to  learn 
what  has  been  provided  and  how  it  should  operate.  On 
a  new  installation  it  would  be  well  to  make  the  following 
te.sts  in  company  with  the  sprinkler  foreman: 

If  there  is  any  underground  pipe,  the  hydrants,  if 
any.  snould  be  opened  and  flushed  out.  The  water  flow- 
ing out  should  be  carefully  ob.served.  If  it  is  clear  and 
flows  in  a  strong  stream,  a  clean  well-laid  pipe  is  indi- 
cated. Too  often,  however,  considerable  dirt,  gravel 
and  other  foreign  material  find  their  way  into  under- 
ground pipe.  If  not  washed  out,  they  may  later  be 
carried  up  into  the  sprinkler  pipes  and  perhaps  obstruct 
them.  If  the  streams  contain  dirt  and  gravel,  let  them 
run  until  the  water  comes  clear. 

There  have  been  cases  where  gloves,  parts  of  over- 
alls, oakum,  tools  and  other  odds  and  ends  have  been 
left  in  the  pipe  and  were  washed  out  through  hydrants. 
Sometimes  they  obstruct  the  flow  and  an  unsatisfac- 
tory stream  is  obtained.  In  that  case  it  is  necessary 
to  take  the  pipe  apart  until  the  obstruction  is  found. 
Poorly  run  lead  joints  sometimes  deposit  large  pieces  of 
lead  inside  the  pipe,  which  form  obstructions.  The 
time  to  find  defects  of  this  kind  is  before  the  work 
has  been  accepted,  and  they  can  be  found  only  by 
testing. 

Flushing  the  Drains 

After  flushing  the  hydrants,  the  drain  at  the  bot- 
tom of  each  riser  should  be  opened  and  flushed.  There 
should  be  a  2-in.  drain  pipe  and  gate  valve  at  the  bot- 
tom of  each  riser.  They  can  be  used  to  make  sure 
that  a  good  flow  of  water  is  available  up  to  that  point. 


If  there  are  no  hvdrants.  they  can  be  used  for  flushing 
out  the  main  feed  lines. 

If  drains  arc  piped  to  a  .sewer  or  main  drain  line, 
cure  .should  be  taken  to  allow  for  a  good  flow.     Linai 
from    sinks,    washbowls    and    such    other    connectioM 
should  contain  checks,  .so  that  in  testing,  water  will  not 
back  up  and  overflow.    At  this  point  on  each  riser  there 
should   be   a   i)ressure   gage,   and    if   alarm   valve-;  are 
installed  in  the  risers,  there  should  be  two,  one  above 
and  one  below  the  alarm  valve.     The  rea.son  for  u.sii:  ■ 
two   gages    is   that   alarm   valves   are   built   like   (he. 
valves;  that  is,  they  allow  water  to  flow  upward  but  ri' 
down.     If  the  pressure   in  the  pipes  below  the  alar 
valve   got   low,   the   pressure   above   would    remain   the 
same,  and  one  gage  would  not  show  the  lowering  of  the 
pressure.     In  making  the  last-mentioned  test,  it  woul ' 
be  well  to  note  how  much  the  flow  of  water,  with  t) 
drain  valve  open,  reduced  the  pressure,  the  gage  undti 
the  alarm  valve  being  the  one  to  read. 

Te.st  Pipe  at  Top  Should  Be  Opened 

In  addition  to  these  tests  the  test  pipe  at  the  top 
of  each  system  should  be  opened.  At  the  highest  point 
of  the  piping  there  is  provided  a  i-in.  pipe  with  a  ^-in. 
bu.shed  opening.  This  gives  a  flow  equivalent  to  one 
opened  sprinkler.  It  is  provided  for  testing  purposes 
and  should  be  arranged  so  that  water  can  be  discharged 
without  doing  damage.  A  good  flow  of  water  at  this 
point  will  indicate  that  there  is  water  all  the  way  up 
through  the  pining.  All  these  tests  are  neces.sary  to 
.show  that  the  pipework  is  free  from  obstructions.  Many 
peculiar  things  happen  during  these  installations. 
Stones,  pieces  of  wood  and  debris  are  washed  up  into 
the  pipes,  sometimes  when  the  water  is  first  turned  on. 
There  have  been  cases  where  the  outside  indicator  post 
valves  have  been  set  up  with  the  valves  shut,  but  the 
indicating  device  reading  open.  Valves  may  be  defec- 
tive and  the  discs  will  slip  off  of  the  stem.  The  valve 
may  appear  to  be  open,  but  the  discs  .still  ob.struct  the 
waterway.  Pipefitters  sometimes  use  blank  gaskets  of 
metal  to  close  the  top  of  the  riser  so  that  water  can 
be  turned  on  the  systems  below;  occasionally,  these  are 
forgotten  and  left  in  place. 

After  the  flowing  tests  have  been  made,  it  would  be 
well  to  close  and  then  open  wide  each  valve  on  the 
>ystem. 

The  alarm  valves,  if  any,  can  next  be  tested.  This 
can  be  done  by  opening  the  test  pipe  at  the  top  of  the 
system  or  at  the  same  time  that  the  flowing  test  is 
made.  The  alarms  should  begin  to  ring  when  the  flow 
starts  and  should  stop  when  it  is  shut  off. 

The  diy-pipe  valve  .should  be  examined  and  thoroughly 
understood.  This  device  is  used  when  piping  is  placed 
in  unheated  or  cold  buildings  where  water  in  the  pipes 
is  likely  to  freeze.  By  means  of  a  mechanical  or  dif- 
ferential valve  a  limited  air  pressure  in  the  piping  will 
hold  back  the  water  until  the  air  pressure  is  released 
by  the  opening  of  a  sprinkler.  These  valves  are  some- 
what intricate  and  require  study,  although  they  are 
nothing  that  a  mechanical  man  should  not  be  able  to 
understand  after  a  reasonable  explanation.  Careless- 
ness or  lack  of  understanding  may  easily  place  them 
out  of  service.  See  that  a  diagram  is  posted  at  each 
dry-pipe  valve,  explaining  it  and  showing  how  to  set 
it  up. 

The  pressure  ratio  for  these  valves  is  usually  5  or 
8    to  1;  that  is,  1  lb.  of  air  will  hold  back  5  to  8  lb. 
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t  water.  To  allow  for  air  leakage,  it  is  usually  cus- 
ijmary  to  carry  35  to  40  lb.  air  for  water  pressures  of 
(  to  110  pounds. 

Valve  Seats  Should  Be  Clean 

In  setting  up  these  valves,  it  is  important  to  have 
1e  seats  clean,  free  from  dents  or  scratches  and  to 
otain  a  proper  adjustment  of  the  working  parts.  If 
lere  are  nuts  or  setscrews  to  tighten,  as  there  some- 
imes  are,  do  not  force  them  up  hard.  A  snug  fit  is 
:1  that  is  necessary.  There  should  be  about  one  pailful 
('  water  above  the  air  valve  to  seal  it.  This  is  called 
'le  priming  water;  frequently  it  is  forgotten,  and  as  a 
!sult  the  air  leaks  back  through  the  main  valve  casing. 

ir  piping  should  not  leak  more  than  10  lb.  per  week, 
jmetimes,  when  a  system  does  not  hold  the  air  pres- 
ire,  water  is  left  in  it  for  awhile  to  rust  the  small 
aks.  The  practice  is  questionable  if  the  leaks  are  of 
ly  size.  The  pipework  should  be  well  enough  done  to 
lake  the  piping  reasonably  airtight. 
'  After  these  tests  and  examinations  have  been  made, 
irther  explanation  should  be  sought  if  the  system  is 

t  understood. 

System  Should  Be  Tested  at  Regular 
Stated   Intervals 

After  the  system  has  been  turned  over  to  the  owner, 
[lis  routine  of  tests  should  be  made  at  regular  intervals, 
'he  fact  that  the  system  is  in  order  when  delivered  by 
le  installing  company  is  no  guarantee  that  it  will 
emain  that  way.  City  valves  in  the  street  sometimes 
re  shut  off  by  repairmen  and  left  that  way ;  obstruc- 
ions  get  over  the  outlets  from  tanks.  One  ca.se  is 
ecalled  where  becau.se  of  salts  in  the  water  and  sed- 
nent,  which  settled  at  a  certain  point,  a  4-in.  pipe 
ecame  entirely  stopped  up.  In  another  case,  where  a 
wooden  tank  leaked,  someone  poured  a  large  amount  of 
atmeal  into  it  with  the  idea  that  it  would  find  the  leaks, 
well  ur  and  stop  them.  -Just  how  this  would  have  af- 
Bcted  the  piping  is  uncertain.  It  might  have  gotten  into 
ome  of  the  small  pipes  and.  together  with  sediment,  of 
•hich  there  is  usually  a  little  in  the  pipes,  have  formed 
n  obstruction.  Luckily,  it  was  discovered  by  inspection 
nd  cleaned  out. 

After  going  over  the  piping,  examine  the  water- 
upply  sources.  In  Fig.  1  they  are  city  water-works 
onnection  and  tank.  The  tank  should  be  shut  off  while 
ne  flowing  test  is  made  to  show  that  the  water  from 
he  city  is  in  proper  volume  and  at  good  pressure,  then 
limed  on  again. 

There  are  gate  valves  in  connection  from  both  water- 
.^orks  and  tank  for  shutting  off  the  water;  there  are 
Iso  check  valves  in  each  connection.  These  checks 
How  the  water  to  flow  into  the  system,  but  not  the 
ther  way.  The  one  in  the  water-works  connection  is 
0  keep  the  tank  water  from  running  out  into  the  water- 
works system.  The  one  in  connection  from  the  tank  is  to 
revent  city  water  from  rising  up  into  the  tank  and 
verflowing  it. 
Tank  Should  Be  Full  and  Free  From  Leaks 

Make  sure  the  tank  is  full  of  water  and  free  from 
;aks.  See  that  a  strong  and  safe  ladder  has  been 
rovided  for  access  to  it.  Make  sure  that  the  filling 
ipe  is  in  order  and  that  there  is  an  arrangement  for 
eating  the  water  in  cold  weather  to  prevent  freezing, 
lee  that  a  telltale,  for  showing  how  much  water  is  in 
he  tank,  has  been  provided  and  is  working  right. 


Instead  of  a  city  water-works  connection  direct  there 
may  be  a  pump.  If  so,  look  over  the  steam  and  water 
connections,  run  the  pump  to  capacity  if  possible,  and 
be  sure  it  is  working  satisfactorily.  An  idea  seems 
to  be  held  in  many  cases  that  the  pump  or  public 
connection  is  put  there  to  fill  the  tank  from  which  the 
water  is  fed  to  the  sprinklers.  That  is  not  so.  The 
pump  or  water-works  connection  feeds  to  the  same  main 
pipe  that  the  tank  does,  and  the  water  goes  directly  to 
the  sprinklers. 

Fig.  1  shows  outside  underground  piping  in  part. 
In  city  properties  there  often  is  no  yard  room  for  out- 
side pipe;  but  the  arrangement  in  such  cases  is  no 
different,  the  main  pipes  simply  being  run  inside, 
usually  in  the  basement. 

Where  public  water  cannot  be  used  and  a  pump  is 
not  desirable,  a  pressure  tank  can  be  used  as  a  high- 
pressure  supply.  It  should  be  kept  two-thirds  full  of 
water,  the  remaining  one-third  being  air  under  pres- 
sure. Usually,  75  lb.  air  pressure  should  be  maintained. 
Where  a  pressure  and  gravity  tank  are  used,  they  are 
usually  on  the  roof.  The  connections  from  each  are 
sometimes  brought  together  in  the  top  .story  and  a  main 
pipe  drops  dowm  through  the  building,  feeding  the 
sprinklers  at  each  floor. 

The  supplies  may  vary,  but  the  piping  arrangement 
will  be  about  as  described. 

(Part  tivo  of  this  article,  dealing   loith  supplies,   tvill 
folloiv  in  an  early  issue.) 

Handy  Kink  for  Making  Spiral  Springs 

By  J.  W.  Fager 

In  making  a  "spring  block"  for  small  springs,  I  find 
that  1-in.  fiber  works  best.  Take  a  piece  of  fiber  about 
2x6  in.  find  bore  four  or  five  holes  in  one  end,  ranging 
in  size  from  i  to  •;  in.  as  in  the  figure.  Near  the 
large  holes  bore  several  small  ones,  say  t"?  in.  in  diam- 


eter. By  using  nails  or  pieces  of  small  rod,  any  size 
spring  can  be  made,  according  to  the  size  of  the  holes. 
Put  the  block  in  a  vise  and  thread  the  spring  wire 
through  the  holes  to  give  it  tension.  Take  a  nail  the 
size  of  the  spring  you  want  to  make,  cut  the  head 
off  and  put  it  into  the  hole  where  it  fits  best.  Wrap 
a  few  turns  of  the  wire  around  the  nail  and  grip 
the  wire  and  nail  in  an  ordinary  brace,  as  in  the  figure. 
Then  simply  wind  the  wire  around  the  nail  until  the 
desired  length  of  spring  is  obtained. 
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By  r..  A.  HUKUJS 


The  three  ycnrral  tiipcs  of  direct-current  /no/oc.s, 
series,  shiitit  and  compound,  arc  discussed  and 
some  of  the  important  features  of  each  type 
pointed  out.  It  is  shoum  that  a  compound  motor 
is  a  combination  of  the  slunit  and  series  type,  and 
the  difference  between  a  cumulative  and  differen- 
tia! connection  is  c.rnlained. 


DIRECT-CURRENT  motors  may  be  divided  into 
five  general  classes  according  to  their  electrical 
characteristics;  namely,  series,  shunt  and  com- 
pound, interpole  and  compensating  types.  In  all  these 
types  the  armatures  may  be  the  same,  the  es.sential  dif- 
ference being  in  the  field-pole  windings  and  the  way  the 
latter  are  connected  to  the  armature.  The  simplest  type 
is  the  plain  series  motor,  which  derives  its  name  from 
the  fact  that  the  armature  and  field  windings  are  con- 
nected in  series.  Since  the  armature  and  field  windings 
are  connected  in  series,  the  latter  passes  all  the  armature 
current.  Consequently,  the  wire  in  the  field  coils  must 
be  large  enough  to  carry  the  total  load  current  without 
excessive  heating  or  voltage  drop.  For  this  reason  the 
field  coils  of  a  series  motor  are  usually  wound  with  a 
comparatively  small  number  of  turns  of  relatively  large- 
sized  wire.  The  connections  of  a  series  motor  to  an 
ordinary  type  of  manual  starting  box  are  shown  in  Fig. 
1.  It  will  be  noticed  that  there  is  but  one  circuit  through 
the  starting  box,  armature  and  field  windings,  the  arm- 
ature and  field  windings  being  connected  in  series. 
Where  motors  of  this  type  are  of  3.5  hp.  in  size  and 
above,  they  can  generally  be  determined  by  inspection, 
by  noting  if  the  machine  has  only  main  poles,  as  in  the 


CONNECTIOX   DIAGRAM  FOR  SERIES  MOTOR  AND 
STARTING   BOX 


figure,  and  if  the  field  and  armature  leads  are  the  same 
size.  A  test  can  be  made  with  a  lamp  and  ciixuit  having 
machine  voltage.  If  the  motor  is  of  the  series  type,  the 
lamp  should  light  up  to  full  brilliancy  when  connected 
across  either  the  field  or  armature  terminals  excepting 
in  the  case  of  very  small  machines. 

One  of  the  serious  disadvantages  of  a  series  motor 
is  that  it  will  race  if  its  load  is  removed  and  will  destroy 
itself  unless  disconnected  from  the  line.    If  the  load  is 


changed  on  the  motor,  the  speed  will  vary  inversely  - 
that  is,  if  the  load  is  increa.sed  the  speed  will  decrcjise, 
and  if  the  load  is  decrea.sed  the  speed  will  incrcjise  — 
con.sequently,  the  motor  is  not  adapted  to  constant-siieed 
service.  For  this  reason  the  motor  is  u.sed  to  a  very 
limited  extent  excepting  in  cases  where  it  is  continu- 
ously under  the  control  of  an  operator;  for  example,  on 
cranes  and  railway  service.  The  motor  has  a  char- 
acteristic that  makes  it  well  adapted  to  these  two  classes 


CONNPX'TIOX    DIACJRAM  FOR  SHUNT   MOTOR  AND 
STARTING  BOX 


of  service;  namely,  within  certain  limits  its  torque 
(turning  effort)  varies  as  the  square  of  the  current; 
that  is,  if  the  current  taken  from  the  line  is  increased 
by  2,  the  torque  will  be  increased  four  times.  Why  this 
is  so  may  be  readily  understood  by  a  consideration  of 
what  happens  in  the  motor  when  the  value  of  the  cur- 
rent is  doubled  in  the  motor's  windings.  For  example, 
if  the  motor  takes  10  amperes  from  the  line,  this  current 
passes  through  both  the  armature  and  field  windings 
and  produces  a  certain  number  of  lines  of  force  per 
square  inch  in  the  field  poles,  which  is  reacted  upon  by 
the  current  passing  through  the  armature  conductors 
and  causes  the  armature  to  develop  a  given  turning 
effort.  If  the  current  was  doubled  in  the  armature,  the 
lines  of  force  remaining  constant,  the  turning  effort 
would  be  doubled.  On  the  other  hand,  if  the  value  of 
the  current  in  the  armature  was  maintained  constant 
and  the  lines  of  force  doubled  in  the  field  pole,  the 
torque  would  also  be  doubled.  Since  the  field  and  arma- 
ture windings  are  connected  in  series,  if  the  current  is 
increased  to  20  amperes,  then  the  current  will  be  doubled 
not  only  in  the  armature  conductors,  but  also  through 
the  field  coil.  The  latter  will  increase  the  lines  of  force 
from  the  field  pole  by  2.  Consequently,  when  we  have 
two  times  the  current  in  the  armature  conductors  acting 
upon  two  times  the  flux  from  the  polepieces,  this  will 
give  four  times  the  turning  effort  developed  by  1 
amperes. 

Of  course  this  holds  true  only  up  to  the  poin' 
where  the  magnetic  circuit  begins  to  approach  satura^ 
tion.  Then  the  increase  in  torque  for  an  increase  in 
current  is  not  so  marked.  This  characteristic  of  the 
torque  increasing  as  the  square  of  the  current,  makes 
the  motor  well  adapted  to  work  that  requires  frequent 
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farting  under  heavy  loads,  as  in  railway  and  crane 
lark,  and  it  is  in  these  two  applications  that  the  series 
ijotor  finds  its  greatest  application. 
I  The  plain  shunt  type  of  motor  is  in  general  appear- 
Jice  very  much  like  the  series  machine,  and  in  the 
Mailer  sizes  it  would  be  somewhat  difficult  to  dis- 
'nguish  one  from  the  other  by  a  casual  inspection.  The 
iiunt  machine  gets  its  name  from  having  its  field  coils 
onnected  in  parallel,  or  in  shunt  as  it  is  sometimes 
'illed,  with  the  armature.  The  connections  for  a  simple 
lunt-type  motor  and  manual-type  starting  box  are  shown 
i  Fig.  2.  Instead  of  one  circuit,  as  in  the  series  motor, 
lere  are  two  in  the  shunt  machine;  namely,  one  through 
lie  armature  and  another  through  the  field  winding. 
The  field  coils.  Fig.  2,  are  connected  directly  across 
(16  line,  therefore,  must  be  wound  with  a  wire  of  com- 


CONNECTION    DIAGRAM    FOR    COMPOUND    MOTOR 
AND   STARTING    BOX 


)aratively  small  cross-section,  so  that  the  exciting  cur- 
ent  will  be  maintained  at  a  value  consistent  with  high 
flficiency,  and  also  to  prevent  the  coils  from  overheat- 
ng.  In  this  we  find  the  most  marked  distinction  be- 
ween  the  series-  and  the  shunt-type  machines.  In  the 
eries  machine  the  field  roils  are  wound  with  a  com- 
taratively  small  number  of  turns  of  large-sized  wire, 
onsequently  have  a  low  resistance,  while  in  the  shunt 
nachine  the  field  coils  are  wound  with  a  large  number 
if  turns  of  comparatively  small  wire  and  have  a  high 
esistance.  In  large-sized  machines,  3.5  hp.  and  up, 
he  motors  can  be  distinguished  by  the  size  of  the  field 
Rads,  they  being  smaller  than  the  armature  leads  on 
he  shunt  machines  and  the  same  size  on  the  series  ma- 
hines.  In  the  small  machines,  where  the  field  and 
■rmature  leads  are  the  same  size  on  both  types,  one  type 
nay  be  distinguished  from  the  other  by  testing  through 
he  field  coil  with  a  lamp.  When  tested  on  the  circuit 
if  the  machine's  rated  voltage  a  lamp  connected  in 
eries  with  the  field  coil  of  the  shunt  machine  will  glow 
limly,  but  on  a  series  machine  the  lamp  will  light 
•rightly. 

Since  the  field  winding  of  a  shunt  motor  is  connected 
cross  the  line,  the  magnetic  density  in  the  field  poles 
vill  be  practically  constant  irrespective  of  the  load, 
^'herefore  the  torque  of  a  shunt  motor  varies  directly 
s  the  current  in  the  armature,  and  not  as  the  square 
if  the  current,  as  in  the  series  machine.  In  other  words, 
f  the  current  through  the  armature  of  a  shunt  motor  is 
ncreased  by  two,  the  torque  is  also  increased  two  times. 
Uso,  since  the  strength  of  the  field  pole  is  practically 
onstant,  the  speed  of  the  motor  will  be  practically  con- 
tant  from  no  load  to  full  load.  In  practice  the  variatioji 
s  only  about  5  to  10  per  cent  from  no  load  to  full  load. 


the  speed  being  higher  at  no  load  than  at  full  load. 
Therefore,  in  a  shunt  motor  we  have  a  machine  the 
torque  of  which  varies  directly  as  the  current  in  the 
armature  and  whose  speed  is  practically  constant.  These 
two  features  make  this  type  of  motor  applicable  to  a 
large  number  of  drives  where  the  starting  conditions 
are  not  severe  and  where  a  constant  speed  is  required 
over  a  wide  range  of  load. 

There  are  many  drives  that  require  practically  a  con- 
stant speed  after  the  motor  has  been  accelerated  and 
where  a  strong  starting  torque  is  required.  In  other 
words,  a  motor  is  required  that  has  speed  characteristics 
of  a  shunt  machine  and  the  torque  characteristics  of  a 
series  machine.  To  meet  such  requirements,  what  is 
known  as  a  compound  motor  is  used,  which  is  nothing 
more  nor  less  than  a  .shunt  machine  with  the  addition 
of  a  low-resistance  winding  on  the  field  pole,  connected 
in  series  with  the  armature.  The  connections  for  a 
simple  type  of  compound  motor  to  be  started  by  a  man- 
ual-type starting  box  are  shown  in  Fig.  3.  It  will  be  seen 
that  the  shunt  winding.  Si,,  is  connected  across  the  line, 
the  same  as  in  Fig.  2,  and  the  series  winding  S  is  con- 
nected in  series  with  the  armature,  as  in  Fig.  1.  The 
same  starting  box  is  used  on  both  the  shunt-  and  com- 
pound-wound motors. 

Compound  Motors  for  Elevator  Service 

When  compound  motors  are  used  on  elevator  .service, 
the  controller  is  usually  arranged  .so  that  the  series 
winding  is  in  circuit  only  while  the  motor  is  coming  up 
to  speed.  After  the  load  has  been  accelerated,  the  series 
winding  is  cut  out  of  circuit  automatically,  thus  convert- 
ing the  motor  into  a  shunt  machine  during  the  running 
period.  In  this  way  the  motor  is  made  to  act  as  a  gene- 
rator when  the  car  is  traveling  in  the  down  motion 
under  heavy  load  to  prevent  the  machine  from  racing. 
Cutting  out  the  .series  winding  during  the  running 
period  also  tends  to  make  the  motor  run  at  a  more  con- 
stant speed  under  variable  loads.  Althousrh  a  compound 
motor  will  not  race  as  will  a  series  machine  under  light 
loads,  nevertheless  its  speed  is  not  as  constant  under 
variable  loads  as  a  shunt  machine.  With  the  average 
compound  motor  the  speed  variations  from  no  load  to 
full  load  is  in  the  neighborhood  of  1.5  to  20  per  cent. 
This,  however,  will  depend  upon  the  .series  ampere  turns 
(turns  X  amperes)  on  the  polepieces.  The  greater  the 
number  of  ampere  turns  in  the  series  winding  the 
greater  will  be  the  starting  torque,  as  also  the  variation 
of  the  motor  speed. 

There  are  two  ways  of  connecting  compound  motors 
— -so  that  the  series  and  shunt-field  windings  have  the 
same  polarity,  and  also  so  that  the  two  windings  will 
have  opposite  polarities.  Where  the  two  sets  of  field 
coils  are  connected  so  as  to  have  the  same  pola'-ity,  the 
machine  is  called  a  cumulative  compound  motor;  that 
is,  the  resultant  field  strength  is  the  cumulative  effect 
produced  by  the  two  windings.  When  the  two  windings 
are  so  connected  that  they  oppose,  the  machine  is  called 
a  differential  compound  motor,  since  the  resultant  field 
strength  is  the  diflTerence  between  that  produced  by  the 
shunt  and  the  series  field  windings. 

The  simple  series,  shunt  and  compound  types,  of 
direct-current  motors  cover  in  a  general  way  motors  for 
use  on  direct-current  circuits.  There  are  a  number  of 
other  types,  but  they  are  only  modifications  of  the  three 
types  made.  These  modifications  will  be  made  the  sub- 
jects of  other  articles. 
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improving    the 
opportunity    to 


TIIKRR  is  ])rolial)ly  no  other  in- 
dustry in  which  so  much  respon- 
sibility for  siKccss  or  faiUire  is 
placed  upon  the  operating  engineer  as 
in  refrigeration.  That  this  responsi- 
bility may  be  met,  the  engineer  must 
be  alive  to  his  duties,  recognize  the  re- 
sponsibility and  take  such  steps  as  will 
increase  his  ability  to  produce  a  maxi- 
mum of  true  efficiency. 

The  writer  believes  that  the  refrig- 
erating industiy  affords  opportunity 
for  development  that  will  make  not 
alone  for  the  good  of  the  plant,  but  for 
the  character  and  ability  of  the  engi- 
neer, insuring  him  a  career  of  which 
he  may  be  proud. 

Just  a  word  to  the  plant  owner  and 
manager:  When  you  find  your  engineer 
not  only  giving  a  full  measure  of  faith- 
ful performance  of  duty,  but  combin- 
ing study  with  experience  and  thus  ac- 
quiring true  education,  and  with  this 
development    of    knowledge    gradually 
plant,    give    him    encouragement    and 
broaden   his  viewpoint.      Have  him   attend   association 
meetings  and  visit  modern  plants ;  see  that  trade  papers 
are  put  into  his  hands;  and  lastly,  do  not  hold  back  sub- 
stantial reward  for  actual  accomplishments.     Make  him, 
as  his  position  demands, 
more    than    a    mere    em- 
ployee.   I  believe  just  as 
deeply  in  the  converse  of 
this,  that  an  engineer  who 
makes  no  effort  to  improve 
himself  and  the  plant  un- 
der his  care,  who  neglects 
to  study  and  take  advan- 
tage of  opportunities  for 
improvement,    who     does 
not   take    an    interest    in 
knowing    what   the    plant 
does — for  one  must  first 
know  what  a  plant  is  doing 
before  he  can  compare  it 
with  subsequent  results — 
should  be  relegated  to  the 
position  of  a  second,  who 

does  simply  what  he  is  told,  or  he  should  be  discharged. 
The  conditions  of  business  now  demand  that  a  plant 
continually  improve. 

Someone  has  said  that  a  little  learning  is  a  dangerous 
thing.  It  is  not,  unless  wrongly  applied.  It  is  when  a 
man  with  the  little  learning  thinks  himself  fully 
equipped  and  then  proceeds  to  apply  this  knowledge  that 
it  is  dangerous.  The  little  learning  will  simply  be  a 
stimulus  to  acquire  more,  will  make  him  a  seeker,  will 
cause  him  to  be  cautious  in  what  he  undertakes  and, 
lastly,  will  make  him  weigh  carefully  all  that  he  is  told 
and  keep  him  from  being  carried  away  by  strange  and 
false  doctrine. 


PETER  NEFP 


Mr.  Neff  enjoys  the  distinction  of  being 
known  to  most  professional  and  operating 
engineers  in  the  refrigerating  industry.  His 
life's  work  has  been  the  upbuilding  of  this  in- 
dustry. In  this  article  he  tells  in  a  direct, 
pleasingly  simple  manner  what  he  regards  as 
important  to  the  subject  of  cost  finding  in  re- 
frigerating plants.  The  subject  is  one  on  which 
world-wide  attention  is  directed;  engineering 
society  committees  are  now  working  on  it. 
Mr.  Neff  does  not  pretend  that  the  article  is 
scientific  or  abstruse;  it  deals  with  common- 
sense  human  and  engineering  fundamentals 
which  must  precede  workable  cost-accounting 
systems. 


The  engineer  must  accinire  the  powei 
to  think,  to  analyze,  to  combine  and  C( 
ordinate  theories  with  practical  condi. 
tions  as  they  have  to  be  met.  What  ma;^ 
lie  a  good  thing  in  one  plant  may  noi 
ije  the  best  for  another,  but  for  that  i 
is  not  to  be  condemned. 

Some  of  us  who  have  been  through 
plant  troubles  and  whose  work  ha« 
brought  them  for  years  in  contact  with 
various  plants  and  their  operation, 
while  not  always  able  to  grasp  in  a  brief 
visit  all  the  conditions  surrounding  the 
operation  of  a  particular  plant,  yet  may 
be  able,  by  discussing  the  trend  of  mod- 
ern practice,  to  suggest  general  methods 
that  can  be  made  applicable  to  a  par- 
ticular case. 

It  is  in  that  sort  of  work  that  help 
can  be  rendered  to  the  engineer  in 
charge.  It  is  a  process  of  education. 
Some  have  an  idea  that  they  must  keep 
their  knowledge  to  themselves.  It  is  a 
strange  thing,  but  the  more  one  gives  of  knowledge  the 
more  he  acquires.  The  engineer  must  have  his  heart  in 
his  work.  He  must  be  solicitous  for  the  welfare  of  the 
plant,  which  means  the  success  of  the  business  for  the 
owners,  make  the  best  of  the  equipment  he  has,  think 
about  the  plant,  "read  up"  on  the  questions  involved, 

get  a  thorough  under- 
standing of  what  his  plant 
is  doing,  and  possess  this 
in  a  form  that  will  be  in- 
telligible to  the  manage- 
ment. He  should  ask  for 
help  if  there  are  problems 
he  is  in  doubt  about  or  on 
which  there  is  a  differ- 
ence of  opinion;  make 
suggestions  and  discuss 
them,  giving  reasons  why 
this  or  that  in  his  judg- 
ment should  be  done; 
put  himself  on  record, 
have  arguments  for  what 
he  proposes ;  not  try  to  do 
everything  at  once,  but  a 
little ;  compare  results, 
and  thus  have  a  sure  footing  for  the  next  step.  The  re- 
frigerating industry  is  full  of  unsolved  problems  which 
are  being  worked  upon.  He  should  give  his  share  of 
experience  and  knowledge.  There  is  a  pleasure  that 
comes  from  striving  and  accomplishing,  just  as  there 
comes  with  the  pleasure  a  greater  remuneration;  for 
when  business  finds  that  a  man  can  accomplish  more, 
he  will  be  sought.  No  education  is  real  if  it  causes  the 
slightest  hint  of  neglect  of  one's  appointed  duties. 

If  one  feels  that  all  the  time  he  should  give  to  the 
plant  under  his  care  is  the  few  hours  set  aside  as  so- 
called  working  hours,  one  will  never  get  very  far  on 
the  road  to  success. 


II 
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This  industry  is  growing  faster  than  many  realize, 
and  there  are  offered  exceptional  opportunities  to  the 
iman  who  is  ambitious  and  competent. 
:  I  do  not  propose  to  give  costs,  but  discuss  how  the 
engineer  should  and  can  acquire  a  knowledge  of  them 
and  what  is  the  basis.  When  one  speaks  of  costs  the 
subject  is  likely  to  be  considered  as  simply  dollars  and 
cents.     True,  it  can  ultimately  be  reduced  to  this  basis. 

One  mu.st  get  a  conception  of  the  principles  that 
underlie  all  refrigerating  processes;  these  involve  a 
'knowledge  of  heat,  the  difference  between  sensible  and 
latent  heat,  boiling  points  and  how  influenced  by  pres- 
sure, effects  of  superheating  gases,  transmission  of 
heat  from  one  substance  to  another.  One  must  be  able 
to  visualize  what  is  going  on  throughout  the  system. 

What  the  Log  Should  Tell 

A  log  must  be  honestly  kept  and  studied ;  it  will  serve 
as  a  basis  for  much  useful  information  relative  to 
operation ;  in  fact,  it  is  essential.  This  log  should  not 
I  be  burdensome ;  every  facility  should  be  had  to  take 
i  readings  quickly  and  accurately.  Often  one  finds  ther- 
mometers placed  where  they  cannot  be  easily  read.  There 
should  be  fixed  thermometers  for  all  important  readings 
— good  thermometers  with  graduations  that  are  plainly 
visible.  Refrigeration  being  a  heat  problem  at  every 
stage,  it  is  useless  to  think  that  useful  knowledge  can 
be  had  without  thermometers.  Gages  are  needed ;  these 
are  often  neglected  and  the  engineer  does  not  know 
whether  or  not  they  are  correct.  In  a  log  the  funda- 
mentals to  be  known  are  temperature  of  water  to  and 
from  the  condenser;  of  the  liquid  ammonia  leaving  the 
condenser  and  at  the  feed  valve,  or  for  convenience,  as 
it  leaves  the  receiver;  of  the  suction  gas  as  it  leaves 
the  evaporator  and  when  it  enters  the  compressor;  the 
discharge  leaving  the  compressor;  whatever  is  cooled, 
be  it  brine,  air,  water,  etc.  Where  brine  is  circulated 
for  the  use  of  cooling,  its  outgoing  and  returning 
temperature  should  be  recorded,  also,  if  possible,  the 
quantity. 

In  many  cases  the  medium  is  first  cooled  (precooled) 
by  water,  as  is  the  case  in  a  distilled-water  plant.  Here 
it  is  necessary  to  know  the  temperature  of  the  water 
available  for  cooling  as  well  as  the  temperature  to  which 
it  is  possible  to  reduce  the  medium.  It  is  axiomatic 
that  all  possible  cooling  be  done  by  natural  means  before 
applying  mechanical,  illustrated  again  by  distilled  water. 
The  apparatus  for  cooling  this  with  natural  water  should 
be  such  as  to  reduce  it  to  practically  the  same  tempera- 
ture as  the  water  available,  otherwise  there  is  an 
unnecessary  extra  load  thrown  on  the  machine.  The 
same  applies  to  the  liquid  ammonia.  Here  a  large 
percentage  of  the  work  of  the  machine  is  used  in  cool- 
ing the  ammonia  from  the  temperature  of  the  liquid  at 
the  feed  valves  to  the  temperature  at  which  ammonia  is 
boiling  in  the  evaporator.  Then  if  it  is  found  that  the 
temperature  of  the  ammonia  is  higher  at  the  feed  valves 
than  when  it  leaves  the  condenser,  there  is  something 
that  needs  correction.  These  are  emphatically  cost  prob- 
lems. 

The  Graphic  Log  Worth  While 

The  temperature  of  the  atmosphere  must  be  recorded, 
also  the  pressures  of  the  suction  and  discharge.  I  will 
not  here  touch  on  the  question  of  power.  Every  engineer 
knows  that  a  record  of  the  power  used  is  essential  if  one 
would  know  the  costs  of  production. 

There  is  much  to  be  said  in  favor  of  the  graphic  log, 
as  the  eye  will  detect  variations  that  might  otherwise 


escape;  but  such  a  log  requires  considerable  time, 
though  it  will  repay  one  to  plot  them.  It  is  most 
interesting  when  one  year's  run  can  be  compared  with 
anothei-.  There  is  much  that  could  be  said  about  the 
daily  log  and  what  it  can  be  developed  into,  but  we  are 
here  simply  indicating  its  necessity  for  knowing  what 
the  plant  is  doing  and  making  it  possible  to  compare 
results  when  changes  are  made.  With  the  ability  to 
visualize  what  is  taking  place  in  a  refrigerating  system, 
one  has  the  groundwork  for  a  cost  system. 

A  refrigerating  plant  is  a  manufactury  of  refrigera- 
tion that  is  disposed  of  in  varying  quantities.  As  there 
is  but  one  commodity  manufactured,  everything  must 
be  based  on  some  unit  of  this  commodity.  If  one  is 
making  bricks,  for  example,  one  may  take  1,000  bricks  as 
the  unit,  and  his  costs  will  be  so  based,  as  well  as  the 
disposition  he  makes  of  them.  At  the  end  of  a  given 
period  he  will  be  a  poor  business  man  who  will  not  know 
how  many  thousand  bricks  have  been  made  and  at  what 
cost,  and  how  many  have  been  disposed  of  and  at  what 
figure  per  unit.  If  the  number  manufactured  is  con- 
siderably more  than  the  amount  sold  or  accounted  for, 
he  would  be  pretty  sure  to  start  an  inve.stigation.  In 
the  refrigerating  industry  we  have  been  going  along 
from  the  start  with  the  ton  of  refrigeration  as  a  stand- 
ard of  measure  for  the  commodity.  But  we  have  guessed 
at  the  amount  we  made  and  guessed  at  the  amount  we 
disposed  of.  Not  only  that,  but  we  have  been  accustomed 
to  buying  apparatus  for  the  manufacture  of  refrigera- 
tion with  a  guarantee  for  its  producing  a  certain 
number  of  tons,  and  we  seldom  know  if  it  has  fulfilled 
it.  The  ice  manufacturer  may  say,  "I  weigh  my  ice  and 
know  exactly  how  much  refrigeration  is  produced."  The 
man  who  meters  the  brine  and  can  calculate  the  tonnage 
disposed  of  may  say  he  knows  exactly  his  production. 
It  is  true  they  can  tell  something,  but  can  they  tell 
how  many  tons  of  refrigeration  they  are  actually 
developing  to  make  the  ice  or  cool  the  brine?  It  is  the 
same  as  if  the  brick  manfacturer  bought  an  apparatus 
to  produce  so  many  bricks,  no  matter  if  it  broke  up  and 
made  useless  a  large  number  besides  the  required  toll 
of  good  ones.  So  in  refrigeration,  the  ice  man  does 
not  know  whether  he  is  developing  1.8  tons  refrigeration 
per  ton  of  ice  produced  or  2.5  tons. 

Engineering  Societies  Busy  on  Standards 

If  we  could  measure  the  tons  refrigeration  we  would 
have  a  basis  for  costs  and  also  something  that  would 
enable  one  plant  to  compare  its  results  with  another, 
furthermore,  it  would  make  the  manufacturers  more 
specific  with  their  guarantees.  We  will  see  later  how  this 
affects  them.  Owners  would  be  able  to  compare  the 
working  of  their  plant  with  that  of  another,  and  if  one 
was  making  a  ton  of  ice  with  an  expenditure  of  1.8  tons 
refrigeration,  the  other  that  might  be  consuming  2.5 
would  investigate  why  he  suffered  such  a  loss.  And  the 
engineer  would  be  the  one  that  he  would  turn  to.  We 
are  being  driven  toward  a  solution  of  this  problem  faster 
than  many  imagine.  In  cold  storage  it  is  vital  to  a 
proper  method  of  rate  making.  There  is  no  need  of 
going  farther  to  emphasize  the  need — all  know  it  is 
there.    What  are  we  going  to  do  about  it? 

One  influence  that  is  making  for  a  solution  of  the 
problem  is  the  revision  of  the  power-test  codes  of  the 
American  Society  of  Mechanical  Engineers.  The  society 
insists  that  a  method  be  promulgated  for  testing 
refrigerating  machinery  and  has  called  in  a  number  of 
engineers  to  solve  the  problem.     It  is  perhaps  not  as 
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(lifllcult  as  ..  would  appcnr  from  the  time  it  ha.s  taken 
;o  pot  the  mothods  worked  out.  The  delay  ha.s  been 
largely  becau.so  the  ha.sic  standard.s  for  the  refrigerant 
were  not  accurately  determined.  Rut  durinp  the  bust 
few  years  con.><i(lorahle  work  has  been  done,  at  least 
on  ammonia,  so  that  we  now  have  fairly  accurate  data 
lor  ammonia:  data  on  other  refrigerants  are  coming. 

It  is  evident  that  if  we  know  the  temperature  of  the 
liquid  at  the  feed  valves,  its  specific  and  latent  heat,  the 
pressure  and  temperature  of  the  evaporated  gas,  and  the 
number  of  pounds  of  the  gas  evaporated,  the  amount  of 
refrigeration  can  be  determined.  The  weight  of  the 
liquid  evaporated  has  been  the  hard  task.  Such  tests 
as  have  been  made  have  been  by  a  careful  weighing  of 
the  liquid  on  its  way  to  the  evaporator. 

Through  the  development  of  the  steam-flow  meter 
there  is  coming  a  method  of  measuring  the  amount  of 
gas  evaporated.  When  this  is  accomplished,  it  will  not 
be  difficult  to  have  a  record  of  the  volume  and  weight 
that  a  compressor  or  absorber  handles  in  a  given  period. 
Tables  can  be  made  that,  having  the  temperature  of 
the  liquid,  the  pressure  in  the  evaporator,  the  tempera- 
ture of  the  evaporated  gas  to  the  compressor,  the 
measure  of  the  volume  of  this  gas,  the  period  of  time, 
the  tonnage  may  be  quickly  calculated  or  read  directly. 

[Readers  of  this  article  by  Mr.  Neff  will  be  pleased 
to  learn  here  that  in  the  new  T-Wharf  Plant  of  the 
Quincy  Market  Cold  Storage  &  Warehouse  Co.,  Boston, 
an  orifice  meter  already  has  been  installed  for  this  very 
purpose — to  measure  the  gas  delivered  by  the  compresr 
sor  to  the  condenser.  Although  but  recently  installed, 
we  learn  that  it  is  working  satisfactoi'ily  in  this  service. 
Besides  this  meter,  the  plant  is  provided  with  venturi 
meters  for  water  and  brine,  thermometers  and  all  neces- 
sary indicating  and  recording  gages. — Editor.] 

This  suggests  something  that  will  help  bridge  the  gulf 
between  present-day  slip-shod  methods  and  the  more 
refined  that  are  to  come,  something  that  will  serve  to 
educate,  while  at  the  same  time  giving  fairly  accurate 
results.     It  will  also  avoid  the  question  of  expense. 

The  Compressor  as  a  Flow  Meter 

The  method  consists  in  using  the  compressor  itself 
as  the  meter  for  measuring  the  amount  of  gas  handled. 
If  the  compressor  is  indicated,  the  re-expansion  loss 
can  be  expressed  in  terms  of  percentage  of  stroke, 
reducing  the  volume  as  swept  by  the  piston  in  its 
travel.  This  re-expansion  loss  is  dependent  in  the  same 
compressor  on  the  relation  between  the  suction  and  dis- 
charge pressures.  It  is  not  a  difficult  matter  to 
determine  the  loss  at  some  predetermined  relation  of 
pressures,  as  for  example  15  and  185  lb.,  which  is  com- 
monly used ;  then  by  a  chart  the  percentage  of  variation 
can  be  shown  for  any  other  combination  of  pressures. 
Having  determined  for  an  individual  compressor  the 
volume  available  for  filling  per  stroke,  it  then  becomes 
necessary  to  know  the  number  of  strokes  in  a  given 
period;  this  can  be  found  by  the  use  of  a  revolution 
counter. 

But  another  element  and  one  not  so  easily  handled  is 
involved — the  internal  superheating  of  the  gas.  Super- 
heating of  a  gas  lessens  its  weight  per  cubic  foot  under 
a  constant  pressure.  Compressor  construction  has  to 
do  largely  with  this  loss.  In  p  •  xtice  the  manufacturer 
allows  for  it  in  the  size  of  his  compressor  when  he 
guarantees  a  certain  effective  tonnage.  Enough  is  now 
known  about  compressors  to  predict  the  loss  involved, 
and  there  is  no  reason   why  the  manufacturer  should 


not  be  forced  to  produce  evidence  of  what  this  loss  is, 
for  it  is  a  loss  in  energy  expended,  and  by  the  u»e 
of  a  flow-met«M-  test  this  lo.ss  is  determinahle.  If  the 
manufacturer  will  then  show  what  percentage  of  long 
he  allows  for,  due  to  the  superheating  of  the  gas  on 
entering  the  compressor,  one  can  correct  for  the  dif- 
ference in  density  of  the  gas  as  delivered  in  the  suction 
line  at  the  compressor  and  after  it  has  entere<l  the  com- 
pre.ssor. 

If  the  volume  available  for  filling  is  known  for  a 
given  period  and  the  pressure  and  temperature  of  the 
gas  supplied  to  this  volume,  corrected  for  the  increase 
of  temperature  due  to  internal  superheating,  the  amount 
of  liquid  ammonia  evaporated  can  be  found  and  the  ton- 
nage determined.  The  temperature  of  the  liquid  at 
the  feed  valves  being  known,  the  amount  of  refrigera- 
tion consumed  in  cooling  this  to  the  temperature  of  the 
evaporator  can  be  found.  This  is  a  loss  that  has  to  be 
borne  by  the  machine,  but  it  can  often  be  considerably 
lessoned  if  the  loss  is  known  and  appreciated. 

After  the  gas  leaves  the  evaporator,  any  increase  in 
temperature  before  reaching  the  compressor — in  other 
words,  superheating — can  also  be  measured  and  usually 
corrected  by  insulation. 

Where  Thermometers  Are  Needed 

Naturally,  recording  instruments  are  preferable  in 
this  woi"k,  but  by  averaging  readings  from  fixed  ther- 
mometers, as  well  as  for  the  pressures,  a  fair  degree 
of  accuracy  will  be  had.  There  is  needed  to  try  out  this 
method  a  thermometer  on  the  suction  near  the  machine, 
one  on  liquid  line  to  feed  valves,  a  revolution  counter, 
good  gages  on  the  suction  and  discharge  lines,  indicator 
diagrams  of  the  compressor,  and  correction  for  internal 
superheating.  Even  without  specially  prepared  tables, 
the  data  are  available  in  the  published  tables  of  proper- 
ties of  the  gas  used  for  the  refrigerant. 

Now  such  a  method,  while  not  scientifically  accurate, 
will  help  develop  a  knowledge  of  one's  plant,  will  serve 
as  a  basis  for  a  cost  system ;  will  enable  the  plant  to  be 
compared  from  time  to  time ;  and  finally  will  awaken  a 
desire  to  have  and  employ  more  accurate  means,  such 
as  flow  meters.  When  we  do  have  a  measure  of  the  gas 
handled  by  a  compressor,  as  will  be  the  case  with  the 
flow  meters,  it  will  not  be  long  till  the  variation  in 
internal  superheating  lo.ss  will  cause  the  manufacturers 
to  take  steps  to  make  their  compressors  more  efficient 
in  this  particular.  And  it  will  be  a  point  on  which  their 
salesmen  will  be  questioned  and  one  that  will  be  sus- 
ceptible of  verification  after  tho  plant  is  installed. 

Basis  Necessary  in  Cost  Accounting 

Locating  preventable  losses  in  plants  is  one  of  the 
prime  reasons  for  a  cost  system,  and  we  can  realize  this 
only  by  having  a  basis ;  while  this  basis  for  the  time 
being  may  not  be  all  that  we  hope  for,  it  can  be  corrected 
from  time  to  time  as  our  knowledge  increases. 

The  ton  refrigeration  per  day,  like  the  kilowatt-hour, 
may  come  to  mean  something,  and  when  spoken  of  will 
have  a  real  significance ;  the  fact  that  it  may  not  be 
exactly  as  represented  makes  little  difference  if  all  use  ^ 
it  in  the  same  sense.  X 

It  would  seem  to  me  that  the  manufacturers  of 
refrigeration  apparatus  should  urge  upon  such  bodies  as 
the  American  Society  of  Refrigerating  Engineers,  that 
they  issue  tables  and  standards  that  can  be  used  by  all, 
that  they  be  based  on  the  latest  available  data  and  that 
they  be  arranged  conveniently  for  the  use  of  operating 
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engineers.  Then  let  the  manufacturers  assist  in  the 
distribution  of  this  information. 

I  In  the  meantime  my  suggestion  to  engineers  is  to 
hiake  a  start  at  analyzing  plant  conditions.  Make  an 
attempt  to  determine  the  amount  of  refrigeration  that 
the  machine  is  doing.  Get  your  engineering  associa- 
Ition  to  secure  the  latest  tables  of  data  and  familiarize 
yourselves  with  their  use.  Start  a  cost  system  that 
will  show  the  amount  used  of  any  one  thing  per  ton 
refrigeration  per  day.  Accustom  yourselves  to  thinking 
in  terms  of  the  ton  refrigeration  per  day.  At  meetings 
iof  associations  discuss  daily  logs  in  a  practical  way,  the 
form  of  sheets  which  you  use  and  the  method  employed 
in  getting  the  quantities  that  go  into  the  costs  as  items. 
There  are  a  lot  of  these  practical  problems  that  should 
be  discussed.  A  paper  on  them  does  little  good.  It  is 
when  you  say  something  and  someone  argues  it  with 
you  that  you  usually  get  something  worth  while. 


The  IngersoU-Rand  P-R  OU  Engine 

The  Ingersoll-Rand  Co.  is  building  the  Price  heavy- 
oil  engine  in  both  horizontal  and  vertical  designs.  This 
engine  falls  into  that  class  of  internal-combustion  en- 
gines termed  solid-injection  explosive  oil  engines,  em- 
ploying a  compression  of  200  lb.  per  sq.in.  and  re- 
quiring no  ignition  surface  such  as  hot  bulbs  or  hot 
plates.     Ignition  is  by  heat  of  compression  only,  with 


combustion  chamber.  On  the  compression  stroke  the 
fuel  charge  is  injected  through  tvvo  nozzles,  at  about 
33  deg.  ahead  of  outer  dead  center,  into  the  combustion 
chamber.  The  oil  jets  issuing  from  the  two  nozzles 
meet  at  the  center  of  the  cavity,  creating  such  a  tur- 
bulence that  a  complete  mixing  of  the  air  and  oil  is 


Piston 
FIG.   1.     INGERSOLL-RAND  OIL  ENGINE  CYLINDER  HEAD        FIG.   2.     VERTICAL  SECTION  OP  P-R  MARINE  OIL  ENGINE 


the  exception  that,  on  starting,  an  electric  coil  is  em- 
ployed  during  the   first   few  explosions. 

The  combustion  chamber  and  atomizer  are  the  parts 
where  the  design  differs  from  other  engines.  As  the 
cross-section,  Fig.  1,  shows,  the  head  is  composed  of 
two  castings;  the  lower  part  acts  as  the  combustion 
chamber,  while  the  upper  casting  carries  the  valves. 
The  lower  section,  as  may  be  seen  from  Figs.  1  and  2, 
has  a  constricted  outlet  leading  to  the  cylinder. 

The  action  of  the  engine  is  as  follows :  On  the 
suction  stroke  the  air  is  drawn  into  the  cylinder  and 


assured.  As  the  piston  advances,  the  pressure  and  tem- 
perature of  the  cylinder  contents  increase  to  an  extent 
that  causes  the  oil  to  ignite  when  the  piston  forces  the 
main  air  charge  into  the  combustion  chamber. 

A  fuel  pump  is  provided  for  each  working  cylinder. 
The  pump  plungers  are  actuated  by  cams  on  the  cam- 
shaft, the  governing  being  accomplished  by  the  open- 
ing of  a  bypass  valve  on  the  pump  discharge  line.  In 
Fig.  3  the  pump  is  immediately  to  the  left  of  the 
flywheel. 

The  marine  engine  is  quite  similar  to  the  vertical 
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statioiiiiry  nigiiu'.  The  frame  is  of  the  inclosetl  box- 
section  type;  the  valves  are  artiintcfl  throuKh  rockers 
and  push  rods  hy  ('(•(•entries  on  the  camMhaft.  The 
Uihrication  of  the  Itrjuinps  is  accomplished  by  a  com- 


vorsal  is  accomplished  by  mcanK  of  air  Ihrouj^h  a  dil 
tributor  somewhat  simihir  to  the  startinj?  r\g  on  certaiij 
two-cycle  hot-biiU)  oil  enRines.  Since  the  fnel-pumjj 
plungrer  starts  on    its   outward   stroke  .'}5   deg.   ahea 


PIG.   3.     INGERSOLL-RAND  HORIZONTAL.  OIL  ENGINE 


bined  foi-ce  feed  and  splash  system.  The  reversal  is 
rather  unique.  The  timing  of  the  admission  and  ex- 
haust  valves    is   such   that   when    running   ahead    one 


FIG.    4. 


"SZcad         jLood  iiLoaa  Full  Load        iSloadlJIoad 

KFKICIK.VCY    AXP    FUEL    COXSUMPTIOX    CUKVli.s 


set  of  valves  act  as  the  exhaust,  while  on  going  astern 
the  same  set  of  valves  are  the  suction  valves  and  the 
admisyion-A-dlves  -no^^become  the  exhaust  A^alves.     Re- 


of  dead  center  and  returns  at  35  deg.  after  dead  center, 
it  does  not  require  any  shifting  of  the  fuel-pump  cam 
to  reverse.  This  is  the  simplest  reversing  rig  employed 
on  four-cycle  oil  engines. 

Fig.  3  is  a  view  of  the  horizontal  P-R  engine,  which 
is  built  in  sizes  up  to  100  hp.  The  fuel  comsumptions 
for  various  loads  appear  in  Fig.  4.  The  thermal  effi- 
ciency based  on  indicated  horsepower  is  aproximately 
33  per  cent  at  full  load;  the  high  mechanical  effi- 
ciency brings  the  efficiency  based  on  brake  horsepower 
up  to  31  per  cent,  which  is  quite  excellent  even  for 
Diesel  engines. 


The  report  of  the  Department  of  Commerce,  Bureau 
of  Foreign  and  Domestic  Commerce,  gives  domestic  ex- 
ports of  pumps,  pumping  machinery,  refrigerating  ma- 
chinery and  air-compressing  machinery  from  the  United 
States  by  countries  for  the  month  of  May  as  valued  at 
$1,964,047.  Of  these,  pumps  and  pumping  machinery 
come  first  with  a  total  of  $1,155,128,  air-compressing 
machinery  second,  with  a  total  of  $553,808  and  refrig- 
erating machinen-  third,  with  a  total  of  $255,111. 
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H.  A.  Kidder 

New  Head  of  the  Department  of  Motive  Power,  Interborougli  Rapid  Transit  Covipavy 


H.  A.  Kidder,  formerly  electrical  superin- 
tendent in  tlio  motive-power  department  of  tlie 
Interborousli  Rapid  Transit  Co.,  and  Nc-w  York 
Itailways  ("c.  of  Xew  Yorlc.  lias  been  ap- 
pointed assistant  superintendent  of  motive 
power  of  botli  companies.  Tlie  appointment  is 
made  pending'  final  severance  of  tlie  relations 
of  \V.  S.  Finlay,  Jr.,  with  tliose  organizations 
in  tlie  near  future,  at  whicli  time  Mi-.  Kidder 
will  become  superintendent  of  Hie  department. 

Mr.  Kidder  began  his  career  witli  tlie  com- 
panies mentioned  as  assistant  electrical  super- 
intendent in  1906,  prior  to  which  he  was  con- 
nected with  the  General  Electric  Co.  in  its 
railway  engineering  department,  and  in  the 
following  year  became  electrical  superintend- 
ent in  charge  of  all  electrical  operating  equip- 
ment. 

The  Interborougli  Rapid  Transit  Co.  operates 
all  the  elevated  lines  and  most  of  the  subway 


lines  in  New  Yorlj  City,  also  most  of  the  sur- 
face-car lines.  Tlie  power  department  of  this 
company  has  long  been  famous,  and  Mr.  Fin- 
lay's  predecessor,  the  late  Henry  G.  Stott, 
attained  eminence  in  liis  long  period  of  service 
there.  The  large  reciprocating  engine  made  its 
last  stand  in  tliis  company's  74th  Street 
Station  when  Kdwin  Reynolds,  ot  the  AUis- 
("lialmers  Co.,  dcsiKiied  and  installed  for  this 
station  tin?  .\Ianliattan  type  engines,  each  of 
7,300  hp.  The  first  of  the  new  type  of  cross- 
compound  turbines  were  installed  here,  of 
30,000  kw.  capacity,  followed  by  another  unit 
of  the  same  type  of  60,000  kw.  The  recipro- 
cating engine,  low  pressure  turbine  units  in  the 
company's  59tli  Street  Station  were  among  the 
first  of  the  kind  and  are  still  in  service,  giving 
an  economy  of  performance  that  is  perhaps 
not  materially  surpassed  by  any  steam  prime 
mover  anywhere. 
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Eleclric-Elevator  Marhiiirry  —  Worm  Gears  and 

TliiMr  L(il)n<*atic>n 

By  M.  a.  MVEKS 

Klcctrlcal   EnnlnciT.   Tln'   .Miilntrniiriii-   Conipiiriy,   Ni-w    York   City. 


Elevator  reduction  gears  may  be  either  of  the 
icorni-aud-fiear,  spur-gear  or  herringbone  tj/pc. 
Lubrication  of  the  gears  is  a  %'ery  important 
tart 01  in  the  operation  of  elevator  machitienj, 
and  castor  oil  is  recommended  cs  best  for  this 
purpose.  How  to  remove  the  worm  from  an 
elevator  worm  reduction  gear  is  also  discussed. 

TO  DRIVE  the  standard  drum-type  elevator,  a  com- 
paratively high-speed  motor  is  u.sed.  Since  the 
speed  of  the  winding  drum  must  necessarily  be 
slow,  some  type  of  reduction  gear  is  necessaiy.  This 
speed  reduction  is  generally  made  through  the  medium 
of  a  worm  and  gear,  although  spur  gears  have  in  the 
past  been  used  to  considerable  extent,  and  in  some  cases 
in  modern  machines  herringbone  gears  are  employed. 
In  some  installations  of  large-capacity  elevator  machines 
a  combination  worm  and  gear  ana  spur  gear  has  been 
used.  No  parts  of  the  elevator  machine  have  received 
more  attention  and  had  more  study  devoted  to  them 
than  those  parts  in  the  gear  case.  These  parts  consist 
of  a  worm  and  wormwheel,  thrust  bearings  and  worm- 
shaft  bearings.  In  the  modem  machines  these  parts 
are  inclosed  in  a  cast-iron  case.  Fig.  1,  which  forms 
part  of  the  elevator  machine  frame.  In  Fig.  2  is  shown 
a  worm  gear,  with  the  top  half  of  the  gear  case  and 
the  cover  from  the  handhole  removed  to  expose  the 
parts.  The  following  problem  will  indicate  the  principal 
reason  for  the  worm-gear  speed  reduction  in  elevator 
machines: 

Assume  a  car  travel  of  150  ft.,  at  a  speed  of  150  ft. 
per  min.  If  the  drum  is  3  ft.  in  diameter  at  the  grooves, 
its  circumference  will  be  9.4  ft.  In  other  words,  one 
revolution  of  the  drum  will  produce  a  car  motion  of 
9.4  ft.  and  16  revolutions  of  the  drum  will  be  required 
for  the  car  travel  of  150  feet.  Using  an  elevator  motor 
running  at  a  speed  of  800  r.p.m.,  which  is  about  the 
highest  advisable  for  an  elevator  worm,  then  with  a 
reduction  from  800  to  16  r.p.m.,  a  ratio  of  50  to  1  is 
the  result.  Ordinary  spur 
gears  are  too  noisy,  and 
too  disposed  to  vibration, 
even  when  inclosed  and 
operating  in  oil.  Neither 
are  they  as  safe  for  ele- 
vator purposes.  Further- 
more, the  foregoing  re- 
duction cannot  be  made 
in  one  step  with  spur 
gears,  since  it  would  re- 
quire impracticable  gear 
diameters  and  impossible 
frames.  In  the  case  cited, 
for  example,  if  a  3-in. 
pinion  were  possible  on 
the  motor  shaft,  a  150-in. 
gearwheel  would  be  re- 
quired on  the  drum  shaft, 
consequently  a  gear  train 


FIG.  1.      ELECTRIC  ELEVATOR  MACHINE 


would  be  necessary  to  reduce  the  speed  at  the  motor  to 
that  of  the  drum.  Ordinary  spur-gear  elevators  are  to 
be  found  even  at  this  date,  but  most  are  relics.  Her- 
ringbone-gear mjithines  and  gearless  machines  are  oc- 
casionally installed,  but  these  will  be  the  subject  of  a 
future  article. 

A  well  designed  worm-gear  reduction  is  a  reliable 
piece  of  machinery,  requiring  little  attention,  other  than 
to  be  kept  well  oiled.  The  worm  and  worm  shaft  ar6i 
machined  from  a  solid  forging,  or  at  least  should  be. 
Fig.  3  shows  a  worm  shaft  of  a  modern  elevator  ma- 
chine; A  and  D  are  the  shaft  bearings;  C  the  worm  and 
B  the  ball-thrust  bearings.  The  thrust  bearings  will  be 
discussed  more  fully  in  the  next  article.  Worms  are  in 
u.se  that  are  keyed  and  pinned  to  the  worm  shafts,  but 
this  cannot  be  considered  a  safe  practice.  The  worm 
may  have  a  single  thread,  as  in  Fig.  3,  in  which  case 
one  revolution  will  move  the  wormwheel  one  tooth ;  or 
double  thread,  known  as  double-cut  worms,  which  for 
one  revolution  moves  the  wormwheel  two  teeth.  Right- 
hand  cut  worms  are  the  rule,  although  left-hand  cut 
worms  are  to  be  found  in  use.  Whether  right  or  left 
cut,  the  operation,  wear,  etc.,  of  the  worm  gear  are 
practically  identical.  The  worm  bearings  may  or  may 
not  be  babbitted,  as  ca.st  iron  makes  a  good  bearing 
material  for  the  steel  shaft  as  long  as  it  is  properly 
oiled.  If  the  bearings  are  not  babbitted,  they  may  be 
bored  out  when  they  wear,  and  babbitted.  Holes  E  and 
F,  Fig.  3,  are  provided  to  allow  the  gear  oil  to  reach 
the  shaft  easily,  and  C  is  the  stuffing  box  gland  to  hold 
the  packing  and  prevent  oil  leaking  along  the  worm 
shaft. 

The  Hindley  (spool)  worm  and  gear,  as  shown  in 
Fig.  4,  differ  from  the  ordinary  worm  and  gear  in  that 
the  worm  is  curved  to  conform  with  the  circumference 
of  the  wormwheel.  The  advantages  claimed  for  this 
construction  are  that  the  worm  for  its  entire  length  is 
in  complete  mesh  with  the  wormwheel  teeth;  friction 
and  wear  are  distributed  over  a  greater  number  of 
teeth — in  other  words,  the  wearing  surface  is  increased; 

reduction  of  pressure  per 
square  inch  of  wearing 
.surface  between  worm 
and  wormwheel  teeth, 
thereby  reducing  the  ten- 
dency of  lubrication  to 
squeeze  out  from  be- 
tween the  worm  and  gear 
teeth;  all  of  which  re- 
sults in  a  reduction  in 
power  loss.  The  disad- 
vantages are  as  follows: 
Difficulty  in  cutting  the 
worm  and  gear,  requir- 
ing special  machinery ; 
probable  delay  in  obtain- 
ing replacements,  and  ex- 
pense of  replaicements ; 
the  necessity  of  keeping 
the  worm  accurately  cen- 
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ered  with  the  wormwheel, 
Ivhich  position  is  usually 
[narked  by  the  manutac- 
jurers  by  prick-puiicli 
inarks  on  both  worm  and 
(ear.  Obviously,  if  the 
vorm  moves  endwise,  the 
nereasing  diameter  will 
;ause  it  to  bind  on  the 
vormwheel  in  proportion 
0  the  movement.  A 
ilight  wearing  of  the 
chrust  bearings  will  allow 
:his  end  motion,  and  the 
friction  increase  may  be 
/ery  great.  If  unnoticed 
it  the  start,  cutting  is 
iable  to  become  so  severe 
ris  to  destroy  both  worm 
and  gear.  To  make  ac- 
curate adjustments  for 
centers,  the  oil  should  be 
removed  and  the  lower 
gear  case  handhole  opened 
in  order  to  view  the  work. 
The  wormwheel.  Fig.  6, 
is  of  bronze,  the  teeth 
being    cut    in    a    bronze 

ring,  or  rim  wheel,  provided  with  a  short  web  and  ears 
for  bolting  to  a  cast-iron  spider.  Fig.  2  s.hows  the 
issembly,  with  the  handhole  cover  and  the  gear-case 
top  removed.  Here  the  method  of  bolting  the  rim  wheel 
to  the  spider  is  clearly  indicated.  The  nuts  on  the 
bolts  have  setscrews  to  prevent  loosening. 

The  factor  to  be  most  emphasized  in  connection  with 
:he  operation  and  maintenance  of  a  worm  gear  is  the 
jil.  Because  of  the  high  pressure  between  the  worm 
ind  wormwheel  teeth  itnd  in  the  thrust  bearings,  an  oil 
if  high  viscosity  and  incompressibility  (oiliness)  should 
36  used — in  other  words,  a  lubricant  that  will  not  allow 
itself  to  be  squeezed  out  from  between  the  rubbing 
'urfaces.  The  be.st  oil  for  this  purpose  is  castor  oil. 
k  mixture  of  about  60  to  65  per  cent  castor  oil,  with 
the  balance  a  good  grade  of  cylinder  oil,  is  excellent, 
rhe  cylinder  oil,  in  addition  to  reducing  the  cost  of  the 
aroduct,  is  said  to  prevent  the  castor  oil  from  becoming 
too  viscous  under  certain  conditions. 

Castor  oil  has  been  so  difficult  or  impossible  to  obtain 
iuring  the  recent  strenuous  times,  that  many  substitute 
'gear  oils"  sprang  into  existence,  giving  various 
iegrees  of  satisfaction.  While  the  castor-oil  market 
is  now  easier,  it  is  still  so  expensive  that  many  elevator 
jsers  will  not  consider  its  use.  It  is  the  writer's  belief, 
if  those  who  pay 
the  repair  and 
the  electric-cur- 
rent bills  were 
brought  to  real- 
ize the  saving  to 
be  effected  in 
wear  and  tear  on 
t  h  e  machinery 
and  in  current 
consumption,  a 
larger  number 
of  them  would 
insist  upon  a 
fair    percentage 


FIG.    2.      WORM   AND   GEAR   ASSEMBLED 


of  castor  oil  in  their  ele- 
vator gear  cases.  If  the 
stuffing  boxes  and  bear- 
ings are  kept  in  good  con- 
dition, a  good  castor-oil 
mixture  will  long  outlast 
ordinary  oil,  not  only  in 
lubricating  qualities,  but 
in  non-leakage  qualities, 
as  it  will  not  lose  its  vis- 
cosity on  warming  up  or 
leak  out  of  the  gear  case 
as  readily. 

The  level  of  oil  in  the 
gear  case  should  be  kept 
high  enough  to  completely 
immerse  the  worm,  but  no 
higher,  or  oil  will  be  caused 
to  leak  out  around  the 
drum-shaft  bearing.  Suffi- 
cient oil  will  be  indicated 
when  the  spaces  between 
the  wormwheel  teeth  are 
well  lubricated,  as  they 
rotate  beneath  the  hand- 
hole  in  the  gear-case  top. 
Where  thrust  bearings  are 
in  a  housing  or  bonnet  by 
themselves,  oil  should  be  introduced  into  the  bonnet 
when  the  machine  i-s  first  started,  after  which  enough 
lubricant  will  usually  find  its  way  over  from  the  gear 
case  proper. 

Powdered  sulphur  is  sometimes  mixed  with  the  gear 
oil  as  a  polishing  agent  when  the  gears  are  new  or  when 


FIG.  4.     HINDLEY  WORM  AND  GEAR 

roughened  for  any  reason.  If  not  more  than  a  half 
pound  per  gallon  of  oil  is  used,  it  may  be  left 
indefinitely,  as  it  will  gradually  work  out  of  the  oil  and 
be  deposited  at  the  bottom  of  the  gear  case.  For  more 
aggravated  cases  of  roughening,  a  molasses-like  mixture 

of  white  lead, 
sulphur  and  ma- 
chine oil  may  be 
introduced  into 
the  gear  case. 
This  should  be 
cleaned  out  after 
its  purpose  is  ac- 
complished. 
When  possible, 
it  is  advisable  to 
operate  a  new 
worm-gear  re 
duction  unloaded 
for  a  period,  to 


FIG.    i       WORM   SHAFT  aXD  BEARINGs! 
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wear  the  wonii  and  wortiiw lit'cl  to  oacli  "thiT,  pifviou.s 
to  .siihiettiinr  them  to  load  stresses. 

The  \vt)rm wheel  l)e;iritiv:s  must  be  Uejit  well  oiled. 
Ordinarily,  enough  oil  Kaks  throutfh  from  the  gear 
ease  to  keep  these  bearinjrs  hibritaled,  but  this  does 
not  iK'cessarily  follow.  The  speed  of  this  shaft  is  so 
low  that  but  little  oil  is  needed,  and  it  is  likely  to  be 


FIO.    .'..      TA.VDKM    WORM    AXO   GEARS 

neglected.  It  is  necessary  to  keep  these  bearings  and 
the  worm-shaft  bearings  in  particularly  good  condition, 
in  order  to  keep  the  worm  and  wormwheel  in  correct 
mesh.  When  wear  is  found,  these  bearings  should  be 
promptly  rebabbitted. 

When  the  worm  is  to  be  taken  out  for  repairs,  it  is 
usually  necessary  to  remove  it  from  the  front  end  of 
the  gear  case,  as  the  back  end  will  probably  be  too  close 
to  a  wall  or  other  obstruction  to  remove  the  shaft  that 


FIG.   6,      WORM   WHEEL   AXD   SHAFT 

way.  The  counterweights  must  be  landed  as  explained 
in  the  article  on  "Brake  Adjustments,"  June  29th  i-sue, 
or  the  drum  blocked,  or  the  car  and  drum-counterweight 
cables  secui-ely  clamped  together.  The  motor  is  then 
uncoupled  and  swung  out  of  the  way,  after  which  the 
brake  and  brake  wheel  are  removed,  the  worm-shaft 
bearing  unbolted,  and  the  worm  screwed  out. 

When  there  is  a  solid  brake  pulley  to  be  removed  from 
the  shaft,  it  is  advisable  to  use  a  "puller"  rather  than 
ta  have  recourse  to  hammering.  The  latter  method  may 
CHU.'^e  alignment  troubles  or  possible  distortion  of  the 
brake  pulley  and  its  attendant  difficulties.     For  identical 


reasr)ns   the  Ijiakc   pulley   should   be   pressed   on    rather 
than  hammered. 

To  remove  a  llitulley  (spool)  worm  which,  becau.se  of 
its  curvature,  obviously  cannot  be  screwed  out  like  an 
ordinary  worm,  it  is  probable  that  removing  both  gear- 
c.ise  heads  will  allow  the  worm  to  drop  sufficiently  to  be 
drawn  out.  Otherwise  it  will  be  neces.sary  to  jack  up 
the  wormwheel.  To  remove  the  worm  shaft  from  a 
tandem-geared  machine,  Fig.  5,  a  similar  procedure  may 
be  pursued.  If  dropping  the  heads  does  not  give  suffi- 
cient clearance  to  draw  out  the  worm,  it  will  probably 
give  enough  clearance  between  the  worm  and  the  worm- 
wheel  teeth  to  allow  the  .so-called  idler  gear  to  be  rai.sed 
up  on  its  companion  gear,  out  of  mesh  with  the  worm, 
thereby  allowing  the  worm  shaft  to  be  screwed  out. 
There  are  cases,  however,  where  both  gear  wheels  must 
be  jacked  up  to  allow  removal  of  the  worm. 


Improving  Power-Plant  Operation 

By  J.  C.  MoRAN 

Many  engineers  often  make  a  fuss  about  economy  in 
some  parts  of  their  plant  while  much  larger  wastes 
are  allowed  to  exist  in  other  places.  In  one  case  that 
recently  came  to  my  attention,  the  engineer  in  a  large 
packing  plant  died  and  a  new  man  was  hired  to  take 
his  place. 

The  former  engineer  had  been  a  bug  on  boiler  and 
engine  efficiency,  and  everything  around  the  plant  was 
kept  spick  and  span.  To  the  casual  observer  the  plant 
was  the  last  word  in  cleanliness  and  efficiency.  The 
engines  were  indicated  ever>'  week,  CO,  analyses  were 
made  once  or  twice  every  day,  an  exact  record  was 
kept  of  the  amount  of  water  evaporated  and  of  the 
amount  of  coal  burned,  the  firemen  were  well  coached 
and  knew  their  business,  and  the  boilers  were  kept  in 
fine  condition,  both  on  the  inside  and  the  outside.  The 
settings  were  kept  airtight,  and  the  individual  dampers 
on  each  boiler  were  adjusted  so  as  to  maintain  the 
proper  draft  pressure  for  every  load. 

The  plant  had  four  boilers  of  a  total  capacity  of 
(500  hp.,  and  the  coal  consumption  averaged  about  20 
tons  per  24  hours  when  the  plant  was  running  at 
normal  capacity.  There  were  four  firemen,  two  on 
e.ich  shift. 

Traps  a  Source  of  Unsuspected  Waste 

After  the  new  man  had  been  on  the  job  for  a  few 
days,  he  found  that  a  number  of  the  coils  and  cooking 
vats  w'ore  bled  directly  to  the  sewer  through  a  hand- 
operated  valve  on  the  end  of  the  coils  or  at  the  outlet 
from  the  vats.  Generally,  the  workmen  would  leave  this 
valve  pretty  well  open  and  as  a  result  the  steam  was 
blowing  through  constantly,  especially  when  the  coils 
were  doing  little  work  and  very  little  condensation 
accumulated  in  them. 

After  considerable  argument  with  the  superintendent 
he  finally  received  permission  to  buy  thermostatic  traps 
for  all  the  coils  and  vats  that  were  not  already  provided. 
These  were  bought  and  installed  as  soon  as  possible. 

While  doing  some  of  the  work  in  this  connection  one 
day  he  found  that  the  bypass  on  one  of  the  traps 
already  installed  was  wide  open.  This  led  to  an  in- 
vestigation of  the  rest  of  the  traps  around  the  plant. 
To  his  surprise  he  found  that  this  condition  was  the 
rule  instead  of  the  exception  with  practically  all  of  the 
traps  in  the  plant. 
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r     He  got  one  of  the  steamfitters  to  go  over  every  trap 
in  the  place  and  supervised  the  work  himself.     There 

f  was  not  a  trap  in  the  whole  outfit  that  had  a  tight 
^aive;  in  some  the  floats  were  collapsed,  in  others  the 
{trunnions  on  the  tilt  traps  were  packed  so  tight  that 
jit  was  impossible  for  the  trap  to  move;  and  in  others 
[there  was  so  much  lost  motion  in  the  operating  mechan- 
|ism  that  it  failed  to  operate.  As  a  consequence  the 
iworkmen  opened  the  bypasses  and  let  the  steam  whistle 
through,  as  the  simplest  method  out  of  the  trouble.  The 
condensation  in  all  cases  went  to  the  sewer. 
'  While  the  traps  were  overhauled  and  the  new  ones 
'installed,  he  connected  all  the  drains  to  a  common  return 
line  and  connected  this  to  the  heater.  When  all  the 
new  traps  were  installed  and  the  old  ones  overhauled, 
they  found  that  the  coal  consumption  had  dropped  from 
20  tons  every  24  hours  to  17.5  tons.  He  called  the 
superintendent's  attention  to  this  improvement,  and 
the  next  week  he  found  an  extra  five-spot  in  his  pay 
envelope. 

Valve  and  Flange  Leaks  Stopped 

The  new  engineer  did  not  stop  at  this.  He  next 
turned  his  attention  to  the  valves  around  the  plant,  of 
which  there  was  a  large  number.  Starting  in  the  boiler 
room  he  found  that  there  was  hardly  a  valve  in  the 
place  that  would  shut  tight;  the  stems  were  nearly  all 
in  need  of  packing  and  were  blowing  clouds  of  steam 
through  the  stuffing  boxes.  While  going  over  the  valves 
he  also  attended  to  all  the  leaks  in  the  piping  and  flange 
joints  and  had  those  covered  where  the  old  covering  had 
worn  off.  In  many  cases  there  had  never  been  any 
covering  before,  and  these  pipes  were  all  covered. 

He  found  Standard  valves  on  high-pressure  lines  and 
cheap  valves  of  the  poorest  grade  on  some  of  the  hardest 
services.  Wherever  the  conditions  demanded,  he  bought 
the  best  valves  he  could  get  and  threw  out  the  oM  ones. 
Every  valve  was  gone  over,  the  discs  of  disc  valves  were 
renewed,  the  gates  refitted  on  gate  valves,  and  seats 
reground  on  the  globe  valves,  wherever  it  was  cheaper 
to  repair  the  old  valves  than  to  buy  new  ones.  The 
stems  were  repacked  on  nearly  every  plant,  and  every 
precaution  was  taken  to  insure  that  every  valve  was 
tight  and  would  remain  so  for  some  time  to  come.  When 
the  job  was  finished,  the  coal  consumption  had  dropped 
to   16  tons. 

Pumps  a  Fruitful  Field  for  Improvement 

A  large  number  of  pumps  were  used  in  the  plant  for 
pumping  water,  oil  and  lard.  The  new  engineer  next 
turned  his  attention  to  these  and  found  them  in  about 
the  same  shape  as  the  steam  traps  and  stop  valves.  The 
pumps  were  in  a  number  of  cases  located  at  a  distance 
from  the  boiler  room,  and  a  number  of  the  steam  lines 
were  uncovered.  The  valves  in  some  of  the  pumps  were 
gone  altogether,  in  others  the  valve  seats  were  badly 
worn  or  scored ;  the  plungers  and  pistons  on  the  water 
end  were  badly  in  need  of  packing  and  in  a  few  instances 
the  steam  ends  were  also  in  need  of  new  piston  rings 
and  refitting  of  the  steam  valves,  particularly  in  the 
simplex  pumps  with  auxiliary  valves. 

The  water-valve  seats  on  all  the  pumps  that  required 
it  were  reseated  with  a  new  machine  bought  for  the 
purpose.  The  pistons  and  plungers  were  repacked  with 
suitable  packing,  and  the  steam  ends  of  those  that 
needed  it  were  sent  to  a  machine  shop  and  refitted. 
New  rods  were  installed  in  a  number  of  cases,  the  old 
ones   being  so  badly   worn   that   it  was   impossible  to 


keep  them  tight.  Furthermore,  the  rods  wedged  in 
the  stuffing  box  at  each  end  of  the  stroke  so  much  in 
many  instances  that  it  almost  .stopped  the  pump.  Valves 
with  seating  rings  at  the  outside  circumference  and  at 
the  center  were  installed  in  the  power-house  pumps 
and  in  a  number  of  the  others.  In  the  rest  new  valves 
of  the  common  disc  type  were  installed,  and  when  the 
job  was  finished  the  coal  consumption  had  dropped  to 
3  little  over  14  tons. 

By  means  of  some  more  changes  in  the  refrigerating 
plant,  substituting  exhaust  steam  in  some  cases  for 
processes  where  live  steam  had  been  used  before, 
changes  in  the  motors  and  lining  up  of  the  lineshafts 
and  hoisting  gear  on  the  killing  floor,  the  coal  con- 
sumption was  finally  cut  to  a  little  over  12  tons  every 
24  hours.  At  the  same  time  the  output  of  the  packing 
plant  was  considerably  increased  over  that  at  the  time 
when  the  new  man  first  took  charge  of  the  plant.  In 
this  case  the  attention  to  the  little  things  resulted  in 
a  saving  of  approximately  $40  per  day,  or  about 
40  per  cent  of  the  original  fuel  cost.  In  addition,  in 
case  of  necessity  the  load  could  be  carried  on  two 
boilers,  and  the  two  firemen  on  each  watch  had  a  "cinch." 

In  another  case  the  engineer  arranged  to  heat  his 
hot  water  for  the  building  in  the  sump,  where  the  con- 
densation and  drips  from  the  oil  separators,  heater  and 
other  apparatus  were  discharged.  He  utilized  the  coil 
from  an  old  closed  heater  and  suspended  this  in  the 
sump.  The  hot  water  for  the  building  was  passed 
through  this  improvised  heater  and  raised  the-  water 
temperature  from  60  deg.  to  about  140  deg.  and  elimi- 
nated the  necessity  of  carrying  a  back  pressure  on  the 
engines  to  heat  the  water  for  this  purpose.  This  had 
often  to  be  kept  up  with  live  steam  during  the  heating 
season,  because  the  old  water  heater  was  so  small  that 
it  would  not  properly  do  the  work  at  atmospheric  pres- 
sure, and  a  back  pressure  of  about  five  pounds  had  to 
be  carried  both  winter  and  summer.  The  net  result 
was  the  saving  of  nearly  a  half  ton  of  coal  per  day 
during  the  summer  months. 

Coal  Saved  by  Overhauling  Shafting 

In  another  case  a  saving  of  two  tons  of  coal  out  of 
a  total  of  26  per  day  was  made  by  simply  overhauling 
the  lineshafting,  adjusting  the  bearings  and  putting 
on  heavier  belts,  that  could  be  run  slack  and  without 
slipping  under  the  heaviest  loads.  In  another  case  the 
simple  changing  of  the  belts  reduced  the  coal  consump- 
tion half  a  ton  per  day  out  of  a  total  of  about  10  tons. 

In  another  plant  where  all  but  a  small  lighting  unit 
and  a  fire  pump  was  shut  down  over  night,  a  saving 
of  half  a  ton  of  coal  out  of  a  total  of  eight  every  24 
hours  was  accomplished  by  a  few  changes  in  the  piping 
system  so  that  practically  the  entire  piping  system 
was  shut  down  over  night.  This  eliminated  all  the  con- 
densation losses,  leaks  through  valves  and  traps  and 
waste  from  other  causes. 

In  one  case  a  saving  of  about  two  tons  of  coal  out 
of  a  total  of  25  tons  per  24  hours  was  accomplished  by 
installing  three  friction  clutches  on  an  extensive  system 
of  lineshafting.  The  plant  was  run  24  hours  per  day, 
and  during  a  large  part  of  the  night  the  greater  propor- 
tion of  the  line  shafting  was  run  idle  because  there  was 
no  means  to  cut  it  out  of  service.  The  friction  clutches 
permitted  the  various  sections  of  the  shafting  to  be 
cut  out  when  not  in  use  and  eliminated  the  large  fric- 
tion loss  which  resulted  from  the  long  lines  of  shafting 
running  idle  a  large  portion  of  the  time. 
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Piilvori/.tMl  Vuv\  for  Pcak-I^oad  Service  iu 
Railway  Power  Plants* 

By  0.  M.  Rau 

TMR  Philadelphia  Rapid  Transit  Co.  has  experienced 
all  the  troubles  incident  to  the.se  conditions  fburninv 
various  coals  on  the  same  stokers  and  jjrates),  as  well 
.••s  the  necessity  of  providing  for  increased  capacity  to 
take  care  of  the  prowth  of  its  system,  which  led  to  a 
careful  study  of  the  problem,  and  it  was  found  that  by 
purchasing  hiph-load-factor  power  and  generating  only 
peak  power,   the   lowest   combined   costs  would   result. 

The  power  costs  are  approximately  10  per  cent  of 
the  operating  expenses  of  a  traction  sy.stem,  as  against 
90  per  cent  for  a  power  company,  and  therefore  are 
rarely  given  the  careful  consideration  accorded  by  the 
latter. 

The  combined  loads  of  a  traction  system  and  the  local 
electric  lighting  and  power  company  (less  the  peaks  of 
the  former")  will  usually  increase  the  economy  of  the 
power  company's  generating  system  so  that  the  produc- 
tion cost  per  kilowatt-hour  is  materially  lowered.  If 
this  benefit  is  reflected  in  the  price  of  power  purchased 
by  the  traction  company,  it  is  apparent  that  a  plant  tak- 
ing care  of  the  traction  load  only  would  operate  under  a 
disadvantage  as  compared  to  a  plant  carrying  the  com- 
bined loads,  and  could  not  produce  the  power  at  so  low 
a  cost. 

With  few  exceptions  power-generating  plants  oper- 
ated by  traction  companies  do  not  produce  a  kilowatt 
hour  at  less  than  2}  lb.  of  coal,  while  many  of  the  power 
plants  of  the  large  central  stations,  particularly  when 
they  carry  the  combined  traction  and  power  load  of  a 
city,  reach  a  figure  as  low  as  1 J  lb.  per  kilowatt -hour. 

Traction  Plants  as  Peak  Load  Stations 

It  is  therefore  apparent  that  if  the  power  companies 
will  recognize  the  value  of  securing  a  selected  block  of 
the  transit  companies'  load,  and  adjust  the  rate  so  that 
the  price  of  this  power  is  based  on  actual  producion 
cost,  it  would  be  difficult  for  the  traction  company  to 
produce  this  power  at  its  own  plants  at  such  cost.  This 
will  leave  the  existing  plants  of  the  traction  company 
to  be  used  as  peak-load  stations,  and  as  stand-by  capa- 
city' in  case  of  serious  interruptions  to  the  power  com- 
pany's system. 

This  principle  has  been  applied  to  the  generating 
system  of  the  Philadelphia  Rapid  Transit  Co.  and  has 
resulted  in  a  considerable  amount  of  coal  being  used  for 
banking,  in  addition  to  which  the  necessity'  for  rapidly 
bringing  the  boilers  up  to  proper  rating  suggested  a 
change  in  firing,  and  naturally,  oil  was  considered  as  the 
proper  fuel  under  these  conditions.  Investigation  soon 
developed  that  the  cost  of  oil  (with  due  allowance  for 
its  advantages')  at  the  present  prices  was  prohibitive, 
and  resulted  in  an  extensive  investigation  as  to  the  pos- 
sibilities of  pulverized  fuel.  This  fuel  has  all  the  advan- 
tages of  oil  and  is  not  dependent  on  a  selected  grade  of 
coal.  These  qualifications  make  a  particularly  attrac- 
tive fuel  under  existing  operating  conditions. 

Before  the  war.  when  coal  contracts  on  specifications 
were  possible,  and  selected  coal,  particularly  suited  for 
the  furnace  equipment  was  obtainable  at  a  satisfactorj' 
price,  there  was  no  corresponding  advantage  to  offset 
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llie  additional  cost  of  pulverizing  the  coal.  This  situa- 
tion has  changed.  The  cost  of  coal  has  increased  to  such 
an  extent  that  every  opportunity  to  reduce  this  item  of 
expense  niusi  be  taken  advantage  of,  and  particularly 
does  this  apply  to  the  public  utilities,  which  have  been 
unable  to  add  the  increased  coat  of  production  to  their 
price  of  service. 

The  work  now  in  progress  by  the  Philadelphia  Rapid 
Transit  Co.  consists  in  equipping  its  Mt.  Vernon  power 
plant,  having  a  rated  capacity  of  10,000  kw.,  with  a  com- 
plete milling  and  burning  installation.  The  plant  con- 
sists of  20  hand-fired  water-tube  boilers  of  375  hp. 
each,  and  five  1,500-kw.  d.-c.  direct-connected  cross-com- 
pound engines  with  two  800-kw.  d.-c.  exhaust  steam 
turbines.  This  plant  uses  anthracite  coal  to  avoid  the 
smoke  nuisance.  During  normal  times  buckwheat  coal 
such  as  used  by  this  plant  sold  for  not  more  than  $3 
per  ton  delivered,  and  while  the  economy  was  not  equal 
to  that  of  the  large  turbine  plant,  the  production  cost 
per  kilowatt-hour,  taking  into  account  transmission  and 
conversion  losses  and  investment  in  substation,  made 
the  cost  of  the  output  from  this  plant  compare  favorably 
with  power  from  any  other  source. 

Pulverized  Fuel  Adopted 

With  the  increasing  cost  of  material  and  labor,  it 
soon  became  apparent  that  this  plant  would  have  to  be 
abandoned  or  improvements  made  to  reduce  operating 
expenses.  The  labor  cost  became  excessive,  and  auto- 
matic stokers  were  contemplated,  but  with  the  increas- 
ing price  of  anthracite  fuel  this  improvement  was  not 
considered  economical,  and  it  became  evident  that  the 
most  eflficient  use  of  this  plant  would  be  for  peak-load 
service,  which  means  its  operation  from  three  to  four 
hours  on  the  morning  and  evening  peak. 

Under  these  conditions  of  operation  the  cost  of  bank- 
ing fires,  as  before  noted,  became  of  considerable 
importance,  and  consideration  was  given  to  the  use  of 
pulverized  fuel,  with  the  result  that  this  method  of 
firing  was  adopted. 

Thp  installation  will  consist  of  a  six-ton  per  hour  mill- 
ing plant  installed  in  duplicate  to  give  continuous  ser- 
vice; a  weighing  and  conveying  system,  so  that  accur- 
ate records  can  be  kept  of  the  amount  of  coal  delivered 
to  each  boiler;  and  a  furnace  equipment  consisting  of 
feeders  and  burners.  This  equipment  is  being  installed 
by  the  Quigley  Furnace  Specialties  Co. 

This  plant  is  designed  to  burn  anthracite  culm  or 
"river  coal."  The  company  controls  a  supply  of  2,000,- 
000  tons,  and  it  will  no  doubt  be  the  principal  supply  of 
fuel  for  this  plant,  although  other  grades  or  bituminous 
coal  can  be  utilized  equally  as  efl!iciently.  River  coal 
will  be  received  by  rail  at  one  of  the  storage  yards,  de- 
livered by  trolley  to  the  receiving  hopper  at  the  plant, 
and  conveyed  to  a  100-ton  bin  over  the  drier,  the  latter 
being  of  extra  large  capacity  to  take  care  of  any  excess 
moisture,  although  specifications  limit  this  to  8  per  cent. 
From  the  drier  the  coal  is  conveyed  to  the  dry-coal  bins 
above  the  pulverizers  and  thence  by  screw  feeds  to  two 
high-side  Raymond  mills  capable  of  reducing  three  tons 
of  dried  coal  per  hour  to  a  powder  having  a  fineness  of 
95  per  cent  through  a  150-mesh  seive.  These  mills  are 
of  the  air-separation  type  and  therefore  convey  the 
powder  as  fast  as  pulverized  to  the  elevated  pulverized- 
fuel  bins,  from  which  the  fuel  feeds  by  gravity  to  the 
conveying  tank.  This  tank  is  balanced  on  a  scale  and 
equipped  with  a  compressed-air  conveying  system,  so 
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that  the  pulverized  fuel,  after  being  weighed,  can  be 
j  conveyed  in  any  quantity  up  to  the  capacity  of  the  tank 
I  to  the  boiler  hoppers,  of  which  there  is  one  in  front 
I  of  each  boiler,  connected  with  a  valve  on  the  conveying 
'  line.  The  fuel,  after  being  weighed,  can  be  delivered  to 
'■  any  one  of  these  hoppers. 

'  The  feeding  and  burning  equipment  consists  of  two 
screw  feeders  attached  to  the  bottom  of  each  boiler 
hopper.  The  pulverized  fuel  falls  into  the  feeder  by 
gravity,  controlled  by  an  adjustable  gate,  and  is  fed 
into  the  burners  where  it  mixes  with  the  required 
amount  of  primary  air  to  carry  the  pulverized  coal  into 
the  mixing  chamber  where  the  necessary  auxiliary  air 
for  proper  combustion  is  added  as  the  fuel  enters  the 
furnace. 

Can  Use  Cheap  Coals 

This  installation  will  allow  the  use  of  any  of  the 
cheaper  grades  of  coal  or  mine  refuse  from  the  anthra- 
cite districts,  or  from  the  soft-coal  fields.  The  labor 
cost  in  the  boiler  room  will  be  considerably  below  that 
required  for  automatic  stokers,  while  the  maintenance 
expense  of  the  burning  equipment  will  be  low.  It  is 
estimated  that  furnace  maintenance  will  compare  favor- 
ably with  either  hand  or  stoker  firing.  The  principal 
items  of  expense  will  be  in  the  milling  plant.  These, 
however,  should  be  a  direct  charge  to  the  fuel  expense. 


Area  Pressure  and  Temperature 
Regulator 

A  regulator  that  operates  in  a  different  manner  from 
other  instruments  designed  for  like  purposes  is  a 
Swedish  invention  knovm  as  the  Area  Regulator,  which 
is  being  marketed  in  this  country  by  the  American 
Galco,  Inc.,  Grand  Central  Palace,  New  York  City. 

This  regulator  depends  for  its  operation  upon  water 
under  a  reasonably  constant  pressure,  between  15  and 
90  lb.  Unlike  most  other  regulators  it  operates  a 
globe  valve  of  the  usual  type  by  means  of  a  sprocket 
and  chain.  The  valve  is  opened  in  one  direction  by  a 
piston  sliding  in  a  cylinder  to  which  the  water  is 
admitted  by  means  of  a  special  piston  valve.  The  valve 
is  closed  by  a  weight  when  the  water  is  released  from 
the  cylinder.  Fig.  1  shows  the  piping  and  application 
of  the  regulator,  when  used  to  control  the  flow  of  steam 
and  the  pressure  through  a  pipe,  or  a  vessel,  etc. 

A  relay  A  is  connected  to  the  pipe  or  vessel  in  which 
the  pressure  is  to  be  kept  constant  and  operates  on 


FIG.    1.      APPLICATIOX  OK  THR  ARC  A  REGTTI^ATOR.  WHEN  USED  TO  CONTROL  THE  FLOW  OF  STEAM 


The  installation  of  this  plant  is  not  yet  entirely 
finished,  and  therefore  no  operating  data  are  available 
at  this  time.  It  is  estimated,  however,  that  the  cost  of 
fuel  delivered  in  the  boiler  room,  including  operating 
expenses,  maintenance  and  fixed  charges  will  not  exceed 
$3.50  per  ton,  as  compared  with  $5.40,  the  cost  during 
1919,  which  figure  would  no  doubt  be  considerably 
higher  during  1920. 

The  saving  of  fuel  during  banking  periods,  according 
to  careful  estimates,  will  amount  to  not  less  than  3,000 
tons  per  annum.  Experience  with  boilers  fired  with  pul- 
verized fuel  indicates  that  the  heat  losses  during  non- 
operating  period  are  slight.  The  steam  pressure  during 
a  24-hour  shutdown  of  a  boiler  fired  with  pulverized 
fuel  recorded  a  drop  of  5  per  cent.  This  is  primarily* 
accounted  for  by  the  fact  that  the  furnace  can  be  com- 
pletely sealed,  allowing  no  air  to  circulate  through  the 
boiler.  The  total  saving  to  be  effected  by  this  installa- 
tion, it  is  claimed,  will  pay  for  the  improvements 
within  two  years. 


the  slightest  variations,  and  on  account  of  the  use  of  a 
globe  valve  and  a  motive  piston  of  long  travel,  very 
smooth  operation  is  obtained. 

The  relay,  which  is  the  heart,  so  to  speak,  of  the 
regulator,  is  extremely  sensitive,  and  produces  close 
regulation  no  matter  what  the  fluctuations  are  on  the 
high-pressure  side  or  the  variation  in  the  demand  of 
.steam  on  the  low-pressure,  or  regulated,  side. 

The  globe  valve  B  is  controlled  by  a  sprocket  and  a  chain 
supporting  a  weight  at  one  end.  The  other  end  is  fast- 
ened to  a  piston  operating  in  the  cylinder  D.  Water 
under  at  least  15  lb.  pressure,  moves  the  piston  and 
sprocket  in  one  direction.  When  the  discharge  in  the 
membrane  valve  E  is  opened,  the  weight  moves  the 
piston  in  the  opposite  direction,  forcing  the  water  out 
of  the  cylinder,  and  at  the  same  time  turns  the  sprocket 
of  the  valve  B.  The  valve  E  is  moved  in  one  direction  by 
a  spring  acting  on  one  side  of  the  diaphragm  F  and 
in  the  opposite  direction  by  the  water  under  pressure 
passing  through  on  the  other  side  of  the  diaphragm. 
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The    water    flow.s    throuRh    piin-    ^'.    the    diaphiujrni      aitioii  of  the  liellow.'*.  the  low  pre.s.sure  may  be  main 


chamber  ami  the  pipe  H.  disrhaitres  through  the  nozzle 
/  of  the  relay.  The  (li.schiUKe  of  the  nozzle  is  con- 
trolled by  the  di.sk  or  eiip  J,  on  a  lever  that  is  forced 
away  from  the  nozzle  by  the  pre.s.sure  inside  a  metal 
bellows  A'  or  toward  the  nozzle  by  a  sprinjf  L.  The 
waste  water  from  the  nozzle  runs  off  through  pipe  .V. 
The  inside  of  the  metal  bellows  communicates  through 


tained  at  any  point. 

Valves  are  located  in  the  various  pipe  lines  for  the 
purpo.se  of  rejrulatiriK  the  speed  of  the  action.    The  rc^'- 
ulator  is  suitable  in  any  ca.so  where  a  reducing  valve  or 
regulator    is    required.      Figs.    2    and    '.i    show    3t(;i 
pressure    regulation    charts    of    paper-machine    dn«  : 
Fig.  2  shows  the   variations  due  to  hand   regulation. 
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FIG.    2.      STEAM-PRESSURE    CHART,    HAND    REGULATION 


the  pipe  N  with  the  low-pressure  pipe  0,  where  the 
pressure  is  to  be  controlled. 

The  action  of  the   regulator  is   as   follows:      If  the 
pressure  should  drop  in  the  low-pressure  pipe  0,  the 
■pring  will  move  the  arm  and  disk  J,  toward  the  nozzle 
.  thus  reducing  the  flow  of  water  from  the  nozzles, 
his  will  cause  the  pressure   to  build   up   under  the 
iaphragm  F,  thereby  moving  the  valve  piston  P  and 
-Imitting  water  to  the  cylinder.     The  cylinder  piston 
aIII  be  pushed  in  or  toward  the  left  and  the  weight  will 
be  lifted  and  at  the  same  time  the  valve  B  is  opened. 
I'he    movement    continues    'intil    the    pressure    is    re- 
established in  the  low-pressure  system. 

In  case  the  pressure  in  the  pipe  0  should  rise,  the 
pressure  in  the  bellows  K  will  increase  and  the  lever  J 


Fig.  3  was  produced  with  the  regulator  controlling  the 
steam  delivery. 

The  regulator  is  also  adaptable  for  controlling  the 
temperature  of  drying  chambers,  hot-water  tanks,  etc., 
by  using  a  different  design  of  relay  from  that  shown 
in  Fig.  1.  This  relay,  Fig.  4,  consists  of  a  nozzle  A 
and  a  glass  lube  D  incased  in  a  tube  C.  The  connection 
E  connects  to  the  space  above  the  diaphragm  of  the 
membrane  valve  E,  Fig.  1,  and  is  for  discharging  what- 
ever water  passes  through  the  nozzle  A.  This  inclosed 
tube  is  so  sensitive  to  changes  in  temperature  that  the 
regulator  can  be  made  to  operate  by  merely  applying 
the  hand  to  the  tube  casing. 

Its  operation  is  as  follows:  With  an  increase  in  tem- 
perature above  a  predetermined  point  the  brass  is  elon- 
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will  be  forced  away  from  the  nozzle  /.  The  water  will 
then  flow  out  more  freely,  causing  a  pressure  drop 
under  the  diaphragm  F.  The  spring  on  the  diaphragm 
will  therefore  move  the  valve  piston  P  and  connect  the 
cylinder  D  with  the  discharge  pipe  R.  The  weight  will 
immediately  drop  and  move  the  cylinder  piston,  forcing 
the  water  out  of  the  cylinder  and  closing  the  valve 
B.    By  adjusting  the  tension  of  the  spring  opposing  the 


gated  more  than  the  glass  rod  and  this  brings  the  lever 
B  nearer  to  the  nozzle  seat.  This  action  suppresses  the 
flow  of  water,  building  up  a  higher  pressure  on  the 
diaphragm  in  the  membrane  valve,  thereby  moving  the 
valve  piston  and  admitting  water  to  the  cylinder.  The 
cylinder  piston  will  be  pushed  in  and  the  weight  will 
be  lifted,  at  the  same  time  partly  closing  the  main  valve 
in  the  pipe  that   is  supplying  steam   for  the   heating. 
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'When  the  temperature  has  become  stable,  the  discharge 
lof  water  from  the  nozzle  A,  Fig.  4,  is  increased  and  the 
Imovement  of  the  cylinder  piston  plunger  is  stopped  and 
Iremains  in  that  position  until  another  change  in  tem- 
(perature  takes  place. 

I  If  the  temperature  drops,  the  nozzle  opening  is  in- 
'creased,  which  reduces  the  pressure  on  the  diaphragm 
in  the  membrane  valve  and  connects  the  port'  in   the 
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FIG.   4.     SECTION     THROUGH     TEMPERATURE     RELAY 

cylinder  C  with  the  water  outlet  pipe  ( Fig.  1 ) .  letting 
water  out  of  the  cylinder.  This  action  makes  i^  pos- 
sible for  the  counterweight  to  act,  pulling  out  the 
piston  in  the  cylinder  C,  at  the  same  time  opening 
the  valve  B. 

Very  low  air  and  gas  pressure  is  controlled  in  a  sim- 
ilar manner,  acting  on  a  diaphragm  of  large  area  com- 
pared with  that  of  the  nozzle  outlet,  thus  controlling 
the  discharge  of  water  through  it  and  in  so  doing  regu- 
lating the  travel  of  the  regulator  piston.  Thus  the  air 
admitted  to,  say,  a  boiler  furnace  could  be  controlled 
by  either  reducing  or  increasing  the  speed  of  the  fan. 

It  would  seem  that  this  device  is  suitable  for  con- 
trolling any  apparatus  that  depends  upon  a  difference 
in  either  pressure  or  temperature,  as  for  instance,  the 
speed  of  a  stoker  drive,  also  forced-draft  f-^ns,  etc., 
as  well  as  the  dampers  of  hand-fired  boilers. 

Ellis  Tilting  Steam  Trap 

A  tilting  steam  trap  of  simple  design  has  been  per- 
fected by  the  Ellis  Drier  Co.,  of  Chicago.  It  was 
originally  developed  for  use  with  the  company's  grain- 
drying  equipment  and  proved  so  satisfactory  that  it  is 
now  being  offered  for  general  use  as  a  direct-return, 
lifting,  vacuum  or  separating  trap.  The  principles  of 
operation  are  much  the  same  as  in  other  traps  of  this 
type.  Water  of  condensation  runs  into  the  receiver 
tank  through  the  trunnion,  shown  in  the  accompanying 


illustration,  the  tank  being  in  a'horizontal  position  while 
filling.  When  suflncient  water  enters  the  tank  to  counter- 
balance the  weight,  placed  in  this  case  within  the  tank 
between  a  double  head,  the  tank  tilts,  opening  the  valve 
.shown,  allowing  steam  to  enter  the  receiver  through  the 
\ertical  pipe  and  forcing  the'  condensation  out  of  the 
trap.  As  soon  as  the  water  is  discharged,  the  counter- 
weight brings  the  tank  back  to  the  horizontal  position. 

A  distinguishing  feature  simplifying  the  mechanism 
is  the  placing  of  the  counterweight  within  the  tank  head. 
This  is  done  at  the  factory,  and  as  there  is  neither 
external  lever  nor  sliding  weight,  the  new  arrangement 
prevents  tampering  with  the  adjustment,  which  might 
interfere  with  the  proper  operation  of  the  tap.  It  is 
claimed  also  that  the  new  location  of  the  counterweight 
produces  rapid  tilting  action.  When  the  trap  begins 
to  tilt,  the  center  of  gravity  of  the  counterweight  moves 
forward  as  it  swings  through  its  arc.  This  shortens 
the  counterweight  level  arm,  which  in  conjunction  with 
a  longer  leverage  at  the  other  end  of  the  trap  accelerates 
the  tilting.  With  the  tank  returning  to  the  horizontal 
position,  the  opposite  action  takes  place.  The  center  of 
gravity  of  the  counterweight  moves  outward,  lengthen- 
ing the  lever  arm  and  causing  the  receiver  to  swing 
quickly  to  place.  This  rapid  action  increases  to  some 
extent  the  capacity  of  the  trap. 

Other  features  are  a  shock  absorber  consisting  of  two 
tempered  springs,  shown  at  the  left  of  the  illustration 


ELLIS  TILTING  TRAP 

and  a  relief  valve  attached  to  and  below  the  steam  valve. 
It  is  alway.;  c;jcn  v;hen  the  trap  is  filling  and,  as  it  moves 
with  the  steam  valve,  is  closed  when  the  latter  is  open. 
The  tank  is  made  up  of  a  .special  iron  to  resist  corrosion. 
It  has  welded  seams  and  before  shipment  is  tested  under 
a  hydraulic  pressure  of  450  lb.  The  ends  of  the  trun- 
nions are  faced  and  turn  in  removable  brass  bushings 
to  eliminate  binding  should  the  trap  get  out  of  level. 
The  trunnion  is  made  of  manganese  bronze,  nickel- 
plated,  so  that  the  glands  may  be  pulled  tight  and  still 
allow  turning  with  a  minimum  of  friction.  The  con- 
struction is  substantial  and  the  operation  rapid. 

The  trap  is  made  in  seven  sizes  for  working  pressures 
up  to  175  lb.  and  for  capacities  ranging  from  1,800  to 
18,000  lb.  of  water  discharged  to  the  boiler  per  hour. 


144 


p  o  \y  K  R 


Vol.  52.  No.    1 


KmployerV  Duty  Coiicrriiiiij;  BoilerH 

The  United  States  District  ("ourt  for  the  Fiastern 
District  of  Virpinia  in  a  recent  hearing  on  a  boiler- 
explosion  case,  (iofined  the  duty  of  an  employer  who 
ojierates  a  steam  boiler  to  inspect  it  rej^ularly  and  keep 
it  in  safe  condition.  F'ailure  to  do  this  renders  him 
liable  for  resulting  injury  to  an  employee. 

The  claimant  in  this  case  was  awarded  damages  for 
injury  sustained  as  the  result  of  a  tube  of  a  dredge 
boiler  blowing  out.  The  fireman  on  the  dredge  had 
been  told  by  the  fireman  on  the  preceding  shift  that  the 
boiler  was  leaking.  He  immediately  advised  the  chief 
engineer  and  an  investigation  was  started.  The  former 
opened  the  furnace  door  to  point  to  the  leak,  which 
was  at  once  seen  to  be  a  serious  one,  and  an  explosion 
almost  instantly  occurred,  blowing  the  tube  out  and 
seriously  scalding  the  fireman. 

The  court  decided  that  the  employer  did  not  fulfill 
his  duty  by  merely  furnishing  a  reasonably  safe  place 
in  which  to  work,  but  contended  that  his  duty  involved 
proper  inspection  and  maintenance  to  the  end  that  the 
boiler  would  remain  in  a  reasonably  safe  condition. 

Induction  Motors  Operating  at 
18,000  R.P.M. 

A  new  application  of  the  high-speed  induction  motor 
to  certain  classes  of  machine  drive  has  been  made  pos- 
sible by  the  development  of  an  induction  frequency 
changer  by  the  General  Electric  Co.  This  device  gen- 
erates power  at  frequencies  that  will  produce  speeds  of 
18,000  r.p.m.  or  higher,  and  as  a  result  high-speed  in- 
duction motors  can  be  directly  applied  to  various  types 
of  machines,  eliminating  belts  or  gears  with  their  dis- 
advantages. 

The  frequency  changer,  shown  in  Fig.  1,  consists 
of  a  wound-rotor  type  induction  motor,  the  stator  of 
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stator.     The  high-frequency  supplied  by  this  device  K 
ing  always  three-phase  secures  uniformity  as  well  at 
economy  and  simplifies  both  the  motors  and  the   fre»l  iij 
(juency  changers.     The  most  economical  sets  are  thos^l  1; 
having  driving   motors  directly  connected  to  the  fre- 
quency changers,  as  in  Fig.  1. 

The  high-speed  motors  used  in  connection  with  thesf 
fre(|uency  changers  are  constructed  the  same  as  thf 
small  standard  scjuirrel-cage  motors,  having  rotors  of 
the  cast-alloy  type,  Fig.  2,  and  are  very  compact.  In 
the  construction  of  the  rotor  the  punchings  are  held 
securely  in  place  and  the  slots  completely  filled  with  cast 


FIG.    1.      FREQUENCY-CHANGER    SET 

which  is  connected  electrically  to  an  alternating-currents 
source  of  power.  By  rotating  the  machine  in  a  direc- 
tion opposite  to  that  in  which  it  would  run  as  a  motor, 
frequencies  are  generated  in  the  rotor  equal  to  that  of 
the  exciting  circuit  plus  that  due  to  the  reversed  ro- 
tation of  the  rotor. 

Practically  all  the  energy  taken  from  the  commercial 
circuit  is  transformed  into  high-frequency  energy,  the 
over-all  efliciency  being  approximately  90  per  cent. 
Where  direct  current  only  is  available,  an  inverted  ro- 
tary converter  can  be  used  both  as  a  motor  to  drive 
the  frequency  changer  and  supply  the  excitation  for  the 


ST.ATOR   AND   ROTOR  OF   1-HP., 
INDUCTION  MOTOR 


12,000   R.P.M. 


alloy.  In  the  stator  the  windings  are  thoroughly  im- 
pregnated with  moisture-proof  insulating  compound 
which  acts  further  to  prevent  movement  of  wires  and 
unites  the  end  turns  into  a  solid  mass  which  readily  dis- 
sipates the  heat  that  is  generated  in  the  interior  of  the 
winding. 

The  standard  motors  are  two-pole  and  wound  in 
two  series,  the  first  rated  normally  at  120  cycles  220 
volts,  the  second  at  200  cycles  110  volts,  to  operate  at  a 
range  of  from  200  to  300  cycles.  The  operating  volt- 
age of  the  motors  must  vary  in  proportion  to  the  speed 
and  frequency,  but  this  change  is  accomplished  auto- 
matically by  the  frequency  changer.  The  normal  slip  is 
from  5  to  7  per  cent,  but  where  the  load  is  such  that 
the  starting  torque  is  the  factor  in  determining  the  size 
of  the  motor,  it  can  be  increased  by  increasing  the  slip 
to  8  or  10  per  cent,  although  such  changes  are  objection- 
able if  the  motor  must  carry  full  load.  Successful  appli- 
cations have  been  made  with  speeds  ranging  from  7,200 
to  12,000  revolutions  per  minute. 

An  investigation  of  the  activities  of  associations  olj 
producers   of   soft  coal   in   the  matter   of  exchanging 
reports  of  prices  on  sales  is  being  undertaken  by  the 
Department  of  Justice.  In  connection  with  this  investi*! 
gation  a  letter  was  sent  to  all  secretaries  of  local  associaHl 
tions   calling   attention   to   the   recent   decision   of   the 
United  States  District  Court  at  Memphis,  Tenn.,  con- 
demning the  interchange  of  reports  as  to  prices  received 
on  actual  sales  as  practiced  by  the  members  of  the  so- 
called  "Open  Competition  Plan"  of  the  American  Hard- 
wood Manufacturers  Association. 


The  ?rea  of  grate  surface  is  important,  as  it  is  one 
of  the  determining  factors  for  proper  combustion.  The 
ratio  of  grate  area  to  the  boiler-heating  surface  will 
vary  from  1  to  35  to  1  to  65,  depending  on  the  nature 
of  the  fuel  and  the  manner  in  which  it  is  fired. 
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IT  TOOK  the  war  jfiid  its  after  effects  to  bring  home 
to  the  common  people  the  extent  to  which  the  civilized 
world  has  come  to  be  dependent  upon  fuel.  They  have 
suffered  from  the  scarcity  and  want  of  it  not  so  much 
in  actual  discomfort  from  cold  in  their  homes,  although 
this  has  been  near  enough  to  awaken  apprehension  and 
to  require  especial  effort  and  urgency  for  its  avoidance, 
as  from  the  interruption  to  their  employment,  the  dep- 
rivation of  conveniences,  the  confusion  and  delay  in 
transportation  and  the  soaring  price  not  only  of  fuel 
itself,  but  of  everj'thing  into  the  production  and  trans- 
portation of  which  fuel  enters.  The  man  who,  in  think- 
ing of  fuel,  had  never  got  beyond  his  own  cookstove 
or  furnace,  has  been  impressed  in  a  most  convincing 
way  of  its  sociai-economic  importance.  It  is  as  though 
a  community,  suddenly  made  conscious  of  the  pos- 
sibilities and  evils  of  a  drought,  was  just  beginning 
to  realize  the  importance  and  necessity  of  organizing 
its  water  supply  upon  a  permanent,  safe  and  systematic 
basis. 

The  well-being  of  the  people  is  too  intimately  depen- 
dent upon  a  cheap  and  dependable  supply  of  fuel  to 
longer  leave  its  procurement  and  distribution  to  the 
erratic  machination  of  those  whose  acknowledged  aim  is 
to  exact  profit  from  rather  than  to  expedite  its  handling. 
Any  fair-minded  person  is  willing  to  see  the  capitalist 
receive  a  fair  interest  on  the  money  that  he  has  actually 
and  necessarily  invested,  but  we  are  not  altogether 
without  sympathy  with  those  who  resent  the  inclusion 
in  their  coal  bill  of  interest  on  the  money  paid  for  vast 
coal  tracts  to  keep  them  out  of  the  hands  of  possible 
competitors  and  preempt  them  for  exploitation  in  the 
distant  future. 

Any  fair-minded  person  wants  to  see  labor  involved 
in  mining  the  coal  and  in  its  preparation,  transporta- 
tion and  distribution  generously  requited,  and  he  wants 
to  see  the  man  with  the  initiative  and  enterpri.se  and 
ability  to  organize  and  conduct  this  production  and  dis- 
tribution make  a  fair  profit.  He  knows  that  the  bulk 
of  the  discovered  coal  of  the  country  is  in  the  hands 
of  a  combination  and  that  he  has  to  pay  for  what  he 
needs  of  it  a  whole  lot  more  than  it  costs  to  mine  and 
tran.'^port  it.  He  is  not  fooled  by  the  statement  of  kept- 
lady  accountants  that  most  of  the  coal  companies  are 
run  at  a  loss  and  few  make  more  than  a  very  moderate 
profit,  and  he  chafes  under  the  impotency  of  a  Govern- 
ment which  permits  such  exploitation  of  a  common 
resource. 

When  coal  was  necessary  for  the  national  defense, 
the  Government  saw  that  it  was  mined,  and  notwith- 
standing all  the  inspired  cussing  which  the  Government 
administration  of  the  railroads  got,  it  distributed  the 
coal  (and  tons  of  slate  and  stuff  that  was  sold  at  coal 
prices)  at  a  time  when  mobilization  and  mass  produc- 
tion were  putting  a  greater  stress  upon  the  railroads 
than  ever  before. 

Nationalization  of  national  resources  is  looming  big 
on  the  horizon.     If  the  coal  producers  are  not  able  and 


willing  to  organize  their  industry  so  as  to  produce  a 
dependable  supply  and  get  it  to  the  people  at  necessary 
cost  plus  a  fair  profit,  the  people  will  do  it  themselves. 
And  it  is  up  to  the  "private  ownership"  that  took  on  so 
grievously  about  the  maladministration  of  the  railroads 
by  the  Government  to  demonstrate  that  it  can  do  at  least 
as  well  as  the  Government  did  under  all  the  stress  of 
unpreparedness  and  war  conditions. 

Engineering  Articles 

THE  publication  in  the  July  issue  of  Mechanical  En- 
gineering of  a  paper  by  Messrs.  Hampton,  Leh  and 
Helmick  renews  attention  to  the  efforts  of  the  Ameri- 
can Society  of  Mechanical  Engineers  to  encourage  the 
younger  engineers  to  prepare  papers  on  engineering 
subjects.  The  society  maintains  a  fund,  contributed  by 
one  of  its  members,  the  income  from  which  is  used  for 
prizes  to  be  awarded  each  year  for  the  best  papers  on 
mechanical-engineering  subjects  by  junior  members  or 
by  student  members. 

One  of  the  most  useful  functions  of  the  professional 
engineering  societies  is  in  affording  an  opportunity  for 
the  presentation  and  discussion  of  papers  dealing  with 
technical  affairs.  At  the  same  time  one  of  their  great 
problems  is  to  induce  engineers  to  prepare  papers  meas- 
uring up  to  the  standards  set  by  the  publication  com- 
mittees. The  engineer,  especially  the  one  who  is  most 
capable  of  producing  the  highest-grade  article,  is  often 
reluctant  to  put  his  ideas  on  paper.  If  the  habit  of 
writing  is  once  acquired,  however,  it  is  likely  to  stick. 
In  offering  prizes  to  student  and  junior  members  the 
society  hopes  to  aid  in  forming  this  habit  among  the 
younger  engineers  and  so  gradually  build  up  a  group 
of  men  always  ready  and  able  to  present  their  ideas  and 
experiences  in  a  simple  understandable  style  to  the 
society  and  through  the  society  to  the  engineering 
public. 

Critics  of  the  plan  have  argued  that  it  would  bring 
out  a  great  mass  of  papers  varying  from  the  only  pass- 
able to  the  really  worthless.  Undoubtedly,  this  is  true. 
Probably  the  majority  of  the  material  submitted  to  the 
committee  is  poor — much  of  it  very  poor.  It  is  also 
true  that  there  is  a  great  deal  of  stock,  husk  and  cob 
grown  in  order  to  produce  the  grain  on  an  ear  of  com, 
but  nobody  suggests  that  as  a  reason  against  raising 
corn.  It  is  also  true  that  the  stock  and  husks  and  even 
the  cobs  have  some  value,  and  in  the  same  way  the 
poorest  of  the  papers  submitted  has  some  worth.  The 
mere  action  of  trjang  to  set  down  his  ideas  is  good 
training  for  the  author,  if  nothing  else. 

While  the  prizes  referred  to  can  be  given  only  to  those 
connected  with  the  society,  there  is  a  field  for  engineer- 
ing articles,  large  or  small,  "high-brow"  or  "low-brow," 
that  is  open  to  everybody.  That  field  is  the  engineering 
press.  It  is  the  great  clearing  house  where  ideas  are 
exchanged  between  engineers,  whether  they  belong  to 
any  society  or  not. 

Every  man  who  hopes  to  succeed  must  continue  to 
learn  more  about  his  business,  and  one  very  good  way 
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to  lonrn  in  to  read.  Before  a  thinpr  can  be  read,  however, 
somebody  niu.st  write,  and  in  a  field  a.s  subject  to  chanKfi 
ii.s  modern  eiiKineoriiiK'  there  is  always  something  new 
to  write  about.  It  is  the  obvious  duty  of  every  engineer 
whose  experience  has  furnished  something  new  or  inter- 
esting to  write  it  for  the  benefit  of  other  engineers.  A 
few  misspelled  words  or  a  little  faulty  grammar  does 
not  harm.  It  is  the  editor's  job  to  look  after  that.  The 
story,  the  idea,  must  come  from  the  engineer,  the  man 
out  on  the  job  who  has  met  and  solved,  or  tried  to  solve 
the  problem  he  writes  about.  There  is  money  in  it  fot 
the  writer,  putting  a  thing  on  paper  is  an  education,  and 
the  thought  of  having  added  something  to  the  generai 
knowledge  is  a  very  pleasant  sensation. 
Try  it. 

Do  Society  Elections 
Foster  IiKlifference? 

OUR  contemporary,  Engineennff  and  Mining  Journal, 
in  a  recent  editorial  struck  a  pertinent  note  when 
it  criticized  the  procedure  of  the  Harx'ard  Engineering 
Society  in  the  election  of  its  officers.  Although  a  letter 
ballot  is  employed,  a  single  ticket  is  prepared  by  the 
nominating  committee  and  the  membership,  or  at  least 
those  who  take  the  trouble,  exercise  their  prerogative 
of  voting  by  registering  approval  of  the  committee's 
choice. 

But  why  single  out  the  Harvard  Society,  when  the 
practice  is  followed  also  by  several  of  our  national 
engineering  societies,  including  some  that  acclaim  with 
pride  that  they  are  conducted  along  broad  democratic 
lines? 

In  refutation  it  will  be  pointed  out  that  any  jnember 
has  the  option  of  writing  on  the  ballot  his  choice  for 
an  office,  but  such  scattered  votes  never  mean  anything 
and  it  is  well  known  that  the  privilege  is  seldom 
exercised. 

It  is  readily  conceded  that  a  nominating  committee,  is 
essential  in  any  large  body  and  that  such  committees 
usually  make  an  honest  effort  to  put  up  aj-epresentative 
ticket.  But  the  principle  is  wrong.  \Vhere  .a  single 
ticket  is  nominated,  it  renders  the  ballot  a  farce  and 
is  equivalent  to  the  members  delegating  their  proxies 
to  the  committee,  which  might  better  be  termecf  an 
election  committee  and  much  time  and  postage  saved 
thereby. 

Were  the  question  put  up  to  an  open  meeting  in  any 
of  the  societies,  it  is  likely  the  members  would  insist 
on  at  least  two  candidates  for  every  office  regardless  of 
whether  there  happened  to  be  any  issue  at  stake  upon 
which  the  candidates  represented  opposite  views. 

Complaint  is  sometimes  heard  of  a  prevailing  ten- 
dency for  those  in  the  saidle  to  commit  the  membership 
to  various  projects  and  assume  that  approval  will  be 
forthcoming.  While  it  is  always  necessary  that  the 
initiative  be  taken  by  a  few  if  progress  is  to  be  made, 
and  equally  true  that  a  large  percentage  of  the  member- 
ship usually  views  the  activities  with  indifference,  still 
it  is  just  such  things  as  the  single  ticket  that  Ifoster 
this  indifference. 

The  strength  and  influence  of  a  society  is  not  meas- 
ured by  its  numbers,  but  by  the  interest  and  activities 
of  its  members,  and  in  these  days  when  there  is  so 
much  said  about  bringing  the  engineer  to  the  front,  it 
behooves  the  societies  to  use  every  means  to  attract 
and  hold  the  interest  of  its  members  individually  and 
collectively. 


S«*rnl  U»  Copies  oi 
Your  \a\"  SheetH 

THE  high  cost  of  everything  that  enters  into  the 
generation  and  transmi.ssion  of  power,  particularly 
the  prices  of  coal  and  the  difficulty  to  get  as  much  ai 
wanted,  whatever  the  grade,  make  record  keeping  of 
power  input  and  output  more  vital  than  ever.  Of  conrvp, 
writing  down  the  weights  of  coal  and  water,  the  var.'  i 
meter  and  thermometer  readings,  the  hours  this  puuip 
and  that  engine  were  kept  running  do  little  real  good  if 
the  log  sheets  are  not  made  use  of,  if  this  day's  or 
month«'s  performance  is  not  checked  again.st  yesterday's 
or  last  month'.s  .so  that  the  trend  of  unit  performance 
may  be  made  known. 

We  have  received  many  requests  for  copies  of  power- 
plant  log  sheets,  such  as  daily  reports,  etc.  Our  reply 
to  everybodj'  making  such  request  has  been  that  in  the 
first  place  we  did  not  have  any,  and  secondly,  that  a 
log  sheet  is  really  of  best  service  when  drawn  up  for 
the  specific  plant  in  which  it  is  to  be  used.  We  have 
not  changed  our  minds  about  this.  But  the  demand  for 
such  sheets  seems  to  warrant  publishing  a  few  so  dravm 
up  as  to  include  all  chief  essentials,  to  apply  generally 
to  most  plants  and,  above  all,  to  be  in  such  form  as  to 
encourage  their  use  after  being  filled  out. 

That  we  may  have  the  advantage  of  incorporating  all 
the  best  features  of  many  logs  in  the  sheets  that  we 
hope  to  publish  we  are  asking  that  our  readers  send 
a  copy  of  each,  of  their  forms,  that  we  may  study  them. 
These  forms  should  come  from  all  kinds  of  plants — 
steam,  gas,  water,  electric  and  refrigeration.  This  is  a 
simple,  easy  way  for  you  to  perform  a  service  for  your 
many  fellow  engineers.  We  hope  for  a  hearty  response 
to  our  request. 

W.  C.  Albritton,  of  Savannah,  Ga.,  is  suffering  from 
an  attack  of  perpetuum  mobile.  It  has  been  five  years 
developing.  He  lias  got  by  the  model  stage  and  is 
undergoing  that  phase  of  the  malady  in  which  the  victim 
i^  convinced  that  his  idea  will  work  if  it  can  be  tried 
out  upon  a  large  enough  scale.  The  next  stage  is  to 
unload  stock,  and  its  duration  and  virulence  is  dependent 
upon  whether  the  inventor  is  really  the  victim  of  a  de- 
lusion or  just  a  simple  crook.  The  collapse  comes  when 
the  idea,  if  there  is  really  one  behind  it,  is  given  a  fair 
trial,  or  when,  impatient  at  his  failure  to  make  good, 
his  disappointed  stockholders  proceed  to  run  the  victim 
out  of  town. 


Elsewhere  in  this  issue,  Peter  Nefl.  well-known  re- 
frigeratmg  engineer,  makes  the  suggestion  that  such 
bodies  as  the  American  Society  of  Refrigerating  Engi- 
neers issue  refrigeration  tables  and  standards  that 
can  be  used  by  all,  based  upon  the  latest  available 
data.  He  adds  that  the  manufacturers  of  refrigerating 
machineiy  might  assist  in  the  distribution  of  such 
literature.  It  surely  would  be  greatly  appreciated  by 
engineers  if  there  was  one  central  source  from  which 
they  might  get  such  data. 


In  view  of  the  fuel  shortage,  good  news  comes  out 
of  Wyoming  and  Montana.  These  two  states  are  giving 
most  encouraging  yields  of  petroleum,  where  produc- 
tion so  far  is  considerably  higher  per  acre  of  tapped 
field  than  in  the  Mid-Continent  and  Appalachian^  re- 
gions. 


July  27,  1920 
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Why  Not  a  License  Law? 

It  seems  to  me  that  many  boiler  explosions  could 
be  avoided  if  proper  laws  were  made  and  enforced.  For 
instance,  the  laws  of  New  York  State,  what  few  there 
are,  are  veiy  slack  as  to  the  manufacturing  and  inspect- 
ing of  steam  boilers,  and  especially  so  in  the  qualification 
of  operators.  For  example,  a  cei'tain  position  was  vacant 
that  always  had  been  and  should  have  been  filled  by 
an  engineer  who  had  taken  the  civil-service  examination. 
A  time  was  set  for  this  examination  and  at  least  four 
tried  for  it,  but  before  the  time  for  the  appointment 
arrived  politics  stepped  in  and  a  man  was  appointed  that 
had  no  practical  experience  in  the  engine  or  boiler  room. 

I  think  it  the  duty  of  every  engineer  to  insist  upon 
having  a  strong  license  law  and  try  to  live  up  to  it. 
As  a  suggestion,  why  not  appoint  three  practical  expe- 
rienced men  to  hold  examinations  in  the  largest  cities  of 
the  state,  say  once  or  twice  a  year,  and  compel  every 
man  who  wishes  to  handle  a  boiler  in  any  way  to  obtain 
a  license?  Also  pass  a  law  making  it  a  criminal  offense 
to  hire  anyone  that  has  not  been  examined  and  passed 
at  least  a  75  per  cent  examination. 

Regarding  the  examination,  there  are  many  good 
operating  engineers  who  are  not  college  educated,  and 
when  they  come  before  an  examining  board,  they  are 
unable  to  write  out  the  simplest  parts  of  their  knowl- 
edge. Others  can  put  more  on  paper  than  they  really 
know.  I  therefore  suggest  that  a  verbal  examination  be 
given  in  connection  with  a  written  one. 

Some  manufacturers  build  boilers  in  any  old  way  to 
carry  any  old  pressure.  Some  years  ago  a  boiler  was 
desired  for  a  sawmill.  The  owner  went  to  a  boiler- 
maker  of  good  reputation,  but  his  price  was  too  high, 
and  as  the  purchaser  would  pay  only  a  certain  sum  for 
a  certain  size  of  boiler,  he  was  referred  to  a  certain 
manufacturer  who  might  build  him  a  certain  size  boiler 
for  a  stated  sum.  This  was  agreed  to  and  all  other 
specifications  were  left  out.  The  boiler  was  delivered 
and  was  put  in  use  during  the  early  part  of  December 
and  was  fired  steadily  until  the  later  part  of  April, 
when  it  was  dropped  off  at  intervals  of  about  one  day 
a  week  during  the  summer. 

In  November  I  chanced  to  be  in  the  boiler  room  one 
morning  when  there  was  about  20  lb.  of  steam. 
1  called  the  owner's  attention  to  water  coming  from 
around  the  head  of  a  staybolt.  He  started  to  calk  it, 
and  the  tool  was  driven  through  the  sheet  with  the 
first  tap.  The  fire  was  dravra,  and  on  exam-nation  we 
found  about  twenty  pits  nearly  through  the  sheet. 

The  only  reason  ever  given  as  to  why  this  boiler 
deteriorated  as  it  had  in  eleven  months  was  that  soft 


rainwater  was  used,  and  that  this  had  caused  the  pit- 
ting. But  I  have  always  thought  that  the  sheets  in 
that  boiler  were  made  of  mighty  poor  material. 

The  Rockport  explosion  described  in  the  Jan.  6  issue 
ought  to  be  a  lesson  to  both  owner  and  operator.  Accord- 
ing to  the  information  contained  in  the  article,  there 
is  no  doubt  that  an  overpressure  caused  the  accident, 
but  had  the  safety  valve  been  free  to  operate,  this 
calamity  would  doubtless  have  been  averted. 

Syracuse,  N.  Y.  M.  E.  Webber. 

Water-Test  Pressure  on  Handhole  Gaskets 

Regarding  the  answer  to  the  question  on  "Water-Test 
Pressure  on  Handhole  Gaskets,"  I  wish  to  state  that  I 
have  seen  cases  where  full  working  pressure  was 
pumped  up  on  the  boiler  and  the  gaskets  blew  out  when 
the  boiler  was  put  under  steam.  That,  however,  was 
due  to  a  poorly  designed  handhole  plate.  This  trouble 
is  more  often  evident  with  cast-iron  mud  drums  which 
do  not  have  a  true  surface  on  the  inside,  and  with 
pressed-steel  handhole  plates  which  do  not  provide  wide 
enough  gasket  bearing.  This  trouble  is  overcome  by 
substituting  cast-iron  plates  with   detachable  bolts. 

One  objection  to  the  pressed-steel  handhole  plates, 
such  as  I  have  used,  at  least,  is  that  the  ledge  for  the 
gasket  to  rest  against  is  rounding  and  if  the  gasket 
makes  a  start  it  pushes  out.  With  the  cast-iron  plates 
having  a  square  ledge  for  the  gasket  to  rest  against,  it 
can  not  blow  out.  E.  G.  HOPPE. 

Cairo,   111. 

Steam-Turbine  Has  Record  Run 

In  the  article  "Steam  Turbine  Has  Record  Ruh,"  page 
809  of  the  May  18  issue  of  Power,  it  is  stated  that  the 
machine  made  a  world's  record  by  continuously  running 
84  days,  11  hours,  36  minutes. 

Records  on  a  1,000-kva.  turbine  generator  at  the 
power  plant  of  the  United  States  Coal  and  Coke  Co.,  at 
Gary,  W.  Va.,  show  that  this  unit  ran  117  days,  from 
June  18,  1919  to  October  18,  1919,  without  a  shutdown. 
During  the  run  the  output  of  the  machine  was  1,734,700 
kw.-hr.,  or  an  average  of  611  kw.  per  hour,  the  load 
ranging  from  200  kw.  to  1,300  kw. 

The  turbine  is  a  single-flow  reaction  type,  running 
1,500  r.p.m.  and  connected  to  a  common  bus,  serving  a 
mine  motor  load.  It  was  installed  in  1906,  and  with  the 
exception  of  two  cases  of  trouble  on  the  generating  end 
and  regular  periods  of  inspection  and  minor  repairs  it 
has  been  in  almost  continuous  service. 

Gary,  W.  Va.  E.  Woodson. 
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IVl:ikin<;  a  Kepair  to  a  r,ra(-k('<l 

Hydraulic  (iyliiulcr 

A  crack  about  ten  inches  lontr  developed  in  the  cylin- 
der on  a  retort  pres.s,  the  construction  of  which  is 
shown  in  the  illustration.  The  fluid,  under  500  II). 
pressure,  is  admitted  through  the  pipe  li  and  pushes 
the  ram  ('  outward.  There  is  a  similar  ram  in  the 
other  end  of  the  cylinder  (not  shown),  and  the  two  are 


CRACKKll    POKTION    OF    CVLI.VDEK    BUSHKn 

connected  by  the  member  D,  which  carries  lugs  K.  The 
cylinders  are  separated  by  the  wall  H. 

The  fracture  is  shown  at  A,  and  in  due  time  it  opened 
up  to  such  an  extent  that  the  press  was  useless.  The 
cylinder  was  removed,  placed  in  a  lathe  and  enough 
stock  bored  out  to  allow  about  an  inch  larger  diameter 
than  the  stuffing  box  and  deep  enough  to  go  to  the  end 
of  the  crack  A. 

A  bushing  was  made,  the  cylinder  heated  good  and 
hot  and  the  bushing  driven  into  place.  When  the  cylin- 
der was  cool,  the  bushing  was  bored  to  a  running  fit  to 
the  ram  and  counterbored  for  the  stuffing  box. 

A  groove  was  then  turned  around  the  cylinder  as 
shown  at  G,  so  as  to  allow  room  for  a  draw  band 
under  the  mem,ber  D.  A  draw  band  was  made,  shaped 
as  shown  at  E,  and,  while  hot,  placed  around  the 
cylinder   and   drawn   up   as  tight  as  possible. 

There  was  a  slight  leakage  at  first  on  account  of  there 
being  no  material  available  to  make  the  bushing  quite 
long  enough  to  cover  the  crack  past  the  end,  but  it  soon 
took  up  and  the  cylinder  has  been  doing  service  for 
several  months.  A  new  one  was  ordered,  but  as  long 
as  the  old  one  does  at  well  as  it  has  been  doing,  it  is 
not  likely  that  it  will  be  put  on.  P.  Earl. 

Detroit,   Mich. 

Cleaning  Apparatus  for  Generator 
Windings 

In  the  June  1  issue  of  Power  F.  C.  Williams  described 
an  apparatus  made  and  used  by  him  for  cleaning  the 
windings  of  motors  and  generators.  I  have  seen  a 
similar  apparatus  used  around  an  automobile  garage 
for  cleaning  parts,  and  while  in  charge  of  a  large  power 
plant  the  chief  electrician  at  my  suggestion  made  and 
used  a  similar  device.  In  this  particular  plant  large 
gas  engines  were  the  motive  power  and  salt  water  was 
used  for  cooling  the  jackets  and  exhaust  manifolds. 
It  was  impossible  to  keep  the  manifolds  tight  enough 
to  prevent  a  small  amount  of  salt  vapor  from  escaping 
into  the  engine  room,  where  it  was  drawn  into  the 
generators,  and  eventually  there  would  be  a  deposit 
of  salt  all  through  the  windings,  and  it  was  this  deposit 
that  the  device  was  used  to  remove. 

One  machine  had  been  cleaned  successfully,  and  the 
electricians,  three  of  them,  were  working  on  the  second. 


I'hoy  had  it  well  Boakcd  up  and  the  work  was  pro^^ros 
ing   nicely  when   there  was  a  loud   roar  and   that  Kcri- 
erator  and  two  of  the  men  were  a  mass  of  flames,  whi(  li 
resulted    in    three   or    four   men    being    very    seriou  1 
burned,  and   one  probably  crippled    for  life.     The  fii 
in   the  generator  could   not  be  extinguished   until   11 
gasoline  had   mostly   burned  out  of  the  windings,   an 
only   the    fact    that    the    machine    was   bar-wound    and 
mica-insulated  saved  it  from  being  ruined.    Thi.s  shoulrl 
.^erve  as  a  warning  to  anyone  that  contemplates  the  u 
of  a  device  of  (his  description  to  be  sure  that  there 
no  open  flame  at  any  place  in  the  building,  before  tun 
ing  it  on.     The  vapor  thrown  is  almo.st  as  explosive  .i 
powder  and  it  only  needs  a  spark  to  .set  it  off. 

In  this  particular  ca.se  there  was,  away  over  in  the 
corner  of  the  plant,  an  innocent  little  gas  flame  that 
every  one  had  forgotten,  used  to  keep  an  oil  tank  warm, 
but  it  got  in  its  deadly  work  and  the  great  wonder 
that  there  was  not  loss  of  life  and  property.  This  i 
not  meant  to  criticize  Mr.  Williams'  device.  It  is  eflli- 
cient  and  will  do  the  work,  but  every  precaution  should 
be  used  in  regard  to  open  lights  or  sparks  in  the 
same  room.  Earl  Pagett. 

Cherryville,  Kan. 

Refacing  a  Slide- Valve  Seat 

A  method  of  refacing  the  seat  on  which  an  ordinary 
slide  valve  operates  is  to  make  a  .steel  block  A  the  size 
of  the  valve  and  drill  a  hole  through  it  in  which  to  fit 
the  valve  stem  B.  One  side  of  this  block  is  cut  like 
a  file.    It  is  then  tempered  and  fitted  to  the  rod  B.    Then 


RIG    FUK    KKFACINC;    VAbVK    SEAT 

fit  lengthwise  across  the  steam  chest  another  iron 
plate  2  in.  wide  and  ]  in.  thick,  having  a  screw  hole 
in  which  to  insert  the  screw  bolt  C.  This  plate  is 
held  in  place  by  means  of  the  steam-chest  cover  studs 
and  nuts. 

With  everything  in  place  and  a  slight  pressure 
exerted  on  the  plate  A  by  the  screw  C,  move  the  plate 
A  back  and  forth  by  means  of  the  rod  B  until  the  seat 
is  true.  Haarband  Singh. 

Lahore,  India. 
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Trouble  with  a  Loose  Piston  Head 

An  engineer  located  a  pound  in  the  high-pressure 
cylinder  and  upon  examination  found  that  the  piston 
had  worked  loose  on  the  rod,  the  piston  having  been 
forced  on  a  taper,  leaving  a  clearance  between  the  face 
of  the  piston  and  the  nut,  as  shown  at  A,  Fig.  1.     A 


Fig.  1.  Fig.   2.  Fig.    .3. 

FIGS.    1    and    2.      CONDITION  OF   OLD   PISTON    ROD.      KIU. 

A    SUGGESTED    IMPROVEMENT 


washer  was  inserted  between  the  face  of  the  piston  and 
the  nut;  the  latter  was  then  secured  in  place  with  a 
pin  B. 

All  went  well  for  a  short  time,  and  then  the  pounding 
suddenly  developed  again.  An  examination  showed  the 
piston  had  been  forced  onto  the  taper  of  the  rod  until 
the  face  of  the  piston  overhung  the  end  of  the  taper,  as 
shown  at  C,  Fig.  2.  The  situation  was  now  serious,  due 
to  the  close  piston  clearances.  The  makers  were  con- 
sulted, and  they  suggested  that  the  cause  was  due  to 
water  in  the  cylinder.  The  piston  was  sent  to  the  works, 
and  after  an  examination  it  was  decided  to  rebore  it  to 
a  taper  of  1  in.  in  8  in.  (the  original  taper  being  1  in.  in 
16  in.)  and  to  fit  in  a  new  piston  rod.  The  piston  was 
to  be  heated  in  a  steam  oven  that  was  subjected  to  a 
pressure  of  240  lb.  per  sq.in.  and  to  be  put  on  the  rod  in 
this  heated  condition  and  the  nut  screwed  home.  This 
was  done,  and  after  the  piston  had  cooled  down  the  nut 
was  again  tested  for  tightness  and  secured  with  a  pin. 

The  engine  has  been  in  operation  for  some  time  and 
no  further  bother  has  been  had  with  a  loose  piston. 

The  questions  that  arise  are:  Was  the  taper  of  1  in. 
in  8  in.  correct  for  this  design  of  piston,  seeing  that  the 
piston-rod  taper  has  no  shoulder  for  the  head  to  press 
against?  Was  any  material  advantage  gained  by  steam 
heating  the  piston  head?  Would  it  not  have  been  better 
to  have  formed  a  shoulder  at  the  end  of  the  taper  of  the 
new  piston  rod  to  rest  against,  recessing  the  piston  to 
suit,  as  shovra  as  D,  Fig.  3,  leaving  the  bores,  1  in.  in 
16  in.,  intact?  Thomas  W.  Airey. 

Gainsborough,  England. 

Growth  of  Internal-Conibustion 
Engine  Horsepower 

We  read  with  considerable  interest  an  article  by 
Prof.  L.  W.  W.  Morrow  in  the  June  8  issue,  entitled 
"A  Study  of  Power  Development  and  Suggestions  for 
Future  Progress."  We  are  inclined  to  believe,  how- 
ever, that  the  data  presented  in  Fig.  3  referring  to 
internal-combustion  engines  is  not  correct. 

We  do  not  know,  of  course,  what  sources  of  infor- 
mation the  author  had  in  preparing  this  chart,  but 
according  to  it  from  the  year  1913  to  1920  the  horse- 
power of  internal-combustion  -engines  increased  ap- 
proximately 300,000,  or  an  average  of  45,000  hp.  per 
year.     This   figure   is  certainly  too  small,   as   in   one 


industry  alone — the  extraction  of  gasoline  from  natural 
gas  by  the  compression  process — more  than  this  total 
horsepower  is  being  added  yearly. 

There  are  other  fields,  such  as  blast-furaace  opera- 
tion, where  large  units  are  being  added  from  time  to 
time.  For  example,  the  Lackawanna  Steel  Co.  has 
completed  the  installation  of  five  Mesta  gas  blowing 
engines  which  alone  would  account  for  nearly  half  of 
the  total  horsepower  allowed  by  Professor  Morrow. 
Alwin  Schaller,  Gen.  Mgr., 

Wellsville,   N.  Y.  McEwen  Bros. 


The  information  regarding  the  horsepower  of  inter- 
nal-combustion engines  installed  was  obtained  from  the 
United  States  Census  of  Manufactures,  1914-17,  and 
current  journals  to  October  of  last  year,  and  therefore 
did  not  consider  the  installation  mentioned.  There  is 
no  question  of  the  desirability  of  blast-furnace  engine 
installations,  and  a  large  increase  is  to  be  expected  in 
this  industry.  L.  W.  W.  MORROW. 

New  Haven,  Conn. 

Valve-Stem  Packing  Kink 

When  packing  a  gate  or  a  globe  valve,  using  a  packing 
nut  that  screws  onto  the  neck  of  the  valve  bonnet,  it 
is  sometimes  difl[!cult  to  start  the  nut  on,  if  it  is  well 
filled  with  packing.  Of  course  this  difficulty  may  be 
avoided  by  not  filling  the  nut  too  full,  but  I  prefer  to 
stuff  a  goodly  amount  of  packing  into  the  nut  so  as  to 
repack  less  frequently. 

This  difficulty  may  be  avoided  by  opening  an  ordinary 
monkey  wrench  a  little  wider  than  the  diameter  of  the 
valve  stem,  and  placing  it  over  the  stem  between  the 
valve  wheel  and  the  packing  nut,  as  shown.  If  the 
valve  wheel  is  then  turned  until  the  nut  is  brought  up 


SCREWING   ON    A    PACKING    NUT 

to  the  threads  on  the  valve  bonnet,  and  the  nut  is  turned 
at  the  .same  time,  it  will  start  on  easily  and  there  is 
plenty  of  packing  around  the  stem. 

In  case  the  distance  between  the  nut  and  the  valve 
wheel  is  too  great  to  permit  the  use  of  a  monkey  wrench, 
a  piece  of  wood  of  the  proper  thickness  may  be  used. 

Arlington,  Mass.  John  D.  Eberh.\rdt. 
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Iii<1ustrial  and  Ontral-Statioii  PlantM 

Tho  .irliclc  by  Conu'lm.-i  (I.  Wclu-r,  on  "liitcrconnect- 
inK  Iiulustrinl  mid  Central-Station  Plants,"  pa>rp  1049 
of  tlio  .lunc  2H  i.s.sue  of  I'luvrr,  as  well  as  several  recent 
articles  on  similar  subjects,  shows  a  jrrowinK  tendency  to 
recoRni/.e  the  value  of  the  isolated  plant  to  the  com- 
munity at  larjre. 

We  have  read  during  the  last  few  years  of  the  won- 
derful strides  made  by  the  modern  central  station  in 
roducinjr  its  unit  output  cost  in  spite  of  the  increased 
cost  of  coal,  labor,  supplies,  etc.  If  we  look  at  the 
reason  for  this,  we  find  brilliant  ensfineers  who  make 
this  their  life  work;  in  fact,  some  larjre  central  station 
will  usually  bid  quite  hiph  for  the  services  of  this  type 
of  engineer.  Then,  too,  throuph  the  American  Society 
of  Mechanical  Engineers  and  the  American  Institute 
of  Electrical  Engineers,  these  same  men  keep  in  touch 
with  one  another,  exchange  ideas  and  publish  records 
of  their  experiments  for  the  benefit  of  all. 

The  poor  isolated  plants  have  no  such  interest  shown 
them.  Anyone,  be  he  architect,  consulting  engineer  or 
otherwise,  is  allowed  to  buy  the  apparatus  and  assemble 
it  under  one  roof  and  call  it  a  power  plant.  Perhaps 
it  is;  but  ask  the  man  who  operates  it  what  he  thinks. 
Very  likely  the  individual  boilers,  engines  and  pumps 
are  the  best  in  the  market,  but  they  do  not  fit  together 
on  the  basis  of  over-all  plant  efficiency.  And  sometimes, 
where  the  plant  itself  is  all  right  as  far  as  the  different 
apparatus  working  economically  together  is  concerned, 
the  plant  as  a  whole  does  not  fit  the  industrial  factory 
for  which  it  was  built. 

These  facts  are  not  new  by  any  means,  and  only  the 
economic  necessity  caused  by  the  high  cost  of  every- 
thing makes  them  a  factor  to  be  considered.  The 
operating  engineer  has  been  preached  to  about  "econ- 
omy" in  the  plant.  He  should  keep  his  boilers  clean, 
inside  and  out,  heat  the  feed  water,  indicate  the  engines, 
etc.,  which  is  all  good  advice;  but  when  a  plant  is 
designed  all  wrong  to  start  with,  and  no  matter  how 
hard  the  engineer  works,  he  can  attain  only  a  half  to 
three-quarters  of  the  economy  and  efficiency  he  should 
— well,  he  is  very  likely  to  lose  some  of  his  enthusiasm 
and  just  keep  the  plant  going  and  no  more.  This,  it 
may  be  said,  should  not  be  the  attitude  of  the  engineer, 
but  it  is  in  many  instances. 

No  right-thinking  individual  denies  the  fact  that  it 
is  a  good  thing  to  have  an  engineers'  license  law  to  pro- 
tect the  rest  of  the  community  from  the  ignorant  and 
careless  handling  of  boilers  and  other  power-plant  ap- 
paratus by  incompetent  help.  In  fact,  it  is  now  advo- 
cated by  certain  engineers  that  the  engineers'  license 
law  should  also  cover  economy  in  plant  operation,  mak- 
ing it  compulsory  for  every  engineer  to  at  least  know 
the  principles  of  economical  power-plant  operation,  even 
if  he  does  not  practice  them. 

But  going  a  step  farther,  it  seems  that  it  would  be 
even  more  desirable  to  do  something  toward  preventing 
the  construction  of  poorly  designed  plants."  Power 
plants  that  could  not  be  made  to  attain  the  ordinary 
economy,  no  matter  how  operated,  should  never  be  built. 
Why  not  license  the  power-plant  designers,  or  at  least 
have  their  designs  passed  upon  by  a  board  of  competent 
engineers,  similar  to  the  method  that  is  used  in  getting 
building  plans  approved  in  large  cities?  This  would 
institute  several  benefits:  It  would  make  the  plant 
owner  realize  more  clearly  the  importance  of  his  own 
power  plant,  and   incidentally  raise  his  opinion  of  his 


engineering  employees  and  probably  their  wages;  the 
plant  designer  wf)uld  have  an  increased  incentive  to 
see  that  the  operating  engineer  was  not  only  competent 
at  the  start,  but  kept  his  plant  in  shape  at  all  times; 
and  following  the  natural  law  of  supply  and  demand,  the 
higher  wages  would  attract  a  more  intelligent  clasB  of 
workers,  to  everyone's  advantage. 

Interconnecting  the  small  isolated  |)lants  with  the 
central  station  would  take  a  large  load  of!  the  minds  of 
the  isolated-plant  engineers  and  has  so  many  economic 
advantages  that  a  fair-sized  book  could  be  written  about 
it.  But  why  is  it  not  done?  The  answer  is  simply  that 
the  central  stations  will  not  hear  of  it.  They  are  looking 
for  all  the  business  or  nothing.  Unless  the  Government 
steps  in  and  forces  this  matter,  it  will  probably  never 
take  place.  There  are  many  buildings  .so  situated  that, 
from  their  own  isolated  plant,  they  could  supply  light, 
heat  and  power  to  their  neighbors,  but  this  is  blocked  as 
a  rule  by  local  ordinances  forbidding  the  running  of 
steam  pipe  or  electric  conduit  through  building  walls 
or  across  streets. 

It  would  seem  that  the  block  plant,  supplying  light, 
heat  and  power  to  all  the  buildings  in  the  block,  or  po.s- 
sibly  in  the  vicinity,  would  be  an  ideal  scheme  if  inter- 
connected with  the  local  central  station;  and  its  size 
would  be  such  that  competent  help  could  be  hired,  to 
the  mutual  benefit  of  all  concerned. 

That  the  small  isolated  plant  is  doomed  in  the  future, 
there  is  no  doubt,  but  certainly  the  central  station  does 
not  offer  the  best  solution,  when  the  steam  requirements 
for  heating  and  manufacturing  purposes  are  taken  into 
consideration. 

The  proposed  plan  of  the  Government  to  interconnect 
the  various  central  stations  and  build  new  ones  at  the 
mines  is  a  step  in  the  right  direction,  but  it  hits  only 
the  high  spots  and  does  not  take  care  of  the  small 
manufacturer,  who  needs  steam  served  with  his  elec- 
tricity. Warren  D.  Lewis 

New  York  City. 


Water-Column  Connections 


I 


In  a  battery  of  boilers  of  which  I  have  charge,  the 
connections  of  the  water  columns  are  different.  Some 
have  the  steam  connection  in  the  front  head  and  others 
are  connected  at  the  top  of  the  shell ;  some  have  the 
water  connection  at  the  bottom  of  the  front  head,  and 
one  has  the  connection  near  the  top  of  the  tubes,  being 
placed  there,  no  doubt,  after  careful  calculations  as  to 
the  weight  of  water  at  different  temperatures  and  the 
weight  of  mixtures  of  steam  and  water. 

The  worst  performer  of  the  bunch  was  the  one  that 
had  the  connection  nearest  the  top  of  the  tubes.  It 
was  a  high  jumper — not  merely  one  to  three  inches  low, 
as  Mr.  Orr  in  a  recent  issue  calculates  it  ought  to  be 
for  the  near-the-bottom  connection,  but  six  inches  and 
more  above  the  true  level. 

Many  guesses  were  made  as  to  the  cause  of  its  per- 
formance, and  I  made  a  few  myself,  my  last  being 
that  it  was  due  to  the  fact  that  the  pipe  forming  the 
lower  connection  was  exposed  to  the  hot  gases  in  the 
smoke  box.  Acting  on  this,  we  covered  the  pipe  with 
insulating  material  and  proved  that  the  last  guess  was 
the  correct   one. 

The  steam  formed  in  the  pipe  was  carrying  the  water 
up  into  the  water  column,  where  there  was  room  for 
separation  to  take  place.  R.  McLaren. 

Toronto,  Ont.,  Canada. 
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INQUIRIES 
INTEREST 


Testing  for  Water  and  Dirt  in  Fuel  Oil — What  is  a  good 
method  of  determining  the  amount  of  water  and  dirt  in 
fuel  oil?  W.  T. 

Mix  a  small  quantity  of  the  oil  in  a  glass  test  tube  with 
an  equal  quantity  of  gasoline  and  allow  the  mixture  to 
stand  in  a  warm  place  for  24  hours,  when  the  dirt  and  water 
will  settle  to  the  bottom. 


Blowdown  of  Safety  Valve — Why  does  a  safety  valve 
remain  open  after  the  boiler  pressure  has  dropped  below  the 
pressure  at  which  the  valve  is  set?  W.  E.  G. 

The  valve  remains  open  because  the  form  of  the  valve  is 
such  that  when  it  is  raised  from  its  seat  the  area  of  the 
valve  that  is  acted  upon  by  the  escaping  steam  is  greater 
than  the  area  presented  to  pressui'e  of  the  steam  within 
the  boiler  when  the  val'\:  is  closed. 


Protection  of  Steel  Smoke  Flue  from  Rusting — We  have 
considerable  trouble  from  interior  rusting  of  sheet-steel 
smoke  flues  that  connect  boiler  uptakes  with  the  chimney. 
How  can  the  corrosion  be  prevented?  W.  B.  R. 

The  best  protective  covering  for  the  purpose  is  a  wash  of 
Portland  cement  and  water  mixed  to  a  consistency  of  cold- 
water  paint  and  applied  with  a  stiff  brush  after  the  surfaces 
to  be  covered  have  been  thoroughly  scraped  and  cleaned. 


Increasing    Cushion    on    Duplex    Pump — How    can    the 

amount  of  cushioning  be  increased  on  a  duplex  pump  that  is 
not  pi-ovided  with  cushion-regulating  valves  ?         A.  R.  D. 

The  exhaust  can  be  closed  earlier,  and  thereby  provide 
for  a  longer  cushion,  by  turning  off  the  diameter  of  the 
piston  sufficiently  to  allow  for  a  piston  ring  with  an  offset 
overlapping  the  piston.  In  this  way  a  piston  ring  can  be 
used  that  will  be  as  wide  as  the  piston,  and  a  cushion  can  be 
obtained  as  long  as  the  piston  will  permit. 


Water  Rate  of  Engine — What  is  meant  by  an  engine 
running  on  12  lb.  of  water  per  horsepower-hour?         J.  E. 

The  statement  is  intended  to  signify  that  the  weight  of 
steam  consumed  is  12  lb.  per  horsepower-hour,  which  would 
be  the  weight  of  steam  generated  from  12  lb.  of  water  or 
the  "water-rate."  A  statement  of  water  rate  is  incomplete 
in  expressing  economy  of  a  steam  engine  unless  also  the 
pressure  and  quality  of  steam  supplied  and  the  back  pres- 
sure on  the  exhaust  are  specified  or  understood. 


Material  of  Clean  Tubes  Unaffected  by  Forcing  Boiler — 

What  is  the  highest  rate  of  transfer  of  heat  that  can  be 
made  through  water  tubes  of  a  boiler  without  destroying  the 
material?  J.  A.  G. 

The  highest  rate  of  heat  transfer  has  never  been  known 
to  destroy  the  metal  when  the  tubes  have  been  clean  and 
kept  covered  with  water.  The  rate  required  to  burn  out  the 
tubes  depends  on  the  circulation  and  the  kind  and  quantity 
of  scale  or  other  coating  on  the  water  side  of  the  tubes. 
When  new  tubes  have  been  burned  out  after  very  short  use, 
the  trouble  has  been  traced  to  presence  of  oil. 


Width  for  Machine  Belt — What  width  of  single  leather 
belt  would  be  suitable  for  transmission  of  S\  hp.  to  a 
machine  that  is  provided  with  an  iron  receiving  pulley  12  in. 
in  diameter,  to  i-un  275  r.p.m.?  W.  L.  F. 


Each  inch  of  good-quality  single  leather  belt  running  on 
an  iron  pulley  30  in.  in  diameter  and  making  100  r.p.m.,  or 
78.5  ft.  per  min.,  may  be  depended  upon  for  transmission  of 
1  hp.,  and  for  the  same  stress  of  belt  per  inch  of  width, 
transmission  of  SJ  hp.  to  a  12-in.  pulley  running  275  r.p.m. 
would  requii-e  a  belt  width  of 

^^ -^   X  31  =  2.9,  or  practically  3  inches. 


Testing  with  Air  Pressure — Is  air  pressure  as  reliable 
as  hydrostatic  pressure  for  testing  the  tightness  of  piping, 
boilers  or  other  pressure  containers?  H.  T. 

When  the  test  pressure  can  be  held,  testing  with  air 
pressure  is  fully  as  reliable  an  indication  of  strength  and 
tightness  as  testing  by  hydrostatic  pressure.  Original  test- 
ing by  air  pressure  alone  is  dangerous,  for  in  event  of 
rupture  of  the  pipe  or  vessel  under  test,  the  rapid  expansion 
and  high  velocity  of  the  escaping  air  and  recoil  of  the  vessel 
may  have  the  effect  of  a  destructive  explosion.  For  the 
same  reasons  serious  damage  has  frequently  resulted  in 
making  hydrostatic  tests  of  vessels  that  were  partly  filled 
with  air.  Tests  of  strength  should  first  be  made  with  hydro- 
static pressure  50  per  cent  in  excess  of  the  allowable  work- 
ing pressure.  As  air  is  more  searching  of  leaks,  the  joints 
of  piping  and  containers  for  compressed  air  or  gases  may  be 
more  thoroughly  tested  by  air  pressure,  but  in  eases  where 
it  is  desirable  to  insure  against  an  explosive  effect,  testing 
by  air  pressure  should  be  preceded  by  a  higher  hydrostatic 
pressure. 


Causes  of  Failure  of  Injector — What  may  be  the  cause  of 
failure  in  operation  of  an  injector?  The  tubes  and  parts 
are  clean  and  show  very  little  wear.  W.  H.  A. 

The  trouble  may  be  due  to  a  leaky  suction  pipe.  Plug 
the  ends  of  the  suction  and  overflow  pipes.  Then  turn  on 
the  steam  supply  and  the  location  of  any  leaks  will  be  indi- 
cated by  an  escape  of  steam.  The  injector  may  be  too  hot 
to  start,  due  to  a  leaking  steam  valve,  or  the  feed  water 
may  be  too  hot.  The  suction  pipe  or  sti'ainer  may  be 
obstructed.  Such  obstinictions  usually  can  be  removed  by 
turning  on  steam  after  blocking  the  overflow  and  closing 
the  delivery  to  the  boiler.  The  delivery  pipe  may  be  choked 
or  the  check-valve  may  be  faulty,  either  of  which  would  be 
indicated  by  discharge  at  the  overflow  or  inability  to  main- 
tain the  usual  water  level  in  the  boiler.  To  test  for  these 
defects,  place  an  accurate  pressure  gage  on  the  delivery 
side  of  the  injector  and  note  whether  it  indicates  pressure 
in  excess  of  the  boiler  pressure.  It  may  be  that  the  steam 
supply  pipe  is  choked  or  that  the  injector  is  supplied  by 
wet  steam,  caused  by  foaming  or  priming  of  the  boiler. 
The  steam  supplied  should  be  taken  from  an  independent 
connection  out  of  the  highest  part  of  the  boiler  to  insure 
dryness.  On  the  other  hand,  supei'heated  steam  will  not 
usually  give  results  as  satisfactory  as  dry  saturated  steam, 
as  sufficient  time  may  not  be  permitted  for  its  condensation 
in  the  injector. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.! 
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The  followinj!:  answers  to  requests  for  interpretations 
of  the  Hoiler  ("ode  have  been  i)reparecl  by  the  Boiler 
Code  v'onimittee  and  approved  by  the  Council  of  the 
American  Society  of  Mechanical  Kn^ineers.  The  formal 
inquiry  and  reply  are  K'ven  tojrether  with  explanatory 
references  to  the  Code  and  illustrations  where  necessary 
for  a  better  understandinK  of  the  interpretations  as 
issued. 

Case  No.  253  (Previously  Annulled) — Inquiry:  Is  it 
permissible  under  the  rcquireoients  of  the  Boiler  Code  to 
use  for  boiler  construction,  tubes  or  flues  that  have  been 
formed  into  the  desired  lenjiths  by  welding  together  at  their 
ends,  short  lengths  of  such  tubing  by  the  electric  pressure 
welding  process,  provided  the  metal  upset  at  the  weld  is 
immediately  rolled  down  to  the  proper  thickness  while 
under  the  heat  of  the  weld? 

Reply:  It  is  the  opinion  of  the  committee  that  while 
tJierc  is  no  objection  to  the  safe-ending  of  tubes  for  fire-tube 
boilers  by  a  suitable  welding  process,  the  suggested  method 
of  making  the  tube  from  a  number  of  small  pieces  would 
be  an  objectionable  practice.  The  committee  does  not  con- 
sider the  practice  of  safe-ending  of  tubes  to  be  suitable 
for  water-tube  boilers. 

Case  No.  2G8  (Reopened) — Inquiry:  (a)  Inasmuch  as 
the  discharge  of  feed  water  into  vertical  fire-tube  boilers 
in  accordance  with  the  requirement  of  Par.  316  of  the  Boiler 
Code  has  caused  serious  difficulties  from  leaky  tubes  in  the 
lower  tube  sheet,  a   reconsideration   is   requested   of   Case 


Hand  Hole 
\^'  Feed 

'^'1  i'T= 

~ — ^  diowoff 


Reply:  (a)  It  is  the  opinion  of  the  committee  that 
Par.  310  does  not  permit  of  discharging  the  feed  water  in 
the  water  leg  of  a  vertical  lire-tube  boiler,  and  that  difli- 
culties  with  leaky  tubes  may  be  avoided  by  the  use  of  an 
internal  feed  pipe  which  does  not  discharge  into  the  water 
leg. 

(6)  It  is  the  opinion  of  the  committee  that  such  a  method 
of  delivery  of  feed  water  to  a  vertical  tubular  boiler  through 
an  internal  pocket  or  baffle  above  the  water  leg,  with  hand- 
hole  opening  for  cleaning,  is  in  full  accordance  with  the 
requirements  of  the  Boiler  Code. 

Case  No.  275 — ln(|uiry:  Is  autogenous 
welding  permissible  for  the  longitudinal 
joint  of  the  firebox  of  a  form  of  vertical 
boiler  as  shown  in  the  illustration,  where 
the  furnace  section  is,  after  welding, 
heated  and  corrugated  by  rolls?  The 
corrugations  are  rolled  to  a  depth  of 
IJ  in.  on  8-in.  centers,  and  the  weld 
.shows  no  fracture  or  distress  after 
eithor  corrugating  or  flanging. 

Reply:  It  is  the  opinion  of  the  com- 
mittee that  the  construction  referred  to, 
fully  ccniplies  with  the  requirement  of 
Par.   186  of  the  Boiler  Code. 

Par.  186.  Woldcd  .Ioint.s.  The  ultimate 
strength  of  a  joint  which  ha.s  been  properly 
welded  by  the  forging  proce.ss,  shall  be  taken 
as  28,500  lb.  per  sq.in..  with  .steel  plates 
having  a  range  in  ten.sile  strength  of  4  5,000 
to  55,000  lb.  per  sq.in.  Autogenou.s  welding 
may    be    used    in    boilers    in    eases    where   the 

.strain  is  carried  by  other  construction  which  conforms  to  the 
requirements  of  the  Code  and  where  the  safety  of  the  structure  i.s 
not  dependent  upon  the  strength  of  the  weld. 

Case  No.  278 — Inquiry:  What  would  be  considered  the 
lowest  permissible  water  level  for  a  vertical  water-tube 
boiler  of  the  type  shewn  in  the  illustration?  Par.  430i,'  of 
the  Boiler  Code  to  which  reference  is  made  in  Par.  291 
relative  to  the  lowest  permissible  water  level,  leaves  the 
location  rather  problematical,  as  there  may  be  a  difference 
in  opinion  as  to  what  the  lowest  permissible  water  level 
may  be. 
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CASE   268   ARRANGEMENT   OF  FEED    INLET 
IN    VERTICAL    BOILER 


SHOWING  SPECIAL  DESIGN  OF 
WATER-TUBE  BOILER 


No.  145,  in  which  the  opinion  of  the  Boiler  Code  Committee 
is  given  that  the  discharge  of  feed  water  in  the  water  leg 
of  a  vertical  fire-tube  boiler  is  not  permissible. 

(6)  In  case  it  is  ruled  that  such  discharge  of  feed  water 
into  the  water  leg  of  a  vertical  fire-tube  boiler  is  not  allowed, 
is  it  permissible  to  protect  the  feed-water  discharge  through 
a  feed-water  pocket  riveted  within  the  shell  at  a  point  above 
the  water  leg,  with  handhole  opening  for  cleaning? 

Par.  316.  Feed  water  shall  not  discharge  in  a  boiler  close  to 
riveted  joints  in  the  shell  oi-  to  furnace  sheets. 


Par.  291  provides  that  each  boiler  shall  have  at  least  one  water- 
gage  glass,  the  lowest  visible  part  of  which  shall  be  not  less  than 
2  in.  above  the  lowest  permissible  water  level.  The  lowest  per- 
missible water  level  for  various  classes  of  boilers  shall  be  the 
location  for  the  fusible  plug  as  given  in  Par.  430  of  the  Appen- 
dix. «» 

Par.  430,  after  providing  for  the  location  of  fusible  plugs  in 
various  standard  types  of  boilers,  provides,  "For  other  types  and 
new  designs,  fusible  plugs  shall  be  placed  at  the  lowest  permis- 
sible water  level,  in  the  direct  path  of  the  products  of  combustion, 
as  near  the  primary  combustion  chamber  as  possible. 

Reply:  It  is  the  opinion  of  the  committee  that  for  a 
water-tube  boiler  of  the  design  illustrated,  a  location  for  the 
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CASE    283.      OBLIQUK    TUBE    IN 
WATKR-TUBE    BOILER 


lowest  permissible  water  level  such  as  referred  to  in   I'ar. 
430i  would  be  a  suitable  and  safe  construction. 

I'ur.  ■lHUi.  In  Stirling  boilirs.  supui-hcattT  t.\  pi- — lllic-  locution 
of  till-  fusibk'  plug)  In  the  front  drum,  not  less  than  G  in.  abovi' 
the  bottom  of  Iho  (hum,  exposed  to  the  products  of  combus- 
tion, and  projicting  through   the  sheet  not  less  than   1   inch. 

Case  No.  283 — Inquiry:  In  the  construction  of  a  water- 
tube  boiler  in  which  the  tubes  enter  the  tube  sheet  at  an 
angle  as  great  as  20  deg.  from  the  normal,  may  the  require- 
ments of  Par.  252  of 
the  Boiler  Code  be 
fulfilled  if  the  least 
projection  of  the  tube 
be  not  less  than  .'  in. 
and  the  maximum  not 
more  than  J  in.? 

Par.  252  provides  that 
the  ends  of  all  tubes, 
suspension      tubes      and 

r        nipples       of      water-tube 
boilers   and  superheaters 
shall      project      through 
'H,   Hule  tor  thf'  tube  sheets  or  head- 

flarinq  in     I  --'■«    ""^    l''^,**    "'an    .'.    in. 

tofhisol&mefer  f°'«  '"^""S" 

Reply:  It  is  the 
opinion  of  the  com- 
mittee that  Par.  252 
applies  to  tubes  which 
enter  normally  to  the 
sheet  and  that  where 
the  tubes  are  at  an 
angle,  the  least  pro- 
jection of  the  tube  should  be  not  less  than  \  in.  or  more  than 
J  in.,  which  may  result  in  the  tube  projecting  more  than 
J  in.  at  other  points.  The  rule  given  in  Par.  251  for  flaring 
should  apply  to  the  true  diameter  of  the  tube  hole  measured 
in  a  plane  at  right  angles  to  the  tube  end  and  not  to  the 
maximum  tliameter  of  the  elliptical  opening  in  the  tube 
sheet. 

Par.  2.')1  provides  that  the  ends  of  all  tubes,  suspension  tubes 
and  nipples  shall  be  flared  not  less  than  i  in.  over  the  diameter 
of  the  tube  hole  on  all  water-tube  boilers  and  superheaters,  or 
they  may  be  flared  not  less  than  J  in.,  rolled  and  beaded,  or 
flared,  rolled  and  welded. 

Case  No.  287 — Inquiry:  Is  it  permissible  to  burn  off  the 
edges  of  boiler  plates  and  use  them  without  any  finish 
where  sheared  edges  would  be  permitted  by  the  rules  in  the 
Boiler  Code? 

Reply:    The  code  does  not  prohibit  the  practice  suggested. 
Case  No.  288 — Inquiry:    Where  a  manhole  is  applied  to 
the  head  of  a  dome  and  an  opening  for  access  to  the  boiler 
is  placed  in  the  shell 
under  the  dome,  is  it 
necessary      to      rein- 
force this  opening  in 

accordance    with    the  ,'''©  ©" 

requirements  of   Par.  /'      Q^.@-^-^©      e^ 

260?  /Uri>*--'  ~\^U\ 

Par.  260  provides  that 
manhole  frames  on 
shells  or  drums  when 
used,  shall  liave  the 
proper  cuivature,  and 
on  boilers  over  48  in. 
in  diameter  shall  be  riv- 
eted to  the  shell  or  drum 
with  two  rows  of  rivets. 
which  may  be  pitched  as 
shown  in  the  illustra- 
tion. The  strength  of 
manhole  frames  and  re- 
inforcing rings  shall  be 
at  least  equal  to  the 
tensile  strength  of  th^- 
maximum  amount  of  the 
shell  plate  removed  by 
the     opening     and     livet 

holes  for  the  reinforcement  on  any  line  parallel  to  tlu'  longitudinal 
axis   of   the   shell   through    tlie   manhole,    or   other   opening. 

Reply:  It  is  the  opinion  of  the  committee  that  such  an 
opening  should  be  reinforced  in  accordance  with  the  re- 
quirements of  Par.  260.  The  reinforcing  effect  of  the  base 
of  the  dome  may  be  included  in  calculating  the  reinforce- 
ment. 

Case  No.  291 — Inquiry:  In  the  case  of  a  special  arrange- 
ment of  spacing  of  tube  holes  in  the  shells  of  the  drums  of 
a  water-tube  boiler  with  the  pitch  unequal  in  every  second 
row,  but  shifting  the  adjoining  rows  to  an  exact  stagger,  as 


CASE 


REIXFORCINfl    RIN(; 
FOR   MAXHOT.E 


shown  in  the  sketch,  is  it  proper  to  calculate  the  efficiencies  of 
ligaments  under  the  requirements  of  Par.  192  or  193  of  the 
Boiler  Code? 

Par.  192.  When  a  shell  or  drum  is  drilled  for  tubes  in  a  line 
liarallel  to  the  axis  of  the  shell  or  drum,  the  efficiency  of  the 
ligament  between  the  tube  lioles  shall  be  determined  as  follows: 

(I  When  the  pitch  of  llu-  tube  holes  on  every  row  is  equal,  the 
rorniula.    is: 


P 


where  J)    —    pitch   of   tube   hoi 
tube  holes  in  inches. 

b   Where  the  pitch  of  tin-  lu 
the  formula   is  : 


=    eflilciency    of    ligament 

in    inches,    and   d    =    diameter   of 
holes   on   an 


row  is  unequal 


P  - 


nd 


efficiency    of   ligament 


wliere  ji  _  unit  length  of  ligament  in  inches,  )i  =  number  of 
tube  holes  in  length  p,  and  d  —  diameter  of  tube  holes  in  inches. 
Example    spacing    shown     in     Fig.     1.       Diameter     of     tube    holes 


p  —  ml        29.2.5 


p  29.25 

c.      The   strength    of    those    liganii 
hich  are  subject  to  longitudinal  sti 


=    n.4;i9,    efficiency   of    ligament 


between    the    tube    holes 
shall  be  at  least  one-half 
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CASE    291.      .'<PEC1.\L,   ARRANGEMENT   OF   TT^BE   HOI.ES 
IN   WATER-Tl'P.E    BOILER 


the  required  strengtli  of  those  ligament.-;  wliich  tome  between  the 
tube  holes  which  are  subjected  to  a  circumferential  stress. 
Par.  193.  When  a  shell  or  drum  is  drilled  for  tube  holes  so  as 
to  form  diagonal  ligaments,  the  efficiency  of  these  ligaments 
shall  be  that  given  by  the  diagram  (diagram  given  in  the  Code 
is  too  large  for  reproduction  here).  In  this  diagram  the  abscis- 
sas are  ^,  and  the  ordinates  are  — ,  where  n  =  longitudinal  pitch 
d  p 

of  the  tube  holes  in  inches,  p'  =  diagonal  pitch  of  the  tube 
holes  in  inches,  and  d  =  diameter  of  the  tube  holes  in  inchee. 

To  use  the  diagram  the  values   of        and    -    are  computed   and 

tlie  efficiency  for  the  corresponding  point  is  read  off  from  the 
di.-igram.  Should  the  point  fall  above  the  cuive  of  equal  efficiency 
for  the  diagonal  and  longitudinal  ligaments,  the  longitudinal 
ligaments  will  be  the  weaker,  in  which  case  the  efficiency  is  com- 
puted as  in  Par.   192. 

Reply:  It  is  the  opinion  of  the  committee  that  the 
efficiency  of  the  tube  sheet  should  be  obtained  by  employing 
the  method  outlined  in  Pars.  192  and  193  of  the  Code  for 
diagonal  ligaments.  All  possible  methods  of  failure  should 
be  assumed  and  the  lowest  value  obtained  through  any  one 
of  the  methods,  should  be  used. 
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C.VSE    J91.      ARRANGEMENT   OK  TUBE   HOLES   TO   ILLTTS- 
TR.\TE    EXAMPLE   IN   PARAGRAPH    192   OF   CODE 

Case  No.  292 — Inquiry:  In  the  case  of  a  triple-riveted 
butt  and  double-strap  joint  with  the  pitch  of  rivets  in  the 
first  and  third  rows  one-half  of  that  of  the  second  row,  as 
shown  in  the  illustration,  what  is  the  proper  method  of 
determining  the  back  pitch  between  the  first,  or  inner,  and 
second,  or  middle,  rows  of  rivet  holes? 

Reply:  It  is  the  opinion  of  the  committee  that  the  back 
pitch  required  between  the  first,  or  inner,  and  the  second,  or 
middle,  vows  of  rivet  holes  in  such  a  design  of  joint  shall 
be  governed  by  the  rules  of  Par.  182  for  determining  the 
back  pitch  between  the  second  and  third  or  outer  rows  of 
rivets. 
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Par.  ISL'.  Th.-  iIIm«iiiii-.-  ImI\M"Ii  Hk'  i  rnli  t  llr>i-»  nf  iiny  !»>• 
iiilJiiKiit  riiwx  of  I'lvctn.  or  thi'  "bark  pltih"  iiiciuiiii'ihI  at  ilk-lil 
iiiikI<'«  to  (III-  UlrrctliiM  nf  Ihr  Jiiliil.  Khali  havi-  tin-  rnllowliiK  liiliil- 
liiiiiii    \  aliii'H  : 

II.    If    ''   Ik    I    or    li'NK.    til.'    iiilnliniini    vmIik-    Khali    b<'    2    l>. 


whcTf  P  -  pitch  of  rIvi'lK  In  oiiliT  rnw.  where  i\  rivi-l  Iti  Ih.' 
liiniT  row  fonioH  nililway  bctwi'i'ii  two  rIvctM  In  the  Inner  mw.  In 
Inelii*  :    /'  pUeh    .if   ilvel.t    In    Ih.-   .niter    i  nw    I.  kk    pit.  h    ..r    i  Iv.'ts 
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in  the  inner  row,  where  two  rivets  in  the  inner  row  come  between 
two  rivets  in  the  outer  row.  in  inches  (It  Is  here  assumed  that 
the  joints  are  of  the  usual  construction  where  the  rivet.s  are 
svnimetricallv  spaced)  :  D  =  diameter  of  rivets  in  inches. 
■  In  the  illustration  herewith  the  sewjnd  value  of  P  should  be 
used  ;  that  is,  P   —   P,  —  i'.. 

Ca.se  No.  294 — Inquiry:  Is  it  the  intent  of  Par.  331  of  the 
Boiler  Code  that  at  least  one  complete  set  of  the  four  stamps 
specified  for  boiler  plate  in  Par.  36  remain  visible  after  the 
completion  of  the  boiler,  or  if  the  slab  or  melt  number  is 
invisible,  are  the  remaining  markings  sufficient  to  meet  the 
Code  requirements? 

Par.  Xo.  36.  Marking,  a.  Each  plate  shall  be  legibly  stamped 
bv  .  the  manufacturer  with  the  melt  or  slab  number,  name  of 
manufacturer,  grade  and  the  minimum  tensile  strength  of  the 
stipulated  range  as  specified  in  Par.  28,  in  three  places,  two  of 
which  shall  be  located  on  diagonal  corners  about  twelve  inches 
from  the  edge,  and  one  about  the  center  of  the  plate,  or  at  a 
point  selected  and  designated  by  the  purchaser  so  that  the  stamp 
shall  be  plainlv  visible  when  the  boiler  is  completed. 

b.  Each  head  sliall  be  legibly  stamped  by  the  manufacturer 
in  two  places,  about  twelve  inches  from  the  edge,  with  the  same 
marks  in  such  a  manner  that  the  stamp  is  plainly  visible  when 
the  boiler  is  completed. 

c.  Each  butt  strap  shall  be  legibly  stamped  by  the  manufac- 
turer in  two  places  on  the  center  line  about  twelve  inches  from 
the   end   with   the   same   marks. 

Par.  No.  331.  Stamping  of  Boilers.  In  laying  out  shell  plates, 
furnace  sheets  and  luads  in  the  boiler  shop,  care  shall  be  taken 
to  leave  at  Iea.*t  one  of  tin-  stamps,  specified  in  Par.  36  of  these 
rules,  so  located  as  to  be  plainly  visible  after  the  boiler  is  com- 
pleted :  except  that  the  tube  sheets  of  a  vertical  fire-tube  boiler, 
and  butt  straps  shall  at  least  have  a  portion  of  such  stamp 
visible  sufficient  for  identification  when  the  boiler  is  completed. 

Reply:  It  is  the  opinion  cf  the  committee  that  all  the 
information  which  the  Code  requires  to  be  stamped  on  the 
plates  at  the  mills  must  be  obtainable  from  the  finished 
drum  structure  for  each  plate.  All  four  stamps  need  not 
be  visible  at  a  given  point  if  the  fragments  from  various 
sets  can  be  pieced  together  so  as  to  give  the  desired 
information. 

Case  No.  295 — Inquiry:  How  may  an  inspector  in  the 
field  know  the  range  of  tensile  strength  of  boiler  plate?  Is 
it  not  customary  for  the  boiler-plate  manufacturer  to  state 
the  range  on  the  test  sheets  furnished  to  the  purchaser? 

Reply:  Attention  is  called  to  the  fact  that  the  range  for 
all  classes  of  stael  specified  in  the  Code  is  10,000  lb.  per 
sq.in.,  and  the  tensile  strength  stamped  on  the  plate 
indicates  the  minimum  of  this  range,  which  minimum  under 
the  rules  must  not  exceed  .55,000  lb.  per  sq.in. 

Case  No.  296 — Inquiry:  Will  a  water-tube  boiler  of  a 
type  largely  used  in  marine  service,  the  heating  surface  of 
which  is  constructed  mainly  of  iron  pipe  screwed  into 
malleable  iron  and  steel  fittings,  meet  the  requirements  of 
the  Boiler  Code,  if  the  pipe  used  is  a  special  quality  of 
■redrawn  lap-welded  iron  pipe  of  puddled  stock  and  tested 
to  1,000  lb.  hydraulic  pressure? 


Ki'()ly:  There  is  nothing  in  the  Boiler  Code  to  cover  tin 
u.se  of  iron  pipes  for  the  tubes  of  such  u  boiler  with  screwed 
joints.  Until  .such  a  time  that  the  specification.H  for  pipint; 
have  been  formulated,  the  Boiler  Code  Committee  wouid 
consider  that  if  the  other  re()uirements  of  the  Boiler  Code 
lire  met,  special  redrawn  pipe  not  to  exceed  14-in,  standard 
pijje  size  nuide  from  lap-welded  iron  of  puddled  stock  and 
tested  to  1,000  lb.  hydraulic  pressure,  may  be  used  for  a 
working  pressure  not  to  exceed  200  lb.  per  sq.in.,  provided 
the  wall  thickness  is  at  least  50  per  cent  greater  than  the 
wall  thickness  re(|uired  by  the  Code  for  tubes  of  water-tube 
boilers. 

Case  No.  297 — Inquiry:  Will  the  requirements  in  the 
Boiler  Code  for  automatic  water  gages  be  met  under  the 
terms  of  Par.  427c,  if  the  shutoff  valve  in  the  upper  filtinir 
has  a  projection  which  pushes  the  ball  away  from  the  -eat 
for  a  distance  of  i  in.,  causing  the  ball  to  drop  to  a  posiimn 
considerably  greater  than  i  in.  away  from  its  seat? 

I'ar.  No.  427.  Automatic  shutoff  valve  on  water  gages.  If  i-j- 
mitted  to  be  used,  shall  conform  to  the  following  requlremeni.^ ; 
(a)  Check  valve  in  upijer  and  lower  fltting.s  mu.st  be  of  the  solid 
non-ferrous  ball  type  to  avoid  corrosion  and  the  n.-cesslty  for 
guides  .      .  (e)    The   shutoff   valve    in    the    upper    fitting    must 

have  a  projection  which  holds  the  b.all  at  least  j   In.  away  from 
Its  seat  when  the  shut  oft  valve  is  closed. 

Reply:  It  is  the  opinion  of  the  committee  that  the  intent 
of  the  requirements  of  the  Code  will  be  met  in  the  con- 
struction described. 

Case  No.  298 — Inquiry:  Is  it  permissible  in  the  case  of 
a  forged-steel  steam  outlet  riveted  to  the  boiler  shell  to  use 
a  wrought-steel  flange  screwed  to  the  outer  end  of  the  end- 
neck,  the  neck  being  properly  threaded  and  peened  over  into 
a  beveled  part  cut  away  from  the  flange? 

Reply:  It  is  the  opinion  of  the  committee  that  this 
method  of  forming  a  steam  outlet  connection  meets  the 
requirements  of  the  rules  in  the  Boiler  Code. 

Supply  Lines  for  Gas  Engines  and 
Other  Large  Appliances 

The  piping  code  of  the  National  Fire  Protection  Asso- 
ciation, approved  at  the  May,  1920,  convention,  includes 
the  following  recommendations  regarding  supply  lines  for 
gas  engines.  These  rules  will  doubtless  form  a  portion  of 
the  National  Board  of  Fire  Undei'writers'  insurance  re- 
quirements and  building  piping. 

The  pipe  to  supply  gas  to  a  gas  engine  or  other  appliance 
of  large  consumption  or  high  momentary  demand  shall,  in 
every  case,  be  carried  back  far  enough  independent  of  other 
piping,  or  other  provision  be  made,  to  insure  that  the  pres- 
sure at  the  other  appliances  is  not  disturbed  by  the  opera- 
tion of  this  appliance.  Before  the  installation  of  the  pipe  j 
for  a  gas  engine  is  begun,  consultation  with  the  gas  com- 
pany is  recommended,  and  the  following  precautions  should] 
be  observed  whenever  practicable: 

1.  Every  gas  piping  system  should  be  of  adequate  size] 
and  so  designed  as  to  give  as  nearly  equal  distribution  asj 
possible,  and  in  large  installations  a  circulating  system  is  J 
recommended  to  give  a  more  uniform  pressure  throughout. 

2.  Piping  and  connections  shall  be  run  as  directly  asl 
possible. 

3.  Gas  bags,  if  used  to  supply  high  momentary  demand 
and  maintain  constant  pressure,  must  be  inclosed  in  a  sub- 
stantial gastight  metal  drum  of  approved  construction, 
vented  to  the  outer  air  through  a  pipe  used  for  ni  other 
purpose,  and  the  outer  end  have  protected  turned-down 
fitting  to  prevent  clogging. 

.  4.  When  not  otherwise  provided  for,  the  regulator  should] 
be  arranged  with  an  automatic  gas  shutoff  to  prevent  the! 
{\ovf  of  gas  into  the  room  in  case  the  engine  shuts  downj 
from  any  cause. 


A  perpetual  right  to  the  water-power  resources   of  the^ 
Skagit  River,  Washington,  as  a  source  of  power  for  munic- 
ipal light  and  powder  purposes  in  Seattle  has  been  given  thel 
city  by  the  United   States   Government.     The  city  is   now  1 
engaged  in  the  preliminary  work  on  a  project  for  the  de- 
velopment of  50,000  hp.,  the  cost  of  which  is  estimated  at 
$7,000,000  and  which  it  is  believed  will  prove  to  be  one  of 
the  best   water-power  projects   in   Washington,   furnishing 
ample  power  for  operation  of  street  car  lines,  street  light- 
ing and  an  immense  surplus  for  sale  to  private  consumers. 
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Electric  Power  for  Pumping' 


BRIEFLY  stated,  the  advantages  commonly  claimed  for 
electric-motor-diven  pumps  are  low  operating  expense, 
low  first  cost,  compactness  and  simplicity,  flexibility  as 
to  location,  cleanliness,  sturdiness  and  ease  of  control. 

Operating  expenses  include  sucli  items  as  energy  or  fuel, 
attendance,  suppl-es  and  the  repairs  necessary  to  maintain 
the  machinery  in  operating  condition.  Most  electric-motor- 
driven  pumps  require  very  little  attention  as  there  are  no 
parts  exposed  to  high  temperatures  and  the  lubrication  is 
accomplished  by  ring  oilers  or  other  devices  which  require 
only  occasional  inspection.  The  pumps  are  frequently 
located  in  remote  wellhouses  and  visited  daily  or  weekly,  as 
the  case'  may  be,  for  inspection;  the  operation  being  con- 
trolled either  manually  from  the  power  house  or  central 
office,  or  automatically  by  a  pressure-controlled  switch.  The 
great  saving  in  labor  costs  constitutes  one  of  the  most  im- 
portant advantages  of  motor-driven  pump.s.  In  a  sjnall 
installation  the  energy  costs  are  usually  lower  than  the 
cost  of  the  fuel  that  would  be  required  by  a  steam  plant. 
This  is  true  despite  the  fact  that  coal  is  used  to  generate 


Probably  the  greatest  objection  urged  against  the  electric 
motor  is  lack  of  reliability.  This  objection  is  based  largely 
on  the  fact  that  the  electric  motor  is  not  a  prime  mover, 
but  is  dependent  for  its  energy  supply  over  a  transmission 
line  from  a  central  station.  The  electric  motor  itself,  if 
properly  applied,  is  the  most  reliable  of  all  driving  powers. 
This  has  been  demonstrated  many  times  in  recent  years 
in  all  sorts  of  service  ranging  in  variety  from  clock  mech- 
anisms to  battleships. 

Even  when  the  risks  incident  to  transmission  line  or  cen- 
tral-station breakdown  are  taken  into  account,  electric  drive 
compares  favorably  with  a  steam  plant  equipped  with  a 
single  boiler  and  pump.  Furthermore,  electric-service  in- 
terruptions are  usually  of  only  a  few  hours'  duration  at 
most  and  ai'e  therefore  not  of  as  great  importance  as  the 
breakdown  of  a  steam  boiler.  In  some  localities  other  diffi- 
culties, such  as  variable  voltage  or  frequency  or  high  cost 
of  power  service,  arise.  These  difficulties  are  particularly 
likely  to  occur  where  the  source  of  power  supply  is  a  small 
local  plant. 
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Kiv.-Hr 


Annual  Annual 

Pumpage  IJnergy 

Population  Total  Hia.l  Million  Consuniption  1000  ('. 

Clal  Kw-llr 


A 

13,000 

B 

10,000 

C 

8,700 

D 

3,800 

E 

2,500 

F 

2,400 

G 

2,400 

H 

1,900 

I 

1,600 

.1 

1,400 

K 

1,400 

L 

1,300 

M 

1,200 

N 

1,200 

0 

1,100 

P 

1,100 

Q 

800 

R 

bOO 

*  Estimated 

115 
484 
212 
150 
102 
135 
160 
100 
120 
100 
132 
106 
148 
120 
137 
125 
144 
145 


Avt-rage  kw  -hr   per  1000  gal 
Average  kw  -lir   por  1000  gal.  o<r  100  ft.  head 
.\verage  operating  i-o,st  per  1000  gal.  in  cents       ... 
Average  operating  coat  per  1000  gal.  per  100  ft.  head  in 


300" 

383,300 

478 

1,565,000 

422  4* 

307.130 

36"^ 

52,800 

69  8 

(4.810 

66  83 

75,140 

b46  25* 

129,250 

43  08 

■)8,30O 

98,455 

55.1 

60,000 

18* 

27,912 

30* 

8,230 

43  12 

100,000 

5,878 

5,888 

10  9< 

26,740 

13* 

3,770 

13.330 

the  electrical  energy  in  the  first  place  and  that  this  energy 
must  be  carried  over  a  transmission  line  and  used  in  a 
motor.  The  reason  for  this  is  that  with  a  steam  plant 
considerable  fuel  is  lost  in  getting  up  steam,  banked  fires, 
steam  leakage  and  other  boiler  losses.  Also  direct-acting 
steam  pumps  commonly  used  in  such  plants  take  steam 
the  full  length  of  stroke  and  are  very  inefficient  as  com- 
pared with  the  large  steam  turbines  commonly  used  in  cen- 
tral power  stations.  With  most  types  of  motor-driven 
pumps  supplies  and  maintenance  expenses  are  lower  than 
with  steam  pumps  because  of  the  greater  simplicity  of  the 
pump'ng  equipment. 

The  first  cost  of  a  plant  is  important  because  upon  it  the 
fixed  charges — interest,  depreciation,  insurance  and  taxes 
— are  dependent.  These  charges  form  an  important  item  in 
the  cost  of  service.  The  first  cost  of  a  motor-driven  pump- 
ing plant  is  low  because  electric  motors  operate  at  h  gh 
speed  and  therefore  are  small  considering  the  power  they 
develop.  Also,  they  do  not  require  a  boiler  plant  and  ai'e 
more  compact  in  construction  than  steam  equipment.  The 
building  for  housing  the  pumping  plant  is  much  smaller 
and  costs  a  great  deal  less  than  one  necessary  to  house  a 
steam  plant. 

Where  the  water  is  pumped  from  widely  separated  deep 
wells,  the  advantage  of  flexibility  becomes  important,  as  a 
motor-driven  pump  can  be  placed  at  each  well  and  con- 
trolled from  a  remote  point  either  manually  or  auto- 
matically. 


•Abstract  tYoni  tJuUotin  No.  4  (100  pages),  "The  Application 
of  Electric  Motive  Power  to  Small  Waterworks  Plants  in  Indiana," 
by  D.  D.  Ewing,  profcs-sor  of  electric  railway  engineering,  and 
G.  C.  Blalock,  instructor  of  electric  engineering,  Purdue  Uni- 
versity. Published  by  Engineering  Experimental  Station,  Purdue 
University.   I-afayettf.    Ind. 


1  28 
3  28 
0.73 
1   47 

0  93 

1  12 
0.20 
I    35 

I    09 

1  55 
0  27 

2  32 


I000t;:il 

per 

100  I't    ilei 

111 
0  68 
0  34 
0  98 
0  91 
0   825 

0  125 

1  35 

I  09 

1  17 

0  25 

1  57 


1.96 
0   20 


INHl'Kt'iKiN  TKll'S,    1919 

Total 

-Vniuial  Operating 

( >perating  Cost  per 

Cost  1000  Gal 

Dollars  Cenb- 


14,603  58 

15,174  II 
14,000 

1,210  23 
2,411,05 

3,849  56 

1,494  51 

6,263  60 

1,634 

658  24 

263  30 

3,850 

329  23 
333,55 

1,835  14 

515  20 
805 


4  86 
3  20 
3  31 
3.36 
3.45 
5.76 

3   50 

2,97 
3.66 
0  88 
8  93 


OpeiatiT  K 

C'ost  per 

1000  Gal 

per 

100  Ft.  Head 

Cents 

4.23 

0.66 

1  56 

2  24 
3.38 
4  24 

3  50 

2.97 
2.77 
0  83 

6  05 


13.5 
2  75 


The  energy  required  by  a  motor-driven  pump  is  usually 
expressed  in  kilowatt-hours  per  1,000  gal.  of  water  pumped. 
This  is  not  a  very  satisfactory  measure  of  performance  as 
pumps  work  between  wide  ranges  of  suction  lifts  and  dis- 
charge heads  and  therefore  the  energy  requirements  dffer 
greatly.  For  large  low-head  pumps  the  energy  required 
may  be  as  low  as  0.4  kw.-hr.  per  1,000  gal.,  and  for  small 
high-head  pumps  it  may  be  as  high  as  10  kw.-hr.  per  1,000 
gal.  For  average  conditions  in  the  small  plants  of  the 
State  of  Indiana,  1.25  kw.-hr.  per  1,000  gal.  seems  a  fair 
figure.  A  better  measure  of  performance  is  the  amount  of 
energy  required  to  lift  1,000  gal.  of  water  100  ft.  In  an 
analysis  of  actual  operating  performances  given  in  the 
table,  both  of  these  measures  of  performance  are  used. 

The  annual  cost  of  energy  for  a  given  plant  depends  quite 
as  much  on  the  cost  per  kilowatt-hour  as  on  the  amount  of 
energy  used.  Rates  vary  through  a  wide  range,  being 
dependent  on  the  size,  kind  and  location  of  the  central 
power  station.  Also  they  may  be  affected  by  the  nature 
and  magnitude  of  the  energy  requirements  of  the  load. 
They  usually  contain  a  charge  more  or  less  dependent  on 
the  aggregate  horsepower  of  the  customer's  motors  as  well 
as  an  energy  charge,  these  charges  being  graded  in  accord- 
ance with  the  magnitude  of  the  customer's  requirements. 

For  the  plants  visited,  25  in  towns  ranging  from  500  to 
25,000  population,  the  average  cost  per  kilowatt-hour  for  the 
year  1918  varied  from  0.8c.  to  5c.  The  lower  cost  obtained 
in  a  fairly  large  town  which  received  its  energy  supply 
from  a  hydro-electric  plant  transmission  line,  while  the 
higher  one  prevailed  in  several  towns  receiving  their  energy 
from  small  local  plants.  An  average  for  all  the  towns  is 
about  3c.  per  k  lowatt-hour.  In  several  instances  the  power- 
company   employees   took   care   of   the    pumping   plant,   the 
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atti'iidunci-  charxcH  being  included  m  the  enerKy  rate.  In 
two  towns  the  cnerfcy  charRe  wa.s  bane<l  on  the  pumpagc, 
as  for  example,  Be.  per  1,000  gal.  of  water  pumped.  In  the 
main  this  is  neither  a  vory  fair  nor  a  satisfactory  method 
of  paying  for  energy. 

Sini-f  thi-  cost  of  I'lcetrif  i-nergy  ordinarily  depends  on  the 
nature  of  the  demand  as  well  as  on  the  actual  amount  of 
energy  used,  a  study  of  the  nature  of  the  demand  which 
a  pumping  station  imposes  on  a  power  house  is  of  interest. 
It  costs  much  less  per  kilowatt-hour  to  furnish  energy  to 
a  motor  that  runs  steadily  with  a  uniform  load  24  hours 
per  day  than  where  it  runs  only  a  few  hours  per  day. 
Also,  energy  use<l  during  periods  when  the  power  plant  is 
not  carrying  its  heaviest  load — t)ff-peak  energy  as  it  is 
usually  called-  -can  he  purchased  cheaper  than  used  during 
the  peak-load  period  of  the  day.  The  power  demand  of  a 
water  plant  with  a  given  i)umpage  will  depend  upon  the 
kind  of  water  system  and  the  type  of  pumps  used.  Where 
the  pressure  of  the  mains  is  maintained  directly  by  the 
pumps,  the  power  input  will  be  almost  constant,  while  in 
those  plants  where  the  pumps  operate  only  a  few  hours  per 
day  while  tilling  a  storage  tank,  the  power  demand  will  be 
intermittent  in  character  and  in  general  will  be  larger  than 
with  the  other  system. 

The  coal  consumed  in  pumping  water  in  small  plants  with 
steam  pumps  is  about  five  times  that  necessary  to  generate 
the  electrical  energy  required  to  pump  the  same  amount  of 
water  with  motor-driven  pumps.  The  energy  consumption 
in  properly  designed  plants  for  conditions  obtaining  in  the 
State  of  Indiana  may  be  expected  to  vary  from  0.5  to  3.0 
kw.-hr.  per  1.000  gal.,  1.25  kw.-hr.  per  1,000  gal.  being  a 
fair  average.  The  corresponding  energy  consumption  per 
1,000  gal.  per  100  ft.  of  head  varies  from  about  0.2  to  2.0 
kw.hr.,  with  1.0  as  a  fair  average.  The  first  cost  of  an 
electrically  operated  pumping  plant  is  from  25  to  50  per  cent 
of  that  of  a  steam  pumping  plant.  The  operating  expen.ses 
for  an  electrically  operated  plant  are  less  than  50  per  cent 
of  those  for  a  steam-driven  plant  and  are  appreciably  lower 
than  those  for  an  internal-combustion  engine  driven  plant. 

An  Improved  Form  of  Weir  for 
Gaging  in  Open  Channels 

In  a  paper  presented  by  Clemens  Herschel  before  the 
American  Society  of  Mechanical  Engineers  at  the  Spring 
Meeting  in  St.  Louis.  May  27,  1920,  an  improved  form  of 
weir  for  gaging  in  open  channels  is  discussed  and  an  ac- 
count of  experiments  with  this  weir  is  given.  The  proposed 
form  of  weir  is  designed  to  eliminate  the  disturbances 
caused  by  the  stream  of  water  suddenly  meeting  a  vertical 
obstruction  and  being  torn  by  a  sharp-edged  crest.  It  was 
hoped,  and  the  hope  appears  to  have  been  realized,  that 
such  a  construction  would  yield  a  formula  much  more 
simple  than  those  at  present  used.  The  experiments  made 
indicate  that,  the  discharge  in  cubic  feet  per  second  per 
foot  in  length  of  weir  is  represented  by  the  straight  line 
formula, 

Q  =  5..50d 
where  Q  is  the  discharge  and  d  is  the  difference  of  two 
observations  of  water  height  or  pressure.  One  of  these 
observations  is  taken  upstream  from  the  weir  and  is  cor- 
rected, either  automatically  or  by  computation,  for  velocity 
of  approach,  and  the  other  is  taken  at  the  crest  of  the 
weir. 

The  experiments  described  were  made  at  the  Hydraulic 
Laboratory  of  the  Massachusetts  Institute  of  Technology, 
using  two  weirs,  one  10  ft.  long  and  the  other  3  ft.  long. 
The  flow  of  water  was  measured  by  a  30-in.  venturi  meter 
for  experiments  using  more  than  about  8  cu.ft.  per' sec.  and 
by  a  16-in.  venturi  meter  for  smaller  quantities.  Variations 
of  velocity  of  approach  were  obtained  by  introducing  false 
bottoms,  or  "reduced  depth  floors,"  into  the  weir  box  to 
diminish  its  cross-sectional  area. 

The  general  design  of  the  weir  is  shown  in  the  illustra- 
tion. The  water  is  led  gently  up  to  the  crest  by  a  2  to  1 
slope.  The  crest  itself  is  made  in  the  form  of  the  arc  of  a 
circle,  and  instead  of  bothering  about  air  under  the  nappe, 
the  nappe  is  supported  on  another  2  to  1  slope  downstream 


from  the  crest.  In  this  case  the  crest  is  made  of  a  4-in. 
diameter  tube  having  a  scries  of  l-:n.  holes  so  that  the 
pressure  of  the  water  at  the  crest  may  oe  measurea.  Trial 
tests  showed  that  best  results  were  obtained  when  these 
holes  were  bore<l  at  right  angles  to  the  upstream  slope  of 
the  weir.  C'onnection  from  this  tube  with  a  hook-gage 
pail  enabled  the  height  of  water  over  the  crest  or,  more 
j)roperly,  the  pressure  due  to  the  action  of  the  water  on  the 
pizometer  orifices,  to  be  read.  The  height  of  the  water  up- 
stream was  read  in  a  hook-gage  pail  having  an  orifice  flush 
with  the  flume  side,   13.!i  ft.  upstream  from  the   weir  crest 
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anil  l.fiS  ft.  below  it  in  elevation.  Voi  the  same  rea.-ons 
that  a  vertical  faced  weir  is  objected  to,  end  contractions 
were  eliminated. 

A  pitot-tube  orifice  pointing  upstream  was  also  arranged 
to  measure  the  upstream  head  so  as  to  automatically  cor- 
rect for  the  velocity  of  approach.  Faulty  apparatus  and 
the  limited  time  available  rendered  the  readings  on  thi."^ 
device  worthless  so  the  readings  of  the  regular  hook  gage 
were  corrected  by  computations. 

As  a  result  of  these  experiments  the  author  concludes 
that  with  a  weir  of  the  proposed  shape  the  straight-line 
foiTTiula  given  may  be  used  over  the  range  of  0  to  9.55  cu.ft. 
per  sec.  per  ft.  of  weir  length  and  probably  for  greatei 
quantities.  Further  experiments  are  suggested  to  deter- 
mine the  effect,  if  any,  of  changes  in  the  radius  of  the 
crest,  and  the  value  of  the  pitot-tube  orifice  for  obtaining 
the  upstream  head.  The  factor  5.50  used  in  the  equation 
is  also  subject  to  further  experimental  investigation,  es- 
pecially to  determine  logical  reasons  for  its  value. 


The  Puget  Sound  Power  and  Light  Co.  has  registered  in 
the  ofl^ce  of  the  county  auditor  a  new  mortgage  covering 
approximately  $25,000,000  of  its  assets  made  to  the  Bos- 
ton Safe  Deposit  and  Trust  Co.,  of  Boston,  and  at  the  same 
time  registered  a  release  of  a  mortgage  covering  about  the 
same  amount  previously  given  to  the  Old  Colony  Trust  Co., 
also  of  Boston.  Each  document  was  presented  in  printed 
form  and  embraced  the  description  of  the  multitudinous 
holdings  of  the  company,  requiring  over  a  hundred  pages 
of  closely  printed  matter.  The  series  of  transactions  cited 
in  the  new  mortgage  cover  the  financial  history  of  the 
company  through  its  several  reorganizations  and  recogni- 
tion as  an  asset  the  §15,000,000  worth  of  municipal  bonds  re- 
ceived from  the  City  of  Seattle  when  that  city  acquired  the 
part  «f  the  system  which  lies  within  its  limits.  One  object 
of  the  mortgage  was  stated  to  be  to  secure  the  release  of 
$14,301,000  of  these  utility  bonds  of  the  City  of  Seattle,  now 
held  in  trust  by  the  Boston  Safe  Deposit  and  Ti-ust  Co.  The 
new  designation  of  the  company  appears  in  the  instrument 
as  the  Puget  Sound  Power  and  Light  Co.  The  amount 
of  filing  fees  collected  on  the  two  documents  was  $142.05. 


Charles  Freeman,  original  locator  of  the  power  site,  whose 
rights  were  later  acquired  by  the  city  of  Seattle,  Wash.,  has 
located  two  other  power  sites  below  the  site  w^hich  the  city 
of  Seattle  is  building  upon,  one  of  them  capable  of  de- 
veloping 20,000  hp.  and  the  other  one  10,000  hp.  Mr.  Free- 
man declines  to  state  in  whose  interests  he  is  acting  or 
what  he  or  his  associates  propose  to  do  with  the  sites,  be- 
yond saying  that  they  will  be  developed. 


Official  figures  for  British  coal  production  in  1919  are 
329,743,000  tons,  as  compared  with  227,741,000  tons  in 
1918  and  284,412,000  tons  in  1913. 
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Engineers  m  Westminster  Abbey 

I  I  did  not  know  that  there  was  in  Westminster  Abbey  a 
I  well-defined  location  for  the  tombs  and  monuments  of 
,  scientists  and  engineers.  We  all  know  of  Poets*  Corner 
and  of  the  Royal  Chapels  which  contain  the  bones  of  many 
of  England's  kings  and  queens.  But  'he  engineers'  and 
I  scientists'  corner  (an  inadequate  description  for  one  spot 
Jin  the  quiet  nave  and  in  the  north  aisie)  has  not  been  cele- 
I  brated  in  the  descriptions  of  the  abbey  that  have  come  to 
jmy  hand.  Consequently  I  was  the  happier  at  the  discovery. 
Against  the  screen  of  the  choir  stalls,  looking  in  the 
nave  is  the  monument  of  Sir  Isaac  'J'ewton,  while  directly 
in  front,  well  out  in  the  center  of  the  nave,  are  the  tombs, 
under  the  pavement,  of  Telford  and  George  Stephenson — 
!  Telford's  marked  by  one  of  the  small  square  pavement 
stones  cut  with  his  name;  Stephenson's  by  a  full  length 
floor  panel,  a  work  of  art  in  bronze.  A  statue  of  Telford 
stands  elsewhere  in  the  abbey.  What  a  place  for  a  last 
resting  place!  What  a  fitting  home  for  the  long  sleep  of 
these  master  engineers !  Above  them  springs  the  wonder- 
ful Gothic  nave,  aiuy  in  its  lightness,  yet  built  ot  stone — a 
sight  such  as  I  have  never  seen.  The  master  builders  of  a 
later  age  lie  asleep  beneath  the  work  of  the  master  builders 
of  all  time,  masters  who  outrivaled  those  of  ancient  Egypt 
or  Greece  or  Rome-  the  Gothic  cathedral  builders  of  the 
Thirteenth  Century.  Egypt  built  great  temples  and  mighty 
pyramids.  So  did  Greece  and  Rome.  But  structurally  the 
forms  were  simple.  With  the  high-flung  naves  and  cross- 
ings and  choirs  of  the  Middle  Ages  came  engineering 
problems  of  no  mean  order.  Yet  so  well  were  the  principles 
understood  that  wonderful  grace  and  appearance  of  light- 
ness were  secured.  Today,  with  all  our  advances,  we  do 
nothing  to  equal  their  master  works. 
!  But  to  return  to  the  engineers  in  Westminster. 
;  By  the  side  of  Newton,  directly  in  front  of  the  Newton 
monument,  lies  the  body  of  the  late  Lord  Kelvin,  while 
twenty  feet  to  the  north,  in  the  aisle,  lie,  side  by  side,  the 
bodies  of  Herschel  the  astronomer  and  of  Charles  Darwin. 
Above  these  graves,  casting  on  them  a  light  mellowed  by 
ithe  art  of  the  stained-glass  worker,  are  a  memorial  window 
jto  Sir  Benjamin  Baker,  the  inscription  recording  two  of  his 
great  works — the  Forth  Bridge  and  the  Assuan  Dam,  and 
another  to  Lord  Kelvin,  "Engineer  and  Natural  Philoso- 
pher," as  the  inscription  has  it.  In  this  same  north  aisle 
are  memorial  windows,  also,  to  Stephenson,  Joseph  Locke, 
designer  of  the  Crewe  Engine;  Brunei,  Trevithick,  and 
Charles  William  Siemens. 

The  Siemens  window  looks  down  on  a  group  of  tablets  to 
scientists— to  Lister,  the  physician;  Darwin;  Hooker,  the 
botanist;  Adams,  the  astronomer,  and  Joule,  the  physicist. 
The  Joule  tablet  bears  this  inscription:  "This  tablet  is 
here  placed  near  the  graves  of  Newton,  Herschel  and 
Darwin  by  those  who  in  many  lands  have  united  to  per- 
petuate the  memory  of  James  Prescott  Joule,  F.  R.  S.,  of 
Manchester,  in  recognition  of  services  rendered  to  science 
in  establishing  the  law  of  the  conservation  of  energy  and 
determinirg  the  mechanical  equivalent  of  heat." 

In  the  central  part  of  the  nave  and  the  north  aisle  are 
buried  other  great  men  with  kinship  to  engineers.  We  find 
the  tomb  of  Sir  Chai-les  Lyell,  the  geologist.  It  is  covered 
by  a  brass-lettered  slab  bearing  this  tribute:  "Throughout 
a  long  life  he  sought  the  means  of  deciphering  the  fragmen- 
tary records  of  the  earth's  history,  in  the  patient  investi- 
gation of  the  present  order  of  nature,  enlarging  the  present 
boundaries  of  knowledge  and  leaving  on  scientific  thought 
an  enduring  influence."  Out  in  the  center  of  the  nave, 
near  the  graves  of  Telford  and  Stephenson,  are  four  graves 
placed  with  singular  appropriateness  under  this  great  nave — 
mortal  remains  of  four  architects  who  played  an  important 
part  in  the  revival  of  Gothic  architecture.  They  are  Sir 
Charles  Barry,  architect  of  the  Houses  of  Parliament;  Sir 
George  Gilbert  Scott,  George  Edmund  Street  and  John 
Loughborough  Pearson. 

As  I  turned  to  leave  this  part  of  the  abbey,  after  musing 
there  an  hour,  I  chanced  to  walk  over  the  Telford  inscrip- 

•  Excerpt  from  a  letter  written  by  E.  J.  Mehren,  editor  ot 
Engineering  Newa-Rfcord,  recording  some  impressions  gained 
iibroad. 


tion  and  my  eye  caught  on  the  slab  at  Telford's  feet  the 
name  of  Livingstone — David  Livingstone,  the  African 
explorer;  and  the  thought  struck  me  that  he  was  in  kindred 
company.  He  explored  an  unknown  country;  he  extended 
the  bounds  of  knowledge  regarding  a  section  of  the  earth's 
surface.  So  did  Telford  and  Stephenson  and  Lyell  explore 
the  unknown;  so  did  they  and  their  great  fellow  engineers 
and  scientists  about  them  extend  the  bounds  of  knowledge. 
They,  no  less  than  he,  were  explorers  of  a  dark  continent 
and  have  placed  humanity  under  tribute  for  all  ;!me. 


Inquiry  Into  Coal  Situation  by 
Senate  Committee 

Charging  that  great  quantities  of  American  coai  were 
being  exported  to  European  countries  despite  the  embargo 
on  fuel  exports,  James  J.  Storrow,  State  Fuel  Adminis- 
trator of  Massachusetts,  offered  testimony  at  the  opening 
of  the  inquiry  nf  the  Senate  Committee  on  Reconstruction 
and  Production,  Tuesday,  July  20,  at  the  Zngineering 
Societies  Building.  The  hearing  was  conducted  by  Senator 
William  M.  Calder  the  only  member  of  the  committee 
present. 

Mr.  Storrow  declared  that  the  coal  embargo  put  into 
effect  some  time  ago  on  order  from  the  Interstate  Commerce 
Commission  was  not  being  enforced  and  that  the  industries 
of  the  counti-y  would  soon  face  paralysis  unless  measures 
were  taken  to  stop  the  flow  of  Arierican  coal  to  Europe. 
Mr.  Storrow  said  that  the  American  market  is  overrun  with 
European  buyers  who  are  offerjng'  such  high  prices  Ir.i  coai 
that  no  American  buyers  can  ortbid  them.  In  Boston  Har- 
bor coal  is  being  offered  for  from  $20  to  $21  per  ton,  while 
in  the  instance  of  one  ship  the  price  was  $23. 

Last  April,  the  first  month  following  the  original  liftinj; 
of  all  restrictions  on  coal  exports  by  the  fuel  administration, 
there  was  shipped  to  Hampton  Roads  i, 900,000  tons  of  coal. 
Of  this  1,300,000  tons  was  sent  abroad  and  only  600,000  tons 
was  distributed  throughout  this  country,  cai>sing  such  a 
shortage  that  New  England  was  forced  to  get  along  on  halt 
her  normal  coal  supply. 

The  second  session  of  the  hearing  was  held  Wednesday 
afternoon,  July  21.  John  F.  McGee,  of  Minneapolis,  and 
State  Fuel  Administrator  of  Minnesota,  appeared  before  the 
committee  in  I'esponse  to  a  subpoena,  for  the  purpose  of 
giving  information  as  to  the  conditions  in  the  coal  situation 
in  the  Northwest.  Mr.  McGee  for  some  time  has  been  in 
the  City  ot  Washington,  keeping  in  close  touch  with 
developments. 

In  answer  tc  ■  uestions  put  to  him  by  the  committee,  Mr. 
McGee  declared  vhat  the  situation  was  becoming  more  acute 
in  the  Northw'3st  each  year  and  that  while  the  demands  of 
this  territory  for  coal  were  increasing  continually,  less  coal 
was  being  obtained  with  which  to  meet  them.  "In  the  past 
few  years,"  said  Mr.  McGee,  "a  remarkable  development  has 
taken  place  in  this  section  of  the  country.  A  vast  number 
of  power  plants  and  industries  have  begUH  operations  anu  -t 
is  necessary  that  they  be  supplied  with  coal."  Mr.  McGee 
was  emphatic  in  his  statements,  laying  the  blame  on  car 
shortage  at  the  mines.  He  said  that  at  the  present  time 
the  Northwest  was  facing  a  coal  shortage  totaling  6,000,000 
tons  compared  to  the  same  month  last  year  and  that  Amer- 
ican industries  over  the  Canadian  border  from  Minnesota 
were  taking  an  additional  6,000,000  tons  per  annum.  He 
declared,  however,  that  the  deficit  could  be  made  up  if  a 
sufficient  number  of  cars  were  delivered  to  the  mines  and 
various  other  transportation  difficulties  were  overcome. 

William  H.  Tiroverman,  of  Minneapolis,  who  held  the  posi- 
tion during  the  war  of  District  Representative  of  the  United 
States  Fuel  Administration  and  who  at  the  present  time  is 
secretary  to  the  Northwest  Coal  Dock  Operative  Association, 
was  next  called  upon  and  questioned  regarding  the  situation 
in  the  Northwest.  His  testimony  confirmed  the  statements 
made  by  Mr.  McGee  and  he  gave  it  as  his  opinion  that 
the  situation  was  becoming  more  serious  each  day  and 
that  unless  something  was  soon  done  the  industries  in  that 
section  of  the  country  would  suffer  seriously. 
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liicrea»r  in  Katrn  for  Klcclricily 

Tho  Pncific  tins  iind  Electric  Co.  hn8  been  authorised  b.v 
the  Kailroad  Commis.sion  to  increase  its  rates  for  electricity 
!)>■  the  addition  of  a  ITi  per  cent  enierKency  surchari;e  to 
apply  on  all  hills  rendered  bejiinniii^  with  July  10,  I'.IJO,  and 
ending  with  April  10,  11)21,  a  period  of  nine  months.  Similar 
authority  has  also  been  jrrnnled  the  (Ireat  Western  Power 
t'o.  The  ci>mniission's  decision  adds  to  the  standard  rate 
schedules  of  both  conipanies  the  surcharges  that  have  bveii 
allowed  on  previous  api'lications,  the  emcr^'ency  percentajjc 
increase  jrranted  beintr  imposed  on  the  combined  rates. 

The  elTect  will  be  a  15  per  cent  increase  over  the  amounts 
that  have  been  collected  in  recent  months.  In  the  case  of 
the  Pacific  Gas  and  Electric  Co.  it  is  estimated  that  the 
new  emerfrency  rate  will  produce  additional  revenue  of 
$2  200,000  for  the  year  endintr  July   1,   1921. 

The  increase  in  rates  applies  to  all  territory  served  by  the 
Pacific  Gas  and  Electric  Co.,  includinjr  that  operated  under 
lease  from  the  Sierra  &  San  Francisco  Power  Co.  and  the 
territory  recently  acquired  throuirh  the  purchase  of  the  proj)- 
ertics  of  the  Northern  California  Power  Co.  In  the  case  of 
the  Great  Western  Power  Co.  the  commission  directs  that 
company  to  brin,?  to  the  level  of  its  other  rates  its  charges 


for  municipal  Htreet  liRhtinK.  Htrcet-railway  power  and 
power  sold  to  other  public  utilities,  which  throe  classe  ..( 
service  were  cxenipto<l  when  Hurchar^es  were  fixed  n 
July,  1918. 


Oouncilmen  William  Hickman  Moore  and  R.  H.  Thomson, 
of  Seattle,  Wash.,  conferred  Tuesday,  July  13,  with  oflicials 
of  the  PuKet  Sound  Li^ht  and  Power  Co.  to  ascertain  if  {)\r 
(•om|)any  would  be  able  to  furnish  the  city  with  power  m 
case  tlie  lack  of  fuel  oil  shouhl  cause  the  municipal  li,i,'lil 
and  power  |)lant  at  F.ake  Union  to  reduce  materially  the 
current  it  is  fumishinff  to  Seattle  consumers.  According  to 
officials  of  the  city  light  department,  the  supply  of  fuel  oil 
on  hand  will  suPice  to  operate  the  Lake  Union  plant  only 
until  the  end  of  July.  Ne;.cotiations  are  under  way  at  the 
present  time  to  obtain  an  oil  tanker  from  the  United  States 
Shipping  Board  to  transnort  oil  to  Seattle  for  the  city's  use. 
In  the  event  that  no  relief  can  be  obtained  in  that  way,  it 
has  been  proposed  to  obtain  current  from  the  traction  com- 
pany during  the  off-peak  hours,  so  that  the  water  in  Cedar 
Lake,  the  source  of  the  city's  hydro-electric  power  at  the 
Cedar  F'alls  plant,  may  be  conserved  for  use  during  the  peak 
hours. 


Personal.s 


Ilon-nrd  C.  .\dams.  formerly  chief  osti- 
tnator  for  T;ito-.Ionea  &  Co.,  Inc..  has  joined 
thr  Oi'orRi^  .1.  Hasian  Co..  of  Pittsburgh,  as 
cnKineor  in  their  liquid  fuel  deiiartment. 

>V.  S.  Qiiiele.v,  president  of  the  Quigley 
Furnace  Pp"Cialties  Co..  sailed  for  I-Yance 
on  the  Cunard  liner  "Imperator."  on  July 
15.  His  trip  is  for  the  purpose  of  furth  r- 
ing  the  business  relations  of  the  Quigley 
orfranization  in  England.  France.  Relsium. 
Italy  and   Spain. 

Cliarlr.s  «•.  Oakley,  of  Passaic.  .N'.  J  .  has 
accepted  a  position  in  Tr  nton.  N.  J.,  as 
superviairp:  engineer  of  the  G.  R.  Cook 
plants.  Mr.  Oakley  will  supervise  the  con- 
struction of  a  new  plant  and  will  devote 
much  time  to  improving  the  efficiency  of 
some  of  the  old  ones. 

Timoth.v  lleal.v  was  eUeted  by  the  Ameri- 
can Federation  of  Labor  at  the  recent  con- 
vention as  one  of  the  two  delegates  to  repre- 
sent the  American  labor  movement  at  the 
British  Tra'ies  Congress  in  London.  Eng- 
land, next  Septi-mber.  His  many  friends- 
and  :is-ociates,  desirous  of  manifesting  the 
esteem  in  which  he  is  held,  have  arranged 
for  a  testimonial  banciuft  to  be  held  at  the 
Vorkville  Casino  on  'Wednesday  evening, 
.Uig    11. 

V.  r.  Kordyoe,  has  been  appointed  super- 
intendent for  the  AVest  Penn  Power  Co.  at 
W'aynesburg.  Pa.,  succeeding  W.  T.  Mc- 
Coi">l'-i<  who  has  been  transferred  tem- 
porarily to  the  securiti  s  sales  deparfment. 
Mr.  Fo'-dyce,  who  i"  :.  native  of  Waynes- 
l)i">»,  has  been  with  the  West  Penn  for 
eight  years  in  various  capacifi<>s.  having 
b«-en  located  at  JIonongah"la  City  Bu'ler. 
Kittanr"!!"  md  at  the  Pittsburgh  office.  He 
comes  to  his  new  iiosition  from  the  power 
sales  department. 


Society  Afifairs 


The  Mi<liigan  Section  of  the  National 
Electric  L=gh'  Association  will  hold  its  an- 
nual convention  Aug.  24-26.  at  the  Hotel 
Otlnwa.  Ottawa  Beach.  Michigan.  It  is 
expected  that  the  consolidation  of  the 
Michigan  Section  with  the  Western  Geo- 
graphic Division  will  be  arranged  at  that 
time. 

The  Grand  Conncil  Iniversal  Craftsmen. 
Council  of  Engineers,  will  hold  its  annual 
convention  at  Springfield.  Mass..  Aug,  3-S. 
and  in  connection  the  annual  exhibition  of 
power-plant  machinery,  accessories  and 
supplies  will  be  conducted  iluring  the  dav 
and  evening  under  the  direction  of  th" 
Craftsman.  The  entertainment  committee 
of  the  Council  has  planned  many  events 
and  features  of  interest  for  the  delegates 
and    vi.sitors. 


I'Ik-  I'lihlic  Kelatioii  .\ssoeiution  nl  lli>' 
.N.itional  lOIiCtric  Light  Association  al  its 
first  mei't.ing  in  Chicago  in  .luly.  which  was 
for  tile  iiurpose  of  organizing,  discussed 
in  a  general  way  the  work  to  be  covered 
and  postponed  organization  until  Aug.  1. 
du-  to  the  fact  that  all  geographic  divi- 
sions Were  not  represented.  The  work  will 
be  divided  and  .'subcommittees  appointed  ut 
that  lime  to  handle  every  phase  of  publie- 
lelations   work. 

Tlie  Report  ef  the  Ontario  Braiieh  of  tile 
Canadian  Manufacturers'  Association  shows 
that  serious  consideration  is  being  given 
to  development  of  water  power  in  Quebec 
sufficient  to  fill  the  needs  of  the  manufac- 
turers. .\  luimbir  of  resolutions  were 
adopted  urging  remedial  measures  to  be 
at  once  coiulucted  by  the  Hydro-EIectrie 
Power  Commission  and  esnecially  request 
ing  that  no  more  radical  railway  projects  be 
entered  unon  until  sufficient  power  is  on 
hand  to  fill  manufacturers'  requirements. 


Miscellaneous  News 


The  Board  of  Directors  of  the  Industrial 
Relations  Body  at  their  annual  reorgani- 
zation meeting  at  Atlantic  City  elected  J. 
M.  Larkin.  of  Pennsylvania,  pres  dent  : 
Mark  M.  .lones.  vic"-president ;  F.  C.  Parker. 
Chicago,  III.,  secretary,  and  W.  H.  Winans, 
New  York  City,  treasurer. 

Premier  Foster,  of  Xew  Brunswick,  has 
announced  th"  appointment  of  the  fol  ow- 
ing to  comprise  the  Hydro-Electric  Com- 
mission for  New  Brunswick :  Honorable 
C.  W.  Robinson.  St.  John.  N.  B.  ;  C.  O. 
Foss.  St.  John,  and  Ried  MacManus.  The 
ccmmission  will  proceed  immediately  with 
ilie   development   of   water   power. 

The  Bureau  of  .Standard*,  ill  following 
up  the  investigation  of  lead-covered  cable 
failures  in  St.  Louis,  has  sent  out  a  num- 
ber of  inquiries  to  railway  and  power  com- 
panies asking  whether  in  their  exp  rienc. 
I  ad-covered  cables  fail  more  frequently 
ul-tn  installed  in  fiber  conduits  tlian  wh.-n 
installed  in  other  types  of  conduit  with  par- 
(ici'lar  reference  to  cables  carrying  power 
at   'J. 200   volts  or   higher. 

The  Kadio  Corperalioii  of  America  is 
about  to  begin  constructic ;  on  the  largest 
radio  station  in  tv,  wor.d.  on  the  north 
shore   of   Long   Islr  'ear  New   York   City. 

The  1  reject  will  be  known  as  the  New  York 
Radio  Central  otation  and  will  be  able  to 
simultaneously  send  and  receive  messages 
from  five  great  nations  ot  other  continents. 
Preliminary  engineering  surveys  have  been 
completed,  contracts  for  aU  coristruction  ma- 
terial have  been  let,  and  a  force  of  radio 
experts  will   immediately  begin  work. 

The  Divi.sion  of  Power  Resources  of  the 
Geological  Survey,  in  statistics  covering  the 
production  of  electric  power  and  consump- 
tion   of   fuel    by   public-utility    pl.ants    in   the 


I 'luted  .States  i(»r  tile  liist  lour  months  of 
li>2ii,  shows  that  New  York  State  leads  in 
liydro-electric  output,  the  montlilv  total  for 
I  hat  state  reaching  268.7:i6.iiiio  kw.-hr.  for 
.April  against  2;i2. 3:16.000  kw.-hr.  proUuci.-d 
l)y  fuel.  California  ranks  second  by  water 
power,  with  2 lit. 47,';, 000  kw.-hr.  for  ApriL 
-Montana  comes  third  with  100.008.000  kw.- 
hr.  and  Washington  fourth,  with  9.'). 672. 000  ' 
liw.-hr. 

The    Public    Ser\H*e    Corporation    of    New 

Jersey  has  indefinitely  postponed  construc- 
tion of  the  2O((,O0O-kw.  ivower  station  for 
which  a  tWenty-five  million  dollar  corpora- 
tion had  been  planned.  Prime  factors  in 
slopping  the  proposed  construction  are  the 
extremel.v  high  prices  of  fuel,  labor  and 
cost  of  material.  The  company  is  having 
(iilliculty  in  obtaining  fuel  for  present  re- 
quirements, and  it  was  i)ointed  out  that  the 
operation  of  ,i  power  plant  of  the  size  con- 
templated Would  increase  the  amount  Of 
fuel  consumed  from  25  to  50  per  cent. 
Under  present  conditions  it  would  be  im- 
l.ossible  to  obtain  the  necessary  amount  of 
fuel. 


Trade  Catalogs 


The  Hi -Voltage  Kquipment  Co.,  Cleve- 
land, Ohio,  has  ready  for  distribution  a  new 
16-page  ciitalog  entitled  "Hi-Voltage."  It 
contains  descriptions  and  Illustrations  of 
air-brake  switches,  horn-gap  fuses,  choke 
coiln.  I'tc.  A  copy  of  the  catalog  will  be 
sent  iu>on   reciuest. 

"I'ortable     Floor     Cranes    and     Hoists"    !s 

the  title  of  a  new  :M-i,age  catalog  now  ready 
for  distribution  by  the  Canton  Foundry  & 
.Machine  Co.,  of  Canton,  Ohio'.  Complete 
(lescrijilions  of  the  portable  floor  cranes  and 
hoi.sts  handled  by  this  company  are  con- 
tained in  the  booklet,  together  with  illus- 
trations.    A  copy  can  be  had  on  request. 

"Power  Maeliiner.v"  is  the  title  of  a  new 
48-i)age  catalog  now  ready  for  distribution 
by  McGovern  &  Co..  Inc..  of  New  York.  .\ 
complete  classified  list  of  power  machinery, 
including  air  compressors,  electric  cables. 
condensers,  cranes,  compound  and  simple 
engines,  feed-water  heating,  alternating- 
current  and  direct-connected  generators,  gas 
and  oil  engines,  turbines,  etc..  is  given.  A 
copy  of  the  booklet  will  be  sent  on  request. 

The  Buffalo  Forge  Co..  engineers  and 
manufacturers,  of  Buffalo.  N.  Y..  have  pub- 
lished a  new  51-page  catalog  entitled 
■Niagara  Conoidal  Fans."  It  contains 
tables  of  performances  that  should  prove 
valuable  to  engineers  and  architects  in  mak- 
ing selections  to  meet  any  demands  en- 
countered in  ordinary  heating  and  ventilat- 
ing practice.  Complete  descriptions,  ac- 
companied by  illustrations  of  the  various 
types  of  fans  handled  by  this  company,  are 
also  contained  In  the  booklet.  A  copy  will 
be  sent  on  request. 
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Bituminous  Coal  on  ttie  Atlantic  Seaboard 


Soft  coal  is  much  in  demand  and  now  that  buyers  will 
pay  a  price  more  nearly  competitive  with  export  business, 
the  coal  comes  forward,  at  $17  to  §20,  accordin.s:  to  a  recent 
payment  for  southern  coal  f.o.b.  car  at  Biston,  plus  what- 
ever charges  accrue.  Even  the  high  volatiles  are  being 
readily  absorbed  and  with  the  railroads  still  endeavoring 
to  get  a  supply  of  fuel,  there  is  no  likelihood  of  a  decline 
in  prices.  A  reasonably  large  proportion  of  New  England 
coal  is  coming  in  on  contract.  A  few  industrial  plants  are 
in  serious  difficulties. 

Current  quotations  for  bituminous  at  wholesale  range 
about  as  follows: 

Cambrias  and 
Clearfields  Somersets 

F.o.b.  mines,  net  tons $10.50@$11.75  $11.50@$13.00 

F.o.b.  Philadelphia,  gross  tons  13.60@   15.00     14.75@   16..50 
F.o.b.  New  York,  gross  tons.  .    14.00@   15.40     15.10@   16.85 

The  improvement  in  car  supply  in  parts  of  the  Clearfield 
region  and  the  conferences  that  have  been  held  in  New  York 
by  committees  of  railway  executives  and  bituminous  oper- 
ators have  led  many  to  believe  that  the  pralc  a  prices  has 
been  reached.  It  was  estimated  that  <^hr--  'vei-e  about  four 
thousand  cars  of  coal  at  the  various  loading  aocks  on  July 
16,  of  which  twenty-five  hundred  had  been  reported  to  the 
New  York  Tidewater  Coal  Exchange.  Quotations  at  the 
mines  on  pools  1,  9  and  71  range  from  $13  to  $14  with 
little  being  offered;  pool  10,  around  $12.50;  pools  11  and 
18,  $11.75  to  $12.50,  and  pool  34,  $11.75.     Quotations,  f.o.b. 


piers,  range  from  $16  to  ;;>16.25  and  from  $17  to  $17.25 
alongside  docks. 

Despite  reports  of  a  better  car  supply,  Philadelphia  prices 
remain  high.  Pennsylvania  steam  coal  sell?  at  from  $12.50 
to  $14  at  mines,  with  a  little  tonnage  of  oi-dinary  steam 
coal,  mostly  pool  18,  offered  around  $12.  The  Westmo -e- 
land  and  Youghiogheny  gas  coals  are  reported  to  be  selling 
anywhere  from  $13  to  $15  a  ton  at  the  mines,  with  Fairmont 
coals  somewhat  lower,  $12.50  at  the  mines  being  the  average 
for  all  grades. 

At  Baltimore  there  is  the  greatest  congestion  of  coal 
carrying  vessels  in  the  history  of  the  ports.  At  c  off 
the  Curtis-Day  pier  are  fifty-three  ships  to  take  on  a  tolyl  of 
about  three  hundred  thousand  tons  of  coal,  while  at  the  Can- 
ton pier  are  seven  or  eight  vessels  ready  for  fifty  thousand 
tons.  Loadings  coastwise  and  for  export  by  permit  are 
being  pushed  and  in  the  first  part  of  July  there  was  a  total 
export  loading  of  150,000  tons,  of  which  135,000  was  cargo 
coal.  At  tide,  however,  there  is  only  some  2,000  cars  of 
coal,  with  about  the  same  number  moving  from  the  mines, 
so  that  all  the  coal  in  sight  at  this  moment  cannot  load 
the  waiting  ships  promptly.  At  the  mines  the  usual  pro- 
cedure is  for  the  puixhasers  to  make  their  offers  and  the 
producers  to  accept  the  highest.  Coal  is  selling  at  the 
present  time,  on  which  the  consumer  has  not  been  billed 
and  is  trusting  that  he  will  be  charged  a  fair  price.  Sales 
at  the  mines  of  best  coal  have  been  generally  $11  to  $1:5 
ner  net  ton. 


New  Construction 


PKOPO.SEl)    WORK 

X.  H.,  Portsmouth^ — The  Burfau  of  Yards 
it  Dock-.  Xavy  Dept.,  Wash.,  D.  C.,  will 
receive  bids  until  Aug.  11  for  removing 
.md  reconstructing  boiler  and  stokers.  Noted 
.July  211. 

MuKs.,  Waterto«  11 — Lockwood,  Greene  & 
i-"o.,  Archts.  and  Engrs.,  60  Federal  St.,  Bos- 
ton, will  soon  receive  bids  for  a  1  story, 
200  X  230  ft.  foundry  including  a  steam 
heating  system  for  the  Walker  &  Pratt  Mfg. 
Co..  .■il  tJnion  St.,  Boston. 

<'onii.,  Bristol — The  Scliool  Coniii.  will  re- 
ceive bids  until  Aug.  3  for  a  .3  story  high 
school  including  a  steam  heating  system  at 
Dunbar  Meadows.  About  $750,000.  Wilson 
Potter.  22  East  17th  St..  New  York  City. 
Archt. 

t'oiiii.,  Hartford — St.  Francis  Hosuital  will 
soon  award  the  contract  for  a  3  story  hos- 
l)it.il  including  a  hot  water  heating  system 
on  Woodland  St.  About  $500,000.  Si>itor 
Valencia,   Superior. 

t'oiin.,  Waterbur.v — The  t'onnecticut  Jlili- 
tary  Emergency  Bd  ,  State  Armory.  Hart- 
ford, will  soon  award  the  contract  for  a  I 
story,  180  x  200  ft.  armory  inchnling  a 
steam  heating  system  on  Field  St.  About 
$400,000.  Louis  A.  Walsh,  ."il  I.eav.nworth 
St..   Archt. 

Conn.,  Westport — E.  T.  Bedfnnl.  Creens 
Farms,  will  soon  award  the  contract  for  a 
2  story  Y.  M.  C.  A.  building  including  a 
steam  heating  system  on  State  St.  .\bout 
$2.''.0,000.  -W.  B.  Tubby,  81  I'^iilton  St..  New 
York  City,  Archt. 

N.  Y.,  .Vnnandale — Stephens  College  plans 
to  construct  a  college  building  including  a 
steam  heating  system.  About  $fi00  000. 
Hoi-Din  &  Koen.  4  East  43rd  St..  New  York 
City,  .\rchts.  and  Engrs. 

N".   J..   Gurfleld    (Passaic   P.    O.) — The    Bd. 

Educ.  will  I'^eeive  bids  about  August  15  for 
a  2  story,  83  x  150  ft.  school  including  a 
steam  heating  system  on  Lincoln  PI.  About 
$225,000.     A.  L.  Vegliante.   .\rcht. 


Pa..  Philadelphia  —  Congress,  Wash.,  D. 
C,  appropriated  $270,000  for  the  coninletion 
of  the  power  plant  including  the  installation 


111"  equipmt-nt  at  tile  Frnnktord  Arsenal  here 
and  $88,000  for  the  installation  of  high 
tensioned  electrical  transmission  lines  from 
tlie   power   plant   ti)   the   .shops. 

Pa.,  Philadelphia  —  The  Temple  Univer- 
sity, 18th  St.  and  Buttonwood  Ave.,  is  hav- 
ing plans  prepared  for  a  6  story,  300  x  30O 
ft.  college  building  including  a  steam  heat- 
ing system  jon  Montgomery  and  Broad  Sts. 
About  $500,000.  Pliilir.  H.  Johnson.  1713 
Sansom    St.,    Archt.   and    Engr. 


Pa.,  Seranton — The  Bour  Refractories  Co., 
Laurel  Line  and  Front  St..  plans  to  con- 
struct a  3  story.  90  x  200  ft.  refractory  in- 
cluding a  steam  heating  system  on  Stafford 
Ave.      About   $300,000. 


M.  C,  Washington  —  Congr>ss  apitrojiri- 
ated  $6,600  for  the  installation  of  new 
boiler  tubes  and  mechanical  stokers  at  the 
Columbia   University   for   the    Deaf. 

Va.,  Richmond — A.  G.  Jones.  1418  East 
Main  St.,  is  having  i>lans  prepared  for  a  7 
story.  70  x  150  ft.  furniture  warehouse  in- 
cluding a  steam  heating  system.  About 
$400,000.  Moores  &  Dunford.  38  South  Dear- 
born  St..   Chicago,   .\rchts. 

Va.,  Rirhinond — The  Transportation  Mo- 
tor Co.,  1410  West  Broad  St.,  is  in  the  mar- 
ket for  a   motor. 

N.  C,  Four  Oaks — The  Ivanhoe  ilfg.  Co. 
plans  to  build  mill  3  here.  Plans  include 
a  warehouse  and  small  heating  plant.  .T.  E. 
Sin-inc.  Greenville,  S.  C,  Engr. 

Miss.,  Ma«:noIia — Jarvis  A.  Kramer  i)lans 
to  construct  a  100  ton  ice  and  cold  storage 
plant. 

r.a,.  New  Orleans — The  Packers'  Archi- 
tectural and  Engineering  Co..  Archts.  .and 
I3ngrs.,  431  South  Dearborn  St..  Chicago, 
will  soon  award  the  contract  for  a  2  story, 
100  X  198  ft.  main  building,  1  story,  57  x 
67  ft.  power  house  and  a  2  story,  24  x  36 
ft.  reduction  plant  for  the  .\rabi  Packing- 
Co.      About   $400,000. 

Ky..  I.onisvllle — The  Columbia  Realty  Co.. 
c/o  Arland  W.  Johnson,  .\rcht..  469  5th 
.\ve..  New  York  City,  plans  to  construct  a 
theatre  including  a  steam  heating  sv.stem. 
.■\bout  $700,000. 

O.,  Cleveland — St.  Alexis  Hospital  i^lans 
to  construct  a  4  .story  hospital  addition  in- 


cluding a  steam   heating   system   on  B"wav 

and   McBride   Ave.      About   $450,000.  C.   A. 

Grasselli,  Chn.   of  the   Bldg.  Comn.  AV.   C. 
Jansen,  Electric  HIdg.,  Archt. 

O.,  eieveland — Tlie  Theodore  Butcher  Co.. 
2129  West  19th  St.,  is  in  the  market  for  a 
20  hp.  horizontal  boiler   (new  or  used). 

O.,  ('leveland — The  Walter  Ice  Co.,  C/ o  .\. 
C.  Bishop,  Archt.  and  Engr.,  Guardian 
Bldg.  is  having  i)lans  prepared  for  the  con- 
struction of  a  1  story,  45  x  146  ft.  ice  plant 
on  West  2.''.th  St.     About  $75,000. 


O.,  Ka.st  Cleveland  (Cleveland  P.  O)— The 
East  Cleveland  Bd.  Educ.  will  receive  bids 
tmtil  July  30  for  a  1  story,  48  x  66  ft  heat- 
ing plant  including  two  300  hp.  boilers. 
About  $1011.000.  c.  ..Vmmerman,  Clk.  W. 
H.  Niclclas,  1900  Euclid  .\ve.,  Cleveland, 
Archt. 


C,  Elyriu — The  Bd.  Educ.  plans  to  build 
a  2  story  school  including  a  steam  lieatin-^ 
system  on  Gulf  St.  .\bout  $250,000.  R,  S. 
SilslxT.    Lorain   County    Bank    Bldg.,    Arcbt 

liid..  Fort  Wayne- — The  Jackson  Town- 
sliij)  School,  .\llen  Co,  plans  to  install  a  3 
kw..  110  volt  generator,  driven  by  a  gaso- 
line or  kerosene  engine,  a  500  gal.  per  hour 
pump,  driven  by  a  1  hp..  110  volt  motor, 
with  automatic  control  and  to  maintain  a 
pressure  of  50  lbs.  per  sq  in.  in  a  pressure 
tank,  a  2  pipe  modulation  system  of  direct 
indirect  steam  heating  and  ventilating. 
Separate  bids  for  installing  lighting  and 
power  plant,  heating  and  ventilating,  etc., 
will  be  received.  F.  G  Fortnev,  509-510 
Bass  Blk.,   .\rcht. 

Ind.,  Indianapolis  —  The  Bd.  of  School 
Trustees  plans  to  install  a  steam  beating 
svstem  ill  thi'  jiroposed  2  storv  school  on 
Tallmt  .\ve.  Cost.  $250,000.  And  in  the  iiro- 
i.osed  scIiool  (in  Martindale  Ave.  Cost 
$4  25,000. 


Ind..  Iiidianaoolis — R.  Hassler.  1435  Na- 
omi St..  Is  in  the  market  for  three  12,000 
gal.  cai>acity  pumos.  compressor  and  a 
blower  to  be  installed  in  the  rroposed  pump 
house  at  Hassler  Polo  Field. 

Ind..  Syracnse  —  The  Wawassee  Tire  & 
Rubber  Co.,  c/o  R.  L.  Simmons,  Archt.. 
Elkhart,  is  having  plans  prepared  for  a  4 
story,  175  x  175  ft.  factory  including  4 
tubular  boiler.*:.     About  $600,000. 


100 


!M)  \V  K  II 


Vol.  52,   No.    1 


Mlrh.,  IIm>  ily— TI»o  cliy  IH  ImvliiK  iiro- 
l:iiilt\i>ry  i>lnn:  niMniriyl  for  tlu'  cunHtruotloti 
of  I  iu-\v  MllriUloi  Mliuil  and  roH.-rvdlr  uiul 
cImiikIiik  iniiHplriK  Hjxtcin.  Alumt  JJ.iinn, 
inii'.  Kiii/liT-KliiiM  Him.  •  <'i>.,  1-2:!  IlluMil- 
nutliiK   M  Ik  .  (Mt'vt'liind.  (>     Kiikfh. 

Mlrh..  I>rtr«lt-^  Tin-  roin.  .  »t  Pfl)  WkH. 
Will  «!),  I.  :i\viiril  till-  conJriii't  or  I'lirnlHl)- 
InK  iiixl  iiiHtalUnK  .-(U  '"Hk  ro»(l  i.iiinpH  and 
niotoTM  Iiu-IikIImk  om-  S  fl.  aiul  un.-  10  ft. 
viTllciil  ci'ntrlfiinal  motor  drlvrn  iniinpB.  one 
2S-:iii  lip.  nuitor  fur  S  ft.  pumi.-  and  oiif  I" 
hp.  motor  for  in  fl.  piinip. 

MIrli..  M«.  IMriiHiiiit — f^onnroHH,  WaHli..  I). 
V  .  ;i|i|>ropilMl<Ml  $:Ui  00"  for  a  power  and 
ht-allMK  phiiit  at   the  iiicUum  School  lu-n-. 

III..  Hrrp»«< — Thi-  city  i  Inns  to  construct 
n  •.'.■Joo  v.di.  :(  pliiiHK  ii.Ol  d.-.-'rlo  powi-r  line 
from  hiTr  lo  Arlaton  InoludlP':  transformer 
atntlona.  pidi-s.  fto  Knilor  &  li.-arcl.  Chemi- 
cal HIdK..  St.  l.K)iils.  Mo..   En^rs. 

III..  ClilruRo  —  Iltvnshcin  &  ..'ctiaron, 
Archts..  .17  WVst  Van  Hurcn  St.,  will  soor 
award  tlu>  cimtract  for  a  :i  story,  11.;  x  I'lO 
ft.  i>acklnB  idant  IncliidlnK  a  steam  ^at- 
InK  svsti'in  on  West  39tli  St.  and  Bmeral" 
Av...  for  David  I.pvi  &  Co..  West  40th  St. 
and   Packers   Ave.      .\l)OUt  JSSO.Onn. 

III..  Clilcaito  —  W.  Kelly,  c/o  GeorKe  C. 
Nininiiiini  .V;  Co..  .\riht..  122  South  Michigan 
Avf..  is  havlUK  idnus  prepared  for  a  9  story, 
75  X  1011  ft.  offlce  IniiUUng  including  a  steam 
heating  svstem  at  r.16-18  South  State  St. 
Altout  jsoo.onn. 

Wis.,  Florence — C.  R.  .Tohnson,  Secy.  Coiii- 
miitee  on  Waterworks  lnii>rovements.  will 
receive  bids  until  .\UB.  l'>  for  furnisliing 
;i  C(  ntrifuKal  motor  driven  pumps  from  1"0 
gal.  to  aOO  gal.  capacity.  2  operating  panels 
equipi'ed  with  automatic  controllers,  meter 
and  oil  switciies.  one  electric  siren  and  one 
small  air  eompressor.  W.  n  Kirchoffer, 
316   Vromaii   Blk.,   Engr. 

Minn..  .Vrgyle — Tlie  city  rhins  to  l)Uild  an 
extension  to  a  high  power  transmission  line 
from  here  to  Crookston  and  install  an  elec- 
tric light  and  power  system.  .\I>out  jsn.noii. 
E.  A.   Brekke,  City  Clk. 

Minn..  Minneapolis — The  State  Ed.  of  (Con- 
trol, Capitol,  St.  Paul,  Is  having  plans  pre- 
pared for  a  4  story  administration  building 
including  a  steam  heating  system  on  the 
State  University  campus,  here.  About 
$1,000,000.  C.  If.  .Johnston.  715  Capitol 
Bank  Bldg..  St.  Paul,  .\rcht. 

Minn..  St.  I'aul — The  Rd.  Educ.  City  Hall, 
received  bids  for  installing  heating  and 
ventilating  system  in  the  proposed  .1  story. 
64  X  96  ft.  school  on  T.afond  and  .\von 
Sts..  from  tlie  Hankee  Heating  Co..  92.'> 
Merchants'  Xatl.  Bank  Bldg..  $14,108: 
O'Xeil  Plumbing  &  Heating  Co..  97  East 
8th  St..   $19,993. 

Minn.,  St.  Paul — The  Bd.  Educ.  City  Hall, 
received  bids  for  installing  a  steam  heating 
system  in  the  proposed  2  story.  60  x  128 
ft.  addition  to  school  on  Hamline  St.  be- 
tween Jefferson  and  Lansing  Sts.,  from  The 
Hankee  Heating  Co..  92r>  Merchants'  Natl. 
Bank  Bldg.,  $14,814:  O'Neil  Plumbing  & 
Heating   Co..    97   East   8th   St.,    $15,98;!. 

Klin.,  Lawrenee — Congress.  Wash,.  D.  C. 
api)ropriated  $20,000  for  improving  the 
heating  and  power  plant  at  the  Haskell  In- 
stitute here. 

Mont.,  Roekoreek — The  state  plans  to  con- 
struct a  power  plant  to  have  a  capacity  of 
20.000  kw.  here. 

Mont..  Ronan — The  state  plans  to  con- 
struct a  power  plant  on  the  Indian  Reserva- 
tion near  liere, 

X.  D.,  Fargo — E,  G.  Guthrie,  Clk„  will 
soon  award  the  contract  for  a  2  story.  63  x 
168  ft.  Junior  high  school,  including  a  steam 
heating  svs>tem  for  the  Bd.  Educ  .^bout 
$110,000. 


,Mo..  HI.  I.oiiln  -  .1.  .\  Wetmore.  SuperviH- 
Ing  Arclil..  TreiiMury  l>epl.  WaHli.,  I>.  ''. 
receiM'il  IiIiIn  for  a  linller  plant  at  the  Ma- 
rine IloHpltal  hen-,  from  Willliini  WIlby, 
Selnm,  Alu.,  »4.ooo  ;  Werner  Ileiirke  Plumb 
lug  Co..  2335  Soiitli  Criuiil  Ht..  $4,OU5  ; 
Elliott  &  Hnrry  Eng.  Co..  1428  Olive  St.. 
11.115      Noted  .luly  7. 

Tr\.,  HrinvnivoiMl  — ^.cClllly  &  >'o.  !■  In 
the   market    for   |.owei-   eciulpment. 

Tex.,  Sun  lirnllo  —  Tin  ('nmeron  Co. 
Water  lnipro\emenl  l)lHt.  2  will  r"Celve  bids 
until  .Inly  !9  for  fumlMhing  1  Diesel  r>T  Semi 
Ulesil  engine  and  renirlfugnl  pump  of  suf- 
lleleiit  capaelly  to  deliver  lOO.ooii  g;i(.  oi 
water  per  mln.  dlseliarging  agaln.-it  a  van- 
able  bead  up  lo  20  ft  AddresH  I",  S,  Kob- 
ertson,  (ienl,   .Mgr. 

N.  S.,  liallfux— The  City  Council  voted 
$70,000  lionds  to  inslali  a  water  m<'ter  sys- 
tem  and    new    pumping   station. 

N.  n.,  St.  John — The  York  Cotton  Mills 
will  receive  bids  until  August  1  for  the 
electridcation  of  Its  plant  here  and  la  in 
the  market  for  equipment.  Cost,  over 
$100,000. 

On!.,  Kenora — The  lake  of  the  'Woods 
Pulp  Mill  Co  Plans  to  develop  the  water 
power   he.-p       i\y-r,y,t   si. 000,000. 

Ont..  L,onu»ii — The  Columbia  Handle  Cn 
plans  to  install  a  -team  plant  and  3  In  th< 
market  for  engine,  ooiler  and  etitiir'tnent, 
W.    H.   Braddon.   Cerl.    Met. 

Ont.,  London^ — George  .i  Reid,  391  '^la'-- 
ence  St..  will  receive  bids  until  August  ^t 
for  .-i  Ifi  story.  100  x  iSO  ft.  liotel  including 
.1  steam  lieating  system  r>n  Richmond  St. 
,Vbout  $1,500,000. 

Ont..  London — The  Utilities  Comrs  are 
having  idans  prepared  for  a  new  power  aam 
at  Springbank.  .-Miout  $200,000,  Equip- 
ment will  be  installed  in  same.  E.  V, 
Ituclianan.   Hydro   Bldg,,  Genl,   Mgr. 

CONTR.Vt'TS    AWARDKI) 

Mass.,  Fall  River — Tlie  New  England  Oil 
Co.  will  build  6  buildings,  including  a  24  x 
40  ft,  addition  to  l^oiler  house  along  the 
Taunton  River  here.  About  $100. noo.  Work 
will  be  done  by  day  labor. 

Miisx.,  Foxboro — The  City  has  awarded 
the  contract  for  the  installation  of  central 
plant  steam  mains,  etc.  in  the  Foxboro 
State  Hospital,  to  the  Power  Heating  & 
Ventilating  Co..  66  Travers  St,.  Boston,  at 
$13,055,      Noted   July   13. 

Mass..  Somerville  —  The  Sturtevant  & 
Haley  Beef  &  Sui)ply  Co.,  40  Fanueil  Hall, 
Boston,  has  awarded  the  contract  for  the 
2  storv.  25  X  60  ft.  refrigeration  plant  on 
Somerville  Ave,  to  Harold  H.  Clark,  m 
Dearl)orn  Rd.     About  $20,000, 

R.  I.,  Cranston — The  Xarrangansctt  Fin- 
isliing  Co.  has  awarded  tlie  contract  for  a 
1  story,  43  x  65  ft.  boiler  house  addition  to 
the  C.  I,  Bignev  Constr,  Co,,  357  Westminis- 
ter St.,  Providence,  at  $30,000. 
.  N.  T..  Kings  Park  —  T.ewis  F.  Pilcher. 
State  .\rcht..  has  awarded  the  contract  for 
the  installation  of  heating,  etc.,  at  the  Kings 
Park  State  Hospital,  here,  to  W,  B.  .Arm- 
strong Co.,  3  Fulton  St„  Albany,  at  $124.ooii 
Noted   June   1. 

Pa..  Scranton — Linder  Bros,  have  awarded 
tlie  contract  for  a  3  story,  90  x  160  ft, 
garment  factory  including  a  steam  heating 
svstem  and  electric  power  on  Capouse  and 
Poplar  Sts,.  to  the  E,  A.  Fuller  Co.,  Dickson 
Ave.,  at  $160,000.  One  hundred  electric 
motors  will  be  installed  in  same, 

O..  Cipcinnati — The  Union  Gas  &•  Electric 
Co..  4th  and  Plum  Sts.,  has  awarded  the 
contract  for  a  1  story.  65  x  95  ft.  electrical 
substation  at  220  'West  8th  St,  to  the  Foun- 
dation Co,,  Front  and  Rose  Sts,,  at  $40,000, 


O.,   Clevrlaml— Til..   I'leveland    rOI'-elrH'    II 
liiminatlng     Co..     lllumlnatlnK     BldK.,     hai 
awarded   Ihe  contrail    for  a  2  mory.   :n>   \    l'« 
n.  HIibHlMtlon  .•idrlltloM  :il    1753   EuhI    I7IIi  Si 
lo   I-'.   10.   llaUHelinan.    |oH    llluMilnalliiK    ItMi; 
al    160,(111(1 

Inil.,  Inillitiiupolli.— Mer'oy  &  Garten.  51 H 
South  .Senate  St..  baa  awarded  llie  contract 
for  a  6  story,  81  x  190  ft.  warehouse  Inolud 
Ing  liollerM,  etc..  on  South  St,,  to  the  l!eil 
ford  Stone  &  Constr,  Co,.  Fletcher  Siivliii; 
&  TruKt    P.ldg.,  Ill  $300,000. 

Ind.,  IndlnnupolU  The  Pioneer  Bnih.^ 
Wks,.  12  1  .South  Pennsylvania  St..  ban 
awarded  tlie  contract  for  n  1  atory.  20i)  x 
:tOO  ft  factory  Ineliidlng  boilers  on  23rd 
St.  and  the  Lake  lOrle  Western  R.R..  to 
.lidm  G.  Karstedl  CniiMtr.  Co.,  429  Letncke 
lildg-     About  $200,000. 

lU..  ChleiMCO — The  AJax  Forge  Co..  2G03 
Blue  Islaud  Ave.,  has  awarded  the  contract 
for  three  1  story  buildings  including  a  small 
boiier  shoji  mi  Hoyne  and  Blue  Island  Avi  h  , 
to  Charles  I!.  ,lobnHon  &  Son.  Ill  Went 
Washington   St.,  at  $300,000. 

M'Is..  Colh.'i  —The  Hoeppnei--Bartlott  Co  , 
Eau  Claiie.  will  build  a  canning  factory  in- 
cluding ,1  2  Btcry,  12  X  166  ft  i^.  iln  buildnik- 
and  a   2(i   x   56  tx.  holler  hour;, 

WIk..  ,Ma<HMon — The  State  I'd.  of  Co»-'..o; 
la.s  awarded  the  contract  fr.-  -i  nower  house 
.1  the  State  Home  fr--  Wo'.ien  to  the  Immel 
.  orsli       'o.     Fond  du   Lac,   at   $26,483. 

.■Mim..  Hallook — The  village  has  awarded 
•  !ie  contract  for  furnishing  power  plant 
ef.uipment.  '.o  J,  C.  Robertson.  University 
iind   Eustis  Sts,,   St     I'aul.   at   $24,4t>  i 

.Minn.,  Kenncil.v — The  Kennedy  Electr  " 
Line  Co..  Inc.  ha»  awarded  the  contract  for 
"  15  mi.  transmission  line  from  here  to  Hal 
lock,  to  the  Triumph  Kleclrical  Co.,  Minne. 
apolis.   .-t   $10,721 

Minn.,  Minneaixilis -- The  .  Lincoln  Motor 
Sales  Co..  219  MetropolitJin  Bank  Bldg.,  has 
awarded  the  contract  for  •.nstalUng  a  heat- 
ing and  ventilating  system  in  the  propr.ued 
66  X  145  ft.  s.iles  and  seirice  building  on 
12th  St.  and  Harmon  PI.,  to  Charles  Wilking 
&   Co..    2i;    bouth    7th   St.,   at   $16,640, 

Minn.,  MinneapoliN  —  The  Northwesteni 
Terminal  Co.,  121"  Soo  Line  Bldg..  haa 
'Warded  the  coniract  tor  instilling  a  heat- 
ing and  electric  system  in  the  proposed  3 
story,  100  X  200  ft,  warehouse  on  Stinson 
P.lvd,  and  B'way.  to  Harry  C,  Ridler,  3842 
Pleasant  Ave, 

N.  I).,  Grand  Forks — The  Industrial  Comn. 
of  North  Ti.'ikota  has  awarded  the  contract 
for  a  re.'iervoir.  jiower  house  and  plant  in- 
cluding boilers,  stokers,  etc.,  to  the  Fegles 
Constr.    Co,.    Minneapolis.      Noted    May    25. 

Neb.,  lyineoln — The  Bd.  Educ.  has  award- 
ed the  contract  for  the  installation  of  a 
heating  system  in  the  proposed  Prescott 
School,  to  Phelps  Underwood,  at  $77,545. 

Wash..  Seattle — The  city  has  awarded  the 
contract  for  the  completion  of  the  third 
unit  to  the  Lake  Union  steam  plant  at 
Eastlake  and  Nelson  PI.,  to  the  Hurlev 
Mason  Co,,  Lowman  Bldg,     About  $200, Oon 

Cal.,  San  Diego — The  Naval  Pub.  Wk.s 
Office  received  only  bid  for  refrigerating 
equipment  and  cold  storage  installation  at 
the  marine  brigade  iiost  here,  from  the  Yorl< 
Constr.  Co.  of  Los  Angeles.  308  Bovd  St 
Los  Angeles,  $34,500. 

Que,,  La  Tuque — The  Brown  Corp,  Ltd. 
is  in  the  market  for  1  belt  driven,  forced 
draft  fan.  to  have  a  45.000  cu.ft.  per  min. 
capacity  at  5  ft.  pressure  and  one  12  x  T. 
ft.  storage  tank. 

Ont..  Toronto — The  Grinnell  Co..  Ltd..  ha  . 
awarded  the  contract  for  a  1  story.  100  > 
150  ft,  foundry  building  including"  motor? 
and  a  forced  draft  heating  system,  etc..  to 
the  .Anglin  Norcross  Co,  Ltd. 
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Application  of  load  'in  power  plants  having  small 
power  resources  is  a  real  problem — not  a  hit-and- 
miss  proposition  icith  troubles  numerous  and 
raried  as  an  aftermath.  There  are  limitations  to 
field  excitation,  and  the  power  factor  of  the  load 
has  a  direct  bearing,  particularly  during  the 
startitig  periods  of  squirrel-cage  itiduction  motors. 


SCATTF^KED  throughout  the  country  are  many  small 
i.iolated  plants  and  central  stations  furnishing 
power  to  the  local  districts  in  their  immediate 
vicinity.  \\Tien  these  stations  are  located  in  a  village 
or  town,  they  usually  supply  street  lighting  and  some- 
times a  connected  power  load  for  motor-driven  ice  ma- 
chines and  pumping  units  for  town  supply  purposes.  In 
addition  to  this  there  is  a  certain  amount  of  industrial 
and  private  lighting  load  requiring  electrical  energy 
for  the  operation  of  this  equipment. 

In  some  of  these  plants  the  generating  machinery 
consists  of  two  prime  movers  so  arranged  that  both 
units  are  run  during  the  daytime  when  the  maximum 
power-load  condition  prevails,  and  only  one  unit  during 
the  night  to  take  care  of  the  lighting  and  small  power- 
load  demand.  In  others  of  these  stations  only  one  prime 
mover  is  to  be  found,  the  daily  24-hour  load  factor  being 
maintained  as  high  as  possible  by  operating  the  ice  and 
pumping  plants  during  the  night,  to  balance  up  on  the 
demand  during  the  day. 

There  is  always  a  temptation  on  the  part  of  these 
small  central  stations,  whether  the  equipment  is  driven 
by  steam,  gas  engine  or  waterwheel,  to  accept  contracts 
for  delivering  energy  for  operating  a  comparatively 
large  number  of  induction  motors  which  at  times  may 
be  greatly  underloaded  or  for  operating  induction  mo- 
tors relatively  large  as  compared  to  the  capacity  of  the 
generating  equipment.  Offhand  it  would  appear  to  be 
a  good  thing  to  load  up  an  otherwise  underloaded  equip- 
ment with  a  large  number  of  motors  or  one  or  two  big 
motors.  However,  the  conditions  are  frequently  not 
fully  appreciated  at  the  time  these  contracts  are  made. 
Everything  runs  along  nicely  until  the  new  load  is  placed 
on  the  line,  and  the  realization  then  comes  that  things 
are  not  as  they  should  be. 
This  condition  of  affairs 
applies  not  alone  to  the 
small  central  station,  but 
to  every  other  small  plant 
such  as  might  be  found  in 
any  manufacturing  con- 
cern generating  electrical 
energy  for  its  own  imme- 
diate needs.  It  is  a  con- 
dition of  affairs  brought 
about  through  lack  of  a 
thorough  understanding  of 
some  of  the  inherent  char- 
acteristics of  the  prime 
mover,  the  electrical  gen- 
erating equipment,  or  the 
connected  load  in  all  of 
their  essential  points.  ' 


("onsider  a  modern  alternating-current  sy.stem  of 
generation  such  as  is  used  in  many  small  plantH.  A 
concrete  example  will  show  some  of  the  inherent  features 
of  this  type  of  equipment.  Take,  for  example,  a  station 
having  a  single  high-speed,  direct-connected  .steam- 
driven  unit  similar  to  F'ig.  1.  The  machine  has  a  rating 
of  125  kva.,  maximum  at  80  per  cent  power  factor,  2,300 
volts,  31.4  amperes,  three-phase,  60  cycles,  257  r.p.m. 
Confining  ourselves  to  the  electrical  end  only  of  this 
e(iuipment,  the  rating  of  the  generator  may  be  stated 
in  a  somewhat  different  manner.  It  might  be  said  that 
the  machine  in  question  is  capable  of  delivering  125  kva. 
I  kilowatt-amperes)  to  a  .system  requiring  this  amount 
of  energy  at  80  per  cent  power  factor.  In  a  three-phase 
EI  X  1.732 
1,000 
2,300  X  31.4  X  1.732 


alternator  kva. 


in  the  machine  under 


discussion,  kva. 


125,     Or 


kw. 


100.     Any  alter- 


1,000 

it  may  be  said  that  the  machine  will  deliver  100  kw.  of 
true  energy  at  80  per  cent  factor.  The  true  power 
kw.    (kilowatts)    delivered   by  a  three-phase   generator 

.     ,               EI  X  P.F.  X  1.732        ^         ^,  ,     ,^ 

Ks   kw.   ;= 1  000  '    ^"^''^    ''-    equals   the 

volts  between  terminals,  /  equals  the  current  per  ter- 
minal and  P.F.  equals  the  power  factor.  In  our  problem 
2,300  X  31.4  >^0.8  X  1.732 
1,000 

nating-current  generator  is  capable  of  maintaining  its 
voltage  at  normal  speed  and  delivering  an  amount  of 
wattless  current  (zero  power  factor)  equal  to  the  limit 
of  its  capacity,  but  represents  zero  energy  or  power. 
Under  such  conditions  the  engine  would  have  to  supply 
only  the  copper  and  iron  losses  in  the  generator,  as  it 
is  delivering  no  true  energy.  It  is  therefore  seen  that 
in  any  alternating-current  system  the  question  of  power 
factor  cannot  be  overlooked. 

Knowing  the  effect  of  power  factor  on  the  true  power 
delivered,  the  limitations  of  an  alternator  can  be  best 
considered  by  referring  to  the  curves  in  Fig.  2,  showing 
the  characteristics  of  the  125-kva.  80  per  cent  power 
factor  2,300  volt  machine  previously  mentioned.  If  the 
terminals  of  the  generator,  when  operated  at  its  normal 
speed,  are  open-circuited  and  the   fields   excited  with 

gradually  increasing  in- 
crements of  direct  cur- 
rent, then  the  terminal 
voltage  for  any  given  field 
excitation  is  shown  by  the 
no-load  saturation  curve 
A.  If  a  100  per  cent  power 
factor  load  of  normal  ra- 
ting (31.4  ampere)  is  pro- 
vided, more  field  excita- 
tion, 35  amperes,  is  re- 
quired, as  indicated  by 
curve  B,  to  maintain  the 
terminal  voltage  of  2,300 
than  for  no  load.  This  is 
due  to  the  impedence  volt- 
age drop  in  the  armature 
and  also  the  reactions  of 
the  load  currents  tending 
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to  shift  the  field  magnetizing  flux,  so  that  it  is  not  as  ef- 
fective under  load  conditions  as  it  is  under  no-load  con- 
ditions. Curve  C  shows  the  further  increased  demagnet- 
ization effect  of  an  inductive  full-load  current  of  31.4 
amperes  at  80  per  cent  power  factor.  A  field  current  of 
48.5  amperes  is  required  to  maintain  normal  voltage.  If 
an  inductive  full-load  current  of  31.4  amperes  at  zero 
power  factor  is  provided  (by  means  of  special  tests  and 
test  machines),  still  more  field  excitation,  57.5  amperes, 
is  required  to  maintain  the  terminal  voltage,  as  shown 
by  curve  D.  Therefore  it  can  be  seen  that  in  order  to 
maintain  the  terminal  voltage  under  full-load  conditions 
and  normal  speed  with  gradually  decreasing  power  fac- 
tors, increased  field  excitation  is  required. 

It  is  evident  that  there  must  be  some  limit  to  the 
maximum  excitation  that  the  fields  of  the  generator 
can  safely  carry.  Referring  to  Fig.  2,  it  is  found  that 
if  the  current  in  the  field  coils  is  maintained  at  any 
given  value  until  the  temperatures  become  constant,  the 
temperature  rise  in  the  field  coils,  by  resistance  ex- 
pressed in  per  cent,  is  shown  by  curve  E.  For  full 
voltage  of  120  on  the  exciter,  the  fields  heat  up  18.8  per 
cent  (by  resistance")  and  the  maximum  field  excitation 
possible  with  hot  fields  is  52  amperes.  It  is,  therefore, 
not  possible  to  carry  full-load  current  at  zero  power 
factor  on  the  machine  under  consideration,  because  the 
limitations  of  the  fields  are  such  that  the  normal  ter- 
minal voltage  of  2,300  cannot  be  maintained.  The  ma- 
chine is  designed  to  carry  its  full-load  current  of  31.4 
amperes  at  80  per  cent  power  factor  and  requires  48.5 
amperes  excitation.  The  fields  have  a  slight  margin 
up  to  52  amperes,  which  can  be  used  in  cases  of  emer- 
gency such  as  short  periods  of  overloads,  temporary 
loads  at  power  factors  less  than  80  per  cent,  etc. 

On  the  125-kva.  generator  under  discussion,  when 
carrying  its  full  load  at  80  per  cent  power  factor,  the 
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FIG.   2.    CHARACTERISTIC   CURVES   OF   THE   125-KVA. 
i-.EXKR.VTOR 

fields  heat  up  16  per  cent  (by  resistance)  or,  in  terms 
of  temperature,  rise  above  an  ambient  air  temperature 
of  40  deg.  C.  (104  deg.  F.),  the  temperature  rise  in 
degrees  Centigrade  equals  16  ~  (100  X  0.00364)  = 
44,  where  0.00364  is  the  temperature  coefficient  of  cop- 
per at  40  deg.  C.  (104  deg.  F.). 

To   obtain   the   hot-spot  correction   according   to   the 


accepted  rules  of  the  American  Institute  of  Electrical 
Engineers,  a  correction  of  10  deg.  C.  (18  deg.  F.)  must 
be  added  to  the  value  given,  making  a  total  temperature 
rise  of  44  +  10  =  54  deg.  C.  (129  deg.  F.).  This  is  not 
unreasonable  and  is  within  the  generally  accepted  safe 
working  temperature  for  this  class  of  machine.  Fur- 
thermore, the  field  margin  is  small,  and  even  under 
maximum  field  conditions  such  as  might  be  used  tem- 
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porarily,  the  greatest  temperature  rise  possible  is  18.8 
per  cent  =  51.5  -f  10  =  61.5  deg.  C.  (142.4  deg.  F.) . 

It  then  follows  that  a  knowledge  not  only  of  the 
amount  of  actual  load,  but  also  of  the  power  factor,  must 
be  given  careful  consideration.  In  addition  to  this  the 
speed  regulation  of  the  steam  engine,  gas  engine  or 
waterwheel  driving  the  generator  cannot  be  overlooked. 
The  curves  of  Fig.  2  are  based  on  the  exact  normal 
speed  of  257  r.p.m.  being  maintained.  Any  falling  off 
in  the  speed  immediately  reflects  in  a  falling  off  in  the 
terminal  voltage  unless  the  field  excitation  can  be 
increased  to  make  up  the  discrepancy. 

The  small  power  plant  is  liable  to  load  up,  or  to  slightly 
overload  a  generator  with  a  number  of  induction  motors 
having  a  fairly  low  power  factor.  If  the  motors  are 
underloaded,  as  is  often  the  case,  the  condition  may  be 
further  aggravated  by  still  lower  power  factors,  so  much 
■SO  that  the  alternator  is  unable  to  hold  up  its  terminal 
voltage,  as  shown  by  curve  F,  Fig.  2.  Sometimes  the 
exciter  is  speeded  up  to  give  a  higher  voltage  and  thus 
afford  the  greater  excitation  necessary  to  hold  up  the 
voltage.  The  point  is  often  overlooked  that  by  so  doing, 
the  heating  in  the  fields  may  be  increa.sed  to  a  dangerous 
extent. 

Another  direct  effect  of  low  power  factor  is  a  decided 
falling  off  in  efficiency.  This  is  natural  because  the 
increased  field  current  necessary  to  sustain  the  terminal 
voltage  incurs  an  added  loss  in  the  field  copper  itself. 
Inasmuch  as  the  power  output  remains  constant  and  the 
losses  increase,  the  efficiency  drops  off.  This  is  shown 
by  Fig.  3,  which  gives  the  actual  efficiency  curves  for 
the  r25-kva.  alternator  whose  characteristics  are  shown 
in  Fig.  2. 

Consideration  has  been  given  to  the  effect  of  inductive 
loads  as  might  be  obtained  by  using  a  number  of  induc- 
tion motors  which  at  times  may  be  greatly  underloaded. 
There  is,  however,  another  important  point  relative  to 
the  use  of  this  type  of  motor,  which  offliand  might  not 
.seem  of  any  great  consequence.  It  is  a  question  that 
i-equires   a   knowledge   of  the   starting   phenomena   of 
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indui'tion  motor.'^  and  can  ho.st  he  uruUM stood  by  a  direct 
oxnniplo. 

Suppose  that  the  12r)-kva.  alternator  i.s  carryinjr  a 
load  of  only  70  k\v.  at  80  |)er  cent  power  factor,  or  BT.^ 
kva.  It  mijrht  appear  ailvisable  to  take  on  an  additional 
load  of  a  40-hp.  2,IU)0-volt  induction  inotor  of  the  squir- 
rel-cage  type.  Combininjj  thi.s  with  the  orijfinal  load 
would  K've  a  total  combined  load  on  the  trenerator  of 
just  about  full  load,  or  if  the  full-load  efficiency  of  the 
induction  motor  i.s  92  per  cent,  the  combined  load  would 
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FIG  6 
AND  6.      COMBINING  LOADS  VECTORIADT.T  TO 
OBTAIN  KESUDTAr:T  LOAD 


0.92) 


102.5  kw.  of  true 


equal  70  +   (40  X  0.746 
power. 

If  the  full-load  power  factor  of  the  induction  motor 
is    90    per    cent,    then    its    full«load    current    equals 

2,300  X  1.732  X  0.92  X  0.90  ="  ^'^^  amperes,  and 
may  be  represented  to  scale  in  magnitude  and  time  phase 
relationship  by  the  line  AB,  Fig.  5.  Similarly,  the  line 
AC  represents  in  like  manner  the  70  kw.  at  80  per  cent 
79  X  1,000 


power    factor   equals 


the 


2,300  X  1.732  X  0.80 
22-ampere  load.  Combining  these  two  vectorially.  the 
resultant  load  is  shown  by  the  line  AD  and  is  31  am- 
2,300  X  31  X  1.732 


peres  or 


1,000 


123.5  kva.,  and  the 


new  power  factor  equals  j^s^  ^^  ^•^^• 

It  will  be  noticed  that  the  addition  of  the  40-hp. 
induction  motor  has  raised  the  power  factor  of  the  whole 
system  3  per  cent ;  that  is,  from  80  to  83  per  cent.  Ap- 
parently this  is  a  good  thing,  but  a  study  of  the  starting 
conditions  of  the  squirrel-cage  inotor  are  necessary  to 
determine  all  the  effects  the  motor  load  has  as  regards 
the  regulation  of  the  alternator. 

The  usual  method  of  starting  a  squirrel-cage  induction 
motor  is  by  means  of  a  potential  starter  which  impresses 
on  the  terminals  of  the  stator  winding  a  voltage  less 
than  normal  in  order  to  minimize  the  line  disturbance 
that  would  be  created  by  throwing  the  motor  directly 


across  (he  line,  hicidentally,  it  is  less  of  a  Hhock  to  the 
inotor  and  to  the  driven  machine.  After  the  motor  is  up 
to  speed,  the  stator  winding  is  connected  directly  across 
the  line,  as  in  diagram  /?,  Fig.  7. 

Assume  that  the  40-hp.  motor  in  (juestion,  if  thrown 
directly  across  the  line,  will  draw  a  current  of  59  am- 
peres, or  G.5  times  normal.  While  this  is  an  unusual 
amount  of  current,  it  is  characteristic  of  this  type  of 
machine.  Another  inherent  feature  is  that  the  power 
factor  is  extremely  low  during  the  starting  period,  and 
in  this  particular  ca.se  is  30  per  cent,  a 
fair  average  for  this  class  of  motor. 

If  starting  by  means  of  a  potential 
starter,  .sketch  A,  Fig.  7,  the  torque 
conditions  require  the  motor  to  be  con- 
nected to  the  system  on  the  65  per  cent 
tap,  the  current  drawn  by  the  motor 
(neglecting  all  line  losses)  equals  59  X 
0.65  -==  38.4  amperes,  and  the  current 
drawn  from  the  line  is  59  X  0-65  X 
0.65  =  25  amperes.  This  current  has 
a  power  factor  practically  the  same  as 
the  full  short-circuit  current  of  the 
motor.  Combining  it  vectorially  in  Fig. 
4,  with  the  22  amperes  load  at  80  per 
cent  power  factor  on  the  generator,  it  is 
found  that  the  resultant  current  has  a 
value  of  44.75  amperes  at  56  per  cent 
power  factor.  Referring  back  to  Fig.  2, 
curve  G  shows  the  relation  between 
terminal  voltage  and  excitation  required 
to  maintain  the  generator  voltage  with 
this  load  at  this  particular  power  fac- 
tor. It  can  be  seen  that  even  with  full 
field,  and  assuming  the  ideal  condi- 
tion of  constant  engine  speed,  the  gen- 
erator voltage  cannot  be  maintained. 
The  fact  must  not  be  lost  sight  of  that  the  starting 
period  of  the  motor  is  more  or  less  of  a  temporary 
condition.  Under  usual  favorable  conditions  it 
should  not  exceed  one  minute.  In  the  present  case,' 
if  it  were  possible  for  the  engine  to  maintain  its 
speed,  the  generator  voltage  would  drop,  with  full  field 
excitation,  to  1,690  volts,  and  the  period  of  starting 
would  be  lengthened  to  possibly  three  or  four  minutes. 
The  whole  situation  would  undoubtedly  be  further  ag- 
gravated by  a  considerable  drop  in  the  engine  speed, 
tending  to  a  still  further  drop  in  the  line  voltage.  Al- 
though the  motor  would  probably  start  and  come  up  to 
speed  provided  the  torque  requirements  were  not  too 
great,  it  is  seen  that  a  considerable  disturbance  is  cre- 
ated on  the  line.  This  is  enough  to  cause  a  distinct 
flickering  of  any  lights  as  well  as  to  create  the  liability 
of  knocking  out  any  other  induction  motors  that  might 
be  on  the  system,  because  it  must  be  remembered  that 
the  output  and  torque  of  these  machines  varies  as  the 
square  of  the  impressed  voltage. 

To  alleviate  the  conditions  as  much  as  possible,  some 
type  of  automatic  voltage  regulator  in  the  field  of  the 
alternator  would  be  necessary,  for  it  is  self-evident 
that  hand  regulation  of  the  field  would  not  act  rapidly 
enough  to  meet  the  conditions  of  a  rapidly  fluctuating 
load.  Even  the  addition  of  such  a  device,  while  tending 
to  maintain  an  even  terminal  voltage  under  erratic 
loads,  would  not  prevent  subnormal  voltages  in  case  the 
load  demand  should  exceed  the  limitations  of  the  field. 
A   solution   of  this   particular   problem,   provided    the 
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squirrel-cage  motor  cannot  be  started  under  light  load 
or  on  a  lower  tap  of  the  potential  stai-ter,  can  be  found 
in  the  use  of  a  slip-ring  type  induction  motor.  Unlike 
the  squirrel-cage  machine,  which  exerts  a  relatively 
small  amount  of  torque  with  large  currents  at  low  power 
factor  when  starting,  the  slip-ring  motor  exerts  a  rela- 
tively large  amount  of  torque  with  a  minimum  current 
at  high  power  factor,  under  the  same  conditions.  The 
torque,  current  and  power-factor  characteristics  during 
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FIG.  7.     MOTOR  STARTING  AND  RUNNING  CONNECTIONS 

starting  are  dependent  on  the  control  apparatus  used. 
Ordinarily,  standard  control  apparatus  is  made  so  that 
the  motor  exerts  125  per  cent  of  normal  torque  with  125 
per  cent  of  normal  full-load  curi'ent  and  a  power  factor, 
under  these  conditions,  corresponding  to  125  per  cent 
running  load  power  factor. 

The  resultant  load  current  and  power  factor,  assuming 
125  per  cent  starting  current  at  90  per  cent  power 
factor,  when  replacing  the  squirrel-cage  motor  with  the 
same  size  of  slip-ring  motor,  is  shown  in  Fig.  6.  Trans- 
mitting this  back  to  Fig.  2  curve  J  indicates  that  the 
generator  will  have  no  trouble  in  holding  up  its  voltage 
provided  the  regulation  of  the  engine  is  all  that  it 
should  be. 

Briefly  summarizing,  it  may  be  stated  that  the  ex- 
amples and  problems  as  given  previously  cover  only  the 
specific  questions  in  point.  Undoubtedly,  problems  en- 
tirely foreign  to  those  cited  may  come  up ;  different  con- 
ditions may  prevail;  methods  for  relieving  loads  on 
squirrel-cage  motors  during  starting  might  be  used  in 
some  cases  to  get  around  the  use  of  the  .slip-ring  motor. 
Large  plants  with  practically  unlimited  power  resources 
encounter  different  problems  from  those  of  the  small 
plant  having  small  power  capacity.  A  knowledge  of 
their  limitations  is  required  for  their  successful  opera- 
tion. Application  is  not  just  a  hit-and-miss  proposition ; 
it  is  coming  to  be  more  and  more  recognized  as  a  very 
important  subject. 


Fuel  Economy  Outside  the 
Boiler  Room 

By  Rowland  L.  Tullis 

A  great  deal  has  been  written  on  the  subject  of 
economy  in  the  boiler  room,  and  much  of  it  has  no 
doubt  been  read,  digested  and  put  to  good  use  by  both 
operating  and  chief  engineers.  This  is  both  fit  and 
proper.  It  is  absolutely  necessary  that  the  engineer 
do  his  best  to  produce  steam  as  economically  as  pos- 
sible, but  it  is  a  waste  of  human  energy  as  well  as 
mechanical  energy  for  an  engineer  to  produce  econom- 
ically and  later  allow  it  to  go  to  waste  or  use  it 
uneconomically.  In  too  many  cases  this  is  exactly  what 
happens.  An  example  of  this  is  shown  in  the  case  of 
the  chief  engineer  of  a  large  hotel  who  made  such  a 
mistake,  and  whose  mistake  was  rectified  by  another 
who  went  outside  the  engine  room  to  look  for  trouble. 

The  hotel  had  originally  consisted  of  one  four-story 
wooden  wooden-framed  building  of  about  160  rooms. 
Although  the  building  could  not  be  called  modern  in 
any  respect,  the  management  seemed  to  make  money  out 
of  it  and  soon  acquired  a  six-story  building  next  door. 
Finally,  they  erected  a  thirteen-story,  modern  fireproof 
structure  on  the  corner,  making  altogether  a  hotel  of 
more  than  a  thousand  rooms.  A  large,  modern  hotel 
power  plant  was  installed  in  the  new  building,  designed 
to  supply  heat,  light  and  power  for  the  entire  property, 
consequently  the  power  plant  in  the  old  building  was 
shut  down,  and  the  chief  engineer  was  transferred  to 
the  new  plant  with  an  increase  in  salary. 

This  man  was  considered  a  competent  and  reliable 
engineer  by  his  employers.  He  had  been  with  them  for 
many  years,  and  they  had  been  well  satisfied  with  the 
service  that  he  rendered.  Two  years  ago  he  died  and 
a  new  man  was  hired.  As  is  usually  the  case,  the 
hotel  owmers  entertained  some  grave  misgivings  about 
the  selection  of  a  stranger  to  fill  the  old  chief's  place. 

The  new  chief  engineer  was  a  man  of  long  and  varied 
experience  and  had  come  well  recommended.  Like  every 
ambitious  engineer  taking  a  new  position,  he  was  on  a 
constant  lookout  for  a  chance  to  better  the  service, 
decrease  operating  expenses  or  increase  the  economical 
operation  of  the  plant.  There  is  no  doubt  that  he  was 
looking  for  a  chance  to  make  a  reputation  for  himself 
and  thereby  increase  his  monthly  compensation. 

First  he  made  a  careful  survey  of  the  boiler  room, 
which  contained  four  250-hp.  water-tube  boilers.  He 
found  that  the  boilers  were  fired  properly,  that  the 
settings  were  in  almost  perfect  condition  and  that  the 
draft  was  closely  regulated.  An  evaporation  test  showed 
that  the  old  chief  had  been  evaporating  as  much  water 
as  was  humanly  possible  with  the  grade  of  fuel  that 
was  burned.  There  was  absolutely  no  chance  to  make  a 
reputation  for  himself  in  the  boiler  room,  so  the  new 
chief  turned  his  attention  to  the  engine  room.  He 
examined  the  engines,  put  his  indicator  to  use,  and  even 
went  so  far  as  to  take  off  the  heads  and  examine  the 
cylinders,  pistons  and  rings,  but  he  found  nothing  that 
would  give  him  an  opportunity  to  make  improvements. 
He  was  about  to  give  up  in  disgust  as  it  was  evident 
that  the  old  chief  had  been  wide  awake.  Finally  he 
decided  to  go  over  all  the  steam  traps  and  the  heating 
system  in  the  building  in  a  last  endeavor  to  find  some 
place  where  he  could  make  an  appreciable  saving  in 
steam.  He  didn't  have  far  to  go  until  he  began  to 
find  troubles  and  opportunities  a-plenty. 
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A.s  is  usually  the  cn.HO  in  n  hotel  power  plant,  the 
exhaust  lines  an<l  drain  lines  from  the  ei\>rines,  slcani 
separators  and  traps  were  run  in  tunnels  or  trcnche.'-- 
heneath  the  enjrine-room  floor,  the  trenches  heinp  cov- 
ered with  (lianiond-plate.  The  casual  observer  would 
never  suspect  that  heneath  this  diamond-plate  floorin^^ 
was  hidden  a  maze  of  pipe  lines,  valves  and  traps. 
Unless  somethinjr  went  wronjr  the  averape  engineer 
would  never  go  to  the  trouble  of  liftinjr  the  plates 
to  sec  what  was  under  them. 

The  engines  had  steam  jackets  provided  with  drains 
at  both  ends.  The.se  led  to  traps  which  discharjred  into 
the  exhaust  line  from  the  engines.  The  chief  found 
the  traps  on  all  the  drain  lines  in  a  bad  state  of  repair. 
Con.sequently.  live  steam  was  blowing  through  into  the 
exhaust  line.  A  number  of  the  traps  were  shut  off 
entirely,  the  bypasses  were  open  and  steam  was  being 
wasted  where  it  couldn't  be  seen  and  where  it  would  bo 
lea.st  expected.  Similar  trouble  was  found  on  the 
kitchen  and  laundry  lines.  Many  of  the  traps  were  full 
of  mud  or  sediment  which  had  been  carried  over  from 
the  boilers  when  they  carried  over  water.  The  chief 
saw  to  it  that  every  trap  in  the  building  was  thoroughly 
cleaned  and  overhauled,  and  valves  and  seats  were 
ground  or  replaced  with  new,  w-here  necessary. 

Next  he  discovered  that  they  w-ere  using  a  great 
amount  of  live  steam  for  heating  purposes  throughout 
the  building  in  cold  weather,  although  the  exhaust  from 
the  engines  should  be  sufficient  under  all  conditions. 
A  few  days  later  he  took  an  entire  day  to  go  over  the 
heating  system  with  the  house  plumber,  who  was  thor- 
oughly acquainted  with  all  the  details  of  the  system. 
The  heating  system  of  the  new  twelve-storj^  building 
was  found  to  be  almost  perfect.  It  was  a  modern  two- 
pipe  vacuum  system  with  an  individual  trap  on  each 
radiator;  steam  was  supplied  to  the  radiatoi's  at  from 
four  to  five  pounds  pressure,  and  returns  were  cared 
for  by  a  vacuum  pump  in  the  engine  room.  The  house 
plumber  explained  that  he  seldom  had  any  trouble  with 
this  section  of  the  hotel,  but  complaints  were  pouring 
in  every  day  about  the  old  section.  It  was  almost 
impossible  to  keep  the  rooms  warm  with  the  present 
arrangement  of  heating. 

The  oldest  part  of  the  hotel,  consisting  of  about  four 
hundred  rooms,  was  divided  into  two  separate  building- 
each  with  its  individual  heating  system.  One  section 
of  the  old  building  was  equipped  with  the  single-pipe 
system ;  that  is,  the  steam  was  supplied  to  the  radiators 
and  the  condensation  returned  through  the  same  line 
to  the  basement  of  the  building,  where  it  was  received 
by  a  master  trap  and  dumped  back  to  the  feed-water 
heater  in  the  engine  room.  It  was  about  a  hundred 
yards  from  the  basement  of  this  building  to  the  new 
engine  room.  The  whole  arrangement  was  obsolete  and 
sluggish  in  action.  Occasionaly,  the  master  trap  would 
refuse  to  work  and  the  entire  system  would  fiP  with 
condensation.  Live  steam  would  then  be  turned  on. 
but  would  do  no  good  as  long  as  the  condensation  was 
in  the  system. 

The  heating  system  of  the  other  section  of  the  old 
building  was  even  more  obsolete  in  design  and  arrange- 
ment. There  was  a  large  hot-water  heater  of  the 
horizontal-tubular  type  in  the  basement,  and  a  small 
motor-driven  centrifugal  pump  received  hot  water  from 
this  heater  and  circulated  it  through  the  radiators.  The 
water  was  heated  by  a  combination  of  live  and  exhaust 
steam,  and  the  11-in.  live  steam  inlet  was  usually  open. 


.\ffer  making  a  detailed  survey  of  the  situation,  the 
chief  made  a  lengthy  report  to  the  oflice  and  had  a  talk 
with  the  hotel  owner.  In  a  few  words  he  put  it  .«<)uarely 
up  to  him  that  it  would  co.sl  about  two  thou.sand  dollarn 
to  remodel  the  heating  sy.stem.  Most  of  the  old  piping 
could  be  used,  but  return  lines  and  traps  would  have 
to  be  supplied  for  all  the  radiators.  The  owner  kicked 
a  little  at  first  on  the  expenditure,  but  the  engineer 
was  adamant  and  finally  got  what  he  was  after.  The 
two-pipe  vacuum  system  was  finally  installed  and  put 
into  operation.  There  is  no  further  need  of  live  st«am, 
.seldom  does  a  complaint  come  from  the  old  building  and 
the  chief  showed  a  saving  in  fuel  oil  la.st  year  of  over 
twelve  thousand  dollars.  His  yearly  remuneration  is 
now  $3,500,  while  his  predecessor  received  a  scant 
.^2,000. 


Good  Lighting  in  Power  StationM 

There  used  to  be  a  time  when  a  power  station  was 
(onsidered  naturally  black  inside  and  outside.  Owners 
lierhaps  thought  that  coal-blackened  firemen  fitted  better 
into  a  kindly  atmosphere  of  blackness.     But  that  day 
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has  gone  by.  Power  stations  should  be  as  light  as  a 
factory  or  a  dairy  lunch  room.  This  is  not  only  for 
the  appearance  of  the  station,  but  because  good  light- 
ing has  proved  economical  in  inciting  efficient,  cheerful, 
safe  work  by  the  men  in  the  station.  The  importance 
of  good  lighting  has  been  proved  everj-where  in  fac- 
tories and  it  is  no  less  important  in  power  stations. 
Good  lighting  pays  dividends  through  contented  men 
and  neat  scientific  operation.  That  is  why  power-station 
engineers  and  directors  arrange  for  it. 

The  photograph  shows  the  interior  of  the  boiler 
room  of  the  New  Bedford  Gas  and  Edison  Light  Co.'s 
power  station  built  by  Stone  &  Webster.  Here  excel- 
lent lighting  is  incorporated  into  the  design. 
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The  Emmet  Mercury  Boiler 

A  Binary- Vapor  Power  Plant  Using  Mercury  Vapor  and  Steam 


IT  IS  a  well-known  fact 
that  the  efficiency  of 
any  heat  engine  may 
be  increased  by  increasing 
the  temperature  range 
through  which  it  works. 
There  are  two  ways  to  do 
this.  One  is  to  lower  the 
temperature  of  the  ex- 
haust, and  the  other  is  to 
raise  the  temperature  of 
the  supply.  The  minimum 
exhaust  temperature  is,  of 
course,  limited  by  the  tem- 
perature of  the  available 
cooling  water.  The  tem- 
perature of  the  supply  is 

limited  by  the  temperature  of  combustion  of  the  fuel, 
and  in  a  steam  engine  is  further  limited  by  the  proper- 
ties of  steam.  At  reasonably  high  temperatures  the 
pressure  of  steam  becomes  too  great  for  convenient 
commercial  operation. 

To  overcome  this  difficulty,  Mr.  Emmet  has  designed 
a  binary-vapor  plant  using  mercury  vapor  and  water 
vapor.  Mercury  boils  and  condenses  exactly  like  water 
except  that  its  density  is  much  greater  and  its  boiling 
temperature  much  higher.  For  example,  at  atmos- 
pheric pressure  mercury  boils  at  677  deg.  F.  and 
condenses  in  a  28-in.  vacuum  at  455  deg.  F.  The  cor- 
responding temperatures  for  water  would  be  212  deg. 
F.  and  101  deg.  F.  respectively.  Briefly,  Mr,  Emmet's 
scheme  is  as  follows:  Mercury  is  boiled  in  a  boiler 
similar  in  principle  to,  but  differing  greatly  in  detail 
from,  an  ordinary  steam  boiler,  and  the  mercury  vapor 
produced  is  used  to  run  a  turbine.  The  exhaust  from 
the  mercury  turbine  is  condensed  in  a  form  of  surface 
condenser,  which  is  also  a  boiler.  The  heat  given  out 
by  the  condensing  mercury  vapor  makes  steam  of  the 
cooling  water,  and  this  steam  may  be  used  to  drive 
another  turbine  or  for  any  other  purpose  for  which 
steam  may  be  required.  The  chief  difficulties  seem  to 
be  the  large  amount  of  mercury  needed  and  the  danger 
of  leaks,  as  the  mercury  vapor  is  very  poisonous. 

The  illustration  (see  insert)  represents  diagram- 
matically  the  elements  of  Mr.  Emmet's  apparatus.  The 
products  of  combustion  from  the  furnace  pass  upward 
through  part  of  the  tubes  which  form  the  heating  sur- 
face of  the  mercury  boiler,  and  then  forward  among  the 
remainder.  These  tubes  are  connected  to  the  lower 
mercury  chest,  which  might  be  called  the  mud  drum 
in  a  steam  boiler  and  to  the  mercury  header  correspond- 
ing to  the  steam  drum  in  an  ordinary  boiler  above. 
Mercury  vapor  at  about  10  lb.  gage  pressure  is  col- 
lected in  the  header  and  passes  through  the  pipe  shown 
to  the  mercury  turbine.  Owing  to  the  high  density 
and  low  spouting  velocity  of  the  mercury  vapor  this 
turbine  may  be  a  single-stage  machine,  of  reasonably 
low  speed,  and  may  have  short  buckets.  The  wheel  may 
be  placed  inside  the  mercury  condenser  for  simplicity. 

The  mercuiy  condenser  consists  of  a  tank,  as  shown, 
supporting  another  tank  marked  "Steam  Drum."  A 
number  of  straight  tubes  extend  from  the  bottom  of 


A  brief  account  of  a  plan  to  use  mercury  vapor 
and  water  vapor  for  the  generation  of  power 
appeared  in  the  March  31,  19 H,  issue  of 
"Power."  That  article  was  an  abstract  of  a 
paper  presented  before  the  American  Institute 
of  Electrical  Engineers  by  the  inventor,  W.  L. 
R.  Emmet.  Further  development  work  has  been 
done  on  the  apparatus,  although  necessary  xvar- 
time  activities  have  interfered  somewhat.  In 
spite  of  such  interference  much  experimental 
information   has   been  acquired. 


the  steam  drum  down  into 
the  condenser.  The  ex- 
haust from  the  mercury 
turbine  is  condensed  on 
the  surface  of  these  tubes, 
and  as  the  boiling  point  of 
the  mercury  at  28  in.  va- 
cuum is  455  deg.  F.,  steam 
may  be  generated  inside 
the  tubes.  Circulation  in 
the  tubes  is  provided  by 
smaller  tubes  inside  them, 
leading  from  the  steam 
drum,  which  corresponds 
to  the  upper  drum  of  a 
water-tube  boiler.  The 
steam  that  is  generated  in 
this  condenser-boiler  is  led  through  the  pipes  marked 
"To  Superheater"  through  the  superheater  and  finally 
through  the  steam  main  to  wherever  the  steam  is  to  be 
used.  The  steam  condensate,  whether  from  a  steam 
turbine  or  engine,  heating  system  or  manufacturing 
process,  is  returned  to  the  condensed  steam  receiver. 
From  here  it  is  pumped  to  the  feed-water  heater,  which 
is  really  an  economizer.  This'  feed-water  heater  is 
shown  in  the  illustration  directly  below  the  mercury 
condenser.  From  here  the  water  returns  to  the  steam 
boiler,  thus  completing  its  cycle. 

The  mercury  condensate  is  drained  from  the  bottom 
of  the  mercury  condenser  to  the  lower  mercury  header 
and  thence  to  the  mercury  boiler.  The  high  density 
of  mercury  renders  a  feed  pump  unnecessary,  as  by 
setting  the  condenser  above  the  boiler  the  latter  can 
be  fed  by  gravity. 

The  foregoing  covers  the  general  principle  of  the 
apparatus,  but  certain  refinements  seem  necessary  for 
its  practical  application. 

The  quantity  of  mercury  that  would  be  required  if  an 
ordinary  steam-type  boiler  was  used  would  make  the 
cost  prohibitive.  For  this  reason  a  special  type  of  boiler 
had  to  be  designed  to  give  a  maximum  heating  surface 
and  at  the  .same  time  require  a  minimum  amount  of 
mercury.  The  first  designs  for  the  boiler  proper  called 
for  the  use  of  flattened  tubes  for  the  elements  of  the 
boiler.  This  shape  of  cross-section  gives  much  more 
heating  surface  with  less  volume  of  liquid  than  a  cir- 
cular tube  would  give.  The  later  designs  call  for 
sections  of  similar  shape,  but  made  up  of  sheet  metal. 
Experiments  are  now  going  on  to  determine  the  neces- 
sary proportions  of  such  elements  to  provide  for  proper 
liquid  circulation  and  release  of  vapor. 

The  question  of  preventing  leaks  was  a  serious  one, 
as  even  a  small  amount  of  mercury  vapor  leaking  into 
the  engine  or  boiler  room  would  poison  all  the  operators. 
Great  care  was  exercised  in  the  design  and  in  the 
construction  of  the  fittings  and  pipes  containing  the 
mercury  vapor,  the  mercury  parts  of  the  outfit  are  run 
at  low  pressure  so  that  there  is  a  minimum  tendency 
to  leakage  and  means  are  provided  to  condense  and  save 
all  mercury  which  leaks  from  joints.  The  diaphragm 
valve,  which  is  shown  on  the  mercury-vapor  pipe  near 
the  mercury  turbine,  is  simply  a  safety  relief  valve. 
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This  safety  valve,  instead  of  tlisrharRinp  into  Ihc  open 
air,  is  arranped  to  disrharvrc  into  the  mercury  con- 
denser. 

The  temperature  of  the  inercuiy  in  the  l)oiler  is  so 
hiph  that  the  temperature  of  the  flue  pa.ses  leaving  the 
tulies  would  he  entirely  too  hijrh  for  conomical  operation 
if  they  passed  directly  to  the  stack.  To  avoid  such 
losses  the  flue  pases,  after  leavinp  the  tuhes  of  the 
hoiler.  pass  over  a  mercury  preheater  (not  shown  in  the 
illustration),  then  over  the  steam  superheater,  ami 
finally  ovei  the  feed-water  heater  or  economizer,  and 
then  to  the  stack.  In  this,  way  the  temperature  of 
the  pases  enterinp  the  stack  can  be  made  as  low  or 
oven  lower  than  would  be  possible  with  a  steam  boiler 
plant  of  the  ordinary  type. 

It  should  be  remembered  that  a  steam  turbine  is  not 
an  essential  part  of  this  device,  but  the  intention  is 
to  afford  a  substitute  for  the  existinp  boiler.  The 
steam  may  be  used  as  it  now  is  for  any  desired  purpose. 
The  mercury  acts  as  a  conveyor  of  heat  from  the  fur- 
nace to  the  steam  and  incidentally  delivers  a  certain 
amount  of  power  as  a  byproduct.     A  large  part  of  the 


power  peneratcd   in   the  mercury  turbine   is   net   pain; 
as   it   romcs   in   part    from   heat   that   would   otherwini 
be  rendered  unavailable  by  the  preat   drop  in  temper 
turc  between  the  furnace  pases  and  the  steam. 

Another  advantage  of  this  process  is  that  the  interio 
of  that  part  of  the  boiler  expo.sed  to  the  fire  is  alway 
perfectly  clean.    Also  the  boiler  in  which  steam  is  made 
is   subject   to   no   larpe  temperature  differences. 

Mr.  Emmet  has  claimed  that  by  the  addition  of  thin 
device  to  an  assumed  pood  modern  power  station  with 
an  increase  of  15  per  cent  in  the  amount  of  fuel  used, 
the  same  amount  of  steam  can  be  supplied  to  the  steam 
turbine  as  under  pre.sent  conditions,  and  the  mercury 
turbine  will  generate  power  equal  to  about  66  per  cent 
of  the  power  generated  by  the  steam  turbine.  This 
results  in  a  gain  in  station  capacity  of  appro.ximately 
66  per  cent  with  an  increa.se  of  only  15  per  cent  in  the 
amount  of  fuel   required. 

The  experimental  equipment  was  in  operation  for  a 
short  time  last  summer  with  over  1,000  kw.  load  on 
the  mercury  turbine,  and  its  operation  showed  that  the 
economies  predicted  were  fully  realized. 


Trouble  Hunting  in  Refrigerating  Plants 

How  a  Faulty  Gate  Valve  in  the  Brine-Circulating  System   of  a  Southern  Packing 
House  Plant  Causes  a  Freeze-Up  of  Nearly  the  Entire  System 


By  J.  C.  MORAN 


IN  A  SOUTHERN  packing-house  plant  there  were 
two  75-ton  machines,  one  of  them  working  direct 
expansion  on  the  sharp  freezers  and  other  low-tem- 
perature work,  while  the  other  was  run  on  a  brine 
cooler  of  the  triple-pipe  type,  which  cooled  the  brine  used 
for  cooling  the  chill  rooms  and  other  high-temperature 
work.  The  engineer  had  originally  been  a  steamfitter 
around  the  plant,  and  when  the  old  engineer  died  he  got 
his  job.  The  fitter  had  been  in  charge  about  three 
months  when  I  came  to  town,  and  soon  he  came  over  and 
got  acquainted.  He  had  trouble  in  keeping  the  tempera- 
tures down,  and  he  came  to  me,  seeking  advice.  After 
looking  the  job  over,  I  set  him  straight  and  gave  him  a 
few  pointers  on  how  to  handle  the  machines.  As  a  con- 
sequence he  began  to  call  regularly  whenever  anything 
went  wrong  that  he  could  not  at  once  remedy. 

One  Monday  morning  he  came  in  on  the  run  and  asked 
me  to  come  over  right  away.  I  went  back  with  him.  It 
^-  seems  that  the  trouble  started  during  the  night,  yet  no 
■  '"  one  could  find  anything  wrong  with  the  machine,  which 
was  the  one  working  on  the  brine  cooler  and  seldom 
caused  any  trouble.  First  the  machine  began  to  freeze. 
The  night  man  had  pinched  back  on  the  expansion  valves 
until  they  were  almost  entirely  shut  without  helping 
things  in  the  least.  At  the  same  time  the  suction  pres- 
sure had  dropped  until  it  was  somewhere  around  5  in. 
vacuum  with  the  machine  running  slow.  The  condenser 
pressure  had  dropped  to  less  than  a  hundred  pounds 
while  normally  they  carried  about  140  lb.  at  this  time 
of  the  year.  In  addition  the  machine  had  started  to 
pound  very  hard  as  it  passed  over  the  crank-end  center. 
The  thermom.eter  on  the  inlet  registered  about  35  deg., 
while  the  temperature  indicated  on  the  outlet  from  the 
brine  cooler  was  around  zero.  Generally  the  tempera- 
ture of  the  outlet  brine  was  between  18  and  20  deg.  and 


the  inlet  temperature,  which  was  also  the  temperature 
of  the  brine  returning  from  the  chill  rooms,  was  gen- 
erally 25  deg.  or  lower. 

The  brine  was  circulated  by  a  centrifugal  pump,  the 
suction  of  which  was  connected  to  the  returns  from  the 
chill  rooms  and  the  discharge  of  which  was  connected 
to  the  inlet  of  the  brine  cooler.  This  was  working  about 
the  same  as  usual,  except  that  the  discharge  pressure 
was  considerably  higher  than  it  used  to  be.  Apparently, 
there  was  something  wrong  with  the  brine  circulation  or 
there  would  not  have  been  such  a  large  difference  be- 
tween the  inlet  and  outlet  temperatures  of  the  brine  as 
it  circulated  through  the  cooler.  The  engineer  suggested 
that  we  take  a  trip  up  to  the  coolers  with  a  lantern,  and 
we  did  so  as  the  first  step  in  the  investigation.  The  chill 
rooms  were  cooled  by  a  curtain  system  located  above  the 
coolers.  The  brine  was  delivered  into  distributing 
troughs  hung  near  the  ceiling  of  the  cooler,  on  which 
were  hung  curtains  over  which  the  brine  trickled  down 
to  the  floor  of  the  curtain  deck,  thence  running  into 
gutters  to  the  return  pipes  to  the  centrifugal  pump  iiQII 
the  engine  room.  When  we  got  on  the  curtain  deck,  f 
there  was  not  a  sign  of  brine  circulation  anywhere,  and 
as  far  as  I  could  see  the  pump  might  just  as  well  have 
been  shut  down. 

So  we  went  back  to  the  engine  room  in  a  hurry.  It 
was  now  plain  that  there  was  no  brine  circulating 
through  the  brine  cooler  and  that  this  was  the  reason 
the  machine  froze,  because  there  was  no  heat  to  evapor- 
ate the  ammonia  fed  into  the  cooler.  So  it  came  back 
to  the  machine  in  about  the  same  condition  it  left  the 
expansion  valve. 

Judging  from  the  engineer's  statement  that  the 
trouble  had  started  during  the  night,  I  suspected  that 
the  brine  cooler  was  frozen  by  this  time.    Accordingly, 
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Schematic  Diagram  of  Emmett  Mercury  Boiler 
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I  went  to  try  one  of  the  individual  valves  on  each  stand  return  bend  of  each  stand  on  again,  I  decided  to  test 

of  the  cooler  to  see  if  I  could  shut  it.     It  refused  to  everything  and  make  sure  that  every  stand  was  clear  so 

budge,  and  I  was  now  sure  that  the  brine  cooler  was  that  we  would  not  have  the  same  trouble  over  again,  or 

frozen.  that  one  or  more  of  the  stands  might  not  freeze  while 

We  pumped  out  the  ammonia  and  removed  the  return  the  others  kept  on  working.     To  do  this  I  opened  the 

bends.    Sure  enough,  every  one  of  the  stands  was  frozen  suction  and  discharge  valves  on  the  pump,  believing  the 
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solid.    We  got  a  hot-water  hose  with  a  steam  and  water  pressure  on  the  suction  line,  due  to  the  chill  rooms  and 

connection  rigged,  and  played  steaming  hot  water  all  gutters  being  located  about  40  ft.  above  the  engine  room 

over  it  for  several  hours.     Also  we  rigged  a  smaller  and  the  cooler,  would  be  sufficient  to  force  the  brine 

steam  lance  which  we  used  for  thawing  out  the  inner  through  the  cooler  and  clear  out  small  obstructions  that 

pipes.    Finally,  we  got  the  thing  thawed  out.     Luckily,  might  be  present.    I  was  surprised  to  find  that  this  did 

none  of  the  pipes  burst.    After  we  had  all  but  the  last  not  work.    I  looked  around  the  pipe  line  and  cooler  think- 
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injr  some  viilve  nuKht  ho  .shut,  hut  all  were  open.  Not 
hnving  any  surcess  with  this  niothod.  I  ne.xt  started  the 
pump,  feelinjr  sure  that  the  pre.ssure  produced  hy  the 
pump  wouhl  start  thinjrs.  It  did  not.  One  of  the  men 
finally  called  attention  to  the  hijrh  pressure  on  the  pump, 
which  could  he  expected  if  there  was  an  obstruction 
some  place  in  the  line.  So  we  bejran  to  look  for  trouble 
in  the  discharge  line  between  the  cooler  and  the  pump. 
We  came  to  the  pate  valve  u.sed  as  a  stop  valve  in  the 
discharge  line,  just  ahead  of  the  pump.  After  opening 
and  closing  it  a  number  of  times  we  concluded  that  it 
woiked  too  easily.  So  we  removed  the  bonnet,  and  sure 
enough,  the  gate  had  dropped  and  shut  off  the  line;  this 
was  the  true  cau.se  of  all  the  trouble.         •• 

The    shutting    off    of    the    circulation    of    the    brine 
through  the  cooler  caused  this  to  freeze,  and  as  prac- 


FIG.   L'.     THE  (JAS  RELIEF  LINE  W.VS  PLUGGED 

tically  no  work  was  then  being  done  in  the  cooler,  the 
liquid  ammonia  did  not  evaporate,  and  so  came  back  to 
the  compressor  in  liquid  form,  freezing  the  machine 
With  little  or  none  of  the  liquid  evaporated  there  was 
practically  no. gas  generated,  and  of  course  the  suction 
pressure  went  down.  With  the  large  amount  of  liquid 
coming  back,  the  machine  froze,  got  very  cold,  and  this 
in  turn  contracted  the  piston  rod  so  that  it  was  a  little 
shorter  than  usual.  In  adjusting  the  bearings  the  piston 
had  been  shifted  so  that  it  came  very  close  to  the  crank- 
end  head  when  the  machine  worked  at  normal  tempera- 
ture. When  it  got  real  cold,  the  contraction  of  the  rod 
was  sufficient  to  bring  it  up  against  the  head,  and  this 
caused  the  knock.  After  the  cooler  was  thawed  out  and 
the  gas  came  back  at  the  proper  temperature,  there  was 
no  knock,  but  as  a  precaution  against  future  trouble  we 
backed  the  rod  out  of  the  crosshead  a  fraction  of  a  turn 
so  as  to  get  the  clearance  at  both  ends  of  the  cylinder. 

The  Stuffing  Box  Bothers  the  Engineer 

Some  weeks  later  I  dropped  in  for  a  visit  and  found 
the  engineer  nursing  the  stuffing  box  on  the  machine 
working  on  the  brine  cooler.  This  stuffing  box  had  been 
giving  trouble  for  a  long  while.  We  shut  the  machine 
down  for  a  few  minutes,  and  first  calipered  the  rod, 
thinking  that  this  might  be  smaller  in  diameter  in  the 
center  than  at  the  ends ;  but  the  difference  was  so  small 
that  it  could  not  have  been  the  cause  of  the  trouble.  I 
had  run  a  number  of  rods  where  the  difference  was 
much  greater.  I  have  in  some  cases  run  rods  that  were 
T^  in.  smaller  at  the  center  than  at  the  ends  without 
serious  trouble.  The  difference  in  this  case  was  but 
f\  inch. 

We  checked  the  adjustment  of  the  crosshead  shoes 
to  see  if  they  were  adjusted  so  that  the  rod  traveled  in 
a  straight  line.    A  lot  of  trouble  is  often  met  from  this 


cau-xe,  the  shoes  being  so  adjusted  that  the  rod  is  throwi 
HI)  or  down  at  the  end  of  the  head-end  stroke,  and  cause< 
to  travel  uj)  and  down  in  the  stuffmg  box,  and  of  coursi 
it  is  next  to  impossil)le  to  keep  the  packing  tight.  Then 
was  nothing  wrong  with  the  adjustment,  however,  ii 
this  case. 

I  was  puzzled  by  this  time  when  I  happened  to  thin! 
of  the  gas-relief  line  from  the  stuffmg  Ixjx,  as  shown  ir 
Fig.  2.  The  gas  relief  line,  it  will  be  seen,  connect 
to  the  top  of  the  oil  reservoir  which  feeds  the  oil  to  tht 
stuffmg  box  through  the  pipe  connected  to  the  bottom 
The  pipe  leading  from  the  top  connects  to  the  suctior 
line  of  the  compressor,  which  allows  the  gas  that  comet 
to  the  oil  reservoir  from  the  stuffing  box  to  pass  on  tc 
the  suction  line.  It  also  insures  suction  pressure  on  the 
reservoir,  and  no  more,  while  the  gravity  head  of  the  oil 
is  about  right  to  keep  the  oil  feeding  well  through  the 
stuffing  box. 

There  was  a  union  in  the  line  near  the  stuffing  box, 
and  this  we  disconnected.  The  pipe  was  obstructed  in 
both  directions  with  old  packing  and  gummy  oil,  and  to 
get  it  out  we  had  to  take  the  whole  line  down  in  sec- 
tions and  blow  each  out  with  air.  For  some  of  them  we 
had  to  fix  up  long  packing  hooks  and  dig  out  part  of 
the  obstruction  until  we  were  able  to  get  the  rest  free 
to  start. 

After  we  had  the  pipe  cleaned,  connected  again  and  the 
compressor  started,  there  was  no  more  trouble  with  this 
.stuffing  box.  The  main  purpose  of  this  connection  is  to 
let  whatever  gas  gets  by  the  first  section  of  packing 
escape  back  to  the  suction  line,  and  as  a  consequence 
there  is  never  more  than  suction  pressure  on  the  front 
section  of  the  packing,  of  that  part  in  front  of  the  lan- 
tern. When  the  line  got  blocked,  the  pressure  accumu- 
lated in  the  lantern  until  it  was  probably  the  same  as 
the  discharge  pressure,  and  of  course  there  was  a  lot 
more  trouble  to  keep  the  stuffing  box  from  leaking  under 
these  conditions. 


The  first  step  in  the  process  of  obtaining  alcohol  from 
wood  is  digestion  at  a  pressure  of  115  lb.  for  fifteen 
minutes  in  dilute  sulphuric  acid,  says  The  Engineer. 
The  cooked  wood  is  transferred  to  a  series  of  cylindrical 
cells  so  connected  that  water  may  be  passed  through 
them  in  rotation.  From  these  cells  is  obtained  an  extract 
called  "acid  juice,"  which  holds  in  solution  practically 
all  the  sugar  mixed  with  other  water-soluble  ingredients. 
This  liquid  is  neutralized,  either  wdth  high-grade  lime- 
stone or  slaked  lime.  Calcium  sulphate  is  produced, 
which  requires  about  twelve  hours  for  settling.  The 
clear  juice  is  drawn  off  and  cooled  to  about  88  deg.  F., 
yeast  added,  and  the  fermentation  carried  on  in  the 
usual  way.  The  juice  must  be  slightly  acid,  as  ordinary 
yeasts  do  not  operate  well  in  alkaline  solutions.  By  dis- 
tillation the  alcohol  is  obtained,  and  may  be  readily 
refined. 


Multiple-stage  reciprocating  compressors  are  used 
when  high  pressures  are  desired.  In  this  tjTDe  of  com- 
pressor the  air  receives  an  initial  compression  in  one 
cylinder.  Passing  through  an  intercooler,  it  is  com- 
pressed in  a  second  cylinder  and  so  on  until  the  desired 
compression  is  accomplished.  Because  of  efficiency  in 
cooling  and  because  clearance  losses  are  reduced, 
multiple-stage  compressors  are  the  most  efficient.  The- 
oretically, the  more  stages  the  higher  the  efficiency,  but 
the  size  and  cost  of  machinery  and  also  frictional  losses 
limit  the  number  of  stages  to  four  at  the  most. 
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POWER  DRIVES  fOR 
ROLUNG  MILLSfr*^!^' 

By  w:  a  Ro^oT-s 


The  latest  development  in  power  drives  for  roll- 
ing mills  is  the  direct-current  reversible  motor. 
Those  described  in  this  article  are  of  5,000  and 
15,000  hp.  capacity  and  are  used  to  run  revers- 
ing blooming  mills. 


ONE  of  the  principal  electrical  developments  of 
recent  years  in  steel-mill  power  equipment  has 
been  the  reversing-mill  motor,  and  it  is  safe  to 
say  that  of  all  the  applications  of  electric  motors  none 
is  subject  to  more  severe  conditions  than  those  driving 
reversing  mills.  The  mills  of  recent  design  include 
reversing  roughing  stands  and  tandem  arrangement 
of  mills,  which  gives  the  plant  greater  flexibility  of  size, 
of  production  and  increases  its  tonnage  output  with  a 
decrease  in  power  requirements.  Some  of  those  in- 
cluded are  plate 
mills,  strip  mills 
and  structural 
mills.  In  a  for- 
mer article  sev- 
eral large  re- 
versing engines 
were  illustrated, 
but  unlike  the 
steam  drive, 
which  calls  for 
an  unusual  steam 
supply  for  a  re- 
versing mill,  the 
reversing  motor 
drive  acts  as  an 
equalizer  for  the 
three-high  con- 
tinuously oper- 
ated mill  because 
the  power  taken 
from  the  main 
feed  line  is  uni- 
form in  the  for-  . 
mer    and    inter- 

_..,.      ,  .,,  1''1G.  1.     A  15,000-11  p.  DIKECT-CURKENT 

mittent     w  it  h  revkustxc;  ni. 


high  peak  loads  for  the  latter  type  of  mill.  Reversing 
motors  are  frequently  subjected  to  overloads  several 
times  their  continuous  capacity,  and  they  must  carry 
these  overloads  throughout  the  full  range  of  speeds, 
from  rest  to  maximum  speed  in  both  directions  when 
driving  the  mill  or  operating  as  a  generator  in  braking; 
that  is,  coming  to  a  stop. 

When  an  ingot  is  put  through '  the  rolls  for  the 
first  few  passes,  the  piece,  being  short,  requires  less 
than  one  revolution  of  the  rolls  to  carry  the  metal 
through  them.  In  order  to  force  the  rolls  to  bite  the 
ingot,  as  well  as  to  prevent  them  from  throwing  the 
piece  out  on  the  table  after  making  the  pass,  it  is 
neces.sary  to  keep  the  speed  down.  With  so  short 
a  piece  of  metal  high  roll  speed  is  not  neces.sary  and 
would  only  interfere  with  the  quick  handling  of  the 
equipment.  However,  after  the  piece  has  lengthened 
out,  the  roll  speed  is  increased  and  the  remainder  of 
the    passes    can    be    made    at   high    speed.      Owing    to 

the  unusually  se- 
vere conditions 
under  which 
they  operate, 
rolling-mill  mo- 
tors are  designed 
with  liberal  fac- 
tors of  safety  so 
as  to  permit  of 
rapid  accelera- 
tion and  revers- 
ing. In  revers-  * 
ing-mill  motors 
the  speed  is  ad- 
justable over  the 
full  range  from 
rest  to  maxi- 
mum speed  in 
either  direction 
of  rotation,  and, 
when  so  adjust- 
ed, is  practically 
independent  of 
the    load.      This 

keveksing  motor  muviNO  a  35-IN.  ^'''P\f  "1°*°''  ^« 
,ooMixo  MiLi-  •  capable  of  carry- 
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iiiK  i>  X  (  re  ni  e 
ovcM'loads  »t  Jill 
speeds  during 
no  c  e  le  r  a  tion, 
drivinjr  the  hmM 
at  full  speed  or 
durinjr  it'trener- 
a  t  i  V  e  braking 
in  slowing  down 
the  mill  at  the 
end  of  the  pass. 
Another  charac- 
teristic of  this 
type  of  motor  is 
that  the  inertia 
of  the  revolving 
parts  is  low,  so 
as  to  permit  of 
rapid  accelera- 
tion and  rever- 
sal, which  is 
n  e  c  e  s  s  ary  be- 
cause  the 
greater  part  of 
the   time   con- 


sumed  in   breaking   down   an   ingot    is   taken   between 

Vpasses. 

^^  The  Ward-Leonard  control  is  used.  Briefly,  this  sys- 
tem consists  of  a  constant-speed  motor  driving  a  gen- 
erator that  supplies  current  to  the  motor  whose  speed 
is  to  be  regulated.  This  motor-generator  set  is  placed 
between  the  variable-speed  motor  and  the  system  sup- 
plying the  current.  The  driving  motor  of  the  motor- 
generator  set  is  usually  of  the  wound-rotor  Induction 
tj-pe  coupled  to  a  direct-current  generator,  the  machine 
carrying  a  tlywheel  on  the  shaft. 


The  excitation 
of  the  direct-cur- 
rent generator 
is  arranged  to 
vary  over  a  wide 
range  by  meani 
of  a  rheostat  ir> 
its  field  circur 
The  generatoi 
armature  and 
the  motor  arma- 
ture by  t  h  e  m- 
selves  constitute 
a  circuit  which 
is  not  inter- 
rupted in  serv- 
ice. Manipula- 
tion of  the  field 
r  h  e  0  stat  and 
switch  gear  in 
the  exciting  cir- 
cuit of  the  gen- 
erator, and  also 
the  speed  and 
direction  of  ro- 
tation of  the  variable-speed  motor,  are  under  control  at 
all  loads. 

The  flj'^vheel  of  the  motor-generator  set  serves  to 
smooth  out  the  peaks  from  the  reversing  motor's  load, 
which  are  extremely  high  and  of  short  duration,  and 
which,  without  a  flywheel,  would  follow  back  to  the 
main  power  system. 

When  the  motor  of  the  motor-generator  set  comes 
up  to  speed,  it  stores  up  energy  in  the  flywheel,  and 
when  a  heavy  current  is  demanded  by  the  roll  motor, 
the  motor  of  the  motor-generator  set  is  automatically 


SINGLE  UNIT,  8,000-HP.  REVERSING  MOTOR  DRIVING 
A  27-IN.  UNIVERSAL  MILL 


FIG.   3.      A   5.000-HP.   DOUBLK   UIRECT-CURKKXT   REVERSING    -MOTOR    DRIVING   A    SG-IN.   BLOOMING   MILL 
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MOTOR-GENERATOR  SET  CONSISTING  OF  A  3.000-HP.    INDUCTION   MOTOR  AND 
TWO  2,000.HP.  DIRECT-CURRENT  GENERATORS 


slowed  down  by  means  of  a  slip  regulator.  As  the 
motor  of  the  motor-generator  set  slows  down,  the  fly- 
wheel carries  a  part  of  the  load.  When  the  peak  load 
is  removed  or,  in  other  words,  when  the  ingot  has 
passed  through  the  rolls,  the  motor  of  the  motor-gen- 
erator set  speeds  up  again  and  returns  energy  to  the 


flywheel.  In  this  way  the  load  on  the  alternating-cur- 
rent motor  is  greater  than  that  on  the  roll  motor  when 
the  latter  is  driving  light  load,  and  is  less  when  it 
is  carrying  a  peak  load,  as  when  the  ingot  is  making  a 
pass.  Automatic  slip  regulators  are  used  to  regulate  the 
speed  of  the  induction  motor  and  consequently  the  rate 


FIG.   5.     SIDE  VIEVi^   OF  A  5,000-HP.   DIRECT-CURRENT  REVERSING  MOTOR 
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nt  which  eiUTKy  is  ilelivered  to  the  rtywhi't-l.  which  pv;  - 
mits  of  ohtaiiiinjf  better  tH|unlizatioii  of  the  motor  load. 
The  slip  reRuiator  eoiisist.^  of  a  liquid  rheo.stat  with 
three  stationary  electrodes  connected  to  the  three  phases 
of  the  rotor  on  the  induction  motor  driving  the  motor- 


FIG.  C. 


A  CLOSE-UP  VIEW   OF  THE   CO.M MUTATOR  END 
OF  THE  5,000-HP.   MOTOR 


generating  set.  Three  movable  electrodes  are  connected 
to  an  arm  that  i.s  mounted  on  the  shaft  of  a  small 
torque  motor,  the  other  end  of  the  arm  being  provided 
with  a  counterweight.  This  small  motor  receives  cur- 
rent from  series  transformers  in  the  main  line  (see 
Fig.  9).  When  the  current  in  the  line  increases,  the 
motor  pulls  the  electrodes  apart  and 
in  so  doing  introduces  resistance 
into  the  rotor  circuit  of  the  alternat- 
ing-current motor.  This  reduces  its 
speed  and  throws  the  peak  of  the 
load  on  the  flywheel.  When  the 
line  current  decreases,  the  motor 
allows  the  electrodes  to  come 
nearer  together  again,  and  the 
alternating -current  motor  speeds 
up. 

In  bringing  the  motor-generator 
set  up  to  speed,  the  generator  field  is 
gradually  excited  to  bring  up  the 
voltage  across  the  motor  armature, 
which  causes  it  to  revolve  in  the 
direction  indicated  by  the  master 
switch.  The  speed  curve  of  the  mill 
motor  follows  very  closely  the  volt- 
age curve  of  the  generator  up  to  full- 
field  speed.  Fi-om  this  point  the 
speed  is  increased  by  decreasing  the 
field  of  the  mill  motor,  which  is  ac- 
complished by  means  of  the  opera- 
tor's drum  controller. 

The  roll  motor  is  brought  to  rest  by  dynamic  brake- 
ing  when  the  operator  brings  the  master  controller  to 
the  ofl?  position.  This  reduces  the  voltage  of  the  gen- 
erator below  that  corresponding  to  that  of  the  roll 
motor,  and  during  that  period  the  generator  acts  as  a 


motor  and  tends  to  speed  up  the  flywheel.  By  this 
means  a  large  part  of  the  accelerating  energy  is  re- 
claimed. 

The  variou.s  operations,  including  the  variation  of 
the  field  strength,  etc.,  are  accomplished  by  means  of 
magnetic  contactors,  which  are  al.HO 
arranged  to  insure  a  proper  sequence 
of  operation  with  proper  interlock- 
ings  for  safety  and  assist  materially 
in  accomplishing  the  desired  rapidity. 
It  will  be  seen  that  the  control  of 
the  roll  motor  is  effected  by  varying 
the  strength  and  direction  of  the  field 
or  exciter  current  in  a  direct-current 
generator.  Increasing  the  field  cur- 
rent of  the  generator  also  increases 
the  voltage  of  the  current  that  is 
being  delivered  to  the  roll  motor, 
and  the  motor  will  speed  up.  If  the 
field  current  is  decreased,  it  produces 
the  opposite  effect,  and  if  the  field 
current  is  reversed,  the  roll  motor 
will  revolve  in  a  reverse  direction. 
The  wiring  of  this  system  is  shown 
in  Fig.  9. 

In   the   operation   of   the  dynamic 
brake  to  stop  the  roll  motor,  if  the 
generator  field  is  so  weakened  that 
the   voltage   generated   is   less   than 
that  generated  by  the  roll  motor,  the 
motor  acts   as  a  generator  and   at- 
tempts to  drive  the  motor-generator 
set;  and  as  this  acts  as  a  powerful  drag  on  the  roll 
motor,    it   slows   down,    as   with   the   application    of   a 
mechanical  brake. 

Several  examples  of  reversing-mill  motors  are  de- 
picted in  the  illustrations.  In  Fig.  1  is  shown  a  two- 
unit    15,000-hp.    Westinghouse    reversing    motor    that 


MOTOR-GEXER.A.TOR    SET 


operates  a  3o-in.  reversing  blooming  mill  at  the  Mark 
plant  of  the  Steel  and  Tube  Company  of  America, 
Indiana  Harbor,  Ind.  It  is  of  the  direct-current  type 
and  operates  at  600  volts.  Fig.  2  shows  a  single-unit 
8,000-hp.  600-volt  motor  operating  the  27-in.  universal 
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plate  mill  at  the  same  plant.  This  mill  has  established 
an  unusual  production  record,  having  rolled  in  one 
month  17,393  tons  of  plates  averaging  less  than  'i  in. 
in  thickness. 

I  was  fortunate  in  obtaining  permission  to  go  through 
the  plant  of  the  Trumbull  Steel  Co.,  Warren,  Ohio.  This 
plant  was  right  up  to  date  with  the  leaders  in  the 
number  and  capacity  of  electrically  driven  rolls,  having 
several  units  with  a  continuous  capacity  of  17,100  hp. 
What  is  said  to  be  the  fastest  mill  in  the  world  is  their 
continuous  hot-strip  mill,  which  is  driven  by  adjustable- 
speed  induction  motors. 

The  36-in.  reversing  blooming  mill  at  this  plant  is 
driven  by  a  General  Electric  5,000-.hp.  from  50  to  120 
r.p.m.  two-unit  reversing  motor  using  500-volt  direct 
current.  This  motor  (Fig.  3)  is  directly  connected  to 
the  mill  and  has  a  continuous  torque  of  656,000  ft.-lb. 
and  2,000,000  intermittent. 

The  motor-generator  set  that  supplies  energy  to  the 
5,000-hp.  reversing  motor  is  shown  in  Fig.  4.  It  con- 
sists of  a  3,000-hp.  induction  motor  using  2,300-volt 
60-cycle  three-phase  current  and  has  a  speed  of  360 
r.p.m.  The  two  generators  are  of  4,000-kw.  total  capac- 
ity and  generate  500-volt  direct  current.  The  flywheel 
weighs  50  tons. 

Another  interesting  installation  of  the  same  capacity 
was  found  at  the  Sparrow's  Point,  Md.,  plant  of  the 
Bethlehem    Steel    Co.      This    General    Electric    double 


FIG.-  8.     CLOSE-UP  VIEW  OF  THE  MOTOR  AND  ONE 
GENERATOR 


unit,  shovra  in  Fig.  5,  develops  5,000  hp.  when  operating 
at  speeds  varying  from  50  to  120  r.p.m.  It  is  used  to 
drive  a  40-in.  reversing  blooming  mill.  A  close-up  view 
of  the  commutator  end  of  the  motor  is  shown  in  Fig.  6. 
An  idea  of  the  massive  construction  may  be  had  by  the 
comparison  of  the  man  standing  by  the  bearing.  Fig.  5. 

The  motor-generator  set  used  in  conjunction  with 
this  reversing  motor  consists  of  tvro  2,000-kw.  600-volts 
per  unit  direct-current  generators  driven  by  a  3,000-hp. 
6,600-volt  25-cycle  induction  motor,  Fig.  7.  The  speed 
is  371  r.p.m.  and  the  flj-wheel  weighs  50  tons.  Fig.  8 
is  a  close-up  view  of  the  motor  and  one  of  the  generators. 

A  17,500-hp.  Westinghouse  reversing  motor  at  this 
same  plant  is  used  to  drive  a  60-in.  universal  plate  mill. 
It  has  a  speed  up  to  100  r.p.m.  and  uses  700-volt  direct 
current.  So  far  as  knovni,  this  is  the  largest  reversing 
motor  in  this  country.  Two  units  of  19,000  hp.  have 
recently   been   installed   at   a   steel   works   in   England. 


One  drives  a  36-in.  roughing  mill  and  the  other  a  34- 
in.  similar  mill.  The  speed  is  60  to  140  r.p.m.  and  the 
units  operate  on  the  Ward-Leonard-Ilgner  system.  The 
motor  comprises  three  units  coupled  together  and 
mounted  on  a  combined  bedplate.  The  complete  ma- 
chine weighs  approximately  300  tons. 

At  the  Briar  Hill  Steel  Co.,  Youngstown,  Ohio,  the 
new  plate  mill,  which  rolls  plate  exclusively,  consists  of 
two  mills,  one  a  three-high  single-stand  132-in.  mill,  the 


Feversing 
Field  Controller 


Rheostat 


FIG.    9.      WIRING    DIAGRAM    OF    THE    MOTOR    CONTROL 

other  a  two-stand  84-in.  mill.  The  roughing  rolls  of 
the  84-in.  mill  are  driven  by  a  reversing  direct-current 
motor  having  a  maximum  torque  of  1,000,000  ft.-lb.  at 
40  r.p.m.  This  motor  is  supplied  with  energy  from  a 
1,500-hp.  three-phase  60-cycle  2,200-volt  induction- 
motor  direct-current  generator  set.  The  2,250-kw.  600- 
volt  direct-current  generator  is  shunt  wound  and  sepa- 
rately excited.  It  is  equipped  with  commutating  poles 
and  compensating  windings.  On  the  shaft  of  this  unit 
is  mounted  a  60,000-lb.  flywheel. 

A  liquid  slip  regulator  connects  with  the  secondary 
winding  of  the  alternating-current  motor,  equalizing  the 
input  to  the  flywheel.  Thus,  when  the  motor  load 
reaches  a  certain  fixed  volume,  the  regulator  cuts  in 
resistance  in  the  secondary  winding,  which  causes  the 
motor  to  tend  to  decrease  its  speed,  and  the  flywheel 
gives  up  some  of  its  energy  and  so  absorbs  the  short 
peaks  of  the  roll  motor.  Just  as  soon  as  the  peaks  go 
off,  the  regulator  gradually  decreases  the  secondary  re- 
sistance and  the  motor  speeds  up,  bringing  the  flywheel 
back  to  full  speed  again  ready  for  the  next  peak.  Owing 
to  the  arrangement  of  the  regulator,  the  motor  cannot 
be  started  until  the  maximum  resistance  is  cut  in  on 
the  secondary,  by  means  of  the  slip  regulator  being 
wide  open.  Starting  and  stopping  of  the  motor  is  ac- 
complished from  a  benchboard  controller  without  manual 
setting  of  the  regulator.  The  switching  of  the  motor  is 
arranged  so  that  it  can  be  stopped  within  a  few  seconds, 
by  the  application  of  reverse  power. 
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Mtitms  used  I'di-  ilriviiiK'  inill-n)ll  trains  air  u.suully 
iif  thf  mill-ty(H',  totally  im  lo.ni'il ;  hut  in  .some  in.stanco.s 
a  .smK'li"  motor  drives  a  lay.shaft  larryiiiK  Kear.s  whiih 
me.sh  with  rorre.spondinjr  Kf">""*  that  carry  the  mill-rod 
train.  Direit-iurrent  mill-ty|)e  motors  are  u.sed  for 
many  purpo.se.s  as  steel-mill  au.xiliary  drives.  Such 
motors  are  bui't  in  sizes  up  to  and  around  275  hp.  and 
are  designed  to  operate  under  very  heavy  duty,  espe- 
I'ially  on  front  an('  rear  mill  rolls  and  screwdowns 
where  the  motor  is  started,  stopped  and  reversed  as 
frequently  as  a  dozen  times  a  minute. 

Most  of  the  larger  steel  mills  generate  their  own 
electrical  enerjry  at  high  alternating-current  vultaKe, 
but  it  must  be  transformed  to  direct  current  before  it 
can  be  used  with  a  direct-current  type  of  mill  motor. 
This  is  done  by  the  use  of  motor-generator  .sets  or 
rotary  converters.     In  other  instances,   the  high-volt- 


ing  effect  of  still  or  slowly  moving  brine  or  aii-  in  tin  <• 
contact  with  the  amtnonia  evaj)orating  coils. 

The  lowest  rate  of  heat  transfer  is  found  to  occur  m 
cold-storage  r<M)ms  having  direct  expansion  coils  hui\y 
on  the  walls.  The  air  surrounding  such  coils  is  alino-i 
still,  as  the  very  slight  natural  circulation  is  retarded 
by  the  pipes  of  the  coil  being  placed  one  above  the 
other.  The  rate  of  the  heat  transfer  in  such  cases 
will  never  be  more  than  1.5  B.t.u.  per  hr.  per  .sq.ft.  of 
pipe  surface  for  each  degree  difference  in  temperature 
between  the  ammonia  in  the  coil  and  the  surround- 
iTig  air. 

The  highest  rate  of  heat  transfer  is  found  in  brine 
coolers  of  the  shell  and  tube  type  where  the  brine  is 
forced  ,th rough  the  tubes  at  a  high  velocity  and  where 
the  anmionia  space  is  operated  as  in  the  flooded  system. 
Here  the  heat  flow  can  be  as  high  as  25  or  30  B.t.u. 
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age  current  is  purcha.sed  from  outside  souixes  and  must 
also  be  transformed  before  it  can  be  used.  Fig.  10 
shows  a  substation  at  the  main  plant  of  the  Young.s- 
town  Sheet  and  Tube  Co. 

(The  next  article  ivill  deal  with  some  of  the  pump- 
ing units  used  for  suppbiinn  water  for  various  pur- 
poses about  steel  mills.) 

Amiiioiiia  Coils  for  Coolinjf  Water 

By  A.  G.  Solomon 

:  An  estimate- .of '..the:  cooling  effect,  of  ammonia  coils 
based' oiv  ordinary.' units  of  heat  transmission  through 
pipes  is- likely,  to  he  very  misleading  because  the  I'ate 
of  heat  flow  from  water,  brine  or  air  to  the  ammonia- 
in  a  coil  will  vary  greatly,  depending  on  the  circula-. 
tion  of  whichever  substance  surrounds  the  coil.  This 
statement  is  made  plain  when  one  considers  the  insulat- 


In  ice  tanks  having  good  brine  circulation  and  the 
flooded  system  of  ammonia  evaporation,  the  heat  flow 
will  be  about  10  B.t.u.  We  will  assume  that  the  water 
is  cooled  in  a  tank  where  the  flow  amounts  to  200 
gal.  per  hour  and  that  water  is  being  admitted  and 
taken  out  continually  as  in  the  ice-plant  forecooler. 

Under  the  most  favorable  operating  conditions  the 
rate  of  heat  transfer  from  this  water  to  the  ammonia 
will  be  no  more  than  7  B.t.u.  This  figure  is  considered 
rather  high,  but  it  can  be  reached.  Suppose  the  aver- 
age temperature  of  the  water  is  (80  +  35)  -f-  2  = 
57.5  deg.  F.,  and  the  temperature  of  the  ammonia  in 
the  coil.  is. zero,  and  the  temperature  difference  is  57.5 
deg.  F.  As  ■  7.  B.t.u. .  i.s  the  rate  of  heat  transfer  for 
each  degree. temperature  difference,  7  X  57.5  -^  402.5 
B.t.u.  is  -the  -amount .  of  heat  passing  through  each 
square  foot  of  pipe  surface  per  hour.  Two  hundred 
gallons  of  water   is   equal   to    1,666   lb.      This   amount 
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of  water  to  be  lowered  from  80  to  35  deg.  will  call 
I  for  the  removal  of  45  X  1,666  =  74,970  B.t.u.  in 
an  hour.  Dividing  the  number  of  heat  units  to  be 
removed  by  the  heat  exchanged  through  one  square 
foot  of  pipe  surface  gives  186.26  sq.ft.,  or  299.5  ft. 
of  2-ln.  pipe;  and  20  per  cent  more  pipe,  or  about 
60  ft.  of  2-in.,  should  be  added  to  take  care  of  heat 
leakage  through  insulation  and  variations  in  operating 
conditions. 

A  New  English  Gas  Engine 

The  Premier  Gas  Engine  Works  has  brought  out  a 
large  double-tandem  double-acting  gas  engine  of  a  de- 
cidedly novel  design. 

Referring  to  the  sectional  line  drawing,  it  will  be 
seen  that  the  cylinders  are  grouped  in  pairs,  on  opposite 


tion  is,  in  fact,  equivalent  to  setting  the  cylinders  at 
an  angle  of  60  deg.,  as  in  the  familiar  motor-car  engine. 
The  cylinders  of  this  engine  are  24!,'  in.  in  diameter 
by  30  in.  in  stroke,  which,  at  a  speed  of  125  revolutions 
per  minute,  gives  a  piston  speed  of  625  ft.  per  min.  The 
mean  effective  pressure  is  66  lb.  per  sq.in.  Working 
on  blast-furnace  gas,  the  engine  develops  900  hp.,  or 
1,000  hp.  when  using  producer  gas.  The  over-all  di- 
mensions of  the  engine,  including  the  generator  and 
flywheel,  are  18  ft.  by  25  ft.  by  about  20  ft.  high  above 
the  floor  level.  A  unit  of  approximately  the  same  ca- 
pacity, but  of  the  double-acting  tandem  horizontal  type, 
would  require  a  floor  space  of  27  x  60  ft.  The  economy 
in  space  is  about  70  per  cent. 


The    potential    water    power    of    British    Columbia 
experts  declare,  is  equal  to  that  of  five  Niagaras.  Pour- 
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sides  of  the  crankshaft,  with  a  triangular  connecting  rod, 
after  the  fashion  of  the  old  Musgrave  steam  engine, 
transmitting  the  motion  of  the  two  sets  of  piston  rods 
to  the  single  crank.  The  upper  end  of  the  two  branches 
of  the  connecting  rod  have  gudgeon  pins  working  in 
short  transverse  slides  in  the  crossheads,  while  the 
right-hand  pin  also  takes  the  ends  of  the  radius  rods 
that  transmit  the  side  thrust  of  connecting  rods  to 
anchor  pins  on  the  frame. 

The  arrangement  has  the  advantage  of  reducing  to 
a  minimum  the  frictional  losses  involved  in  the  conver- 
sion of  the  reciprocating  motion  of  the  pi.ston  to  the 
rotation  of  the  crank.  It  also  gives  a  very  even  turning 
moment.    The  eff'ect  of  the  triangular  rod  in  this  direc- 


ing  down  the  mountains  comes  enough  water  to  develop 
3,000,000  hp.  At  Niagara  Falls,  there  is  now  devel- 
oped about  725,000  hp.  Only  123,000  electric  horse- 
power is  now  developed  by  the  plants  supplying  Van- 
couver, New  Westminster  and  the  towns  in  that  vicinity. 
This  power  turns  the  wheels  of  mills  and  factories, 
propels  the  street  cars  of  these  cities  and  provides  light 
for  the  .streets  and  homes.  If  the  entire  wealth  of 
British  Columbia  in  water  power  were  harnessed,  it 
would  be  sufficient  to  provide  power,  light  and  heat  for 
forty  cities  the  size  of  Vancouver  and  New  Westminster 
combined.  With  this  cheap  power  available,  economists 
predict  that  some  day  the  province  will  become  one  of 
the  greatest  manufacturing  centers  of  Canada. 
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What  Ts  the  Efliciency  of  a  Sleam  Engine? 

A  DiscuHHioii  oi*  Some  of  the  MiHUiidcrHtundings  Due  to 

Dillereut  Meanings  AttuchtMl  to  the  Names  of  the 

Various  Steam-Engine  Eflieieucies 

By  DkWITT  M.  TAYLOR 


WHEREVER  steam  engines  are  discu.ssed  the 
word  etliciency  is  used,  but  unfortunately  it  is 
frequently  used  without  due  care  to  specify  just 
what  it  means.  To  help  explain  it  various  qualifying 
terms  are  often  employed,  but  authorities  differ  as  to 
just  what  certain  of  these  terms  mean. 

In  general  the  efficiency  of  a  machine  or  engine  may 
be  defined  as  the  ratio  of  output  to  input,  or  of  the  heat 
equivalent  of  the  work  produced  to  the  heat  supplied  to 
the  engine.    The  efficiency  of  a  steam  plant,  then,  might 


DIAGRAM   SHOWING   HEAT   CONTENTS   OF   STEAM    AT  VARIOUS  POINTS  AS 
ASSUMED  IN  COMPUTING  EFFICIENCIES   OF   ENGINE 


be  stated  as  the  ratio  of  the  heat  equivalent  of  the  elec- 
trical energy  delivered  at  the  switchboard  to  the  heat 
of  combustion  of  the  coal  burned.  This  might  be  and 
frequently  is  called  the  "Over-all  Efficiency,"  although 
the  adjective  over-all  is  frequently  used  when  the  heat 
equivalent  of  the  power  at  the  engine  shaft  is  substi- 
tuted for  the  energy  at  the  switchboard.  When  attempts 
are  made  to  improve  the  economy  of  the  engine  or 
plant,  it  becomes  necessary  to  examine  the  losses  in  the 
various  individual  parts  of  the  apparatus.  This  results 
in  the  computation  of  the  efficiencies  of  these  individual 
parts,  and  it  is  largely  in  the  names  applied  to  these 
values  that  confusion  arises. 

When  dealing  with  the  engine  alone,  it  is  usual  to 
consider  that  the  boiler,  condenser,  piping  and  auxili- 
aries operate  at  100  per  cent  efficiency,  or,  in  other 
words,  not  to  charge  the  engine  with  any  losses  due  to 
imperfections  in  other  apparatus. 

In  Fig.  1  the  essential  parts  of  a  steam-power  plant 
are  showm  and  the  heat  content  of  the  steam  at  the 
various  significant  points  is  indicated.  The  steam  leav- 
ing the  boiler  has  a  certain  heat  content,  which  may  be 


designated  as  H,  or  as  q,  -}-  x,  r,  where  q  is  the  heat  of 
the  liquid,  r  is  the  heat  of  vaporization  and  x  is  the 
dryness  fraction,  the  subscript  1  referring  to  the  con- 
dition of  the  steam  leaving  the  boiler.  A.ssuming  no  loss 
in  the  steam  pipe  the  steam  entering  the  engine  is  in  the 
same  condition  as  on  leaving  the  boiler.  In  passing 
through  the  engine  some  heat  is  turned  into  work  and 
some  heat  is  wasted,  and  the  steam  leaves  the  engine 
with  a  heat  content  of  q.  -\-  x,  r,  where  the  subscript  2 
refers  to  the  condition  at  exhaust.  In  the  condenser 
all  the  steam  is  condensed, 
since  it  does  not  pay  to 
pump  steam  back  into  the 
boiler.  Any  additional  cool- 
ing of  the  condensate,  how- 
ever, is  the  fault  of  the  con- 
denser, not  of  the  engine,  so 
the  water  entering  the 
boiler  is  assumed  to  be  at 
the  temperature  corre- 
sponding to  the  back  pres- 
sure on  the  engine.  Its  heat 
content,  then,  is  g,.  The  heat 
added  in  the  boiler  to  each 
pound  of  water,  therefore,  is 
q,  +  X,  r,  —  q^,  or  as  some- 
times written,  H,  —  q_. 

The  heat  supplied  in 
the  boiler  per  horsepower 
per  hour  is  W  {H.  —  q,) 
where  W  is  the  "water 
rate,"  or  weight  of  steam 
per  horsepower  per  hour. 
The  heat  turned  into  work 
per  horsepower  per  hour  is 


33,000  X  60 

778 

from    this 


=  2,545  B.t.u. 
2,545 


An  efficiency  may  be  figured 


and    this    ratio    is    often 


W{H,-q,) 

called  the  "Actual  Thermal  Efficiency"  or  sometimes 
the  "Thermal  Efficiency  of  the  Actual  Engine."  It  has 
also  been  given  the  name  "Thermodynamic  Efficiency." 
The  theoretical  cycle  known  as  the  Carnot  Cycle  is 
sometimes  used  as  a  standard  of  perfection,  since  a 
heat  engine  working  on  this  cycle  would  have  an  effi- 
ciency that  could  not  be  exceeded.    The  efficiency  of  an 

r, 

where  T,  is  the  absolute  temperature  of  the  source  oi 
heat  and  T.  is  the  absolute  temperature  at  which  the 
waste  heat  is  rejected.  This  is  usually  referred  to  aa 
the  "Carnot  Efficiency,"  but  is  seldom  computed,  as  the 
actual  steam-power  plant  operates  on  a  cycle  differing 
materially  from  the   Carnot  Cycle. 

The  usual  standard  reference  cycle  for  steam  plant 
is  known  as  the  Rankine  Cycle,  and  it  differs  from  thel 


engine  working  on  this  cycle  is  expressed  by 
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actual  cycle  only  in  that  the  engine  proper  is  made  of 
a  perfectly  non-conducting  material.  It  can  be  shown 
that  the  heat  turned  into  work  by  an  engine  working 
on  the  Rankine  Cycle  is  (g,  -|-  x,  r,)  —  (?„  +  a;,  r^), 
where  the  symbols  have  the  same  meanings  as  in  the 
previous  paragraphs  with  the  additional  requirement 
that  the  entropy  during  expansion  remains  constant. 
Thus  the  value  of  x,  may  be  computed  on  the  basis  of 
a  constant  entropy  expansion  from  the  condition  of 
steam  at  the  throttle  to  the  pressure  of  the  exhaust. 
Since  the  amount  of  heat  added  in  the  boiler  is  the 
same  whether  the  steam  is  expanded  in  a  non-conduct- 
ing cylinder  or  in  an  ordinary  engine  cylinder,  its  value 


FIO.    2.      PRESSURE- VOLUME   DIAGRAM   FOR  RAN  KINK 

CYCLES    WITH    COMPLETE    AND   AVTTH 

INCOMPLETE  EXPANSION 

per  pound  of  steam  is  a.  4-  x.  r,  —  p,  or  H,  —  o,  as 
before. 
The  efficiency  of  an  engine  working  on  the  Rankine 

Cycle,  then,  is  — i or  -rj ,  re- 

'  9i  +  X,  r,  —  q..  Hi  —  q.' 

me/iibering  that  the  condition  designated  by  the  sub- 
script 2  is  found  from  a  constant  entropy  expansion. 
This  efficiency  is  usually  called  the  "Rankine  Efficiency." 

One  source  of  misunderstanding  is  due  to  the  use  of 
the  name  Rankine  Cycle  to  refer  to  two  different  cycles. 
The  distinction  may  be  understood  by  referring  to 
Fig.  2,  which  is  a  pressure-volume  diagram.  One  cycle 
is  represented  by  the  line  ABCDA,  the  curve  BC  repre- 
senting expansion  in  a  non-conducting  cylinder.  This 
is  the  cycle  described  before  in  this  article  and  called 
the  Rankine  Cycle.  By  some  writers  it  has  been  given 
the  name  Clausius  Cycle  and  by  others  "Rankine  Cycle 
with  Complete  Expansion." 

The  other  cycle  is  shown  by  the  lines  ABEFDA  and 
differs  only  from  ABCDA  in  that  the  adiabatic  expan- 
sion is  stopped  at  E  and  the  constant  volume  pressure 
drop  to  F  takes  place.  This  corresponds  to  the  action 
of  a  steam  engine  when  the  exhaust  valve  opens  before 
the  pressure  has  dropped  to  the  back  pressure.  The 
cycle  here  described  has  been  called  the  Rankine  Cycle 
by  many  people,  although  some  authorities  avoid  con- 
fusion by  naming  it  the  "Modified  Rankine  Cycle"  or 
the  "Rankine  Cycle  with  Incomplete  Expansion."  In 
connection  with  the  diagram  in  Fig.  2,  it  should  be 
remembered  that  this  represents  the  pressure-volume 
changes  of  a  definite  quantity  of  steam  and  is  not  an 
indicator  diagram. 

In  computing  the  work  done  by  an  engine  operating 
on  the  "Modified  Rankine  Cycle,"  the  portion  ABEGA 
is  treated  as  a  Rankine  Cycle  with  complete  expansion 
and  the  work  of  the  portion  GEFDG  is  found  by  multi- 
plying the  pressure  drop  from  E  to  F  (in  pounds  per 
square  foot)  by  the  volume  at  E.  This  latter  value  is 
reduced  to  the  equivalent  heat  units  and  then  added  to 


the  heat  equivalent  of  the  portion  ABEGA  to  find  the 
total  heat  converted  into  work. 

■^ince  a  perfectly  non-conducting  engine  can  never  be 
built,  its  water  rate  cannot  be  determined  by  actual 
test.  The  heat  turned  into  work  per  pound  of  steam 
however,  as  .stated  before,  is  (q,  +  x,  r,)  —  (q^  -\-  x,  r._) 
or  H,  —  H,.  The  heat  that  must  be  turned  into  work 
to  deliver  one  horsepower  per  hour  is  2,545  B.t.u.,  thor'- 
fore  the  water  rate  for  an  engine  working  on  the  Ra-.- 
2,545 


kine  Cycle  would  be 


and  this  value  is  often 


Hi— Hi' 
called  the  "Rankine  Water  Rate." 

When  two  engines  receive  steam  at  the  same  pressure 
and  quality  and  exhaust  at  the  same  pressure,  either 
their  actual  thermal  efficiencies  or  their  actual  water 
rates  serve  as  a  fair  basis  on  which  to  compare  their 
performances.  When,  however,  the  condition  of  the 
steam  supplied  or  the  exhaust  pressures  are  different, 
it  is  not  fair  to  compare  two  engines  on  this  basis. 
For  example,  assume  one  engine  receiving  dry  steam 
at  250  lb.  absolute  and  exhausting  at  28  in.  vacuum, 
and  a  second  taking  dry  steam  at  50  lb.  absolute  and 
exhausting  at  atmospheric  pressure.  In  the  first  case 
the  Rankine  Efficiency  would  be  30.8  per  cent,  while  in 
the  second  case  it  would  be  27.2  per  cent.  If,  then, 
the  two  engines  were  found  to  have  the  same  thermal 
efficiency,  the  latter  would  be  the  better  engine,  since  it 
comes  nearer  its  ideal  standard.  In  other  words,  the 
Rankine  efficiency  represents  the  ideal  efficiency  for 
the  conditions  under  which  the  engine  operates  and 
over  which  the  engine  has  no  control,  and  the  best 
engine  is  that  one  which  makes  the  most  of  its  oppor- 
tunities. 

For  this  reason  it  is  customary  to  compute  the  ratio 
of  the  actual  thermal  efficiency  to  the  Rankine  Efficiency 
for  the  existing  conditions.  It  is  in  connection  with 
the  names  given  this  ratio  that  the  most  confusion 
arises.  Some  authorities  call  this  the  "Cylinder  Effi- 
ciency," but  this  has  been  objected  to  when  applied  to 
steam  turbines.  The  term  "Cycle  Efficiency"  has  been 
used,  but  as  this  is  sometimes  applied  to  both  what  we 
have  here  called  the  Rankine  Efficiency  and  the  Thermal 
Efficiency,  it  causes  confusion.  The  term  "Rankine 
Efficiency"  has  also  been  applied  to  this  value,  but  this 
is  very  confusing,  since  so  many  use  this  name  as  it 
has  been  used  in  this  article.  Other  names  have  been 
used,  but  so  far  as  the  writer  knows,  the  term  Cylinder 
Efficiency  is  the  only  one  that  is  not  also  used  with 
another  meaning.  While  this  term  apparently  means 
nothing  when  applied  to  turbines,  it  at  least  has  only 
one  meaning  in  general  use. 

Differences  in  what  is  to  be  considered  as  the  output 
of  the  engine  also  lead  to  confusion.  When  reciprocat- 
ing engines  only  were  considered,  the  output  when 
figuring  thermal  efficiencies  was  taken  as  the  indicated 
horsepower.  This  was  the  logical  procedure,  since 
efficiencies  based  on  brake  horsepower  included  the  me- 
chanical losses  in  the  engine.  With  the  advent  of  the 
turbine,  however,  and  the  difficulty  of  determining  a 
value  corresponding  to  the  indicated  power  of  a  recip- 
rocating engine,  efficiencies  were  often  computed  on  the 
basis  of  the  brake  horsepower.  When  the  efficiency  of 
an  engine  based  on  indicated  horsepower  is  compared 
with  that  of  a  turbine  or  another  engine  based  on  brake 
horsepower,  the  results  are  likely  to  be  misleading. 

Since  uniformity  of  nomenclature  is  obviously  desir- 
able, the  following  definitions  are  suggested: 
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t'arnot  Ellk'ieiicy  is  the  eHkiency  of  a  theoretically 
perfect  engine  working  on  the  Carnot  Cycle  and  is  given 


by  the  expression 


Rankine    Efficiency    is    the   efficiency    of   an    engine 
working  on  the  Rankine  Cycle  and  is  given  by  the  ex- 

pression  ^ -— ^  . 

Thermal  Efficiency  is  the  ratio  of  the  heat  equivalent 
of  one  horsepower-hour  to  the  heat  supplied  to  the  en- 
gine for  each  horsepower-hour  and  is  given  by  the 
2,545 


expression 


11-/ rj        ~^ .     Unless  otherwise  stated,  this 
M  (H,  —  q,) 


value  is  based  on  the  indicated  horsepower. 

Cylinder  Efficiency  is  the  ratio  of  the  Thermal  Effi- 
ciency to  the  Rankine  Efficiency. 

Mechanical  Efficiency  is  the  ratio  of  the  brake  horse- 
power to  the  indicated  horsepower. 

The  symbols  used  in  the  foregoing  definitions  are 
those  explained  earlier  in  this  article.  To  make  these 
statements  cover  all  cases,  the  symbol  H  may  be  taken 
to  mean  the  heat  contents  of  wet,  dry  or  superheated 
steam. 

It  is  realized  that  some  of  these  definitions  at  least 
are  likely  to  incur  criticism,  but  they  are  offered  as 
suggestions  in  the  hope  that  this  or  some  other  list  of 
definitions  may  become  standard.  Probably  such  a 
standard  can  become  widely  recognized  only  if  it  is 
backed  by  some  such  body  as  the  American  Society  of 
Mechanical  Engineers. 

Testing  a  Closed  Heater 

By  R.  W.  Riordan 

A  closed  heater,  set  vertically,  was  connected  to  the 
exhaust  pipe  of  a  2,700-kw.  cross-compound  unit,  about 
midway  between  the  cylinder  and  a  barometric  con- 
denser, as  shown  in  the  sketch.  The  lower  connection 
was  of  the  same  diameter  as  the  exhaust  pipe ;  the  upper 
one  was  much  smaller,  but  of  sufficient  capacity  to  allow 
circulation  of  the  exhaust  steam.  A  drain  pipe  leading 
to  a  "cushion"  tank  carried  off  any  condensate  accumu- 
lating on  the  bottom  tube  sheet,  and  on  this  drain  line  a 
bleeder  valve  was  placed  to  determine  whether  there 
was  any  excessive  flow  of  water  passing  through  this 
line,  indicating  a  leak  in  the  heater.  After  a  run  of 
any  appreciable  length  the  heater  was  tested  as  soon 
as  the  unit  was  shut  down. 

Water  from  the  city  mains  flowed  through  the  tubes, 
which  were  divided  into  sections,  providing  for  six 
passes,  and  the  temperature  rise  obtained  varied  from 
50  to  75  dep.  before  going  to  an  open  feed-water  heater. 
The  city  water  averaged  50  lb.  gage,  and  with  a  pres- 
sure of  2  lb.  absolute  on  the  steam  side  of  the  heater 
considerable  water  was  wasted  when  leaks  occurred  in 
the  tubes,  for  the  condensate  and  circulating  water  were 
discharged  from  the  "cushion"  tank  into  the  eanal  run- 
ning alongpide  the  plant. 

The  point  that  I  wish  to  bring  out  is  the  difficulty 
experienced  in  locating  the  leaking  heater  tubes  and 
how  this  difficulty  was  overcome.  Of  cour.se,  on  ac- 
count of  the  layout  of  the  piping,  it  was  out  of  the 
question,  when  testing  to  locate  the  leaks,  to  fill  the 
steam  side  of  this  heater  with  water,  as  is  often  done 
with  those  of  horizontal  design,  so  the  candle  test  was 
applied,  while  a  vacuum  was  maintained  in  the  steam 


•space.  This  method  proved  unsatisfactory,  for  while  it 
located  one  serious  leak,  it  failed  to  disclose  the  where- 
abouts of  ."^cveral  minor  ones,  and  the  result  was  that 
the  total  leakaj^e  was  reduced  only  about  one-half. 

Next,  the  bottom  head  was  put  back  in  place  and  the 
tubes  were  filled  with  water  to  a  height  of  a  few  inches 
above  the  top  tube  sheet.  The  vacuum  pulled  the  water 
level  down  in  two  certain  sections,  indicating  leaks  in 
those  sections,  but  that  was  all.  The  suggestion  of 
putting  steam  pressure  on  the  exhaust  side  of  the 
heater  was  next  carried  out,  but  naturally,  the  water 
{(bsorbed  all  the  steam  that  leaked  through,  and  when 
the  tubes  were  drained  dry  the  heat  evidently  expanded 
the  metal  and  closed  up  the  leaks. 

After  much  discussion  among  those  of  the  operating 
force,  the  use  of  compressed  air  was  suggested,  and  this 


PIPING  OF  CLOSED  HEATER  TO   EXHAU.ST  PIPE 

method  gave  the  most  gratifying  results.  A  hose  was 
used  to  connect  the  compressed-air  reservoir  with  the 
.small  bleeder  valve  on  the  drain  line  of  the  heater,  and 
with  the  water  a  few  inches  above  the  top  tube  sheet, 
the  air  was  turned  on.  On  account  of  the  small  capacity 
of  the  hose  and  the  bleeder  valve,  it  was  impossible  to 
create  a  pressure  of  air  in  the  exhaust-steam  space  as 
had  been  planned,  for  the  air  leaked  through  stuffing 
boxes,  valves,  etc.,  as  fast  as  it  flowed  to  the  heater. 
After  waiting  a  suflicient  length  of  time  to  allow  all 
the  passage?  to  become  filled  with  air,  the  throttle  valve 
of  the  engine  was  opened  slightly.  This  produced  the 
desired  result,  for  the  steam  rushing  through  the  engine 
and  exhaust  pipe,  drove  the  air  before  it  and  caused 
such  a  rapid  rise  of  pressure  in  the  heater  that  air  was 
forced  through  the  leaks  in  the  tubes.  It  was  then  a 
simple  matter  to  mark  the  tubes  from  which  the  air 
bubbles  were  discharging.  Several  leaks  were  located 
and  repaired,  and  when  the  heater  was  closed  up  and 
tested,  not  even  a  trickle  of  water  appeared  at  the 
bleeder. 
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Operation  and  Adjustment  of  Turbine  Machinery-Ill 
Examining  Turbines  and  Generators 


By  EUSTIS  H.  THOMPSON 

Consultingr    Enginpci-.    IJaltinion\    J[ar>ian(l 


Neufraf  on  Ccmmutator 
where  Brushes  are 
located  \ 


WHEN  a  large-sized  turbine  is  put  into  operation, 
the  same  course  as  for  small  turbines  is  pur- 
sued but  with  greater  refinement.  The  piping 
and  foundations  should  be  carefully  gone  over.  Strains 
due  to  pipe  weight  should  be  eliminated.  In  large 
machines  an  expansion  joint  is  always  placed  at  the 
condenser. 

After  cleanmg  and  filling  with  oil  comes  the  question 
of  mechanical  adjustment.  In  large  machines  alignment 
becomes  the  greatest  single  factor,  as  it  affects  the  oper- 
ation of  the  steam  upon  the  blades,  and  the  shaft  pack- 
ing rings  as  well  as  the  operation  of  the  bearings, 
couplings  and  the  whole  machine  itself.  Alignment  de- 
pends upon  the  accuracy  with 
which  the  machine  is  installed, 
and  this  should  be  among  the 
first  things  checked.  Align- 
ment of  bearings  does  not 
need  to  be  checked  in  a  two- 
bearing  unit.  In  a  three- 
bearing  set  this  is  checked  by 
separating  the  coupling 
flanges  a  small  amount  and 
then  measuring  between  them 
with  a  feeler  gage  to  see  that 
they  are  approximately  par- 
allel. The  flanges  should  sep- 
arate equally  on  each  side,  but 
the  top  should  open  up  some- 
what more  than  the  bottom, 
which  is  usually  from  0.002  to 
0.006  in.  to  allow  for  expan- 
sion in  the  turbine  end.  In  a 
turbine  and  generator  set  that 
is  mounted  on  four  bearings, 
the  coupling  is  usually  set  so 
as  to  be  parallel  at  the  flanges 
and  also  central  in  regard  to 
the  axis  of  each  shaft.  The 
flanges  can  be  measured  as  be- 
fore to  check  them  for  par- 
allelism. They  can  be  tested  for  eccentricity  with  a 
straight-edge.  Lay  the  straight-edge  on  one  flange  par- 
allel to  the  shaft  and  allow  it  to  project  so  as  to  touch 
the  other  flange.  This  should  just  barely  touch  on  both 
sides,  top  and  bottom.  It  is  customary,  if  the  machine 
is  cold,  to  set  the  generator  a  little  higher  than  the  tur- 
bine so  as  to  allow  for  turbine  expansion.  This  allow- 
ance is  0.004  to  0.008  in.  per  foot  of  height  above  the 
bedplate. 

The  alignment  of  the  shaft  and  turbine  casing  should 
be  checked  by  removing  the  cover  of  the  packing  rings 
at  each  end  of  the  machine  and  measuring  from  the 
shaft  to  the  bored  surface  of  the  casing.  The  casing 
should  be  central  under  full-load  conditions  when  it  has 
reached  its  running  temperature.  In  checking  this  align- 
ment when  cold,  expansion  should  be  considered.  It 
often  happens  that  the  turbine  bearings  are  supported 


directly  on  the  turbine  casing.  Then  there  is  little 
expansion  effect.  When  the  bearing  is  supported  on  the 
bedplate,  we  have  greatest  expansion  of  the  turbine 
casing.  The  allowance  for  expansion  should  range  from 
0.002  to  0.01  in.  per  foot  of  height. 

Impulse  turbines  do  not  require  as  close  an  align- 
ment in  this  respect  as  reaction  turbines,  generally 
speaking,  as  in  the  former  case  there  is  only  the  nozzle 
alignment  to  be  considered,  while  in  the  latter  there  is 
often  a  close  clearance  between  revolving  blades  and 
turbine  casing. 

Setting  the  clearances  is  the  next  principal  adjust- 
ment. This  refers  to  axial  clearance  or,  in  other  words, 
the  distance  measured  par- 
allel with  the  shaft  from  a 
moving  blade  to  a  stationary 
blade  taken  on  each  side.  Be- 
fore moving  the  shaft  so  as  to 
adjust  this  clearance,  be  sure 
to  look  the  rotating  element 
over  from  end  to  end  so  that 
there  will  be  no  danger  of 
damaging  an  oil  deflector, 
gear  or  piece  of  governor 
mechanism.  All  such  parts 
should  be  either  disconnected 
or  held  under  close  observa- 
tion. Peep-holes  are  usually 
provided  by  which  it  is  pos- 
sible to  measure  the  actual 
clearances  with  a  shim  gage. 
The  shaft  can  then  be  set  so 
that  the  revolving  and  sta- 
tionary blades  will  properly 
clear,  with  an  allowance  for 
expansion.  It  should  be  borne 
in  mind  that  the  shaft  ex- 
pands away  from  the  thrust 
bearing.  The  revolving  blade, 
therefore,  should  be  set  fairly 
close  to  the  stationary  blade 
— that  is,  on  the  same  side  as  the  thrust  bear- 
ing— and  the  excess  clearance  can  then  be  taken  up  by 
expansion  away  from  the  thrust  bearing. 

Some  thrust  bearings  are  set  by  means  of  shims. 
These  shims  can  be  removed  until  the  shaft  is  moved 
into  its  proper  position,  and  then  they  can  be  replaced 
in  accordance  with  the  new  setting  of  the  bearing. 
The  shaft  can  be  moved  endwise  by  using  a  bar  or  a 
small  jack  against  some  solid  part  of  the  rotor.  Thrust 
bearings  are  often  made  with  a  bolt  which  can  be  turned 
to  move  the  shaft.  It  is  safer,  in  this  case,  to  turn  the 
machine  over  by  hand  or  by  light  steam  pressure  when 
moving  the  thrust  bearing. 

In  turning  over  a  large  machine  it  is  often  most  con- 
venient to  take  a  few  turns  round  a  coupling  flange 
with  a  rope  and  pull  one  end  with  a  crane. 

There   is  another  method  of  setting  the  clearances 


FIG.  1.     THE  MECHANICAL  XEUTK.VL  i'OlNT  IS  THE 
COMMUTATOR    BAR    THAT    CONNECTS    TO    THE 
COIL  IN  THE  CENTER   OF   THE  SPACE  BE- 
TWEEN  THE   MAIN    POLES 
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when  it  is  not  loiivoniciit  lo  riK-iiMiio  tlicm  IIuoukIi  luei'- 
holes.  Thi.s  consists  in  turning  the  nmchinc  nvor  jind 
scttinp  the  shaft  toward  one  end  until  rul)l)injf  is  hoard 
and  then  setlinjr  the  shaft  in  the  other  directon  until  it 
rubs  at  the  other  end  of  the  travel.  The  actual  travel 
of  the  shaft  can  be  measured  and  the  lina!  settinjj:  made 
in  the  middle  of  this  travel.  This  is  best  suited  to  small, 
njrid  machines,  l)ut  should  l)e  undertaken  only  with  the 
greatest  care  and  preferably  omitted  if  possible,  in 
lartre  machines  with  delicate   bladinjr. 

The  radial  clearance,  or  that  which  is  measured  from 
the  revolvinp  blades  to  the  turbine  casing  in  a  radial 
direction,  is  usually  .so  larjre.as  to  be  negliKible  in  im- 
pulvse  machines,  but  is  of  jrrcat  importance  in  reaction 
machines.  This  adjustment  is  made  in  lininp  up  the 
turbine  casing  anil  simj)ly  means,  in  the  latterca.se,  that 
the  job  should  be  well  done. 

Further  progress  follows  the  course  of  that  pursued 
in  smaller  machines.  Often  an  auxiliary  oil  pump 
driven  by  steam  is  supplied  for  use  in  starting.  Some- 
times the  oil  rings  are  omitted  and  it  is  neces.sary  to  use; 
a  s()uirt  can  on  each  bearing  before  starting.  Bearing 
temperatures  should  be  watched  with  greatest  care;  also 
leakage  of  oil  along  the  shaft 
that  might  work  its  way  into 
the  generator  should  bear  close 
scrutiny. 

Inspections  to  Be  A-.oinED 

In  looking  over  a  machine  it 
is  not  the  best  policy  to  inspect 
indiscriminately.     It  is  not  de- 
sirable to  dismantle  a  machine 
when   the   desired   information 
can  be  obtained  by  other  meth- 
ods.   Endeavor  to  avoid  remov- 
ing   the    top    of    the    turbine 
casing  as  a  great  deal  of  work 
is  involved  in  dismantling  the 
parts  connected  with  it.     It  is 
not  easy  to  make  a  good 
steam-tight    joint    when 
this    is    replaced.      The 
blading    in    most    case.s 
can  be  inspected  through 
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FIG.    2.     TO  TEST  THE  POLARITY  OF  THE 
llACHIXE  A  POSITIVE  VOLTMETER  I.S 
CONNECTED  ACROSS  THE  OPEN  MAIN 

S%VITCH 

peep-holes.  In  special  cases,  where  there  is  reason 
to  suspect  trouble  with  the  buckets,  it  may  be  neces- 
sary to  dismantle  the  machine.  The  packing  rings 
should  always  be  tested  by  actual  operation  rather  than 
by  inspection.  Assembling  the  packing  is  sometimes  the 
most  difficult  job  on  the  whole  machine,  and  there  is 
always  a  chance  of  breaking  the  delicate  and  expensive 
packing  rings.  The  governor  itself  is  difficult  to  assem- 
ble and  should  not  be  taken  apart  unless  there  is  good 
reason  and  plenty  of  time  for  the  work. 


Steam  engineers  fre(|uently  arc  required  to  haiidlc 
electric  generators.  In  small  plants  especially,  the  engi- 
neer is  frot|uently  reiiuircd  to  tako  charge  of  everything.; 
from  siipp'.\ing  coal  to  the  boiler  up  to  the  point  of 
delivering  mechanical 
energy  from  the  electric 
motor.  Putting  a  generator 
ill  service  may  become  thi' 
engineer's  responsibility, 
and  this  may  prove  an  easy 
job  or  an  unlooked-for  ac- 
cident may  make  it  appear 
to  be  a  proposition  of  no 
small  proportions. 

Placing  an  alternating- 
current  generator  in  serv- 
ice is  comparatively  simple. 
The  brushes  on  the  collector 
rings  should  be  accurately 
fitted  and  the  machine 
l)lown  out  and  wiped  off  as 
before.  When  using  com- 
pressed air,  always  use  a 
fairly  light  current  of  air 
which  would  be  equivalent 
to  a  strong  electric  fan 
clo.se  to  the  blades.  Very 
high  air  pressure  is  injur- 
ious to  the  insulation  and 
causes  varnish,  mica  and 
wrapping  to  be  blown  off 
eventually. 

An  alternator  is  thrown 
in  on  the  line  by  means  of 
a  synchronoscope.  There  arc 
many  methods  of  connect- 
ing .synchronoscopes  and  of  testing  them  to  make  sure 
they  are  right  before  throwing  in  a  machine.  The  sim- 
plest method  for  checking  them  is,  in  the  writer's 
opinion,  as  follows: 

First,  test  for  phase  rotation.  Bring  the  voltage  up  to 
normal;  clear  all  the  other  generators  off  the  switch- 
board and  close  the  switch  of  the  new  generator  so  that 
it  will  energize  the  busbars. 

Then  start  one  of  the  induction  motors  on  the  line  or 
in  the  power  house.  If  this  machine  rotates  in  its  usual 
direction,  the  phase  rotation  is  correct.  If  not,  the  phase 
rotation  must  be  corrected  by  interchanging  any  two  of 
the  three  leads  of  a  three-phase  generator  and  either 
phase  leads  of  a  two-phase  machine. 

After  the  phase  rotation  has  been  corrected,  the  syn- 
chronoscope should  be  checked  for  accuracy.  Di-sconnect 
the  cables  coming  from  the  machine  at  the  generator  it- 
self and  mark  them  so  that  they  can  be  connected  again 
in  the  proper  manner.  Insulate  the  cables  from  the  oil 
switch.  Now  close  the  oil  switch,  which  wull  energize 
these  leads  with  current  from  the  busbars.  Plug  in  the 
synchronoscope,  and  if  the  connections  are  correct 
it  will  read  12  o'clock.  If  it  jumps  to  any  other  posi- 
tion, the  connections  should  be  corrected.  In  case  the 
instrument  is  already  in  the  12  o'clock  position,  it  should 
be  moved  away  by  hand  so  that  its  action  can  be  plainly 
noted  when  it  is  plugged  in.  After  opening  the  oil 
switch,  the  machine  can  now  be  connected  to  the  leads 
and  brought  up  to  speed  and  loaded. 

Direct-current  generators  are  directly  connected  to 
turbines  only  in  small  sizes,  and  in  larger  sizes  are  con- 
nected through  reduction  gears.     They  should  be  dis- 
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connected  until  the  turbine  has  been  put  in  good  running 

I  condition.     It  is  a  good  plan  to  open  the  field  circuit 

I  by  disconnecting  at  a  terminal  so  that  there  will  be  no 

,  danger  of  the  voltage  building  up  unexpectedly,  until 

the  engineer  is  ready. 

The  air  gap  between  the  rotating  and  stationary  parts 
I  should  be  checked  in  all  positions.  The  brushes 
should  be  sandpapered  so  they  will  fit  the  commutator. 
This  is  a  delicate  matter  on  high-speed  machines.  A 
good  surface  that  fits  the  commutator  can  be  secured 
by  sandpapering  against  rotation  with  rough  sand- 
paper and  then  going  over  with  fine  sandpaper,  this 
time  in  the  same  direction  of  rotation. 

The  dust  should  be  blown  out  with  compressed  air  or, 
if  none  is  available,  a  hand  bellows  may  be  substituted. 
Keep  the  current  of  air  away  from  the  windings  so  that 
the  dust  will  be  blown  away  from  the  machine.  Wipe 
the  brushes  ofl'  with  a  clean  rag  and  place  them  in  the 
brush-holders.  The  remaining  parts  of  the  brush  rig- 
ging and  insulators,  cable  connections,  etc.,  should  be 
carefully  wiped. 

The  brushes  should  be  set  in  the  running  position.  In 
many  cases  the  brush  rigging  is  marked  with  a  pointer 
or  other  means  so  that  this  position  can  be  easily  located. 
In  nearly  all  cases  the  running  position  is  at  the  me- 
chanical neutral  point  or  perhaps  one  or  two  bars  with 
rotation  from  this  point.  The  foregoing  applies  to  inter- 
pole  machines,  and  in  generators  without  interpoles  the 
running  position  is  sometimes  two  to  four  bars  off  the 
neutral.  Machines  of  this  character  are  not  built  to  any 
great  extent  for  turbine  work.  The  mechanical  neutral 
point  is  the  commutator  bar  that  connects  to  the  coil  in 
the  center  of  the  space  between  the  main  poles.  This 
can  most  easily  be  found  by  marking  the  armature  end 
windings  between  the  main  poles  and  then  following  the 
lead  nearest  this  mark  down  to  its  commutator  bar. 
In  an  interpole  machine  the  neutral  is  at  the  center  of 
the  interpoles  A,  as  indicated  in  Fig.  1. 

If  the  coils  lead  off  toward  the  center  of  the  main 
poles  B,  then  the  neutral  point  on  the  commutator  will 
be  opposite  the  center  of  the  main  poles,  and  it  is  in 
this  position  that  the  brushes  must  be  located. 

Connect  up  the  field.  Test  the  machine  for  grounds 
with  a  magneto,  turn  the  rheostat  so  that  the  resistance 
is  all  in  and  bring  the  machine  up  to  speed.  Build  up 
the  voltage  slowly  by  turning  back  the  rheostat  and 
short-circuiting  the  field  resistance.  Watch  the  com- 
mutator as  the  voltage  rises. 

Testing  Machines  for  Polarity 

The  next  step  is  to  test  the  polarity  of  the  machine 
and  of  the  equalizer  before  closing  in  the  main  switch. 
This  can  be  most  easily  done  by  closing  the  circuit 
breaker  and  placing  the  leads  of  a  voltmeter  across  the 
blades  of  the  main  switch  and  also  across  the  jaws  of  the 
switch,  as  in  Fig.  2.  The  voltmeter  should  be  of  the 
positive  type,  which  will  read  backward  or  deflect  back 
of  zero  when  current  is  circulating  through  it  in  the 
wrong  direction.  The  meter  reading  from  the  left  blade 
to  the  right  blade  should  be  the  same  as  that  from  the 
left  jaw  to  the  right  jaw.  If  the  voltmeter  reads  right 
in  one  of  these  positions  and  reads  backward  in  the  next, 
it  indicates  that  the  polarity  of  the  machine  is  reversed. 

The  easiest  way  to  polarize  the  generator  correctly 
with  absolute  safety  is  to  shut  down  and  remove  the 
brushes.  The  brushes  should  be  placed  so  that  they  will 
not  touch  the  commutator  or  the  frame  of  the  machine. 


It  is  general  practice  to  let  the  brushes  on  the  lower 
studs  hang  by  their  pigtails  while  the  brushes  in  the 
upper  studs  can  be  thrown  backward  over  the  studs  so 
that  the  pigtail  will  not  allow  them  to  touch  the  com- 
mutator. Also  it  is  a  little  more  trouble  but  somewhat 
safer  to  place  these  brushes  crosswise  on  the  tops  of  the 
holders  and  hold  them  in  place  with  the  spring.  If  some 
fiber  is  handy,  this  can  be  slipped  between  the  brushes 
and  the  commutator  instead  of  removing  brushes  from 
the  holders. 

Now  turn  the  rheostat  to  the  "all-in,"  or  "low-volt- 
age" position.  See  that  the  circuit  breaker  is  open.  Con- 
nect the  left  switch  jaw  to  its  blade  with  a  piece  of  fuse 
wire.  Do  the  same  to  the  right  switch  blade  and  jaw, 
as  in  Fig.  3.  Now  close  the  circuit  breaker  and  slowly 
cut  out  the  resistance.  Then  cut  the  resistance  all  in 
again  so  that  the  field  current  will  be  reduced  as  much 
as  possible  and  open  the  circuit-breaker  and  remove  the 
fuse  wire. 

Field  May  Be  Wrongly  Connected 

Bring  the  voltage  up  to  normal  as  before.  Now  test 
for  polarity,  and  if  the  directions  have  been  followed 
it  cannot  fail  to  be  correct,  except  in  the  possible  case 
of  the  field  being  wrongly  connected.  When  the  field  is 
wrongly  connected,  the  voltage  will  not  build  up.  The 
remedy  is  to  reverse  the  field  connections  at  the  machine. 
In  case  there  should  be  an  open-field  connection,  there 
will  be  no  arc  when  the  circuit  breaker  is  opened  as  be- 
fore described. 

Take  the  polarity  from  one  switch  blade  to  the  equal- 
izer switch  blade  and  then  to  the  two  corresponding 
switch  jaws.  If  the  equalizer  is  on  the  proper  side  of 
the  line,  the  same  polarity  will  be  obtained  in  each  case. 
The  machine  can  now  be  adjusted  to  the  same  voltage 
as  that  on  the  switchboard  and  closed  in  on  the  line  and 
loaded. 

(In  the  next  article  Mr.  Thompson  will  explain  some 
points  on  the  proper  handling  of  a  turbine.) 


Experience  has  shown  that  wire  ropes  of  compound 
construction,  subjected  to  corrosion  influences,  are  likely 
to  deceive  engineers  as  to  the  strength  remaining  in 
them,  says  a  circular  issued  to  managers  of  mines  on 
the  Rand,  South  Africa.  Where  reduction  of  diameter 
or  circumference  of  the  rope  has  taken  place,  not  ac- 
counted for  by  the  evidence  of  wear,  the  part  of  the 
rope  under  examination  should  first  be  fully  loaded 
and  then  relieved  of  the  load.  Any  noticeable  difference 
in  circumference  in  these  circumstances  and  the  slack- 
ening of  the  outside  wires  when  the  load  is  off  will 
indicate  that  internal  corrosion  has  taken  place.  The 
extent  of  corrosion  inside  the  strand  can  be  estimated 
only  by  the  slackness  of  the  outside  wires.  The  cor- 
rosion betvveen  the  strands  can  be  further  examined  by 
untwisting  the  rope  or  displaying  the  strands  sufficiently 
with  a  marlin  spike. — The  Engineer. 


An  ideal  air  compressor  would  have  no  clearance 
space  at  the  end  of  the  compression  stroke  or  cycle,  as 
any  air  remaining  in  the  clearance  space  simply  expands 
again,  reducing  the  capacity  of  the  unit.  As  zero  clear- 
ance is  practically  impossible  as  well  as  inexpedient,  and 
cooling  in  the  compression  chamber  limited,  when  high 
pressures  are  desired  it  is  found  advantageous  to  use 
multiple-stage  units,  cooling  the  air  between  the  stages 
in  what  are  known  as  intercoolers. 
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DURING  the  war  the  national  i)eiil  aroused  an 
acute  inililic  Hcnsc  of  the  iniportance  "f  fuel 
economy.  U.v  the  siigtrestion  of  simple  measures, 
and  a  read.v  acceptance  of  tiieni  li.v  fuel  u.scis  through 
patriotism  or  apprehension  of  a  compulsorv  shut-down. 
it  was  demonstrated  positively  that  fully  a  (luarter  of 
the  nation's  coal  consun^ption  can  be  saved,  and  this  by 
tndinary  attention  to  common  principles  and  simple 
[Practices.  As  a 
war  measure  this 
\Nork  of  the  Fuel 
Administr  a  t  i  o  n 
was  a  success.  It 
would  be  equally 
beneficial,  if  not 
so  imperative  as 
a  peace  measure. 
The  hoi>e  has 
been  that  it  would 
be  carried  on  by 
the  Bureau  of 
Mines,  and  the 
possibility  of 
making  a  start  in 
this  direction  by 
having  the  Bu- 
reau undertake 
the  inspection  of 
coal  on  its  way 
to  the  purchaser 
has  been  dis- 
cussed. Should 
this  be  done,  the 
man  who  would 
probably  be  in- 
trusted with  the 
institution  of  the 
system  is  Ozni  P. 
Hood,  the  Chief 
Mechanical  Engi- 
neer of  the  Bu- 
reau. Just  at 
the  present  time 
Mr.  Hood's  atten- 
tion is  being  di- 
rected toward  the 
solving  of  the  me- 
chanical   and 

chemical  obstacles  which  separate  the  great  lignitic 
resources  of  the  country  from  commerical  success.  A 
plant  embodying  many  ideas  worked  out  in  Mr.  Hood's 
office  is  being  created  in  the  North  Dakota  lignite  field, 
and  the  m.ost  pretentious  effort  ever  made  to  com- 
mercialize lignite  is  well  under  way. 

Practically  every  year  of  Mr.  Hood's  life,  since  fhe 
days  he  worked  as  an  apprentice  for  his  father,  who 
was  a  pioneer  in  the  development  of  cash  registers  and 
adding  machines,  has  seen  an  accomplishment  of  more 
than  ordinary  merit.  Much  of  his  work  has  been  with 
the  idea  of  increasing  the  efficiency  of  power  plants. 

Mr.  Hood  was  born  in  Lowell,  Mass.,  June  14,  1865. 
His  parents  moved  to  Indianapolis  shortly  after  his 
birth,  and  it  was  there  that  he  learned  his  trade  as  a 


pallern  and  model  maker  and  secured  his  early  edu 
tion.  His  technical  education  was  obtained  at  Worce  •  i 
Polytechnic  Institute  and  at  Rose  I'olytechnic  Institute. 
He  was  among  the  first  to  be  graduated  by  the  latter 
institution.  His  first  position  after  graduation  was  ag 
instructor  and  mechanical  engineer  at  the  Kansas  State 
Agricultural  ("ollege.  He  was  a  member  of  the  faculty 
of  that  institution  for  twelve  years.     He  then  joined  the 

faculty  of  the 
Michigan  School 
of  Mines,  where 
he  served  thirteen 
years.  In  addi- 
tion to  his  school 
work  Mr.  Hood 
was  allowed  to 
maintain  a  con- 
sulting practice. 
During  the  thir- 
teen years  he  was 
with  the  Michi- 
gan School  of 
Mines,  he  made 
special  reports 
for  nearly  every 
mining  company 
in  the  Michigan 
copper  district.  In 
1911  Dr.  Joseph 
A.  Holmes  came 
to  him  with  a  re- 
quest that  he  help 
him  make  a  suc- 
cess of  the  Bureau 
of  Mines,  which 
had  only  recently 
been  established. 
He  accepted  the 
offer  and  has  been 
Chief  Mechanical 
Engineer  of  the 
Bureau  ever  since. 
The  United  States 
Geological  Survey 
superpower  in- 
vestigation staff 
is  being  organ- 
ized and  Mr.  Hood 
has  been  designated  as  one  of  the  engineering  staff  to 
co-operate  in  this  work.  In  this  work  his  attention  will 
probably  be  directed  to  the  various  problems  of  fuel 
economy. 

It  is  anticipated  that  gas  may  possibly  form  one  im- 
portant medium  for  the  transfer  of  energy  from  the 
western  Pennsylvania  and  West  Virginia  fields  to  the 
region  nearer  seaboard,  where  the  demands  for  power 
and  other  forms  of  energy  are  greatest.  If  so,  it  will 
be  very  important,  indeed,  to  have  these  aspects  of 
the  work  properly  represented  on  the  senior  board  of 
engineers.  Extensive  plans  have  often  been  discussed 
for  coking  of  coal  at  the  mine,  and  it  is  possible  that 
such  engineering  projects  may  require  considerable 
attention  in  the  course  of  this  work. 
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The  Emmet  Mercury- Vapor 
Power  Apparatus 

EVER  since  Carnot  showed  that  the  efficiency  of  a 
heat  engine  depends  on  the  range  of  temperature 
over  which  it  operates,  engineers  and  scientists  have 
been  trying  to  increase  the  temperature  ran^je  cf  power- 
generating  apparatus.  In  the  earlier  engines  steam 
was  used  because  of  its  convenience,  and  the  same 
reasons  still  exist  for  its  continued  use.  The  difficulties 
of  mechanical  construction  to  handle  large  pressure 
ranges,  however,  placed  a  practical  limit  on  the  tem- 
perature range.  With  this  fact  in  mind,  scientists 
investigated  the  properties  of  other  substances  in  the 
hope  of  finding  a  substitute  for  water  vapor,  but  found 
the  same  difficulty  in  every  case.  It  is  true,  they  found 
vapors  having  much  higher  boiling  points  at  usable 
pressures,  but  these  same  vapors  had  high  boiling  points 
at  workable  condenser  pressures  so  that  no  very  great 
gain  was  made  in  the  available  temperature  range.  The 
same  facts  held  for  substances  having  boiling  points 
lower  than  that  of  water. 

The  next  suggestion  was  to  use  two  substances  in 
series.  A  liquid  having  a  high  boiling  point  was  to 
be  vaporized  in  a  boiler,  used  in  an  engine  or  turbine 
and  condensed  in  a  condenser  which  acted  as  a  boiler 
for  a  second  liquid  having  a  lower  boiling  point.  This 
second  substance  was  to  be  used  in  an  engine  and  con- 
densed as  usual.  In  most  cases  water  was  suggested 
as  one  of  the  substances — sometimes  as  the  first  and 
sometimes  as  the  second,  depending  upon  the  properties 
of  the  other  liquid  chosen. 

On  paper  this  scheme  worked  beautifully.  It  prom- 
ised to  revolutionize  the  power-plant  industry.  Its 
actual  application,  however,  encountered  obstacles.  The 
complicated  apparatus  necessary  offered  apparently 
unsolvable  problems.  The  chemical  properties  of  the 
various  substances  presented  new  difficulties.  Thus, 
most  engineers  came  to  think  that  the  binars'^-vapor 
power  plant  was  a  good  idea  that  could  not  be  made 
to  work. 

One  man,  however,  felt  that  it  could  be  made  to 
work.  He  knew  that  the  idea  was  theoretically  sound 
and  was  convinced  that  the  practical  difficulties  could 
be  overcome.  In  this  issue  cf  Power  is  a  short  account 
of  the  binary-vapor  apparatus  using  mercury  vapor  and 
steam  which  has  been  developed  by  W.  L.  R.  Emmet. 
Mr.  Emmet  made  public  a  description  of  his  plant  about 
six  years  ago,  and  at  that  time  he  apparently  had  a 
workable  apparatus.  The  intervening  time  has  been 
spent  in  experimenting  and  perfecting  the  various 
details  until  commercial  application  seems  possible. 

When  the  Edison  Medal  was  presented  to  Mr.  Emmet 
recently,  he  stated,  in  reply  to  remarks  by  H.  W.  Buck, 
that  commercial  application  was  being  made,  and 
expressed  the  hope  that  it  would  be  a  commercial  suc- 
cess in  a  very  short  time.  In  this  connection  there  is 
a  persistent  rumor  that  an  Emmet  mercury-vapor  plant 
is  being  built  for  the  Hartford  (Conn.)  Electric  Light 


Company.  The  reputation  of  President  Samuel  G.  Dun- 
ham, of  the  Hartford  company,  for  intelligent  progres- 
siveness  in  power-plant  engineering,  adds  strength  to  this 
rumor.  It  will  be  remembered  that  it  v/as  in  the  plant 
of  this  company  that  the  first  steam  turbine  of  com- 
mercial size  was  installed  for  electric-power  generation. 
It  wou'd  be  appropriate  if  the  first  commercial  binary- 
vanor  plant   should  be   installed   there. 

The  success  of  Mr.  Emmet's  apparatus  will  have  an 
almost  revolutionary  effect  on  power-plant  engineering. 
It  cuts  down,  by  a  very  appreciable  amount,  the  loss 
of  available  heat,  which  results  from  the  big  temper- 
atu'-e  drop  from  the  furnace  to  the  water  in  the  ordinaiy 
boiler.  In  other  words,  it  increases  the  amount  of  heat 
that  may  be  transform.ed  into  power  and  decreases  the 
amount  that  must  be  thrown  away  in  the  condenser 
cooling  water.  Thus,  the  power  per  unit  of  fuel  in 
the  central  station  will  be  greater.  In  the  industrial 
plant  using  exhaust  steam  for  heating  or  steam  at  any 
pressure  for  processes,  power  may  be  taken  out  from 
that  part  of  the  temperature  range  which  has  been 
unavailable.  The  date  of  the  installation  of  the  first 
commercial  Emmet  mercury-vapor  plant  will  take  a 
prominent  place  among  the  epoch-marking  dates  in  engi- 
neering history. 

The  Interstate  Inspection 
of  Boilers 

CO.  MYERS,  chief  deputy  in  charge  of  the  boiler- 
.  inspection  division  of  the  Industrial  Commission 
of  Ohio,  has  an  article  in  the  July  issue  of  the  Inter- 
national Steam  Engineer  which  deserves  wider  circula- 
tion and  the  interested  attention  of  all  who  are  con- 
cerned with  the  inspection  of  boilers.  With  the  boilers 
already  installed  a  state  department  can  deal  after  its 
own  fashion  without  complications  with  the  boiler 
manufacturers  or  the  inspection  departments  of  other 
states.  In  any  effective  system  of  supervision,  however, 
new  boilers  must  conform  to  some  accepted  standard, 
and  unless  there  is  to  be  all  sorts  of  confusion  in  the 
interstate  use  of  boilers  and  all  kinds  of  expense  and 
complication  to  manufacturers,  there  must  be  a  com- 
mon standard,  a  boiler  built  to  which  will  be  acceptable 
to  the  inspection  department  of  any  state. 

Such  a  standard  is  that  formulated  by  the  Boiler 
Code  Committee  of  the  American  Society  of  Mechanical 
Engineers.  A  boiler  built  to  that  code,  the  adequacy 
of  which  has  been  avouched  by  the  best  authorities  on 
boiler  construction  in  the  world,  ought  to  be  acceptable 
to  any  board  whose  decisions  were  controlled  by  nothing 
but  real  purpose  to  guard  the  public  safety.  But  haw 
is  the  boiler  inspection  department  of  Massachusetts, 
Tor  example,  to  know  that  a  boiler  built  in  Ohio  has 
been  built  in  accordance  with  the  code?  The  boiler 
must  be  inspected  in  the  process  of  manufacture,  and 
no  state  can  maintain  an  inspector  of  its  own  in  every 
boiler  .■-■hop  that  is  likely  to  send  boilers  to  it. 

The  natural  suggestion  would  be  that  the  states 
accept  the  certificates  of  each  other's  inspectors;  that 
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when  a  duly  qiialiCu'd  inspector  puts  the  A,  S.  M.  E. 
stamp  upon  a  boiler,  it  should  he  jrenerally  acceptable. 
But  what  is  a  "duly  qualified"  inspector?  Some  of  the 
states  are  more  particular  than  others  as  to  the  quali- 
fications of  the  men  ujion  whose  i>ainstakinK  and  consci- 
entious perforniance  of  their  duty,  life  and  property 
depend.  It  is  not  unheard  of  that  a  barber  or  another 
having  as  little  training  for  and  knowledge  of  the  boiler 
inspector's  duties  has  been  appointed  throuRh  political 
favor  to  this  otlice,  and  it  is  the  po.ssibility  of  such 
malpractice  that  makes  it  impracticable  to  jyet  the  heads 
of  all  state  departments  to  agree  unreservedly  to  accept 
each  other's   inspections. 

A  lopical  solution  is  throuph  the  national  organiza- 
tion of  the  heads  of  inspection  departments,  known  as 
the  National  Board  of  Boiler  and  Pressure  Vessel 
Inspectors,  of  which  Mr.  Myers  is  secretary.  This 
organization  ought  to  determine  what  the  qualifications 
of  an  inspector  should  be,  and  every  in.spector  should  be 
required  to  pass  its  examination  and  receive  its  certifi- 
cate of  competency.  Most  of  the  chief  inspectors  of 
whom  the  board  is  composed  control  the  appointment 
of  the  in.<pectors  under  them,  and  in  a  case  where  one 
does  not,  the  appointing  power  would  hesitate  to  ap- 
point a  man  who  could  and  would  not  qualify  under 
such  an  arrangement.  If  this  could  be  done,  the  depart- 
ment of  any  state  could  accept  with  confidence  a  boiler 
marked  with  the  A.  S.  M.  E.  stamp,  confident  that  it 
has  been  put  there  by  one  competent  to  certify  that  it 
has  been  built  in  accordance  with  the  requirements  of 
the  code. 

What  Is  the  Efficiency  of 
a  Steam  Engine? 

A  RECENT  number  of  a  popular  magazine  contained 
an  article  on  the  question  of  what  is  a  luxury? 
It  was  pointed  out  that  a  luxury  is  something  we  can 
do  without,  while  a  necessity  is  something  we  must  have 
if  we  are  to  live  in  decency,  comfort  and  health.  That 
was  easy  to  define,  but  when  it  came  to  making  legal 
lists  of  luxuries  and  necessities  trouble  began.  There 
were  too  many  diffei'ences  of  opinion. 

In  the  same  way  the  word  efficiency  seems  easy 
to  define,  but  when  we  try  to  pin  it  down  to  actual 
application  in  engineering,  there  are  differences  of 
opinion  and  more  or  less  confusion.  It  is  one  of  the 
prime  requisites  of  an  engineering  vocabulary  that  no 
ambiguity  or  uncertainty  of  meaning  is  permissible. 
Therefore  it  is  to  be  regretted  that  a  word  so  frequently 
used  as  "efficiency"  should  be  used  in  so  many  dilTer- 
ent  senses.  Someone  has  said  that  it  is  a  word  that 
should  never  be  used  without  a  qualifying  adjective. 
In  engineering  literature  it  generally  is  accompanied 
by  an  adjective,  but  different  men  attach  different 
meanings  to  the  same  adjective  and  the  confusion  is 
only  made  worse. 

Power  frequently  receives  letters  calling  attention 
to  supposed  inaccuracies  in  articles  when  the  only  error 
consists  in  a  difference  in  the  meaning  attached  tr 
the  same  term  by  the  author  of  an  article  and  tht 
correspondent  who  criticizes  it.  Both  are  correct  ac- 
cording to  their  ovm  interpretations  of  the  terms,  and 
both  have  authority  for  their  interpretations.  The  re- 
sult is  confusion  and  unnecessary  controversy  over 
points  on  which  everybody  is  really  in  accord. 

This  confusion  of  terms  is  an  especial  hardship  on 
the  student  or  recent  graduate  of  a  technical  school. 


The  faculty  of  his  .school  u.se  a  given  .set  of  names 
for  the  various  efficiencies,  and  the  student  learns  to 
think  in  those  terms.  When  he  attempts  to  read  gen- 
eral engineering  books  or  papers  or  comes  in  contact 
with  engineers  from  other  schools,  he  finds  what  seems 
to  him  a  foreign  language.  His  time  must  be  spent 
learning  over  again  what  he  has  already  been  taught 
instead    of    acquiring    additional    information. 

In  this  issue  of  Pmver  is  an  article  which  points 
out  a  few,  but  only  a  few,  of  the  ca.ses  where  authori- 
ties differ  in  the  names  of  the  various  ratios  which 
come  under  the  broad  head  of  eflficiencies.  This  article 
contains  a  short  list  of  suggested  definitions  as  the 
beginning  of  a  standard  for  the.se  terms.  Obviously, 
action  by  some  representative  body  of  engineers  is 
neces.sary  before  any  general  adoption  of  such  defi- 
nitions, but  it  would  appear  that  some  such  action 
.should  be  taken  or  at  least  considered. 

Cheap  Hydrogen  ? 

TWO  more  inventors  have  wandered  off  into  that 
path  that  leads  to  a  dead  end.  Two  Grand  Rapids 
boys,  now  .serving  sentences  in  the  state  prison  at 
Marquette,  have  written  friends  at  home  that  they 
believe  they  are  successful  in  developing  a  chemical 
process  from  which  they  may  devise  means  of  com- 
mercially extracting  hydrogen  from  water,  thus  afford- 
ing fuel  and  power  startling  in  economy. 

It  takes  as  much  energy  to  separate  hydrogen  and 
oxygen  as  they  will  generate  by  coming  together  again. 
The  alleged  discovery  is  just  the  same  as  though  they 
had  discovered  a  new  way  of  lifting  a  weight.  However 
it  is  lifted,  it  will  take  as  much  energy  to  separate  its 
center  of  gravity  from  that  of  the  earth  as  will  be 
generated  by  their  approach  to  the  original  distance. 
In  combustion  the  atoms  of  hydrogen  and  oxygen  "fall" 
toward  one  another,  and  the  momentum  acquired  in  the 
fall  is  heat.  It  takes  as  much  energy  to  "lift"  them 
away  from  one  another  as  is  generated  by  their  rush 
toward  one  another.  There  is  nothing  in  it  unless  the 
dissociation  can  be  effected  by  energy  now  wasted. 


According  to  the  fourth  monthly  bulletin  on  coal 
costs  of  the  Federal  Trade  Commission  the  average  sales 
realization  of  the  812  operators  reporting  to  the  Com- 
mission for  April  was  $3.26  per  ton,  while  their  reported 
f.o.b.  cost  amounted  to  $2.76.  These  figures  are  inter- 
esting to  those  who,  notwithstanding  they  have  con- 
tracts at  much  lower  prices,  are  paying  four,  five  or 
six  times  as  much.  We  have  yet  to  learn  of  any  intelli- 
gent attempt  to  put  an  end  to  the  conditions  which  i)er- 
mit  this  continued  preying  upon  the  industries  of  the 
country  and  upon  those  who  buy  the  products  of  the  in- 
dustries. And  we  have  yet  to  learn  of  a  single  instance 
where  summary  and  adequate  punishment  has  been  in- 
flicted upon  those  who  practice  it.  If  it  is  legal,  there 
is  something  radically  wrong  with  the  laws.  If  it  is 
legally,  as  it  is  certainly  morally,  criminal,  there  is  some- 
thing radically  wrong  with  those  who  are  charged  with 
the  administration  of  justice. 


If  it  is  a  fact  that  the  present  high  prices  of  coal  and 
interruption  to  industry,  to  say  nothing  of  the  threat- 
ened shortage  of  the  coming  winter,  are  due  to  car 
shortage  every  shop  in  the  country  that  can  make  cars 
ought  to  be  running  twenty-four  hours  a  day.  Are 
they? 


An  trust  3,  1920 


Keceiitly  Inspected  Boilers 

I  recently  operated  a  tugboat,  the  boiler  of  which  was 
inspected  and  hydrostatically  tested  a  short  time  ago  at 
Buffalo,  by  United  States  inspectors.  One  week  later  I 
took  the  tug  as  engineer  and  found  the  crown  sheet 
with  a  patch  8  in.  wide  by  11  in.  long,  placed  on  the  in- 
side and  electrically  welded.  Stays  were  put  in  the 
patch  less  than  ^  in  from  the  weld.  I  also  found  three 
small  cracks  and  two  bags. 

I  made  one  trip  with  the  captain  who  owns  the  tug, 
and  he  says  the  boiler  is  all  right.  The  patch  would  not 
stay  tight  at  60-lb.  steam,  and  145  lb.  is  the  operating 
pressure.    What  kind  of  inspection  was  it? 

Syracuse,  N.  Y.  R.  G.  Summers. 

Comparison  of  Pulverized-Coal  Tests 

Joseph  Harrington's  comments  in  the  June  22  issue 
of  Poxoer  regarding  the  comparison  of  pulverized-coal 
tests  were  read  with  interest.  It  is  difficult  to  see  the 
logic  of  his  assertion  that  the  fundamental  principles 
involved  in  the  underfeed-stoker  design  are  incorrect. 
In  view  of  the  well-known  part  that  this  type  of  stoker 
has  played  in  the  progress  of  economically  generating 
the  ambiguous  boiler-horsepower  from  less  than  the 
arbitrary  ten  square  feet  of  heating  surface  (Why  not 
measure  it  in  boiler-heating  power?),  surely  it  should 
be  credited  for  some  of  the  most  far-reaching  progress 
made  in  central-station  operation  in  the  last  ten  years, 
and  it  has  been  the  means  of  spreading  a  better  knowl- 
edge of  the  fundamental  principles  of  burning  bitu- 
minous fuels  than  any  other  type  of  stoker  in  existence. 

Judging  from  a  theoretical  and  scientific  standpoint 
of  the  fundamental  requirements  of  burning  unprepared 
bituminous  fuels  high  in  volatile  matter  content,  the 
underfeed  principle  conforms  admirably  with  these 
requirements  and  the  widespread  practical  application 
of  this  principle,  and  stokers  embodying  the  same,  can- 
not be  overlooked. 

Mr.  Thom.pson's  remarks  have  a  bearing  on  the  true 
solution  of  any  engineering  problem  in  connection  with 
the  generation  of  heat,  steam,  or  electricity.  The 
power-plant  designer  and  operator  alike  fully  realize 
that  the  maximum  commercial  efficiency  is  the  ultimate 
criterion  of  a  piece  of  power-plant  appai'atus  and  that 
this  term  as  applied  to  a  stoker  and  its  relationship 
to  a  boiler  room,  at  large,  embraces  a  well-adjusted  rela- 
tion of  many  independent  factors,  such  as  first  cost, 
installation  cost,  cost  of  brickwork,  combined  furnace 
and  boiler  efficiency,  combustion  capacity,  ability  to 
efficiently  handle  almost  any  kind  of  coals    (especially 


the  low-grade  and  clinkering  coals)  without  excessive 
labor,  flexibility  of  operation,  simplicity  in  handling, 
low  maintenance  to  stoker  parts  as  well  as  furnace 
brickwork,  reliability  against  shutdowns,  service  of  the 
manufacturer,  etc. ;  that  the  best  obtainable  value  of 
only  one  or  two  of  these  factors,  if  the  remaining 
factors  are  not  considered,  will  lower  the  value  of  the 
maximum  commercial  efficiency;  and  that  to  compare, 
say,  one  system  of  burning  a  particular  fuel  or  one 
stoker  with  another  on  an  efficiency  basis  alone,  is,  to 
say  the  least,  incorrect. 

If  a  certain  method  or  principle  of  burning  fuel, 
having  all  the  theoretical  and  scientific  requirements 
for  the  proper  combustion  of  the  volatile  as  well  as 
the  fixed-carbon  portion  of  such  fuel,  yields  results 
known  in  practice  to  be  superior  to  any  other  method  of 
burning  such  fuels  under  the  same  conditions,  then  the 
principle  or  basis  of  burning  such  fuel  is  demonstrated 
to  be  correct. 

This  principle,  however,  may  be  incorporated  in  a 
particular  stoker  design  and  give  unsatisfactory  results 
from  "clinker  formation,  periodic  dumping,  uneven 
thickness  of  fire,  fuel-bed  disturbance,  etc.,"  and  also, 
as  Mr.  Thompson  states,  from  the  emission  of  "large 
sparks  indicating  the  carrying  away  of  combustible." 
Such  results,  however,  are  due  to  imperfect  stoker 
design,  not  to  the  underfeed  principle. 

The  gross  efficiency  mentioned  by  Mr.  Harrington, 
is,  of  course,  a  combination  of  boiler  and  furnace  effi- 
ciency at  a  certain  rating,  with  a  certain  fuel.  Such 
factors  as  boiler  and  furnace  performance  are  involved 
in  this  figure  and  make  it  difficult  to  see  the  com- 
parative value  between  the  gross  efficiency  figure  men- 
tioned at  the  Oneida  Street  plant  test  with  an  underfeed 
stoker  and  a  predicted  future  method  of  stoking  which 
will  produce  "a  gross  efficiency  of  80  per  cent." 

If  I  recall  correctly.  Dr.  Jacobus'  figures  from  tests  on 
underfeed  stokers  at  the  Delray  plant  of  79  to  80  per 
cent  gross  combined  boiler  and  furnace  efficiency  were 
obtained  at  107  to  125  per  cent  of  boiler  rating  during 
24-  and  48-hour  periods  with  a  special  Stirling  boiler 
rated  at  2,365  hp.,  coal  of  the  Red  Jacket  kind,  14,000 
B.t.u.,  and  a  stoker  having  an  underfeed-grate  area  of 
250  square  feet. 

It  seems  that  too  often  in  our  technical  magazines 
comparative  figures  of  performance  ai'e  given  which,  if 
analyzed,  are  found  to  have  no  common  standard  of  com- 
parison, and  offhand  statements  are  made  which  a  fair- 
minded  engineer,  or  sui-ely  a  competitor  in  a  friendly 
way,  would  label  as  commercialism. 

Frederick,  Md.  Edwin  Lundgren. 


1S8 


POWER 


Vol.  52,  No.  5 


Maxiiiiiiiii  L('ii<j[lli  of  Lon<;itii(liiiaI 

Joints  ill  Itoiln-  SIk'IIs 

OwiiiK  to  (lisljiiue,  thi.s  loiitiiljulioii  relatiiij?  to  the 
mjixinuini  lenpth  of  loiiKitudinal  joints  of  boiler  shells 
will  be  a  little  late,  but  as  the  subject  is  of  interest 
a  further  discussion  may  not  be  out  of  place.  The 
ditliculty  of  the  problem  to  determine  with  accuracy  the 
stresses  to  which  the  material  of  a  cylindrical  shell  is 
subjected  by  internal  pressure  is  clearly  shown  by  the 
differing  opinions  of  various  correspondents.  If  the 
common  rule  in  (lesigninjf  machinery,  to  make  it  of 
equal  strenjtth  in  all  its  parts,  were  adhered  to  in  the 
case  of  a  ves.sel  of  uniform  thickness  of  walls,  the  shape 
of  the  vessel  would  have  to  be  that  of  a  sphere.  The 
form  of  a  sphere  alone  remains  stable  under  any  pres- 
sure, and  the  strain  of  the  material  of  which  it  consists 
is  identically   the  same   in  every   direction.     Inasmuch 


FIG.  1.   NOTE  THE  PLATE  DESIGN  OP  THE 
EXPLODED  BOILER 

as  the  shape  of  a  cylinder  differs  from  that  of  a  sphere, 
there  are  different  stresses  working  in  the  various 
directions. 

The  common  methods  of  calculating  these  sti-esses  are 
based  upon  so  many  assumptions  that  their  results  are 
highly  misleading.  But  within  the  limit  of  elasticity 
a  measure  of  the  actual  stresses  working  may  be  found 
in  the  deformations  of  the  shell  under  pressure.  By 
these  means  Mr.  Stromeyer  tried  to  solve  the  problem. 
The  startling  results  he  obtained  are  far  from  being 
improbable.  He  found  that  in  one  case  the  stress  in 
the  solid  plate,  next  to  the  end  of  the  longitudinal  joint 
of  the  neighboring  course,  was  eight  times  as  great  as 
that  in  parts  of  the  solid  plate  farther  away  from  the 
joint.  But  this  certainly  holds  good  only  for  a  definite 
height  of  pressure.    The  proportion  may  be  still  greater 


at  a  lower  piessure,  while  the  absolute  .stresses  may 
bo  smaller,  for  the  stresHes  wander  and  shift  with  the 
rising  jjressurc. 

The  manner  in  which  a  boilermaker  handles  the  plates 
cannot  be  compared  to  that  of  an  instrument  maker. 
The  plates  of  a  boiler  receive  hard  treatment  when 
they  are  hammered,  bent  and  riveted  one  to  the  other. 
This  treatment  strains  the  material  in  some  parts  even 
without  any  internal  pre.ssure  working.  These  pre- 
existing stre.s.ses  augment  or  reduce,  as  the  case  may 
be,  the  .strain  produced  by  the  internal  pressure. 

Now,  a  cylindrical  boiler  shell  is  neither  rigid  enough 
nor  .so  elastic  that  the  rising  strain  produced  by  an 
augmenting  internal  pressure  would  be  immediately 
transmitted  to  every  part  of  the  structure.  The  well- 
known  noises  heard  when  a  boiler  is  tested  by  hydraulic 
pressure  testify  that  one  part  after  the  other  takes  its 
charge,  and  there  can  be  no  doubt  that  in  some  parts 
the  limit  of  elasticity  will  be  reached  and  transgres.sed 
at  relatively  low  pressures  if  the  ultimate  strength  of 
the  whole  depends  on  the  strength  of  all  its  part.  A 
compari.son  may  help  to  make  matters  clearer. 

A  weight  hanging  on  several  ropes  .strains  them  in  a 
different  measure,  as  it  is  practically  impossible  to 
get  ropes  of  exactly  equal  length  and  of  the  same 
quality.  The  unavoidable  differences  account  for  the 
fact  that  as  long  as  the  weight  is  light,  it  is  borne  only 
by  the  shortest  ropes  or  by  those  of  least  elongation. 
It  is  only  after  the  stretching  of  the.se  ropes  that,  with 
a  heavier  weight,  the  other  ropes  partake  of  the 
weight  and  the  stres.ses  equalize.  No  doubt  the  limit 
of  elasticity  might  have  been  transgressed  in  some 
ropes.  Furthermore,  the  conception  of  a  limit  of 
elasticity  corresponds  to  no  reality.  In  fact,  there  is 
no  other  limit  but  a  limit  to  our  senses  and  faculties 
of  seeing  and  measuring.  By  controlling  the  interfer- 
ence stripes  of  monochromatic  light,  as  Mr.  Stromeyer 
did,  the  so-called  limit  of  elasticity  must  have  been 
reached  at  much  lower  values  than  generally  assumed. 

To  answer  the  question  whether  long  or  short  courses 
were  preferable  in  boiler  construction,  let  us  first 
consider   .shells    without   any   longitudinal    joint.      The 

Dp 

well-known  formula  S  ^  -^,    applies  to  a  cylinder  of 

infinite  length.  A  hose  of  a  fire  engine  may  serve  for 
an  example.  The  pressure  p  causes  the  diameter  D 
to  increase,  but  there  is  no  possibility  of  its  assuming 
the  shape  of  a  sphere.  Should  there  be  iron  bands 
placed  'iround  the  cylinder  certain  distances  apart,  they 
would  prevent  the  cylinder  from  expanding  at  the  places 
where  they  are  put,  by  themselves  taking  part  of  the 
stress,  while  the  remaining  stress  on  the  plate  would  not 
be  sufficient  to  stretch  it  as  much  as  the  entire  stress 
does  in  those  parts  where  there  are  no  rings.  The 
stress  in  the  plate  under  the  ring  is  therefore  smaller 
than  elsewhere.  The  strengthening  effect  of  each  ring 
may  even  be  noticeable  to  some  extent  on  both  sides 
of  the  ring  and  the  stress  in  the  solid  plate  midway 

Dp 
between  two  rings  cannot  even  reach  S  =  -^,  though 

its  value  would  be  the  nearer  to  this  limit  the  farther 
the  rings  are  set  apart.  The  elongation  of  the  mate- 
rial being  proportionate  to  its  strain,  the  cylinder 
becomes  barrel-shaped  between  any  pair  of  neighboring 
rings.  The  rings  cannot  be  considered  otherwise  than 
that  they  are  strengthening  the  structure. 

The  overlapping  ends   of  the  plates   at  the  circum- 
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ferential  lapped  joints  or  the  butt-straps  of  butt- 
strapped  girth  joints  may  well  be  compared  to  such 
rings,  the  more  so  as  the  section  of  the  doubled  plate 
in  the  joint  after  deduction  of  the  rivet  hole  is  still 
greater  than  the  section  of  the  solid  plate.  The  result 
of  this  reasoning  is,  therefore,  that  a  cylindrical  shell 
consisting  of  several  courses  riveted  together  by  lapped 
or  butt-strapped  circumferential  joints  vi'ill  better  resist 


EXPLODED    SCOTCH    MARINE    BOILER 


internal  pressure  than  a  drum  without  girth  joints. 
The  lower  resistance  lengthways  may  be  left  out  of 
consideration,  as  circumferential  joints  are  necessary  in 
any  case  for  joining  the  heads  to  the  drum. 

The  next  question  is  in  how  far  this  reasoning  stands 
when  there  are  longitudinal  joints.  In  a  drum  of 
infinite  length  with  no  circumferential  joint  and  one 
longitudinal  joint,  the   internal  pressure  p  would   set 


up   a   strain  of  the  material  in  the  joint  of  S  =  x 


Djp 
2t, 

with  X  >  1.  The  calculated  stress  in  every  other  part 
of  the  plates  and  in  a  direction  transversely  to  the  axis 

Dp 

of  the  drum  would  be,  as  formerly,  S  =  >>.  •     These 

stresses  deform  the  cylinder,  the  length  of  which  cannot 
any  more  be  assumed  infinite,  as  the  one-sided  weakness 
due  to  the  joint  would  cause  the  curving  of  the  cylinder, 
the  joint  being  on  the  concave  side  of  the  curvature. 
There  would  be  no  curving  if  the  cylinder  had  two  or 
any  even  number  of  joints  diametrically  opposed  to 
each   other. 

The  shearing  stresses  set  up  in  the  plates  near  the 
seams  have  been  explained  very  clearly  by  Mr. 
Stromeyer  in  his  book,  "Marine  Boiler  Management  and 
Construction,"  and  there  remains  hardly  anything  to 
be  added  in  this  respect.  These  queer  shearing  stresses 
are  produced  by  the  tendency  of  the  strained  joints  to 
contract  lengthways  and  to  bend  the  cylinder.  Although 
a  symmetrically  opposite  joint  may  prevent  bending, 
nevertheless  the  tendency  exists  and  is  at  work.  The 
strain  caused  by  if  is  independent  of  the  length  of  the 
seam,  and  in  this  respect  a  short  joint  is  no  better 
off  than  a  long  one.  Now,  as  these  strains  are  due 
to  the  stresses  working  transversely  to  the  axis  of  the 
cylinder,  all  means  that  help  to  reduce  these  stresses 
may  serve  as  well  to  reduce  the  strains  herein 
referred  to. 


As  has  been  shown,  circumferential  joints,  whether 
lapped  or  butt-strapped,  are  a  means  of  reducing  the 
transversal  stresses.  It  follows  that  circumferential 
joints  must  be  regarded  as  strengthening  the  structure. 
Moreover,  girth  joints  allow  the  staggering  of  the  long- 
itudinal seams  in  the  courses  and  thereby  another 
advantage  is  obtained,  as  part  of  the  stress  of  the 
longitudinal  joint  is  borne  by  the  solid  plate  of  the 
adjoining  course,  as  Mr.  Stromeyer  has  clearly  demon- 
strated. The  weakest  points  of  a  drum  consisting  of 
several  cylindrical  courses,  riveted  together  in  the  usual 
manner,  are  to  be  looked  for  in  the  midst  of  the  several 
longitudinal  joints,  and  I  think  Mr.  Jeter  is  right  in 
assuming  that  a  boiler  tested  to  destruction  would  first 
give  way  at  one  of  these  points. 

In  our  country  every  boilermaker  is  free  to  make  the 
longitudinal  joints  as  long  as  he  chooses;  our  laws  do 
not  interfere,  and  if  a  boiler  shows  no  signs  of  weak- 
ness at  the  official  hydraulic  test,  there  is  no  restriction 
whatever  for  it  to  be  put  in  use. 
J  The  return-tubular  boiler,  so  much  used  in  the  United 
States,  is  not  a  favorite  in  our  country.  In  fact,  it  is 
regarded  as  rather  a  poor  boiler.  The  majority  of  our 
boilers  up  to  1,000  sq.ft.  of  heating  surface  are  of 
the  Cornish  or  Lancashire  type  with  one  or  two  internal 
furnaces.  Larger  units  of  cylindrical  boilers  are  of 
a  combined  type.  Our  boiler  manufacturers,  fully 
aware  that  the  weakest  points  of  the  shell  are  in  the 
longitudinal  joints,  try  to  make  each  course  of  the  shell 
with  as  few  longitudinal  joints  as  possible.  The  weak- 
ness of  a  boiler  shell  betrays  itself  by  the  leaking  at  its 
longitudinal  seams,  while  girth  seams  seldom  become 
leaky.  There  is  also  a  small  difference  in  the  tensile 
strength  of  a  plate  lengthwise  and  crosswise  to  the 
direction  of  its  having  been  rolled,  and  for  this  reason 
there  is  some  advantage  derived  by  disposing  the  length 
of  the  plate  circumferentially.  Therefore,  the  courses 
of  the  shells  of  our  cylindrical  boilers  do  not  generally 
exceed  the  length  of  six  feet. 

Some  of  the  very  few  exceptions  to  this  practice 
had  very  discouraging  results,  and  the  accompanying 
illustrations  show  the  result  of  two  fatal  explosions 
that  occurred  some  years  ago  with  boilers  whose  shell 
consisted  of  only  one  course  with  four  longitudinal 
joints  of  considerable  length.  The  illustrations  speak 
for  themselves.  The  exploded  boiler  of  Fig.  1  was  a 
two-story  boiler  consisting  of  a  shell  with  two  internal 
furnaces  beneath  and  a  tubular  boiler  on  top.  The  shell 
of  the  latter,  which  measured  6  ft.  in  diameter  and  13 
ft.  in  length,  consisted  of  one  course  of  plates  0.65 
in.  in  thickness  with  four  longitudinal  double-riveted 
lap  joints.  The  allowed  pressure  was  156  lb.  per  square 
inch. 

The  other  boiler,  the  shell  of  which  is  shovvm  in  Fig. 
2  after  the  explosion,  was  a  Scotch-marine  boiler  with 
two  furnaces;  the  shell  measured  6  ft.  5  in.  in  diam- 
eter and  9  ft.  in  length  and  consisted  also  of  only  four 
plates,  '  in.  in  thickness  with  four  longitudinal  double- 
riveted  lap  joints.  The  boiler  was  considered  safe  for 
a  steam  pressui-e  of  114  lb.  per  square  inch.  It  car- 
ried about  110  lb.  per  square  inch  at  the  time  of  the 
explosion. 

It  is  only  recently  that  the  drums  of  some  novel  types 
of  water-tube  boilers  are  made  with  continuous  longi- 
tudinal butt-strapped  joints,  8  and  10  ft.  long.  No 
failure  of  such  has  as  yet  been  reported. 

Vienna,  Austria.  Fritz  Krauss. 
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Biiriiiii<>;  SumjIusI   To  Krdiirc  llu* 
Furl  Kill 

I  thought  it  niijfht  be  of  interest  and  po.s.sibly  of  some 
benetit  to  tell  the  readeis  of  Power  what  I  am  doing 
during  the  present  serious  and  critical  fuel  situation 
to  keei)  our  power  plant  in  operation  and  reduce  runniiiK 
expenses. 

The  last  car  of  coal  we  bought  on  contract,  received 
in  April,  cost  us  $8.09  per  ton  f.o.b.  mines.  The  next 
car  we  bought  cost  us  $9  per  ton  f.o.b.  mines.  Our 
average  consumption  of  coal  is  three  50-ton  cars  per 
month.  The  increase,  therefore,  in  the  price  of  coal 
would  add  approximately  $900  per  month  to  our  fuel 
bill.  This  was  more  than  we  felt  we  could  stand.  Fur- 
thermore, it  was  almost  impossible  to  get  coal  at  any 
cost.  I  decided  to  try  something  that  I  hoped  might 
help  us  out. 

There  were  several  large  piles  of  sawdust  from  three 
to  five  miles  distant  that  could  be  reached  by  an  ordinary 
truck  and  I  determined  to  rent  a  truck  and  haul  this 
sawdust  to  the  power  plant  to  be  used,  to  a  large  extent, 
as  a  substitute  for  the  expensive  coal.  With  two  men 
on  the  truck  we  are  hauling  12  tons  of  sawdust  per  day, 
six  days  per  week.  Now,  instead  of  burning  four  to 
five  tons  of  coal  per  day  we  are  burning  not  to  exceed 
1  h  tons.  We  are  hauling  sawdust  fully  50  per  cent 
faster  than  we  are  burning  it.     After  we  get  rigged  up 


DeU'riiiiiiiii^  Depth  o(  Oack 
in  Oaiiksliuft 

The  letter  of  I).  L.  Fagnan  on  circumferential  cracks 
in  a  14-in.  crankshaft  reminds  me  of  an  experience.  The 
circumstances  were  different  from  those  related  by  Mr. 
Fagnan,  in  that  there  was  no  doubt  as  to  there  being  a 
crack,  which  was  gradually  growing  longer,  and  the  tell- 
tale red  or  brown  oil  had  continued  to  ooze  out  for  some 
time.    The  crack  is  represented  by  Fig.  1. 

The  owners  desired  to  know  how  deep  the  crack  was 
and  something  of  the  remaining  strength  of  the  .shaft. 
F.  W.  Salmon,  with  whom  I  was  then  associated,  as- 
sumed that  if  the  neutra)  axis  of  the  shaft  could  be  lo- 
cated, the  depth  of  the  crack  could  be  found,  a.ssuming 
it  to  have  the  shape  of  a  saw  cut,  as  shown. 

There  was  a  heavy  rope  wheel  on  the  shaft  close  to 
the  crack,  which  had  a  tendency  to  cause  the  shaft  to 
Lend.  The  method  employed  by  Mr.  Salmon  to  locate 
the  neutral  axis  and  find  the  depth  of  the  crack  was 
as  follows:  He  drilled  and  tapped  a  :l-in.  hole  at  each 
side  of  the  crack,  and  similar  holes  were  made  dia- 
metrically opposite  the  first  ones.  Then  i-in.  rods  were 
screwed  in  and  a  gage,  such  as  is  used  in  machine  shops 
for  setting  up  work,  attached  to  each  pair  of  rods  and 
placed  8  in.  from  the  shaft,  as  shown  in  Fig.  2. 

The  crack  was  placed  on  the  top  center  and  the  gages 
read.     The  crack   was   next  placed   on  the   outer   and 
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FIG.  1.     SHOWING  DEPTH  OF  CR.\CK  FIG.    2.      PO.'^ITIOX   OF  TEHT  CACES        FIG.   3.    PO.SITIOX   OF  NET'TRAL  AXIS 


as  planned  we  do  not  believe  it  will  be  necessary  to 
burn  even  one  ton  of  coal  a  day.  The  expense  of  haul- 
ing the  sawdust  does  not  exceed  $18  a  day.  We  are, 
therefore,  saving  over  the  present  prices  of  coal  ap- 
proximately $100  a  week.  I  have  been  conservative  in 
regard  to  the  amount  of  sawdust  mentioned  as  hauled. 

At  present  we  are  hand-firing  the  sawdust,  but  will 
soon  have  a  rig  that  will  make  it  easy  on  the  firemen. 
We  have  a  blower  system  for  conveying  sawdust  to 
our  furnace  from  a  small  sawmill  near  by,  but  the  saw- 
dust we  ai-e  hauling  is  too  wet  to  handle  with  this 
system. 

We  have  a  dutch  oven  that  was  built  under  our 
boiler  when  installed  to  burn  sawdust,  shavings  and 
peanut  hulls. 

There  must  be  many  light  and  power  plants  facing 
similar  fuel  conditions  that  should  take  some  steps  to 
utilize  as  fuel  some  of  the  immense  piles  of  sawdust 
around  them.  L.  R.  Mills,  Jr. 

Supt.  Light  and  Water  Commission. 

Scotland  Neck,  N.  C. 


inner  centers,  but  the  gages  showed  no  change  in  read- 
ing. When  the  crack  was  placed  on  the  lower  center, 
the  opening  effect  was  apparent  by  the  reading  of  the 
gages. 

Had  there  been  no  crack,  the  readings  should  have , 
remained  the  same  and  the  neutral  axis  would  be  ati 
the  center  of  the  shaft.    Suppose  the  difference  between  i 
the   original   readings   of  the  gages  and   the   readings 
with  the  crack  on  the  lower  center  were  0.002  in.  for 
the  top  gage  and  0.003  in.  for  the  bottom  one,  Fig.  3. 
Then  the  neutral  axis  is  found  from  the  equation, 


0.003 
30 -j; 


0.002 


12  m. 


The  neutral  axis  would  be  15  —  12  ^  3  in.  from  the 
center  of  the  shaft. 

I  do  not  remember  the  readings  of  the  gages  or  theT 
depth  of  the  crack,  but  I  know  that  Mr.  Salmon  recom- 
mended  a   new   shaft,   and   I   checked   analytically   the 
depth  of  the   cut  and  computed   the   strength   of  the 
shaft  in  bending  and  in  torsion. 
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^. .  INQUIRIES 
T  OF  GENERAL 


INTEREST 


Semi-Steel — What  is  the  material  that  is  known  as  semi- 
steel?  R-  N.  B. 

So-called  semi-steel  is  a  special  kind  of  cast  iron  produced 
by  adding  to  the  molten  cast-iron  scraps  of  wrought  iron  or 
steel  by  which  the  strength  and  toughness  of  the  cast  ii'on 
is  increased,  making  it  suitable  for  many  purposes  where 
more  expensive  material  would  be  required. 


Falling  and  Rising  Exhaust  Line — What  is  indicated  by 
falling  and  rising  of  the  exhaust  line  of  an  indicator 
diagram?  M.  S. 

A  falling  and  rising  exhaust  line  may  be  due  to  contracted 
exhaust  ports  or  pipes  that  do  not  allow  the  steam  to  pass 
out  as  rapidly  as  it  is  displaced  by  the  piston  at  its  greatest 
velocity,  thus  creating  greater  back  pressure  toward  the 
middle  of  the  stroke;  or  a  rise  of  pressure  may  be  due  to 
leakage  of  the  piston  or  steam  valve. 


Air  Contained  in  Steam — Does  steam  contain  the  same 
apiount  of  air  as  the  water  from  which  it  is  generated,  or  is 
there  a  different  amount  present?  J.  H.  B. 

When  water  is  heated  to  the  boiling  point,  practically  all 
of  the  air  becomes  liberated  and  that  weight  of  air  is  present 
as  a  mechanical  mixture  with  the  steam  at  the  same 
pressure.  When  the  steam  is  condensed  to  water,  nearly  all 
of  the  air  that  was  mixed  with  the  steam  becomes  dis- 
engaged as  air  saturated  with  moisture,  the  amount  of 
moisture  depending  on  the  temperature  at  which  condensa- 
tion takes  place. 


Negative  Lead — What  is  meant  by  negative  lead,  and  how 
would  a  valve  be  set  to  give  negative  lead  ?  F.  J.  G. 

Lead  is  the  width  of  port  opening  when  the  crank  is  on 
dead  cent»r,  and  negative  lead  would  be  the  amount  the 
valve  overlaps  the  admission  edge  of  the  port  when  the 
crank  of  the  engine  is  on  dead  center.  To  set  a  valve  with 
the  same  amount  of  negative  lead  at  each  end,  turn  the 
engine  over  and  lengthen  or  shorten  the  valve  rod,  as  may 
be  necessary,  to  obtain  the  same  travel  of  each  end  of  the 
valve  beyond  the  admission  edges  of  the  ports.  Then  place 
the  engine  on  a  center  and  set  the  eccentric  in  such  a  posi- 
tion that  the  valve  overlaps  the  admission  edge  of  the  port 
for  forward  rotation  by  the  amount  of  negative  lead  that  is 
desired. 


Formula    for    Computing    Pump    Capacity — What    is    a 
simple  formula  for  estimating  the  capacity  of  a  pump  ? 

W.  L.  A. 
The  capacity  of  a  single,  double-acting  pump  can  be  cal- 
culated theoretically  by  the  formula 
^  _  g  X  F  X  12 
^  -  231 

where  Q  =  displacement  of  one  double-acting  plunger  in 
U.  S.  gallons,"  a  =  area  of  plunger  in  square  inches,  and  F 
—  piston  speed  in  feet  per  minute. 

Where  d   —  diameter  of  plunger  in  inches,  the  formula 
becomes,^ 

-Q^d'X0.78|^XFX12  ^^  Q  ^  o^^^g  ^,^ 

'For  "actual  "capacity    the  displacement  bv  the  niston  rod 
and  percentage  of  slip  of  the  pump  must  be  deducted. 


Removing   Grease  from   New   Boilers — How   can   oil  and 

grease  be  removed  from  a  new  boiler  before   it  is  put  in 
service  ?  J.  S.  A. 

Place  in  the  boiler  about  half  a  pound  of  soda  ash  per 
horsepower  capacity  and,  with  the  boiler  filled  with  clean 
water  to  the  highest  gage  cock,  start  a  slow  fire.  After 
holding  the  water  to  the  boiling  point  for  about  twelve 
hours,  allow  the  fire  to  die  out  and  the  boiler  to  cool  slowly, 
after  which  drain  the  boiler  and  then  open  it  and  wash  out 
thoroughly. 


Sling  Stays  of  Internally  Fired  Boilers — What  are  sling 
stays,  used  in  construction  of  internally  fired  boilers? 

R.  G. 

In  locomotive  and  marine  types  of  boilers,  where  girder 
stays  are  used  for  supporting  the  crown  sheet  or  top  of  the 
combustion  chamber,  the  girder  stays,  in  addition  to  having 
end  supports,  are  commonly  supported  at  intervals  of  their 
span  by  short  articulated  stays,  called  sling  stays,  fastened 
to  the  girder  and  top  of  the  boiler.  The  required  depth  of 
the  girder  stays  is  thereby  reduced,  and  with  the  crown 
sheet  suspended  from  the  girders  the  staying  is  equivalent 
to  having  a  flexible  arrangement  of  through  stays  from  the 
crown  sheet  to  the  top  sheet  of  the  boilers. 


Sizes  of  Tubes  for  Return-Tubular  Boilers^ — What  deter- 
mines the  sizes  of  tubes  suitable  for  a  horizontal  return- 
tubular  boiler?  W.  A. 

The  most  suitable  size  of  tubes  depends  on  their  length, 
the  kind  of  coal  to  be  burned,  the  facilities  for  cleaning  and 
the  force  of  the  draft.  The  smaller  the  tubes  the  greater 
the  total  heating  surface  for  the  space  occupied,  but  the 
more  easily  they  clog  with  soot  and  choke  the  draft.  The 
larger  the  flues  the  less  the  heating  surface  for  a  given 
amount  of  tube  space  and  less  efficiency  of  heating  surface. 
For  operation  with  natural  draft  a  common  rule  is  to  allow 
one  inch  of  nominal  diameter  for  each  four  feet  of  length 
for  use  of  bituminous  coal  or  for  each  five  feet  of  length  for 
anthracite.  With  forced  draft  and  frequent  cleaning  smaller 
tubes  can  be  used. 


Testing  for  Engine  Oil  in  Feed  Water — What  simple  test 
can  be  made  to  determine  whether  boiler-feed  water  con- 
tains oil  from  the  engine?  W.  E.  D. 

The  presence  of  grease  or  oil  in  water  will  be  shown  by 
addition  of  caustic  soda.  Prepare  about  one-half  pint  of 
concentrated  solution  of  caustic  soda,  and  in  separate  clear 
glass  vessels  take  the  same  quantities  of  the  raw  water  and 
of  the  feed  water  supposed  to  contain  engine  oil.  With  a 
measuring  beaker  determine  how  much  of  the  soda  solution 
must  be  added  to  the  feed  water  to  produce  a  milky  precipi- 
tate. Add  the  same  quantity  of  the  soda  solution  to  the 
sample  of  raw  feed  water  and  then  by  adding  engine  oil 
drop  by  drop  until  the  sample  of  raw  water  has  acquired 
the  same  turbidity  as  the  sample  of  feed  water,  it  may  be 
approximately  found  what  equal  quantity  of  oil  has  been 
picked  up  by  the  sample  quantity  of  feed  water. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
—Editor.] 
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Limitations  to  Hi^li  Vacua* 

Hy  .\.  15.  n.VlLKYt 

The  question  of  hiKli  vacuum  has  interested  plant  opera- 
tors recently  especially  on  account  of  the  more  eflicicnt 
air-removal  devices  used.  The  tendency  toward  the  use 
of  hij:h-vacuum  condensing  tniuipment  has  been  continually 
to  demand  hijrher  vacuum  with  the  idea  that  this  means 
^'reater  economy.  Under  ordinary  conditions  this  is  ad- 
mittedly true,  but  the  conditions  under  which  greater  vacua 
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FIG.   1.     THE  CURVES   SHOW  THAT  THE  AMOUNT  OF  AIR 

TO  BE  REMOVED  K  MORE  AT  LOW 

THAX   AT   HIGH   LOADS 


could  be  obtained  introduce  a  number  of  factors  that  may 
more  than  offset  any  possible  gain  in  economy. 

It  appears  that  a  large  number  of  plant  operators  have 
gone  on  demanding  higher  vacuum  under  their  present 
equipment  without  regard  to  the  difficulties  to  be  overcome. 
Others  have  maintained  that  there  is  a  definite  limit  to 
the  vacuum  obtainable  beyond  which  it  would  not  pay  to 
go.  The  former  advanced  the  usual  theoretical  reason  for 
higher  vacuum,  but  produced  no  actual  data  to  substantiate 
the  claims,  which  for  this  reason  are  nothing  more  than 
professional  opinions. 

On  the  other  hand,  the  claim  that  there  is  a  definite 
limit  to  economical  vacuum  has  at  least  partial  substantia- 
tion by  experiment  on  equipment  as  it  is,  but  this  does  not 
necessarily  indicate  the  possibilities  of  a  turbine-condenser 
equipment  designed  originally  for  high  vacuum.  By  high 
vacuum  is  meant  an  approach  to  the  conditions  of  an  ideal 
condenser  working  under  average  conditions  as  to  tem- 
perature and  velocity  of  circulating  water. 

As  no  real  data  are  available  to  show  just  what  are  the 
limitations  of  maximum  economical  vacuum,  the  discussion 
here  is  confined  mostly  to  the  problems  that  future  develop- 
ments must  overcome  in  approaching  the  conditions  of  an 
f 

♦Presented  at  the  recent  convention  of  the  National  Electric 
Lig^ht   As.sociation,   Pasadena,   Cal. 

tChief  engineer,  Fiske  and  Quarry  Street  Station.^,  Common- 
wealth  Edison   Co.,    Chicago,   111.        - 


id«'ai  condenKer.  It  is  ordinarily  considered  that  lii>{her 
vacuum  is  a  function  of  the  condenser  only,  but  as  a  matter 
of  fact  it  involves  not  only  this  but  the  design  of, the  tur- 
bine,  particularly  the  (iiuil  expansion  stages,  tightness  of 
turbine  casing  and  condenser  and  the  ability  to  remove 
highly  rarefied  air. 

For  the  purpose  of  illustration  in  this  discussion  the  con- 
ditions of  a  surface  condenser  operating  in  connection  with 
a  .'{0,000-kw.  Curtis- Rateau  turbine  are  used  and  shown  in 
Figs.  1  and  2.  These  conditions  can  be  considered  as  present 
good  practice,  and  the  opportunities  for  and  chances  of 
further  development  are  as  good  as  with  other  types  of 
generating  units,  or  possibly  better. 

One  of  tlij  most  important  factors  governing  the  maxi- 
mum vacuum  possible  is,  of  course,  the  amount  of  air  to 
be  removed.  So  condenser  manufacturers  claim  that  the 
amount  of  air  to  be  removed  from  a  condenser  is  directly 
proportional  to  the  steam  condensed.  This  may  be  true  of 
a  tight  condenser  wherein  all  the  air  enters  by  entrain- 
ment  with  the  feed  water.  Actual  operation  shows  that  a 
tight  condenser  and  exhaust  casing  is  a  rare  condition. 
Referring  to  Fig.  1,  it  is  shown  by  the  curves  of  partial 
air  pressure  and  resistance  to  heat  transfer  that  the  amount 
of  air  to  be  removed  was  not  proportional  to  the  steam 
condensed,  but  actually  more  at  low  loads  than  at  high 
loads.  This  fact  is  an  indirect  indication  thai,  the  air  in  the 
condenser  was  largely  a  matter  of  leakage,  instead  of 
entrainment  with  the  feed  water.  Thus  it  can  be  seen  that 
a  condenser  that  is  tight  under  all  loads  and  temperature 
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conditions  offers  opportunity  of  increased  vacuum.  The 
vacuum  conditions  of  no  air  leakage  or  entrainment  are 
shown  in  Fig.  1  for  all  load  conditions.  This  is  probably 
impossible  of  attainment,  but  there  is  still  a  chance  of 
improvement  in  this  respect. 

A  limiting  factor  of  actual  vacuum  is  the  temperature 
of  the  condensate,  inasmuch  as  a  vacuum  greater  than  that 
corresponding  is  impossible.  It  has  been  claimed  that 
there  were  high  vacuum  possibilities  in  reducing  the  con- 
densate temperature,  the  limiting  possibilities  of  which 
would  be  a  mean  of  the  circulating-water  temperature. 
Refen-ing  to  Fig.  1,  this  hypothetical  vacuum  is  greater 
than  that  possible  with  an  ideal  condenser  operating  under 
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the  conditions  stated  and  is,  therefore,  impossible.  Any 
gain  in  economy  resulting  from  increasing  the  vacuum  by 
reducing  the  condensate  temperature  would  have  to  do 
more  than  balance  that  lost  through  the  feed-water  tem- 
perature. A  heat  balance  shows  only  slight  possibilities 
at  high  load. 

The  most  important  limitations  to  high  vacuum  have  to 
do  with  the  design  of  the  turbine  itself,  which  is  designed 
for  a  definite  vacuum  at  its  most  economical  load.  The 
volume  of  a  pound  of  steam  at  1  in.  abs.  is  652  cu.ft.,  and 
at  0.5  in  abs.  is  about  1,260  cu.ft. — almost  twice  the  volume. 
On  the  present  equipment  this  would  mean  a  corresponding 
increase  in  the  exit  velocity  for  the  last  row  of  buckets, 
which  means  a  large  increase  in  the  lost  kinetic  energy, 
this  being  in  proportion  to  the  square  of  the  velocity.  Such 
incomplete  data  as  are  available  show  that  at  loads  from 
10,000  to  12,000  kw.  (see  Fig.  2)  there  is  an  increase  in 
economy  of  about  3  to  3J  per  cent,  while  at  higher  loads 
no  increase  is  indicated  over  a  range  of  1  in.  to  0.5  in.  abs. 
These  percentages  at  0.5  in.  abs.  were,  however,  assumed, 
as  actual  conditions  of  0.5  in.  abs.  condenser  pressure  could 
not  be  obtained. 

Turbine-bucket  design  requires  that  the  speed  of  the 
bucket  bear  a  proper  relation  to  the  steam  velocity.  If 
this  relation  is  to  be  carried  out  under  high  vacuum  condi- 
tions, difficulties  of  design  in  the  last  stage  of  buckets 
nullify  any  possible  gain  in  economy.  If  buckets  are  made 
too  long,  the  velocity  conditions  on  account  of  the  flare 
would  be  such  that  steam  would  blow  through  without 
doing  any  work. 

If  high  steam  velocities  are  used  in  the  last  stage,  it 
must  necessarily  follow  that  a  greater  proportion  of  the 
work  done  must  be  accomplished  there;  and  this  would 
mean  less  efficiency  than  if  designed  for  a  lesser  propor- 
tion of  work. 

It  would  then  appear  from  the  foregoing  that  there  are 
limitations  to  economical  vacuum,  but  owing  to  the  lack  of 
complete  data  pertinent  to  this  question,  no  exact  limit  or 
any  set  of  conditions  can  be  stated  at  this  time.  It  does 
not  appear  that  the  conditions  of  an  ideal  condenser  or 
vacuum  of  from  0.5  in.  to  0.9  in.  under  the  conditions  as 
shown  by  Fig.  1  are  impossible  of  attainment  if  increased 
economy  is  the  governing  factor. 

An  Experimental  Investigation  of 
Steel  Belting* 

Attention  has  been  called  from  time  to  time  to  the  suc- 
cessful  use    of   thin   ribbons   of  steel  for   belting,   and   the 
experiments   here   described  were  undertaken  to   determine 
I  the  characteristics  of  operation  of  this  type  of  power  trans- 
j  mission. 

]      The   apparatus   designed   for   testing   is   shown   diagram- 
!  matically.      Two    specially    built    high-speed    pulleys    with 
i  sheet-cork    facing    were    arranged    as    shown,    the    driven 
pulley  being  directly  connected  to  a  Sprague  dynamometer. 
Two   idler  pulleys   running  on  ball-bearing   axles  were  ar- 
i  ranged  to  measure  the  tensions  in  the  belt.     The  idler  on 
I  the  tight  side  was  held  by  a  yoke  to  which  was  attached  a 
short  chain  passing  over   a   sprocket  and  carrying  a  scale 
'  pan  on  which  weights  might  be  placed.    The  loose-side  idler 
was  carried  by  a  similar  yoke  with  a  chain  and  sprocket, 
the  chain   passing   vertically   upward   and   being   connected 
to  a  dial  spring  balance.     Between  the  chain  and  dial  bal- 
ance was  placed  a  spring  balance  to  act  as  a  shock  absorber 
■  and  a  turnbuckle  to  adjust  belt  tensions. 

The  two  pulleys  being  of  the  same  size,  the  introduction 
of  the  idlers  prevented  the  two  sides  of  the  belt  from  being 
parallel,  and  therefore  the  tensions  were  not  equal  to  the 
values  indicated  by  the  weights  or  dial  balance.  This  was 
corrected  for  by  preliminary  tests  in  which  a  spring  balance 
was  inserted  in  the  belt  and  readings  taken  while  rotating 
the  whole  apparatus  slowly.     From  these  readings  plots  of 

*.\b.stract  of  a  paper  by  F.  G.  Hampton.  C.  F.  Loll  and  W.  E. 
Hflmick,  for  which  tlu-  authors  were  awarded  the  Student  and 
Junior  prizes  at  the  annual  meeting-  of  the  American  Society  of 
Engineers  in  December,  1919.  The  complete  paper  was  published 
in  the  July,  1920,  issue  of  Mechanical  Engineering. 


actual  tensions  against  readings  of  the  dial  balance  and 
the  amount  of  weight  on  the  scale  pan  were  made. 

The  material  tested  was  what  is  known  commercially  as 
clockspring  stock.  It  is  a  very  high-carbon  steel,  drawn 
and  rolled,  apparently  ground  to  size,  hardened  and  drawn 
to  a  dark  blue  color.  A  rough  test  showed  a  tensile  strength 
of  300,000  lb.  per  sq.in.  and  an  elastic  limit  nearly  as  high. 
Pieces  0.01  in.  thick  receive  no  permanent  set  when  bent 
around  a  radius  of  J  in.,  but  break  clean  when  bent  around 
a  radius  of   ,',;   in. 

The  chief  difficulty  in  using  such  material  for  belting  is 
to  get  a  joint  ha\'ing  a  reasonable  proportion  of  the  strength 
of  the  material.  This  was  further  complicated  in  the  tests 
by  the  necessity  for  the  reverse  bending  of  the  belt  around 
the  idler  pulleys.  A  plain  butted  joint  held  with  silver 
solder  was  found  satisfactory,  although  the  short  time  it 
was  in  use  gives  no  indication  of  its  durability. 

Tests  were  run  keeping  the  speed  and  tight-side  tension 
constant  and  varying  the  load.  Loads  were  increased  until 
the  loose-side  tension  became  so  low  as  to  allow  the  belt 
to   become   unstable.     After   covering   the   possible   power 
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range,  the  tight-side  tension  was  changed  and  another  series 
of  tests  was  run.  Finally,  speeds  were  changed  for  fur- 
ther runs. 

In  the  first  part  of  the  paper,  describing  tests  by  Messrs. 
Hampton  and  Leh,  it  is  pointed  out  that  the  slip  was  deter- 
mined from  differences  of  readings  on  revolution  counters 
attached  to  the  driving  and  driven  shafts.  The  error  intro- 
duced by  this  method  in  some  cases  was  as  much  as  100 
per  cent  of  the  slip,  although  the  absolute  values  of  revo- 
lutions per  minute  were  determined  with  reasonable  accu- 
racy. In  later  experiments  by  Mr.  Helmick,  a  differential 
revolution  counter  was  connected  to  the  two  shafts  by 
chains  and  sprockets  and  arranged  so  that  differences  of 
,J„  revolution  would  be  indicated  by  the  ring  gear,  with 
a  probable  error  of  5  per  cent. 

The  difficulty  of  measuring  the  velocity  of  slip  led  to 
considerable  study  to  discover  the  laws  governing  the  rela- 
tion of  slip  to  the  various  other  quantities  involved.  It  was 
found  that  at  a  given  speed  and  tight-side  tension  the  slip 
increased  slowly,  but  in  direct  proportion  to  the  horsepower 
to  a  certain  point,  beyond  which  it  suddenly  increased  very 
rapidly.  Further  investigation  showed  that  this  point  cor- 
responded to  that  at  which  the  tension  due  to  centrifugal 
force  equaled  the  slack-side  tension,  loads  beyond  this  of 
course  resulting  in  excessive  slip  and  unstable  conditions. 

As  a  result  of  the  entire  investigation  the  authors  sug- 
gest that  the  equation  Hp.  =  O.ITT," "  V,,  (where  T,  is  the 
tight-side  tension  in  pounds  and  T',  the  velocity  of  slip  in 
feet  per  minute)  may  be  useful  in  determining  the  tight- 
side  tension  for  a  given  horsepower  transmission  \nih  a 
reasonable  slip  (not  greater  than  3  ft.  per  min.).  Knowing 
this  tension,  the  belt  may  be  cut  to  length  by  computing 
the  total  elongation  due  to  tension  and  the  distance  the 
cork  will  be  depressed. 

Considerable  study  was  made  of  the  relations  of  the  co- 
efficient of  friction  to  the  various  other  factors  and  equa- 
tions deduced  which  are  mainly  of  technical  interest.  It  is 
noted  that  the  efficiency  of  transmission  fell  below  98  per 
cent  only  in  extreme  cases. 
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Fiiol  Oil  in  Slrain  IMaiilH* 

By  Ki>\vari)  H.  Colwjkovk 

In  buyinp  oil  ccrtnin  spcc-ilications  arr  mndo.  The  fol- 
lowinK  nif  fairly  indicative  of  the  demands  made  for  n 
Kood  jjrado  of  fuel  oil:  Specific  uravily  not  over  OOO  nor 
under  O.SS  at  M)  dep.  V. ;  B.t.u.  not  less  than  18,500  per  lb. ; 
watiT  not  over  i  of  one  per  cent;  sulphur  not  over  2  per 
cent;  dirt   and  sand,  none. 

The  flash  point  of  an  oil  is  the  temperature  at  which 
vapor  is  piven  off  which  in  a  closed  container  will  ifrnite. 
The  flash  point  of  an  oil  should  not  be  under  140  defj.  F. 
Oil  varies  considerably  in  viscosity;  that  is,  some  oil  flows 
throuph  a  pipe  like  cold  molasses,  and  other  oil  flows  like 
hot  molasses.  Very  viscous  oils  will  need  to  be  heated  to 
hiRher  temperatures  than  thin  oils  for  easy  flow. 

If  oil  burning  is  to  be  introduced  into  a  plant,  it  is  of 
course  necessary  to  make  provision  for  storing  and  handling 
it,  safely  and  economically. 

It  is  usually  necessary  to  have  storape  space  for  three 
weeks'  supply.  The  storage  tanks  are  either  of  cement  or 
of  steel.  In  New  York  State  the  insurance  regulations  re- 
quire that  they  be  not  less  than  2  ft.  under  pround  and  50 
ft.  from  any  buildinp.  Some  authorities  recommend  that 
two  tanks  be  used,  so  that  one  may  be  available  for  Use 
while  the  other  is  beinp  cleaned  or  repaired. 

The  highest  level  of  oil  in  storage  should  be  below  the 
lowest  point  in  the  piping  of  the  oil  system  to  prevent 
flooding  of  the  burners  in  case  of  accident.  The  tank  should 
be  vented  to  allow  the  vapor  to  pass  off.  Steam  lines  are 
often  piped  to  the  top  of  the  tank  that  possible  fires  may  be 
extinpuished.  All  oil  piping  should  be  installed  so  as  to 
drain  back  into  the  storage  tank  by  gravity.  Arrangements 
should  be  made  to  deliver  oil  at  the  burners  at  constant 
pressure.  This  can  be  effected  by  a  standpipe.  The  con- 
nections for  the  delivering  car  or  wagon  should  be  at  suffi- 
cient elevation  to  overcome  the  head  of  water  to  the  de- 
sired height  of  oil  in  the  tank. 

Joints  in  Piping  Must  Be  Tight 

Because  of  the  penetrative  nature  of  fuel  oil  all  joints 
in  the  piping  must  be  made  tight.  If  possible,  elbows  should 
be  avoided  in  oil  piping,  as  foreign  matter  will  collect  at 
these  points  and  eventually  clog  the  pipe.  It  is  best  to  use 
bends  of  long  radius  and  arrange  a  steam  connection  so  the 
pipes  when  drained  may  have  steam  sent  through  them  to 
blow  out  the  asphalt  or  tarry  matter. 

As  most  burners  atomize  oil  by  forcing  it  through  small 
orifices,  an  efficient  strainer  is  needed  in  the  feed  line.  The 
duplex  thimble  type  is  excellent,  as  one  strainer  can  be 
removed  and  cleaned  without  affecting  the  pressure  while 
the  oil  is  passing  through  the  other. 

As  hot  oil  flows  more  easily,  atomizes  more  readily  and 
burns  better  than  cold  oil,  it  will  be  appreciated  that  an 
oil  heater  is  necessary  to  furnish  the  oil  to  the  burner  at 
a  temperature  of  from  125  to  140  deg.  F.;  that  is,  just 
under  the  flash  point.  Care  should  be  taken  not  to  heat  the 
oil  above  the  flash  point,  as  excessive  heat  precipitates  the 
carbon  in  the  pipe  lines  and  at  the  burner  tip,  and  should 
even  small  leaks  develop  in  the  oil  lines,  explosions  would 
be  likely. 

Broken  into  small  drops,  oil  presents  a  large  surface. 
The  smaller  the  drops  the  more  perfect  the  spheres  and 
the  easier  to  burn.  If  oil  is  broken  into  drops  0.1  in.  in  diam- 
eter the  ratio  of  the  area  to  the  volume  is  60  to  1,  but  if 
broken  into  drops  0.01  in.  in  diameter  the  ratio  of  area  to 
the  volume  of  the  original  drop  is  600  to  1.  That  is,  a  drop 
0.01  in.  in  diameter  exposes  ten  times  as  much  surface  in 
proportion  to  its  volume  as  a  drop  dofes  which  is  0.1  in.  in 
diameter.  The  spray  entering  the  furnace  should  be  almost 
too  fine  to  be  seen.  The  economy  of  a  burner  is  measured  by 
the  amount  of  steam  used  to  atomize  a  pound  of  oil.  This 
will  vary  considerably  with  type  of  burner,  kind  of  oil, 
temperature,  etc.  At  one  of  the  Standard  Oil  Co.'s  plants 
recent  tests  showed  a  variation  from  1.36  to  3.39  per  cent 
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of  total  Hteam  used  for  ntomization.    It  will  often  po  higher, 
from   r>   to    10   per  cent. 

Burners  are  often  located  in  the  front  of  the  furnace; 
sometimes  the  burner  tip  is  housed  in  n  recess  in  the  bridge 
wall  and  the  oil  projected  forward.  The  first  pass  should  be 
directly  over  the  furnace,  that  the  hcatinp  surfaces  may 
absorb  the  radiant  energy  of  the  incandescent  firebrick.  Oil 
Imrners  may  he  grouped  into  three  clas.ses:  (1)  MechaicJil 
spray,  in  which  the  oil,  previously  heated  to  about  130  dep. 
V.  is  forced  throuph  nozzles  in  such  a  way  as  to  break  uj) 
the  oil  into  a  fine  spray,  usually  by  pivinp  it  a  spiral  motion. 
•J.  Vapor  burners  or  carburetors  in  which  I  hi'  oil  is  volatil 
ized  in  a  heated  chanibei-  and  then  admitted  to  the  furnace. 
This  burner  is  seldom  used  except  for  refined  oils.  3.  Spray 
burners  are  by  far  the  most  common.  In  these  the  oil  is 
forced  into  the  furnace  by  steam  or  compressed  air.  There 
are  two  types,  "outside"  and  "inside"  mixers,  the  name 
explaininp  where  the  atomization  takes  place.  The  weight 
of  authorities  seems  to  be  in  ftivor  of  the  outside  mixer. 

Design  of  Fi'rnace  Depends  Upon  Type  of  Boiler 

The  design  of  the  furnace  must  in  a  measure  depend  on  ' 
the  type  of  boiler,  and  in  oil  burninp  the  forms  of  furnaces 
.are  numerous.  The  basic  idea  should  be  to  pive  the  oil  room 
to  thorouphly  atomize  and  mix  with  the  oxygen  without 
strikinp  the  heatinp  surfaces,  and  to  have  the  oil  projected 
into  the  furnace  in  such  a  manner  that  the  air  supply  will 
be  available  along  the  path  of  the  flame  as  needed.  If 
the  air  can  be  preheated,  it  will,  of  course,  aid  combustion. 

One  consideration  of  the  size  of  the  combustion  space  is  • 
that  incandescent  walls  of  the  furnace  assist  materially  in 
the  com.bustion  of  the  oil.  In  burning  oil  furnace  volume  has 
the  same  relation  to  boiler  steaming  capacity  as  the  prate 
area  has  in  a  coal-burninp  installation  The  consideration 
should  properly  be  of  "effective  furnace  volume,"  or  that 
part  of  the  furnace  actually  occupied  by  burninp  pases. 

With  water-tube  boilers  the  burners  ordinarily  discharpe 
into  one  combustion  chamber.  Here  eddies  of  gas  and  the 
interference  one  flame  gives  to  another  are  not  always 
indicated  by  the  draft  gape,  but  no  doubt  affect  air  admis- 
sion and  control.  For  example,  with  a  furnace  with  four 
burners  properly  installed  as  to  space  and  air  control,  each 
having  a  furnace  volume  of  60  cu.ft.,  operating  at  J-in.  draft 
at  the  damper,  a  certain  maximum  boiler  capacity  can  be 
reached  when  all  four  burners  are  used.  This  capacity 
cannot  be  increased  25  per  cent  by  placing  in  service  a  fifth 
burner  of  the  same  size  with  a  like  air  opening.  On  the 
other  hand,  if  only  three  burners  are  installed  instead  of 
four,  size  of  burner  and  air  opening  for  each  the  same  per 
burner,  the  capacity  will  be  more  than  75  per  cent  of  the 
capacity  attained  with  four  burners.  This  is  because  each 
burner  now  has  80  cu.ft.  of  furnace  volume  instead  of  GO. 

The  furnace  volume  should  be  sufficient  to  permit  com- 
plete combustion  and  not  give  the  gases  too  rapid  a  flow 
through  the  furnace,  as  this  will  result  in  the  formation  of 
CO  instead  of  CO:  with  the  resultant  heat  loss. 

How  the  Amount  of  Air  Affects  Efficiency 

A  slight  difference  in  the  amount  of  air  used  may  mean  a 
great  loss  in  heat  units.  It  is  comparatively  easy  to  have 
a  smokeless  fire,  but  the  efficiency  will  greatly  increase  if 
the  proper  amount  of  air  is  used.  "In  ordinary  operation 
the  complete  absence  of  smoke  is  viewed  with  suspicion. 
Smoke  may  result  from  other  causes  than  lack  of  air,  for 
instance,  imperfect  atomization.  Analysis  of  the  escaping 
gases  is  the  only  sure  way  of  obtaining  information  by 
which  to  adjust  the  furnace  conditions  to  maximum  effi- 
ciency," said  E.  H.  Peabody  at  the  International  Engineering 
Congress.  "Taken  by  itself  the  gas  analysis  indicates  better 
than  any  other  one  thing  about  a  boiler  plant  what  sort 
of  economic  results  are  being  attained." 

If  insufficient  air  is  given  the  flame  CO  is  formed  instead 
of  CO;,  and  about  two-thirds  of  the  heat  units  are  wasted. 
Some  firemen  attempt  to  fire  oil  and  gage  the  air  supply  by 
the  eye.  Some  time  ago  in  a  Texas  plant  in  which  oil  had 
been  burned  for  several  months  where  the  operation  depend- 
ing on  the  judgment  of  the  firemen,  a  CO2  recorder  was 
connected   to   a   furnace.     The   firemen    were   instructed    to 
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jntinue  to  fire  to  the  best  of  their  ability,  adjusting  the 
il  feed  and  damper  as  they  thought  best.  The  recorder 
as  covered  over  so  the  record  could  not  be  seen.  After  a 
eriod  of   time  the   recorder   was   uncovered   and   indicated 

per  cent  CO2  for  the  time.  Then  with  the  recorder  un- 
jvered,  by  watching  the  record  the  same  firemen  were 
nmediately  able  to  make  14  per  cent  CO^.  The  recorder 
as  evidently  saving  about  12  per  cent  of  their  oil. 

Beginners  often  think  that  a  white  flame  indicates  eco- 
omical  combustion.  It  does  not  but  indicates  excess  air. 
he  color  of  the  flame  in  best  combustion  is  usually  yellow- 
h  white.  The  combustion  of  oil  is  accompanied  by  a  roar- 
ig  noise.  It  is  noticeable  that  an  increase  of  cold  air  adds 
)  this  noise,  and  that  preheating  the  air  renders  combus- 
on  quieter.  It  is  therefore  believed  that  this  decreased 
laring  is  accompanied  by  increased  efficiency. 

If  wet  steam  is  used,  the  moisture  should  be  removed  and. 
etter  still,  superheated  before  it  reaches  the  burners. 
Ivery  drop  of  water  that  goes  into  the  furnace  will  pass 
Lit  as  superheated  steam  and  carry  with  it  that  much  heat. 
1  some  installations  the  steam  line  to  the  burners  passes 
Trough  the  combustion  chamber  and  superheated  steam  is 
elivered  in  that  way.  If  not  convenient  to  superheat,  it 
ill  be  well  to  place  a  steam  separator  in  the  line  to  the 
urners  so  the  steam  used  will  be  free  from  moisture.  The 
lea  that  steam  admitted  to  the  furnace  with  the  fuel  in- 

eases  the  amount  of  heat  generated  is  an  error.  The 
mount  of  heat  resulting  from  the  burning  of  the  hydrogen 
1  the  steam  is  precisely  equal  to  the  amount  of  heat  re- 
uired  to  set  the  hydrogen  free  in  decomposing  the  steam. 

Automatic  control  is  employed  in  some  large  plants  and 
accomplished  in  a  manner  somewhat  similar  to  the 
imiliar  damper  regulators.  The  steam  pressure  controls 
16  rate  of  oil  feed  as  it  does  the  damper  for  draft. 

Damper  Should  Be  Used  To  Regulate  Air 

It  is  good  practice  to  use  the  damper  to  regulate  the 
ipply  of  air.  If  ashpit  doors  are  left  wide  open  all  the 
me  a  sufficient  air  supply  is  assured  to  take  the  place  of 
ie  hot  gases  which  escape  up  the  chimney.  By  impeding 
le  flow  of  hot  gases  with  the  damper,  they  are  kept  in 
)ntact  with  the  heating  surfaces  for  a  longer  time  and 
le  retarded  gases  are  given  plenty  of  time  for  complete 
imbustion. 

When  shutting  down  the  oil  should  be  cut  off  first;  this 
;ops  combustion.  The  steam  should  be  allowed  to  flow  after 
le  oil  is  cut  off',  then  gradually  cut  off.  This  tends  toward 
aving  a  clean  burner. 

The  work  of  firing  oil  requires  no  physical  exertion, 
ommon  sense,  a  certain  knowledge  and  a  watchful  eye 
1  the  instruments  are  all  that  is  required.  A  better  class 
f  men  are  attracted  to  the  plant.  The  oil-burning  more 
lan  coal-burning  plant  gives  a  fireman  time  to  look  to 
nprovement  in  himself  and  his  plant.  This  attracts  in- 
illigent  firemen  and  no  doubt  accounts  for  a  great  part 
.'  the  .ifficiency  in  oil-burning  installations. 

The  back  damper  should  always  be  left  open  enough  to 
!low  the  gas  to  escape  should  a  burner  snuff  out,  ether- 
ise a  serious  explosion  might  occur.     Where  oil   is  used, 

is  well  to  have  one  coal-fired  boiler  in  which  steam  can 
;  raised  to  at  least  20  lb.  to  start  the  burners.  It  is  well 
so  that  an  auxiliary  coal  fired  boiler  be  retained  in  case 
le  oil  supply  fails  for  a  time. 

When  the  change  is  made  to  oil  with  horizontal  tubular 
Jilers,  firebrick  may  be  laid  on  the  grates  and  a  floor  of 
rebrick  continued  to  the  rear  of  the  boiler  with  only  a 
ight  rise  at  the  point  where  the  bridge  wall  was  located, 
his  makes  the  bottom  part  of  what  was  formerly  the  com- 
iistion  chamber  combined  with  the  space  formerly  the 
shpit,  into  a  space  through  which  air  for  combustion  may 
i  drawn  and  preheated  by  the  hot  brick  above.  An  open- 
ig  is  then  made  at  the  rear  of  the  setting  to  admit  the  air, 
hich  flow{s  through  the  grates  to  the  flame. 

There  is  but  little  data  on  the  cost  of  changing  from  coal 
>  oil  burning,  not  even  on  the  cost  of  construction  of  the 
;orage  tanks.  In  nearly  all  cases,  however,  the  cost  has 
een  far  in  excess  of  the  estimated  cost.  The  question  of 
lange  can  only  be  determined  in  each  plant  by  itself.     The 


load  factor  evidently  has  a  bearing  on  this  decision.  A 
Philadelphia  engineer  of  prominence  believes  that  plants 
that  have  a  load  factor  of  60  down  may  change  to  oil  ad- 
vantageously, but  for  those  with  a  load  factor  above  60 
coal  is  more  economical. 

The  present  cost  of  oil  in  central  New  York  State  is  too 
high  to  make  it  look  attractive.  To  be  a  satisfactory  fuel. 
oil  must  be  available  not  only  in  large  quantities  but 
must  be  continually  available  to  prevent  operation  ending 
suddenly. 

Power-Station  Design  in  Relation  to 
Thermal  Efficiency* 

The  paper  recites  a  few  of  the  lines  along  which  modern 
power-plant  designers  have  worked  in  an  effort  to  increase 
thermal  efficiencies.  The  manufacturers  of  apparatus  are 
responsible  for  progress  in  increasing  the  i-ange  of  tem- 
perature in  saving  or  reclaiming  low-grade  heat  and  an 
increased  size  of  units. 

The  upper  temperature  limit  has  been  gradually  raised  to 
G50  or  700  deg.  F  with  a  comparatively  wide  range  of  pres- 
sure obtained  by  varying  the  amount  of  superheat.  In- 
crease of  pressure  with  a  constant  maximum  temperature, 
obtained  by  reducing  the  superheat,  is  advocated  as  giving 
a  greater  heat  drop.  This  also  results  in  greater  steam 
density  and  therefore  allows  smaller  piping  and  fittings. 
Pressures  of  500  lb.  with  temperatures  as  high  as  700 
deg.  F.  are  predicted  for  the  near  future.  The  lower  tem- 
perature is  limited  by  considerations  of  the  expense  of 
maintaining  high  vacuums. 

Saving  low-grade  heat  has  been  attempted  in  two  ways: 
(1)  By  heating  the  condensate  to  higher  temperatures, 
using  steam  tapped  from  the  main  turbine,  and  (2)  by  re- 
heating the  steam  after  partial  expansion  until  the  initial 
superheat  is  restored.  Assuming  10  per  cent  of  the  turbine 
.steam  withdrawn  at  suitable  points,  the  condensate  tem- 
perature might  be  raised  by  100  deg.  F.  with  a  saving  of 
about  1,000  B.t.u.  per  pound  of  tapped  steam.  With  23 
per  cent  of  the  steam  tapped  out,  the  condensate  tempera- 
ture rise  might  be  as  much  as  225  deg.  F.  The  effect  is  a 
slight  improve-  -nt  in  spite  of  the  loss  of  efficiency  in  the 
low-pressure  blades. 

The  second  method — reheating  the  steam — has  been 
tried  experimentally,  but  does  not  seem  to  promise  much 
commercial  success. 

The  size  of  turbine  discs  is  limited  by  transportation  as 
well  as  mechanical  difficulties.  An  examination  of  thermal 
.nd  financial  considerations  indicates  about  30,000  kw.  as 
the  maximum  desirable  capacity  for  a  single  unit  with 
plar.ts  of  180,000  kw.  load  and  240,000  kw.  installed  capacity. 

As  to  methods  of  driving  auxiliaries  the  use  of  an  elec- 
tric drive  with  a  separate  turbo-driven  generator  exhaust- 
ing to  a  surface  feed-water  heater  is  thermally  the  most 
efficient,  for  in  this  case  all  the  latent  heat  of  the  auxiliary 
turbine  is  saved.  Other  methods  give  reasonable  results 
and  are  sometimes  dictated  by  circumstances. 

The  material  of  which  turbine  blades  are  made  is  an  item 
in  maintaining  the  efficiency  of  the  machine  against  loss 
due  to  erosion  and  corrosion.  For  moderate  steam  veloci- 
ties and  stresses  standard  70/30  bronze  is  satisfactory, 
while  3  per  cent  nickel  steel  is  successful  at  higher  veloci- 
ties and  stresses. 

In  condenser  air-pump  calculations  it  is  customary  to 
credit  steam-ejector  pumps  with  all  the  heat  in  the  dis- 
charged steam  which  may  be  returned  to  the  boiler  in  the 
feed  water.  The  author  claims  that  the  usual  boiler  losses 
are  involved  in  the  raising  of  any  steam,  and  thei-efore  all 
the  heat  is  not  reclaimed  by  condensing  the  steam  from 
the  jets. 

The  paper  concludes  with  a  discussion  of  turbine  efli- 
cicnL'ies  at  various  loads  under  guarantee  tests  and  sug- 
gests that  a  Willans  line  be  drawn  for  the  over-all  fuel 
consumption  of  the  plant  so  that  steam  requirements  may 
be  predicted  for  various  conditions. 

'Abstract  Of  a  paper  by  I.  V.  Robinson,  read  at  the  Incor- 
ii<>i:iti'<l  Municipal  Electrical  Association  Convention  at  Bradford  ' 
Knghini]. 
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(>rii('ral  Pr4'«*aiiti(»iis  in 
(yas-l*ii»iii<;  Work 

The  Nat'oiinl  l-'irc  Protfctiim  Association  Committee  on 
Gases  has  reported  a  (^as-pipin);  code  which  was  adopted 
at  the  recent  ineelinfr  of  the  association  and  presumably 
will  form  the  liasis  of  the  National  Board  of  Fire  Unde.'- 
writers'  rcciuireinents  lor  >ras  pipinn  of  buiidinjrs  hereafter 
Those  who  desire  full  information  at  an  early  date  can 
best  secure  copie.--  of  the  code  from  the  1919  and  1920  re- 
ports of  the  National  Fire  Protection  Association,  87  Milk 
St.,  Boston. 

The  treneral  precautions  that  should  be  observed  in  such 
woik  are  well  summarized  in  rule  -i  of  this  code,  which  is 
■.IS  f oi'ow.s : 

3.  GENERAL  PRECAUTIONS. 

a.  Work  with  Gas  Off — Gas-fittiiiK',  appliance  installation 
and  repair  work  shall  be  done  with  the  gas  ti.rned  off  so 
that  the  danger  from  leakage  during  the  work  will  be  a 
minimum,  except  as  provided  in  paragraph  b. 

b.  Working  on  Pipes  Filled  with  Gas — Work  which  in- 
volves removal  of  an  appliance  or  unscrewing  of  a  cap, 
plug  or  pipe  which  will  open  an  outlet  and  permit  the  escape 
of  gas  should  never  be  done  without  shutting  the  gas  off, 
except  in  emergency  cases  where  interruption  of  the  service 
is  impracticable,  and  unless  the  work  can  be  done  without 
danger  to  life  and  property  with  the  gas  on. 

It  is  suggested  that  when  working  on  pipes  filled  with 
gas,  outlets  larger  than  il-in.  size  and  pressures  in  excess 
of  10  in.  of  water  be  not  handled  except  by  a  specialist. 
In  any  event  the  following  precautions  shall  be  observed: 

1.  Determine  the  location  of  the  meter  cock  or  line  cock 
by  Wii'Ch  the  gas  supply  to  the  proposed  opening  is  con- 
trolled and  see  that  it  is  in  working  order. 

2  Make  sure  that  no  fire  or  flame  or  spark-emitting 
device  of  any  kind  is  near  enough  to  set  fire  to  the  gas 
which  may  escape. 

S.  Determine  that  even  the  slight  escape  of  gas  expected 
will  not  be  injurious  to  persons,  especially  invalids  or  small 
children. 

4.  Examine  the  threads  to  be  used,  to  make  sure  the 
opening  can  be  quickly  and  tightly  closed. 

5.  Have  at  hand  a  plug  of  rubber  or  other  suitable  ma- 
terial to  fit  snugly  into  the  opening. 

6.  Make  sure  that  no  lighted  burners  or  pilot  lights  sup- 
plied from  the  line  to  be  opened  are  turned  so  low  that 
they  may  go  out  or  flash  back  because  of  the  sudden  drop 
in  pressure  in  the  pipe  when  it  is  opened. 

After  the  work  has  been  completed,  all  appliances  shall 
be  examined  and  any  pilot  lights  and  burners  which  may 
hav.   been  extinguished  relighted  or  turned  off. 

c  One  Man  Shall  Not  Work  Alone — In  any  one  of  the 
following  conditions  there  shall  be  more  than  one  man  pres- 
ent, one  of  whom  should  be  in  such  location  that  he  is  not 
exposed  to  ar.y  possible  asphyxiating  influence  from  the 
escaping  gas: 

1.  When  necessary  to  make  installations,  repairs,  or  do 
other  work  on  piping  filled  with  live  gas. 

2.  When  work  is  done  in  a  gassy  atmosphere. 

o.  When  work  is  done  in  any  confined  space  where  gas 
may  accumulate  or  in  any  space  not  readily  accessible;  for 
example,  where  the  gasfitter  must  lie  down  or  assume  a 
cramped  position. 

d.  Use  of  Matches,  Candles  and  Flames — No  matches, 
candles  or  flames  or  other  sources  of  ignition  shall  be  used 
by  a  gasfitter  or  his  helper  when  working  on  meters,  piping 
or  appliances  filled  with  gas,  except  for  such  work  as  neces- 
sarily involves  the  use  of  such  flames.  A  flame  shall  never 
be  used  in  searching  for  leaks.  In  no  case  should  a  flame 
be  allowed  to  touch  a  meter,  meter  connection  or  other  pip- 
ing. W^hen  an  open-flame  light,  as  a  match  or  candle,  is 
used  in  a  basement,  it  should,  when  practicable,  be  carried 
ox  set  not  more  than  three  feet  above  the  floor  level. 

e.  Smoking — A  gasfitter  shall  not  smoke  while  working 
on  piping  which  is  filled  with  gas  or  has  been"  filled  with 
gas,  nor  permit  others  to  smoke  while  near  such  work. 

f.  Safety  Lights  to  Be  Provided — Every  gasfitter  shall 
be  provided  with  an  approved  electric  flash  lamp  or  safety 
lamp  which  is  adequately  protected  to  prevent  explosion  or 
lire  if  used  in  a  gassy  atmosphere.  No  other  type  of  lamp 
shall  be  used  in  such  atmosphere  when  searching  for  a  leak 
or  when  working  on  piping  filled  with  live  gas. 

g.  Handling  Combustible  Liquids — Alcohol,  gasoline  and 
other  combustible  liquids,  including  the  liquid  which  is 
removed  from  meters  or  from  drips  in  gas  piping,  shall  be 


handled  with  proper  [irecautions  and  .shiill  not  be  left  by  iiiv 
uustitter  on  the  preniinuk  oX  the  customer.  The  ordiriury 
fitter's  torch  or  furnMe*-  shalJ  out  be  left  within  the  piemiseg 
from  the  end  of  one  working  day  to  the  beginning  of  the 
next  unless  the  torch  o.  furnace  is  of  an  ajiproved  type  or 
is  placed   in  a   liie-tcsistivc   recejitacle. 

Shunt-  or  (lompoiiiul-Woiiiul  KxcitrrM* 

By  J.  T.  Hakkon  anu  a.  E.  Hauhan 

Wherever  it  is  necessary  that  exciters  be  operated  in 
parallel,  it  is  recommended  that  shunt-wound  exciters  be 
used,  especially  if  they  are  to  be  controlled  by  volUiije 
regiilators.  The  instances  of  compound-wountl  exciten 
causing  trouble  are  so  many  that  in  spite  of  all  the  explana- 
tions of  causes  that  are  given,  it  is  ditlicult  to  convince  an 
operating  man  that  has  been  through  any  of  these  experi- 
ences that  compound-wound  machines  should  ever  be  used 
where  the  exciters  are  operated  in  parallel. 

If  the  saturation  curves  and  voltage  characteristics  of 
the  exciters  being  operated  in  parallel  are  identical  and  if 
the  equalizer  conditions  are  perfect,  there  is  no  difficulty. 
However,  regardless  of  the  care  which  may  be  taken  in 
obtaining  these  conditions  when  the  exciters  are  installed, 
there  are  disturbing  influences  which  may  occur  later  to 
interfere  with  the  perfect  conditions.  For  instance,  equal- 
izer switches  may  (ieveloj)  high  contact  resistance.  Equal- 
izer connections  may  be  taken  down  and  carelessly  recon- 
nected. Saturation  curves  of  exciters  may  be  changed  by 
putting  shims  under  field  poles  or  by  taking  them  out  on 
account  of  some  commutation  trouble,  the  effect  on  parallel 
operation  being  forgotten.  The  speed  of  an  exciter  may 
be  changed  from  tnat  at  which  it  was  intended  to  be  oper- 
ated. This  may  be  due  to  carelessness  of  attendants  in  not 
having  machines  operating  at  correct  speed,  or  it  may  I>e 
due  to  some  trojble  in  the  turbine  such  as  ice,  or  may 
occur  from  power-system  troubles  in  the  case  of  motor- 
driven  or  direct-connected  exciters.  All  these  conditions 
tend  to  change  the  shape  of  the  saturation  curves,  and  if 
operating  under  the  influence  of  a  voltage  regulator,  reversal 
is  likely  to  be  caused.  The  compound-wound  exciter  is  also 
subject  to  reversal  due  to  internal  short-circuits.  Loss  of 
exciter  shunt  field  may  also  cause  reversal  of  compound- 
wound  exciters.  If  the  driving  power  of  a  compound  exciter 
is  lost,  the  tendency  will  be  for  the  exciter  to  speed  up  and 
draw  a  heavy  current,  and  it  may  even  run  away  if  not  pre- 
vented from  doing  so  by  a  reverse-current  relay  or  over- 
speed  trip. 

It  is  therefore  recommended  that  only  shunt-wound  ma- 
chines be  used  where  exciters  are  to  be  operated  in  parallel 
and  that  wherever  compound-wound  exciters  are  at  present 
so  used,  especially  in  connection  with  voltage  regulators, 
steps  be  taken  to  remove  the  series  windings  if  the  char- 
acteristics of  the  machines  permit.  The  series  windings 
should  be  cut  out  of  the  cii'cuit  but  not  short-circuited.  A 
short-circuited  series  winding  causes  sluggish  regulator 
action.  Where  exciters  are  to  be  used  individually  with 
voltage  regulators,  there  is  no  objection  to  the  series  wind- 
ing. It  is  then  an  advantage  from  the  standpoint  of  voltage 
regulation. 

Shunt-wound  exciters  also  are  subject  to  reversal  from 
induced  voltages  in  generator  fields,  regardless  of  whether 
they  are  operated  in  parallel  or  not.  The  induced  voltage 
may  be  caused  by  a  short-circuit  on  the  generator  or  by 
sudden  reduction  of  its  field  current.  These  two  causes 
may  work  simultaneously  in  direct-connected  exciters 
Sudden  reduction  of  field  current  may  be  caused  by  sudden 
reduction  of  exciter  speed,  by  rapidly  cutting  in  a  generatoi 
field  rheostat  with  too  large  steps,  or  by  rapid  reduction  oi 
exciter  field  current  when  operating  on  the  steep  part  o< 
the  exciter  saturation  curve.  If  the  resultant  induced  volt- 
age in  the  generator  field  exceeds  the  exciter  voltage,  re 
versal  will  occur.  The  greater  the  resistance  in  the  fielo 
circuit  the  less  is  the  likelihood  of  reversal. 


•Abstract  from  a  paper,  "Considerations  Which  Determine  th< 
Selection  and  General  Design  of  Exciter  Systems,"  presented  ai 
the  36th  Annual  Convention  of  the  American  Institute  of  Elec 
trical    Engineers,    held    at   White   Sulphur   Springs,   W.    Va..   Jun^ 
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Connecling-Rocl  Bolts 

The  Diesel  Engine  User's  Association  of  England  has 
Ijevoted  much  time  to  the  discussion  of  connecting-rod  bolts. 
The  subject  is  of  vital  importance,  since  a  number  of  engine 
,failui-es  have  been  recorded  as  due  to  the  fracture  of  the  big 
fend  bolts.  The  subject  resolves  itself  into  three  heads — 
material,  working  stresses  and   design. 

I  ^n  regard  to  the  material,  without  question  a  tough  sub- 
stance is  highly  desirable.  Some  builders  have  a  preference 
for  wrought  iron,  claiming  that  it  has  less  dangerous  crys- 
jtaihne  tendencies.  The  majority  of  manufacturers  and 
users  favor  some  form  of  steel  bolts,  either  of  ordinary 
carbon  steel  or  of  a  high-tensile  alloy  steel.  Considerable 
variation  in  opinion  as  to  the  advisability  of  heat  treating 
the  bolts  was  expressed.  Apparently,  the  majority  felt  that, 
if  heat  treatment  was  adopted,  the  steel  should  be  treated 
while  in  the  bar  rather  than  after  being  machined.  It  was 
suggested  at  one  of  the  meetings  that  bolts  in  service  should 
be  heat-treated  at  stated  intervals.  Several  members 
claimed  that  heat  treatment  lowered  the  elastic  limit  of 
the  steel  and  did  not  increase  the  life  of  the  bolt.  Examples 
were  cited  on  bolts  that  had  been  in  service  for  2.5,000  hours 
without  heat  treatment. 

!  It  was  brought  out  that  the  big  end  bolts  are  subjected 
to  tensile  stresses  every  second  revolution,  due  to  the  in- 
ertia of  the  piston  during  the  exhaust  and  suction  stroke. 
These  stresses  are  augmented  if  the  piston  is  a  very  close 
fit  or  if  piston  seizure  occurrs.  This  must  be  taken  into 
account  when  designing  the  bolt. 

The  May  meeting  of  the  association  was  devoted  to  a 
further  discussion  of  the  subject.  The  statement  was 
offered  that  the  bearing  clearance  played  an  important 
pait  in  the  determination  of  the  actual  stresses  in  the  bolts, 
;since  an  impact  occurred  between  the  crankpin  and  the 
bearing  at  each  reversal  of  the  stress.  Fui-thermore,  the 
[torsional  vibration  of  the  crankshaft  when  the  engine 
passed  through  the  critical  speed  point,  in  those  cases  where 
(the  critical  speed  was  below  the  normal  speed,  had  some 
effect  on  the  bolt  stress.  One  member  suggested  that  some- 
thing should  be  allowed  in  consideration  of  the  initial  stress 
due  to  tightening  the  nut,  0'"er  and  above  the  stresses  ar- 
riving from  the  inertia  forces.  He  thought  it  necessary  to 
provide  a  comfortable  margin  in  the  design  to  insure  safe 
ioperating  condition.  It  was  also  stated  that  the  working 
Itemperature  might  affect  the  tightness  of  the  nut,  greatly 
increasing  the  impact  stress  by  loosening  the  bearing. 
Attention  was  called  to  some  notes  on  "Gas  and  Oil  Engine 
Accidents,"  issued  by  one  of  the  insurance  companies,  from 
which  it  appeared  that  25  per  cent  of  the  total  engine 
failures  resulted  from  fracture  of  the  connecting-rod  bolts. 
\  (Power,  May  25,  1920.) 

I  Mr.  Charles  Day,  in  a  communication  to  the  association, 
wrote  that  the  rod  bolts  usually  adopted  are  quite  suitable 
for  the  normal  stresses  arising  from  the  inertia  of  the 
piston,  etc.  In  his  opinion  breakage  was  due,  almost  in- 
variably, to  abnormal  conditions  such  as  exces'^ve  piston 
'friction,  improper  tightening  of  the  nuts,  and  slack  bear- 
ings. As  to  improper  tightening,  bolts  were  often  injured 
by  being  sledged  up  excessively  hard,  thus  unduly  stretching 
the  bolts  and  at  times  twisting  them.  Many  bolts  are  in- 
jured by  the  workmen  sledging  the  nuts  in  order  to  bring 
the  cotter  hole  in  the  bolt  in  line  with  the  castellation  on 
the  nut.  To  remedy  this,  he  suggested  increasing  the  num- 
ber of  castellations  and  placing  two  holes  in  the  bolt  instead 
of  one. 

Considering  the  effect  of  excessive  friction,  he  continued, 
this  may  vary  from  a  slight  excess  to  a  severe  seizure. 
In  the  latter  event  the  bolts  will  probably  be  badly  stretched 
or  broken.  When,  however,  the  stress  has  not  been  sufficient 
to  show  a  decided  stretch  in  the  bolt,  the  question  arises 
as  to  whether  the  bolts  have  been  injured.  To  detect  a  slight 
elongation  he  recommended  that  a  definite  length  be  marked 
on  the  bolt  when  installed;  the  length  should  be  mea.sured 
from  the  bottom  of  the  bolt  head  to  a  point  on  the  thread. 
To  facilitate  locating  the  point  a  flattened  surface  could  be 
filed  on  a  thread  and  a  small  center  punch  used.     A  stretch 


of  2  per  cent  should  be  considered   as  justifying  renewal 
of  the  bolt. 

For  some  years,  Mr.  Day  stated,  hi:,  firm  had  been  experi- 
menting with  various  steels.  It  las  now  adopted  the  follow- 
ing specifications  for  the  material  for  the  rod  bolts:  Carbon. 
0.30  to  0.40;  silicon,  0.30  maximum;  manganese,  0.50  to 
0.80;  nickel,  2.75  to  3.25;  sulphur  and  phosphorus,  as  low 
as  possible.  The  material  to  be  oil  hardened  and  tempered 
to  give  the  following  values:  Tensile  strength,  not  less  than 
100,000  lb.;  field  point,  56  per  cent;  elongation,  20  per  cent; 
reduction  of  area,  45  per  cent;  impact  value,  40  ft. -lb. 

Duquesne  Light  Coinpp.iiy  to  Instell 
60,000-Kw.  Unit 

So  great  has  been  the  demand  for  electric  energy  by 
various  industries  of  the  Pittsburgh  district  that  the  Du- 
quesne Light  Co.  has  been  compelled  to  arrange  for  the 
doubling  of  the  proposed  initial  installation  of  60,000  kw. 
at  its  new  Colfax  power  plant.  The  second  60,000-kw.  tur- 
bine-generator with  100,000  sq.ft.  surface  condensers  di- 
vided in  four  shells,  which  has  just  been  ordered  from  the 
Westinghouse  Electric  and  Manufacturing  Co.,  will  be  a 
duplicate  of  the  first  machine.  It  will  be  designed  to  oper- 
ate at  maximum  efficiency  when  subjected  to  a  load  of 
50,000  kw.  and  to  take  care  of  a  maximum  load  of  70,000 
kw.  for  sho-'t  periods. 

Steam  will  be  supplied  to  the  turbine  at  275-lb.  pressure, 
175  deg  F.   superheat   and   29-in.   vacuum. 

In  addition  to  the  equipment  mentioned,  a  2,000-kw.  a.-c. 
house  turbine  has  been  ordered  to  furnish  energy  for  the 
plant  auxiliaries. 


The  official  inquiry  into  the  explosion  of  a  boiler  blow- 
down  pipe  at  Birtley,  Durham,  indicates  an  unusual  cause 
of  failure.  The  blowdown  pipe  parted  from  the  valve,  and 
the  resultant  discharge  of  boiling  water  killed  the  attendant. 
On  examination  of  the  pipe  it  was  found  that  the  part 
screwed  into  the  flange  was  eroded  almost  entirely  away  at 
the  upper  quarter  of  its  circumference.  This  was  evidently 
caused  by  the  scouring  action  of  the  sediment  from  the  mud 
drum,  which  had  continued  to  erode  the  inside  of  the  pipe 
until  it  reached  the  bottom  of  the  threads.  On  the  same 
boiler  a  similar  pipe,  which  is  used  for  blowing  from  the 
other  end  of  the  same  mud  drum,  was  found  to  be  in  an 
almost  exactly  similar  condition.  Both  pipes  had  two  deep 
scores  about  90  deg.  apart  on  the  inner  circumference. 
These  scores  or  grooves  were  about  \  in.  wide,  and  extended 
about  li  in.  into  the  pipes,  tapering  away  to  nothing.  The 
metal  between  the  scores  was  wasted  to  a  smaller  extent. 
In  another  valve,  by  the  same  makers,  it  was  found  that  in 
the  outlet  passage  there  were  four  projections  at  angles  of 
90  deg.  to  one  another.  The  lower  ones  evidently  had  the 
effect  of  causing  the  sediment  to  flow  in  two  streams  in  an 
upward  direction  of  about  30  deg.  to  the  horizontal,  thus 
impinging  on  the  edge  of  the  pipe  where  screwed  into  the 
flange. — The  Engineer. 


The  latest  figures  on  the  world's  oil  supply  given  out  by 
the  United  States  Geological  Survey  show  that  foreign 
countries  are  using  only  half  as  much  petroleum  as  the 
United  States,  but  have  seven  times  as  much  oil  in  the 
ground.  These  foreign  countries  have  an  oil  supply  suffi- 
cient to  last  for  250  years  at  the  present  rate  of  consump- 
tion while  in  the  United  States  at  the  present  rate  of  con- 
sumption there  is  only  an  eighteen-year  supply. 


Hydro-electric  power  developments  in  India  are  advanc- 
ing with  great  strides,  according  to  the  July  13  issue  of 
Commerce  Reports.  Construction  of  power  plants  has 
centered  particularly  in  Mysore  state.  The  whole  valley 
of  the  Cauvery  has  been  surveyed  with  a  view  to  increas- 
ing the  existing  power  output.  The  gold  fields  in  this 
state  require  much  more  power  to  carry  on  operations  and 
produce  a  maximum  amount  of  gold. 
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Notes  on   llie  Coal   Situalion 


That  Now  York  City's  yearly  coal  bill  is  running  at 
least  $10,000,000  in  cxco.s.s  of  what  it  ou^ht  to  be  wa.s  one 
of  tlu-  facts  brouK'ht  out  at  the  hearing  of  the  Senate  Com- 
niittio  on  Ueionstriution  and  Produition,  at  it.s  offices,  2!) 
West  ;i!Hh  St.,  New  Yoik  City.  The  witnesses  were  rep- 
resentatives of  the  public  utilities  and  the  Public  Service 
Commission  "f  New  York  City,  and  a  representative  of 
the  public  utilities  and  coal  consumers  of  northern  New 
York  State. 

The  fipures  relating  to  the  city's  coal  bill  were  broujrhl 
out  in  the  testimony  given  by  John  W.  Lieb,  vice-president 
of  the  New  York  F'dison  Co."  The  public  utilities  of  New 
York.  Mr.  Lieb  said,  consume  roughly  5,000,000  tons  of 
coal  annually.  This  includes  both  bituminous  and  anthra- 
cite, but  the  latter  is  only  an  insignificant  portion  of  the 
total.  At  a  conservative  estimate,  owing  to  the  necessity 
of  purchasing  spot  coal  where  and  how  it  can  be  obtained, 
the  coal  bill  of  the  public  utilities  is  running  at  a  rate  of 
from  seven  to  eight  million  dollars  in  excess  of  its  normal 
amount.  Adding  two  to  three  million  dollars  increase  in 
the  price  of  coal  to  citizens  for  heating  purposes  makes 
the  total  of  more  than  $10,000,000  increase. 

Answering  a  question  by  Senator  William  M.  Calder, 
chairman  of  the  committee,  Mr.  Lieb  said  that  normally 
the  Edison  company  had  in  storage  between  150,000  and 
'200,000  tons  of  coal.  At  the  beginning  of  last  winter  the 
quantity  was  less,  120,000  to  125,000  tons,  and  that  reserve 
was  finally  exhausted  a  month   or  two  ago. 

Senator  Calder  was  interested  particularly  in  the  ques- 
tion of  spot  coal.  Mr.  Lieb  testified  that  under  contracts 
already  made  his  company  was  receiving  only  52  per  cent 
of  the  coal  contracted  for.  For  any  additional  supply  it 
was  dependent  on  spot  coal.  The  ordinary  contract  price 
for  coal  at  the  mine,  Mr.  Lieb  said,  was  $4.25  to  $4.75, 
whereas  for  spot  coal  his  company  had  been  paying  up  to 
June  26  from  $7.50  to  $10.25.  Since  that  date,  he  said, 
some  coal  had  been  bought  as  high  as  $12  at  the  mine. 

Questioned  as  to  the  effect  of  the  recent  Order  No.  10, 
of  the  Interstate  Commerce  Commission,  giving  prefer- 
ential assignment  of  cars  to  the  Northwest,  on  the  situation 
of  public  utilities,  Mr.  Lieb  said  that  he  viewed  the  new 
order  with  a  good  deal  of  concern.  "If  this  order,"  he  said, 
"gives  priority  over  the  public-utilities  order,  we  shall  soon 
be  in  difficulties  again,  and  the  public  utilities  of  New  York 
City   will   have   to    shut   down." 

Commissioner  Alfred  M.  Barrett,  Deputy  and  Acting 
Public  Service  Commissioner  for  the  First  District,  declared 
that  if  an  improvement  did  not  soon  take  place  in  the  situ- 
ation "something  will  happen,  and  New  Y'ork  City  will 
close  down.  We  are  not  getting  coal  in  summer,"  he  said, 
"and  winter  will  come  and  the  householders  will  demand 
coal.  If  the  railroads  cannot  carry  enough  soft  coal  now, 
what  will  they  do  when  part  of  their  cars  are  carrying 
hard  coal?"  Twenty-five  thousand  tons  of  coal  a  day  he 
estimated  to  be  the  requirement  of  New  York  City  for  its 
public  utilities,  and  in  the  first  week  of  July,  he  said,  these 
utilities  had  on  hand  a  total  supply  of  not  more  than  137,- 
000  tons,  or  enough  to  last  one  week.  The  situation  has 
improved  slightly  since  then,  he  said,  and  last  Thursday 
there  was  a  ten-day  supply  on  hand. 

Eobert  W.  Bush,  of  the  Brooklyn  Union  Gas  Co.,  gave 
evidence  revealing  a  similar  critical  situation  in  his  com- 
pany as  that  revealed  for  the  Edison  company. 

Order  No.  10  of  the  Interstate  Commerce  Commission, 
granting  prior  rights  in  the  use  of  coal  cars  to  the  North- 
west, w-as  bitterly  assailed  by  John  M.  Carlisle?,  of  Water- 
town,  X.  Y.,  representing  the  paper  mills,  public  utilities 
and  coal  consumers  of  northern  New  Y'ork  State.  Mr. 
Cai-lisle's  evidence  revealed  an  exceedingly  critical  situa- 
tion up  state.  "If  4,000  carloads  a  day  are  to  be  shipped 
to  the  Northwest  territories,"  he  said,  "it  means  that  a 
practical  embargo  is  declared  against  other  sections  of 
the  country.  Twenty-five  thousand  to  thirty  thousand  tons 
of  bituminous  coal  must  be  stored  up  at  Watertown  dur- 
ing the  summer  months  for  winter  use.  Climatic  conditions 
in  the  winter  make  the  shipment  of  coal  impossible.     For 


that  reaHon  we  have  got  .special  turiff  provisions  permittin> 
the  bringing  and  storage  of  coal  (luring  the  summer.  To 
day  there  is  not  a  ton  of  coal  in  storage  in  Watertown 
whereas  last  year  at  this  time  we  had  ;{0,000  tons." 

The  Coal  TRANSPORTATir)N  Pkohlem 

That  the  Interstate  Commerce  Commission  was  not  ini 
prc'ssed  by  the  arguments  advanced  by  those  asking  th 
modification  of  its  order  giving  coal  mines  prior  use  o 
open-top  cars  was  proved  conclusively  when  the  comnli^ 
sion  extended  its  order  for  an  additional  thirty  days  ani 
issued  Service  Order  No.  10,  which  will  force  coal  fron 
Pennsylvania,  Ohio,  West  Virginia  and  Kentucky  up  the 
Lakes.  The  main  effort  on  the  part  of  those  opposing  thi 
order  was  intended  to  impress  the  commission  with  the  im 
portance  of  their  respective  activities.  In  this  they  failed 
in  large  measure  because  the  commission  took  the  stan< 
that  an  adequate  supply  of  fuel  took  precedence  over  an; 
such  activity  as  building  or  road  construction. 

The  really  telling  point  made  by  the  opposition  was  tha 
thousands  of  open-top  cars  are  in  the  service  of  non 
essential  industries  in  the  transportation  of  their  coal.  Thi 
contention  is  that  cars  should  be  available  to  preven 
millions  of  dollars'  worth  of  highways  from  being  destroye< 
when  the  cars  needed  for  this  purpose  are  busy  carryini 
coal  reserves  to  the  candy  factories.  Another  exampli 
is  the  plea  of  the  constructional  industries,  who  point  t< 
the  unrest  being  engendered  by  inadequate  housing.  I 
looks  unfair  to  them  to  see  trainload  after  trainload  o 
cars  engaged  in  coal  transport  to  automobile  factories 
while  they  are  able  to  secure  only  2  per  cent  of  the  car: 
needed  in  connection  with  the  building  of  homes. 

It  is  believed  that  the  coal  operators  and  the  railroad 
will  be  able  to  work  out  plans  which  will  insure  New  Eng 
land,  the  Northwest  and  Canada  an  adequate  coal  suppl; 
for  the  winter.  The  award  by  the  Railroad  Labor  Board  i: 
having  the  effect  of  facilitating  greatly  the  movement  o 
cars,  and  it  is  believed  that  the  worst  of  the  situation  i' 
past.  Owing  to  the  prospects  of  improvement  it  is  be 
lieved  that  the  immediate  appointment  of  a  fuel  adminis 
trator  has  been  averted. 

A  second  effort  has  been  made  to  relieve  the  coal  shortagi 
in  New  England.  Service  order  No.  11,  issued  July  27 
repeals  service  order  No.  6,  issued  June  19.  The  ordei 
was  drafted  by  the  operators  and  the  representatives  o1 
the  carriers.  It  is  entirely  satisfactory  to  repi'esentativc! 
of  New  England,  and  the  operators  believe  that  it  wil 
relieve  the  situation  entirely.  Those  most  likely  to  be  hurl 
by  the  order  are  consumers  other  than  New  England  wh( 
depend  upon  the  smokeless  field  for  their  fuel  supply 
These  consumers,  however,  have  been  assured  by  the  rail 
roads  that  there  will  be  no  curtailment  of  their  coal  supply 
as  arrangements  have  been  made  to  give  mines  shippinp 
to  New  England  all  the  cars  that  they  can  load.  This  wil 
mean  that  there  will  be  enough  to  meet  the  New  Englanc 
allotment  and  allow  a  remainder  sufficient  to  supply  othei 
consumers. 

One  of  the  important  features  of  the  order  is  the  plac 
ing  of  the  three  tidewater  agencies  at  Hampton  Roads 
under  the  direction  of  a  single  agent  of  the  Interstate  Com 
merce  Commission.  Under  order  No.  6,  there  were  sepa- 
rate agents  at  Newport  News,  Lambert's  Point  and  Sewell's 
Point. 

To  meet  the  requirements  of  the  New  England  States 
1,250,000  tons  of  bituminous  coal  must  be  transported  h\ 
rail  and  water  each  month.  At  the  present  rate  of  trans- 
portation New  England  is  short  about  350,000  a  month. 

It  was  ordered  that  bituminous  coal  in  carloads  con 
signed  under  this  order  should  not  be  subject  to  reconsign 
ment  except  upon  a  permit  issued  by  the  agents  of  the 
commission.  A  permit  will  be  issued  only  on  a  showing 
that  the  coal  to  be  reconsigned  will  go  to  a  pool  or  pool; 
at  one  of  the  ports  for  New  England. 

Shippers  having  credit  at  any  of  the  tidewater  ports 
that  have  been  obtained  by  the  shipment  of  coal  into  the 
pool  of  coal   consigned  under  this  order,  will   not  be  per- 
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mitted  to  draw  against  this  credit  and  ship  from  the  pool 
to  any  destination  excepting  those  in  New   England. 

Committee  To  Fix  Profit 

A  committee  to  fix  a  fair  margin  of  profit  on  coal  has 
been  appointed  by  Attorney  General  A.  Mitchell  Palmer. 
The  committee  is  composed  of  Vance  McCormick  and  Will- 
iam Potter,  representing  the  public;  J.  W.  Lieb,  vice  presi- 
dent of  the  New  York  Edison  Co.,  representing  the  utility 
companies;  G.  N.  Snyder,  of  the  New  York  Central,  rep- 
resenting the  railroads,  and  Willis  G.  Townes,  Charles  A. 
Owen,  Harlow  Voorhees  and  Charles  L.  Couch,  representing 
the  wholesale  coal  dealers. 

The  New  York  World  in  an  editorial  says: 
"When,  as  alleged,  concerns  that  had  contracted  ahead 
for  coal  at  normal  prices  of  $4  to  ?4.50  can  get  no  coal, 
while  offered  plenty  at  $11,  and  coal  for  export  sells  up 
to  $23,  consumers  have  the  best  reason  in  the  world  to  call 
on  the  Government  for  protection.  This  is  brigandage  plain 
and  simple,  and  the  quickest  way  to  suppress  it  is  to  restict 
exports  until  the  home  market  is  restored  to  a  stable  basis. 
If  some  of  the  worthy  persons  engaged  in  rigging  prices 
should  find  their  way  to  jail,  it  would  cause  no  mourning." 

COAL  PRICES  OF  THE  COUNTRY 

Embargoes  in  New  England  have  resulted  in  a  mild 
recession  in  prices.  For  two  or  three  days  sales  were 
made  at  $10.50  per  net  ton  f.o.b.  mines  on  mediocre 
grades,  but  on  July  24  sales  were  again  made  on  the  basis 
of  $13.75  at  mines.  On  cars  at  Boston  quotations  of 
$17.50  to  $20  are  made  on   low  volatiles. 

Philadelphia — A  moderate  volume  of  soft  coal  was  be- 
gining  to  enter  Philadelphia  when  the  Pennsylvania  R.R. 
declared  an  embargo.  Public  utilities  are  unaffected  by  the 
embargo.  The  price  for  stock  remains  high  with  $15  as 
the  top.  The  bulk  of  sales  are  made  nearer  $13.50  for 
the  better  Pennsylvania  coal.  The  utility  plants  are  work- 
ing under  the  new  plan  of  filling  out  forms  by  which  they 
obtain  assignment  of  a  cei'tain  number  of  empty  cars  to 
the  mines  of  the  companies  with  whom  they  have  contracts. 

Baltimore — The  price  situation  is  out  of  control  with 
sales  made  right  along  at  from  $11  to  $13  per  net  ton 
f.o.b.  mines,  almost  irrespective  of  grade.     Prices  at  piers 


have  been  as  high  as  $17  and  $18  per  gross  ton.  The 
extraordinary  demand,  both  export  and  domestic,  continues 
unabated.  Of  the  70  ships  in  the  harbor  for  coal  a  week 
ago  and  for  several  weeks  past,  30  of  them  have  already 
been  to  other  ports. 

Bituminous 

Buffalo — The  price  of  $10.50  at  the  mine  is  considered 
rather  low,  but  is  accepted  for  the  Buffalo  bituminous 
trade.  It  seems  to  be  the  general  belief  that  a  decline  is 
due  before  very  long  because  of  the  fact  that  production 
is  now  a  little  in  excess  of  consumption  and  cars  are 
more  plentiful. 

Detroit — With  the  summer  more  than  half  gone  prac- 
tically no  reserves  have  been  created  for  industrial  plants, 
public  utilities,  or  retail  yards;  in  fact,  consumers  in  all 
lines  are  becoming  apprehensive  of  a  bituminous  coal 
shortage  in  Michigan  next  winter.  Under  the  direction  of 
the  Michigan  Public  Utilities  Commission  a  conference  was 
held  in  Lansing  on  July  21  to  discuss  the  situation  and  plan 
relief.  It  was  decided  that  a  state  coal  commission  of 
five  or  more  members  to  be  named  by  the  governor  should 
be  appointed.  The  miners'  strike  in  Illinois  threatens  to 
diminish  still  further  the  meager   supply  of  coal. 

Cincinnati — ^There  is  no  shortage  of  soft  coal  in  Cincin- 
nati, but  there  is  a  distinct  scarcity  of  smokeless  and 
anthracite.  The  scarcity  of  coal  cars  does  not  affect  this 
city  because  of  river  transportation.  It  is  possible  to 
obtain  coal  at  $8.50  per  ton  as  against  $4  for  the  same  coal 
in  Toledo. 

Chicago — The  coal  strike  in  southern  Illinois  has,  of 
course,  occasioned  considerable  worry  in  Chicago.  Manu- 
facturers who  thought  they  were  covered  novy  find  them- 
selves face  to  face  with  shut-down  conditions.  Mines  in 
Indiana  have  not  been  affected  as  yet  and  are,  of  course, 
swamped  with  inquiries.  Naturally  the  market  is 
advancing. 

Louisville — Production  in  Kentucky  has  increased  as  a 
result. of  a  better  car  supply.  However,  demand  is  keeping 
pace  with  production  and  prices  remain  about  the  same  as 
during  the  last  few  weeks  as  follows:  Eastern  Kentucky 
gas  mine  run  $9  to  $9.50,  non-gas  $8.50  to  $9,  western  Ken- 
tucky lump  $5  to  $5.50  average,  mine  run  $4.50  to  $4.75, 
screening  $4.50  to  $4.75.  Some  west  Kentucky  lump  is 
selling  as  high  as  $6.75. 


New  Construction 


PKOroSKU  WORK 
Conn.,  New  Huven — Yale  University  will 
soon  award  tlie  contract  for  a  4  story 
dormitory  including  a  hot  water  heating 
system  on  the  campus.  About  $4UO,000. 
W.  A.  Delano,  126  East  liSth  St..  New  York 
City,  Archt. 

Conn.,  Xorn-alk — The  city  plans  to  con- 
struct a  ■>  story  electrical  plant.  Two  30o 
kw.  rotary  convertors  with  transformers, 
etc..  will  be  installed  in  same.  About  $50.- 
000.  Westcott  &  Mapes,  Inc..  2tlT  Orange 
St.,   Xew   Haven,    Engrs. 

I  Conn.,  West  Hiirtford  —  The  Bd  Educ. 
will  receive  bids  until  September  1  for  a 
2  story.  200  x  204  ft.  high  scliool  including 
a  steam  heating  system  on  South  Main  St. 
About  $500,000.  W.  T.  Marchant,  :i6  Pearl 
St..  Hartford,  Archt. 

N.  .1.,  Secauous — The  Blvd.  Comrs.  of 
Hudson  Co.  will  soon  receive  bids  for  the 
installation  of  a  motor  power  electric  plant 
lin   their  power   house    here.      About    $:io,ooo. 

I  Pa..  Bethlehem — The  Chamber  of  Com- 
merce is  having  plans  prepared  for  a  m 
story.  116  X  120  ft.  hotel  including  a  steam 
heating  system.  About  $.500. 000.  Verus  T. 
Ilitttr,  North  Amer.  Bldg  ,  Archt. 

I'a.,  Derr.v — The  Pittsburgh  High  Voltage 
Insulator  Co.  has  purchased  a  site  adjoin- 
In  i;  it.s  iiresent  property  and  plans  to  con- 
si  met  a  power  house,  machine  shop,  etc., 
on   same. 

I'u..  F.Imhurst — The  Creek  Catholic  Soc- 
i«-l.\  of  America  is  haviuK  plans  prepared 
for  a  3  story.  110  x  200  ft.  orphanage  in- 
cUicling    a    vapor    heating    system.       About 


$:i50.000.      Morris   &    MacHale,    Burr   Bldg., 
Scranton,    Archts. 

Pa..  McKeesport — The  Bd.  Educ.  will  re- 
ceive bids  until  .\ugust  9  for  the  Installation 
of  a  2  story  school.  Separate  bids  for  in- 
stalling a  heating  system  will  be  received. 
About   $325,000. 

Pa..  Port  Blanrhard  (Pittston  P.  O.)  — 
The  Pennsylvania  Coal  Co.,  River  Rd..  is 
having  plans  prepared  for  a  100  x  400  ft. 
coal  breaker  including  a  steam  heating  sys- 
tem   and    electric    power    on    the    Main    Rd. 

About    $1,0110,1100. 

Pa.,  Scranton — Fled  Nelson,  Archt.,  Cor- 
nell Bldg..  is  preparing  plans  for  a  3  story, 
50  X  100  ft.  factory  including  a  steam  heat- 
ing system,  electric  motors,  etc.  About 
$100,000.      Owner's   name   withheld. 

Pa..  Sunbur.v — The  Sunbury  Trust  &  Safe 
Deposit,  c/o  Verus  T.  Hitter,  -\rcht.,  .Amer. 
Bldg..  Philadelphia,  is  having  plans  pre- 
pared for  a  6  story.  60  x  120  ft.  bank  and 
office  building  including  a  steam  heating 
system.      About    $500,000, 

Pa.,  Wilke.s-Barre — The  School  Bd.  is  in 
the  market  for  two  steam  boilers  about  20 
hp.   each. 

K.V..  Blackey  —  The  Kentucky  &  West 
Virginia  Power  Co.  of  Whitesburg  plans  to 
extend  its  transmission  lines  from  here  into 
the  lOlkliorn  coal  fields  to  Pikeville,  where 
a  large  substation  will  be  built. 

O.,  Cleveland — Jacob  Babin,  827  Superior 
.Vve.,  lias  purchased  a  site  at  3602  Euclid 
Ave.  and  plans  to  bi'ild  a  4  story,  50  x  200 
ft.  mercantile  building  including  a  steam 
heating   system.      About   $250,000. 

O.,  ClevelaiMl — The  Water  Ice  Co..  c/o  .\. 
('.  P.isluip  &  Co..  .\rclits.  and  Engrs..  427 
Guardian  Bldg.,  will  soon  award  the  con- 
tract for  a   1   story.   45   x   142   ft.   ice   plant 


on   West   25th   St. 
July  27. 


About   $100,000.     Noted 


O..  Katoii — The  city  plans  to  build  a  new- 
filtration    plant    for    the    local    waterworks 
pumps,   sand  filters,   etc.,   at   $27.- 


includins 


500. 

O.,  Lakewood  (Cleveland  P.  O.) — The  city 
has  retained  E.  A.  Fischer.  Engr..  Citv  Hall 
to  make  a  survey  and  submit  estimates  for 
the  construction  of  a  pumping  station  and 
water  system. 

O.,  Warren — Tile  Warren  Hotel  Co.,  c/o 
F.  E.  Robbinson,  Guardian  Bldg.  Cleveland, 
is  having  plans  prepared  for  the  construc- 
tion of  an  8  story,  80  x  180  ft.  hotel  includ- 
ing a  steam  heating  system.  About  $1,000,- 
000.  Moulthrop  &  Nichols.  5716  Euclid 
.Ave..  Cleveland.  Arclits. 

Ind..  Crown  Point — The  Bd.  of  County 
Comrs.  had  plans  prepared  for  a  2  story. 
100  X  200  ft.  hospital  including  two  boilers, 
etc..  here.  Aliout  $400,000.  J.  N.  Coleman. 
6257  St.   Lawrence  St..  Ch.icago.   Archt. 

Ind..  Indianapolis — The  Indianapolis  Ath- 
letic Club  ilans  to  build  an  11  story  club 
Ijuilding  including  a  steam  heating  system 
on  Meridian  and  St.  Clair  Sts.  About 
$2,000,000.      Henry  F.  Campbell,   Pres. 

Ind.,  Rirlimond — The  Bd.  of  Pub.  \\T<s. 
will  receive  bids  for  a  500  kw.  turl)ine  and 
other  equiiiment  for  the   lighting   plant  here. 

Mich..  Detroit — The  Bd.  of  Fire  Comrs.. 
West  Lamed  St..  will  soon  award  the  con- 
tract for  a  2  story.  50  x  80  ft.  fire  engine 
house  including  a  seam  heating  boiler,  etc., 
on  Davison  .Ave.  and  Goddard  St.  Atjout 
$100,000.  Charles  Knotting,  2306  Dime 
Bank   Bldg.,   Archt. 

Mioh.,  Detroit — The  Bd.  Educ.  HO  B'way, 
will  receive  bids  until  .August  11  for  a  2 
story.  46  x  117  ft.  school  oh  Coplin  Ave.. 
$200,000;   2   storv.    164    x   206   ft.   a<lditioii   to 
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ihi-  .Itiiic  (*oi)|i<T  SohiMil  on  till-  Souih  SliU- 
HI"  OcorKlii  .\vi'.  lii't\v<M-n  lli-lm  ami  fon- 
iMiril  .VvoH..  }.'i:i0.iilin  :  •_•  Miory.  f.d  \  rj.'i  fl. 
:ul<llllon  to  llii-  N.lll.-  (.•IiiihI  ."^i-lmol  nil  till- 
I'uriU'r  uf  KiiMHcIt  .mil   ( \illiiii  lii<'  Six,   f:.'nii.. 

< :    -'    »ll<T.V.    .'iS    \     Jll     fl.    inlillllull    to    111.' 

I'liKlfl-    .S.lu.ol     IIiill.llriK    1.11     MiiwcmmI     I'.lv.l. 

I    .MIiIImiuI    .\v.v.    j;;mi. I.   aii>l   II   ;;   Mlory. 

14  >.  iL'ii  ft  aililKloi)  to  tlu'  CroHHinan  Sclioul 
on  llainllloii  lllvd.  anil  Taylor  Aw.,  IlTil.- 
iH'ii.  .\  iilrniini  Hli'ani  lu-atlnK  MyMtrm  will 
l>i'   iMxtall.'.l   In  .ucli. 

Midi.,  Urlri.lt  — Tlio  1V.1.  Kdiic.  ri-Cclvod 
liltlH  for  III,.  In.sialliitlon  of  ii  licallnK.  vciiti- 
lathiK  ami  |i|iiiiil>inK  Hystnn  In  thr  proposi'il 
■J  Btoiy.  IIP.".  X  L'liii  ft.  Patti-nnUI  S.'liool  on 
.NortlitW'UI  and  S|iokan.-  .Axes.,  from  Irvini- 
*  Al.-l.-r.  -JISH  Woodward  .Wo..  t'.H.2~.l:  In 
tin-  proposfd  2  story.  77  x  l.">9  ft.  Ocorno 
SolionI  on  KtixHoll  and  Suiiorlor  StB..  the 
liropoMod  2  .tlory  Wliilt-  School  on  VharlfS 
.■\vf.,  and  the  i)ropoHi'(l  2  .story  Davison 
School  on  lUinian  and  .lo.si'ph  Cuinpau 
.Vvi'S..  from  Janus  W.  Tarthin.  51  I'ark 
IT.  $.-.fi.9H.'>:  J192.8.-.I1  :  (VConor  nro.s..  Vin- 
ton ISldK'..  J6I1.4J6;  $99,998;  $85,741.  Noted 
.Inly   2i'. 

Mlrh..  I>ptr»lt  —  TIio  MichJKnn  Proamory 
Co..  I-  o  Sainiiil  Uahonlwitch.  Foril  I'.Mk.. 
i.-s  liavint  preliminary  plans  pri-pari'd  for  a 
7  story  creamery  iilaiil  aloiiK  tlu-  Grand 
lliver  hero.  Plans  include  a  steam  iiowcr 
plant.  refrlKeration  system  and  power  oper- 
ated eqiiiinient.  T.  -\.  llyland,  307  Moffat 
i:id>;..   .\rcht. 

Mirh..  Kiilumnzon — The  Bd.  Educ.  Is  hav- 
inK  plans  prepared  for  a  2  story.  159  x  .'562 
ft.  school  including  a  steam  heating  sys- 
tem on  .North  Hiirdick  St.  R.  A.  I.eRoy,  122 
Pratt    Itlock.   Archt. 

Mlrh..  Trnvertie  City — The  City  T-inhting 
IViit  plans  to  huild  a  steam  electric  power 
l>lant.      About  $75,Ono. 

III.,  ChiraKo — The  Rogers  Fark  Hotel  & 
indK.  Corp..  c/o  B.  I.eo  Steif  &  Co..  Archt.. 
.'in  Xorth  La  Salle  St.,  is  having  plans  pre- 
pared for  a  9  story.  140  x  150  ft.  apart- 
ment hotel  on  Sheridan  Rd.  and  Pratt  Blvd. 
Plans  inchiile  a  refrigeration  plant,  steam 
heating  system,  etc.     About   $1,300,000. 

111..  riiieaBo — The  Standard  Klectric  Mfg. 
Co..  216  .\orth  Clinton  St.,  has  jnirchased 
a  site  on  Wrightwood  Ave.  and  plans  to 
build  a  2  story,  125  x  150  ft.  factory  in- 
cluding a  steam  heating  system  on  same. 
About  $250,000. 

m.,  Monfloello — J.  C.  Llewellyn.  Archt.. 
"•8  South  Uearhorn  St..  will  soon  award 
the  contract  for  a  2  story.  112  x  172  ft 
school  including  a  steam  heating  system 
and  ventilation  plant  for  the  city.  .\bout 
$225,000. 

Wis..  Milwaukee  —  The  Park  P.d..  City 
Hall,  will  soon  award  the  contract  for  fur- 
nishing new  boilers  in  the  Mitchell  Park 
Conservatory.     About  $4,500. 

Minn..  ^linneupolis  —  The  State  Bd.  of 
Control.  Capitol.  St.  Paul,  received  bids 
for  installing  a  heating  system  in  the  pro- 
posed 3  story  addition  to  the  Chemistry 
Building  on  the  State  Vniversity  camjpus 
here  from  the  Hamline  Plumbing  &  Heat- 
ing Co..  683  Snelling  Ave..  Xorth.  St.  Paul. 
$87,849:  Archambo  Heating  &  Plumbing 
Co..  315  5th  Ave..  South.  $88,919;  Belden 
Porter  Gray  &  Co..  914  Mary  Place,  $88,996. 
Minn..  Keil  Wine — The  I^utheran  I-adies' 
Seminary  plans  to  build  a  3  story.  120  x 
250  ft.  seminary  including  a  steam  heating 
system,  .\bout  $4011.111111.  A.  C.  Ganger.  302 
Central  Bank  Bldg.,  St.  Paul,  Minn.,  .\rcht. 
N.  D..  Grand  Forks  —  The  Industrial 
Comn.  of  Xorth  Pakota  will  soon  award 
the  contract  for  the  installation  of  17  mo- 
tors of  varius  sizes  in  the  new  terminal  mill 
and  elevator  here.  C.  L.  Pillsbury  Co..  805 
Metropolitan  Life  Bldg..  Minneai>olis.  Minn., 
Engr. 

Okla..  Eriek — The  city  plans  to  build  a 
sewer  svstem  and  enlarge  the  light  and 
power  plant.  About  $120,000.  J.  A. 
Richardson,   Mgr. 

N.  M..  Fort  Stanton  —  J.  A.  Wetmore. 
Supervising  Archt..  Treasury  Dept..  Wash.. 
D.  C.  will  receive  bids  until  August  16  for 
remodeling   boiler   here. 

Idaho.  Worley — The  Bd.  of  Trustees  of 
the  village  will  receive  bids  until  August  7 
for  an  electric  power  line  from  here  to 
Plummer.  a  distance  of  7  miles.  J.  P. 
Mathews,  Village  Clk. 


WiMli..  rriiKKur — Tlie  .NybirR  ti  n.illwin 
l-'riilt  Co.  will  Hooii  iiwiiiil  the  contract  for 
a  cold   hloruKu   plant.      ,\bout   $75,UUO. 

<»rc.,  I'lirthinil  —  .loHiph  It.  Keejl.  3i:t 
Clinch  lililg.  him  llled  an  it|  pllciitlon  with 
Percy  .\.  Cupper.  Slate  ICiiRr..  for  PfriiilH- 
slnii  to  dhert  4.11110  seeoiid  feet  of  water 
friiin  the  Sandy  Ulver  and  Its  Irlbutarl.H. 
rile  project  will  priibiibly  iilcludu  a  power 
lilanl   In  ClackamiiH  County. 

Uue..  .Monlrriil— The  rnlteil  Hotel  Co.  bad 
preliminary  plans  prepared  for  a  In  slory 
hotel  including  heating,  power,  ventilating 
anil  refrigeration  systeniH.  About  $8.0110.- 
0(10.  Rdss  &  Macdonald,  Belmont  St.. 
.\rchts. 

On«.,  fClMKMliin — Queens  University  i>l:ins 
to  construct  a  3  storv  utudents'  union  Imlld- 
ing  including  a  steain  biating  system  on  the 
•inlverslty    grounds    here.       About    $350. 0011. 

Onl..  Kllchenrr  —  The  Hospital  Bd  will 
receive  bids  until  .August  7  for  a  new  power 
house  and  steam  heating  plant  for  the  Gen- 
eral Hosiilal.  .About  $15,000.  .\.  R.  Kauf- 
man, Chn. 

Out.,  Liindon — The  city  idans  to  construct 
a  city  hall  including  a  steam  heating  sys- 
tem, etc.      About   $1,250,000. 

Ont.,  I,oiulon — TV.  G.  Murray,  Dominion 
•Savings  Bldg.,  is  in  the  market  for  an  elec- 
tric motor  and  waterworks  iiumping  equip- 
ment  to    supply   new    sclmol. 


iiower   hotiac. 
labor. 


Work    will    111'   done 


COXTK.\(r.><    .\H  AKOED 

MasK..  BoHton  —  The  <  "onimonwealth  of 
Massacbusitts  has  awanleil  the  contract  for 
the  installation  of  a  ventilating  system  in 
various  rooms  at  the  State  House  Building 
here  to  the  Cleghorn  Co..  54  Batterymarch 
St.,    at   $55,310. 

Maws.,  Koston  —  The  Schoolhouse  Comn. 
has  awarded  contract  for  the  installation 
of  a  steam  heating  system  in  the  Louisa 
.M.  .Alcott  School  to  .1.  J.  Hurley,  104  B'way. 
at   $13,394.      Xoted   July   13. 

MaHN..  Boston  —  The  Wa.«hington  Essex 
P.ldg.  Trustees,  c/o  723  Scollar  Bldg.,  has 
awarded  the  contract  for  a  4  story  theatre, 
etc.,  including  a  steam  heating  system  on 
Washington  and  Essex  Sts.,  to  the  George 
ir.  H.  Macomber  Co..  4  4  Bromfield  St.,  at 
$1,500,000.     Xoted  July  30. 

Mass.,  Framingham — The  Record  Realty 
Co.  has  awarded  the  contract  for  a  1  story. 
50  X  50  ft.  power  house  to  the  E.  A.  Abbott 
Co.,  3  Park  St.,  Boston,  at  $35,000. 

X.  Y.,  Wards  Inland — L.  F.  Pilcher,  State 
.\rcht..  Albany,  has  awarded  the  contract 
for  the  installation  of  electric  generators  at 
the  Manhattan  State  Hospital  here  to  T. 
Frederick  Jackson.  Inc..  '■>'■>  John  St..  Xew 
York  City,   at  $14,350. 

X.  J..  Butler — The  town  has  awarded  the 
contract  for  the  construction  of  a  power 
house  addition  to  Harold  Bang.  188  19th 
-Ave.,  Paterson.  at  $15,675;  for  the  installa- 
tion of  a  steam  heating  system  to  John  R. 
Proctor.  19  AA'est  19th  St..  Bayonne.  and 
for  power  equipment  to  .John  R.  Hooly.  95 
Liberty   St..   Xew  York   City,   at   $40,457. 

X.  .1..  Xewark — The  Osborn  Branch  of 
the  Amer.  Color  Type.  759  Summer  .Ave., 
has  awarded  the  contract  for  a  1  story.  43 
X  75  ft.  power  house  to  Samuel  Marshall. 
Arlington,   at    $50,000. 

Pa..  Erie  —  The  Second  Xatl.  Bank.  8th 
and  State  Sts..  has  awarded  the  contract 
fur  a  1  story.  60  x  130  ft.  bank  building 
including  a  steam  heating  system  on  9th 
S».  to  Henry  Shenk,  Erie,  at  $400,000. 
Xoted  July  7. 

Pa.,  Pliiladeljihia — The  .Academy  of  the 
Sacred  Heart.  Convent  Lane  and  Bristol 
Pike,  has  awarded  the  contract  for  a  1 
storv  boiler  house  addition  to  Thomas 
Reilly,   1616  Thompson  St..  at  $15,000. 

Md.,  Baltimore — The  Bd.  of  .Awards.  City 
Hall,  has  awarded  tile  contract  for  install- 
ing heating  furnaces  in  .ScTiools  23,  34.  42. 
68  and  80  to  Charles  Schulz.  1435  Central 
.Ave.  ;  steam  heating  plant  in  School  12  to 
James  McCrea  &  Son.  19  Xorth  Carrollton 
.We.,  and  ,m  Schools  3.  20.  54  and  99  to 
Riggs.  Distler  &  Stringer.  216  Xorth  Cal- 
vert St. 

Va..  Petersbnrg — The  .\mbursen  Constr. 
Co..  186  3th  Ave..  Xew  A^ork  City,  will  build 
a    liam    on    Swift    Creek.       Plans    include    a 


O..      ClrtPlnnd  —  The       Hd        Kdue  .       Iitlj 
awarded  tlii'  contract  for  a   I   story.   :io   x 
ft.  heiitliiK  plant   at   lOast  92iiil  Ht.  and   P 
gato    Ave      In     til,      Urumrnond     Miller    CoJ 
4500    Euclid    Ave.,    at    $100,000. 

O.,  t  irtrlanil— The  city  hax  awarded  H- 
eontrnin  for  fiiriilxliing  and  liiHtallliig  twj 
8.000,000  gal.  and  one  4.ooo.0i)0  gal  moto 
driven  vertical  ciiilrlfugal  puinpH  with 
tors,  ilec-trlial  ei|iilpm<  iit.  elc.  to  the  liravc 
Doyle  Co.  Diamond  Bank  lildg..  PittHburgll 
Pa.,  at  $20,736.     .Noted   .March   18. 

.MIeli.,    Urtrolt— The   ChincHe    Merchant. 
.AsHoclatlon,    187    :ird    St..    ban    awarded    th^ 
contract    for   a   5    olory.    78    x    185    fL    hotr 
includlne  a  steam  heating  system  on   Wood-I 
ward   .Ave.   to  Shank   ft  Co.,   38   South    De 
burn   St..   Chicago.      About   $H0O.OOO. 

.MIeli.,  Ironwooil — -Mvoril  &  Hurdlck.  1417- 
18  Hartford  Bldg..  Chicago,  has  awardedl 
the  contract  for  a  pum|iing  station,  siib-l 
stations  :iiiil  engineer's  reaidcnceR  to  W.  S.f 
Peters,  AVakedeld,  at  $62,613.  and  for 
trifugal  pump  equipment  to  the  Lee  Courle- 
nay   Co.   at   $27,600. 

lU.,  C'liieaico  —  The  Canton  Bldg.  Corp.,] 
c/o  Fugard,  Knapp  &  Walter  K.  PerrvJ 
Archts.,  64  East  Van  Burcii  St.,  has  awardj 
ed  the  general  contract  for  a  3  story.  811 
111  ft.  restaurant  including  a  steam  luatl 
ing  system  and  refrigeration  plant  on  Wa^ 
bash  and  A'an  Bunn  St.s.  to  Henry  Ericson 
Co.,    139    Xorth    Clark    St.      About    $2OO.oo0j 

la.,  (  UHhing — .A.  H.  Bullock,  Secy,  of  th« 
Bd.  Educ,  has  awarded  the  contract  for  the 
installation  of  a  heating  and  plumbing  sysJ 
tem  in  the  jiroijosed  3  story,  59  x  111  ft, 
school  to  O.  J.  Saquely,  iiolstcin,  at  $19,100 
.Noted    Dec.    23. 

la,,  Laraliee — H.  Montgomery,  Secy, 
the  Bd.  Kduc,  has  awarded  the  contract  foj 
the  installation  of  a  heating  and  iiluinbing 
system  in  the  proposid  3  story.  82  x  1.3! 
ft.  school  to  the  Mathcw  Plumbing  Co.l 
LeMars,  at  $23,000. 

la.,  Slorning  .Sun — O.  F.  Boiler.  Secy, 
tlie  Bd.  Educ.  has  awarded  the  contract  foj 
the  installation  of  a  heating  and  i>lumbing 
system  in  tlie  jtroposed  2  story.  56  x  i:'0  ft 
school  to  Car.stens  Bros.,  .\ckley.  at  $27,^ 
174.      Xoted  March   23. 

la..  Paekwuod — X.  E.  Olliver.  Secy  of  tha 
Bd.  Educ.  has  awarded  the  contract  fo( 
the  installation  of  a  jilumbing  and  heating 
system  in  the  proposed  2  story.  58  X  99  ft 
school  to  the  W.  D.  Reed  Plumbing  and 
Heating  Co..  340.5  Independent  Ave..  Kansai 
City.  Mo.,  at  $18,675.     Noted  March   23. 

la..  PoeahuetUN — W.  J.  Gilchrist.  PreS.  <>£ 
the  School  Bd..  has  awarded  the  contract 
for  the  installation  of  a  heating  and  plumb- 
ing system  in  the  1  roposed  2  story.  56  .x 
110  ft.  school,  to  Thomas  Reinhart.  LeMars. 
at  $25,000. 

Minn..  Deer  River — The  Bd."  Educ.  has 
awarded  the  contract  for  the  installation  of 
a  heating  and  ventilating  syst^em  in  the 
proiiosed  2  story  school  here  to  D.  R. 
Black  &  Co..  314  AVest  1st  St.,  Duluth.  at 
$26,186.     Xoted  March   30. 

Kan..  Bnshoiig — The  Missouri  Pacific  Ry. 
Co.,  Ry.  Exch.  Bldg..  St.  Louis,  Mo.,  has 
awarded  the  contract  for  a  new  water 
service  system  including  a  pump  house, 
steel  tank,  distributing  system,  engine  and 
pump  here  to  Joseph  E.  Nelson  &  Sons. 
3240   South   Michigan    Blvd..    Chicago.    111. 

Mo..  St.  Louis  —  The  city  has  awarded 
contract  for  one  220  brake  hp.  horizontal, 
single,  direct-connected  side  crank  engine 
for  the  sanitarium  pumping  station  to  the 
Chuse  Engine  &  Mfg.  Co..  721  Olive  St..  at 
$8,917. 

Mo..  St.  Louis — The  General  Xatl.  Bank, 
B'way  and  Olive  St..  has  awarded  the  con- 
tract for  altering  building  on  7th  and  Olive 
Sts.,  to  R.  S.  Price.  Arcade  Bldg.,  at  $100.- 
000.  .A  15-ton  refrigerating  plant  will  be 
installed  in  same. 

Ont..    Hamilton The    Firestone    Tire    & 

Rubber  Co..  Sherman  .Ave.,  has  awarded 
the  general  contract  for  a  4  .story  tire  and 
rubber  factory  on  Sherman  Ave.  to  the 
Piggott  Healey  Constr.  Co..  36  James  St.. 
South,  at  $300,000.  Contract  for  installing 
heating,  etc.,  in   same  will   be  sublet 
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Eleotrioal  prices  on  followins:  pace  are  prices  to  the  power  plant  by  jobbers  in  the  larger  buying  centers  east  of  the 
Mississiiipi.      Kisewlierc  tlie  prices  will   be  modifieil  by    increased     freiplit    cliarees    anil     by    local    conditions. 


POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft.  Lengths 

iDnderwriters"  2S-in 85c   per  ft. 

Common,  25-in 30% 


Air 


Third  Clr.i 
$0  30 


First  Grade        Second  Grade 

l-in.  perft $0.60  $0  40 

Steam — Discounts  from  List 
'^irst  nr.ulr 20''^(,     .       Second  grade 30% Third  grade         45', 

Kl'BBER    BELTING— The    following    discounts    from    list    apply    to    ti:ins- 

liisKioii  rubber  and  <hick  beltint;: 

iiTjipelition      .    .  50' ,  Best  grade 20^^ 

-ilanclnrd  30-10% _^__ 

.^EATHER    BELTING — Presentldiscounts  from  list  in  fair  quantities  (!  doz. 
oils) : 


,ight  Grade 
30 '"p 


Medium  Grade 

25% 


Heavy  Giade 
20 '^ 


(  For  cut,  best  grade,  2n%.  2nd  grade,  .•50% 
RAWHIDE  LACING  JFor  laces  in  sides,  best,  79c  per  sq.  ft.;  2nd.  75c 

(Semi-tanned:  cut,  20%;  sides.  83c  per  sq.  ft.      

PACKING— Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $  1 .  00 

Asbestos  for  high-preseurc  steam I    70 

Duck  and  rubber  for  piston  packing 1 .  00 

Flax,  regular    1    20 


Flax,  waterproofed 

L'onipressed  asbestos  sheet      

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion    

IRubbcr  sheet,  duck  insertion ^ 

jRubber  sheet,  cloth  insertion 

lAsbcbfo.s  packing,  twisted  or  braided  and  graphited,  for  ' 

stuffing  boxes  

Ablicst..s  wu-k.  J-  and  l-lb    balls  .  , 


1.70 
90 

I  50 
50 
70 


1  30 

.85 


PIPK    AND    BOILER   COVERING — Below  are   part  of  standard  lists,  with 


discounts. 

FIFE  COVERING 

Standard  List 

Pipe  Size  Per  Lin.Ft. 

'^    1-iD.  $0  27 

2-in  36 

6-in  80 

4-in.  60 

3-in.  45 

8-in.  I    10 

lO-in.  1.30 

85%  magnesia  high  pressure     


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

J-in.  $0.27 

1  -in.  .30 
U-in.  .45 

2  -in. 


23-in. 


For  low-pressure  heating  and  return  lines 


4-pIy. 
3-plv 
2-ply 


75 
.90 
1  05 
List 
50%  off 
52%  off 
54  P^,  off 


itJREASES — Prices  are  as  follows  in  the  following  cities  in  cents   per   pound 
For  barrel  lots: 


Cin-  St. 

cinnati  Chicago  Louis 

Cup 8!  6.6  8J@   9i 

Fiber  or  sponge 85  8.6  8J(Sj  95 

Transmission 10  8.1  I2f«  14 

IaxIc     4.8  y,("    6; 

'Gear                     ....        6}  6.1  6J(«    6; 

iCarjrminal I2rgal.-»  4  7 8;  ("9^ 


Bir- 
mingham 


Denver 
I3i 
20 
20 
7i 
8} 


ICOTTON   WASTE — The   following   prices   are   in   cents  per  pound: 

,- New  York  ■ 

r'urrent            One  Year  Ago     Cleveland  Chicago 

White                           15  00(n  17  00              13  00  16.00        11    OOfo  14  00 

Colored  mixed.  9  00(./  14   00     9   00  to  12  00 1 2  00  9  50  to  12  00 

WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

13}x  I3{  13}  X  20; 

Cleveland $55  00  $65.00 

Chicago  41    00 43.50 


LIN.SEED  OIL— The.-e  pri< 


PS  are  per  gallon: 

. New  York  — ™» 

Current  One 

^ear  Ago 
Raw  in  barrels  ( 5  bbl.  lots)       $1.53  SI. 90 

5-gal.  cans 1-56  2.03 

*To    this    oil   price  must  be  added  the  cost  of  the 
$2.25  for  a  case  of  six. 


• Chicago 

Current  One 

Year  Ago 
S2  02  S2    10 

2.27  2.30 

ans  (returnable),  which  is 


WHITE  AND  RED  LEAD— Base  price  per  pound: 

— Red— 

Current  I  Year  Ago 


-WhiK 
Current  I  Yr.  Ago 


Drv  In  Oil 

lOO-b.  keg 15    50  17  00 

25-.  Ind  5' -lb.  kegs...    15  75  17  25 

t2',Jb.  keg 16  00  17  50 

I-lb.  cans    18  50  20.00 

5-lb,cans 20  50  22.00  

SOrtlb.  lots  less  10%  discount;  2000  lb.  lots  less   10-21 


Drv 
13  00 
13  25 
13  50 

15  00 

16  00 


In  Oil 
14  50 
14.75 
\5   00 

16  50 

17  50 


Dry 

and 

In  Oil 

IS  50 

15  75 

16  00 

15  00 

16  00 


Dry 
and 
In    Oil 
13  00 
13  25 
13  50 

15  00 

16  00 


RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York        Cleveland         Chicago 

Steel  A  and  smaller List  net  30%  30% 

Tinned  List  net  30%  30% 

Boiler  rivets,  J,  J.  '  id.  diameter  by  2in.  to  5  in.  sell  as  follows  per  1 00  lb 
New  ^  ,,rk  $6  00        Chicago $5.62         Pittsburgh $4  50 

Structual  rivets,   same  sizes: 
.New  York     $7   10        Chicago $5.72         Pittsburgh $4  60 

REFR.\CTORIES— Following  prices  are  f.  o.   b.   works, 

Bauxite  brick,  56';  alumina,  f.o.b.  Pittsburgh M.  $145 

Chrome  brick,  fob.  Chester,  Pa,  carlots    net  ton  90-    100 

Chrome  brick.  9 in.  str^.  and  sizes,  f.o.b.  Baltimore.    .  net  ton  90-     95 
Fi.c  clay  brick,  1st  quality,  9  in.  shapes,  f.o.b.  Pennsyl- 
vania, Ohio  and  Kentucky  works M.  45-     53 

Fireclay  brick,  1st  quality,  f.o.b.  St.  Louis M.  45-   . 

Fire  clay  brick,   1st  quality,  f.o.b.  New  Jersey >L  75- 

Fire  clay  brick,  2d  quality,  9  in.  shapes,  f.o.b.  Pennsyl- 
vania, Ohio  and  Kentucky  works M.  40- 

Magnesite  briei,,  9in.  straights,  f.o.b.  Baltimore net  ton  100 

Magiioite  brick.  9  in.  sizes  and  shapes  larger  than  9  in..  Regular  extras 

Magiirsite  brick,  f.o.b.  Chester,  .    • net  ton  90-    100 

Silica  brick,  9  in.  and  9  in.  sizes,  f.o.b.  works,  Chicago 

district M-  ^^~     . . 

.Silica  brick,  f.o.b.  Birmingham M  51-     53 

Silica  brick,  f.o.b.  Mt.  Union,  Pa M.  50-     55 

BABBITT  METAL— Warehouse  prices  in  cents  per  pound: 

. New  York -.  • Cleveland — Chicago 

Current         One         Current  f)ne  Current  One 

Y'earAgo  Y' ear  Ago  Year    Ago 

Bestgrade  . .     90  00         87  00  74  50  79  00  60  00  75  00 

Commercial       50  00         42  00  21   50  17  50  15  00  15.00 


•SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb., 

Current 

New  York $20  00 

Cleveland    20  00 

Chicago 21.00 

In  coils  an  advance  of  50c.  usually  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  1 2c.  per  lb. 


SHEETS — Q\iotations  are  in  cents 

also  the  base  quotations  from  mill: 

Large 

.Mill  Lots 

Blue  .\nnealed  Pittsburgh 

No.   10 3  55-7  00 

No.  12 '    3  60-7  05 

No.   14         3  65-7    10 

No.  16     3.75-6  20 

Black 

Nos    18  and  20 4  20-6  20 

\os    22  and  24 4  25-6  25 

No    26 4   30-6  30 

Xo.  28 4  35-6  35 

Gah'anizcd 

No    10         4  70-8  00 

No    12       4   80-8    10 

No    14  4  80-8    10 

\os.  18  and  20 5    10-8  40 

Nos.  22  and  24 5   25-8  55 

No    26       5   40-8  70 

N,)    28  5   70-9  00 


in  ton  lots,  is: 
One  Year  Ago 
25  58-30  00 
20  00 

16  50 


per  pound  in  \ 

arious  cities  from 

warehouse; 

One 

Current 

■^'car  .\go 

Clevela 

nd  Chicago 

7    1 2("  8   00 

4   57 

8    10 

7   02 

7    l7(-i8   05 

4   57 

8    15 

7   07 

7   22(«8    10 

4   67 

8   20 

7    12 

7   32("  8  20 

4  77 

8  30 

7   22 

7   80(»  9   50 

5  30 

8  70 

7   80 

7   85("  9   53 

5  35 

8  75 

7  85 

7   90('i  9  60 

5   40 

8  80 

7  90 

8  00("  9   70 

5.50 

8  90 

8  00 

8   55(»  1  1    00 

6   20 

9  00 

8    15 

8  65("  1  1    00 

6  25 

9    10 

8  20 

8   65("  II    10 

6  30 

9    10 

8   35 

8  90('i  1  1    40 

6   60 

9   40 

8   65 

9   05("  II    55 

6  75 

9  55 

9   05 

9   20("  1 1    70 

6  90 

9   70 

9   2C 

9   50("  12   00       7  20  10  00 


0   5( 


SIEEL  .\ND  IRON — The  following  discounts  arc  to  jobbers  for  carload  lot«  oi 
the  Pitt.-burgh  basing  card,  discounts  on  steel  pipe,  applying  as  from  Januarj-  M. 
1920.  and  on  iron  pipe  from  January  7,  1920: 

BUTT  WELD 


Inches  Black 

;  to  3 57  (-154 


7to  12       50;("  47 

13  and  14 41   (o;37; 

15   38  ®35 


Galv. 
44(«4n 


38(ff34; 
41  ("37; 
37("33; 


Inches 
;  to  11 
2  and  2; 


Black 
34;("  24; 
33J 


2 28;^5',20i 

2ito6 30i@22i 

7  to  12 27i@l9; 


Galv 
I8;(" 
17; 


I4i(3>  65 
175(tf  9; 
14;^.   6i 


BUTT-WELD,  EXTRA  STRONG,  PLAIN  ENDS 


,  to  n 55;("52 

2  to  3.' 56;("53 


39; 
44(«;40; 


o  1;  34;(».24;        \V,0    9] 

.ud  2i....      341(2)24:.        I91fe   91 


LAP  WELD,  EXTR.'V  STRONG,  PLAIN  ENDS 


2 48'.(ff,45 

2;  to  4 51'('<  48 

4'  to  6.  .  50'("  47 

7'to  8  4<.'i,.  43 

9  to  12  41  ;i'.  38 


37(S\33' 
40(a)  361 

39«r35; 
33«'  29; 
2««i  24; 


2 29'.(o'2i; 

2'.  to  4 31'.("'23; 

4!  to  6 30;("i22; 

7'io8  22;«<'.  14; 

9  to  12  i7;(";  9; 


i6;(a  8>. 
i9i@ii; 

I  OK®  2; 
5;®  51 


202 


noil  KK  II  lll-.S      Dm   ( 

Up  Wrklnl  Strri 
l.i  41  In 


P  0  \V  F  R 


401 
30  ( 
24 

I') 


'  .  nrl.HKl  loin,  (   a 
( 'Imrcoal    Iron 


IS) 


11  I..  4] 

21  to  2 
2    to  2 

II  lo  r 

Siniiilnril  ("otiimrrrinl  Si-niiiloM— Cold  Drawn  or  Hot  Rolled 
IVr  \>l  IKii 

U27  II  in     

2b7  2  to  2(  in. 

257  21  to  JJ  in 

207  4  in 

4i  lo  S  in. 
ThfW  |>rirra  <lo  not  apply  to  uppcinl  »iH-ciflfution«  for  loroniotive  tubpn  nor  tn 

«|MTi»l  r.|H-.'iri>'ntionK  for  IuIwk  for  llic  Nnxy  Drpiirtnicnt.  wjiicli  will  I)p  i<iil)j< 

6|H^'ml  tH-B«>tiiilitin«,  


tin 
It  in 
If  in 
11  in 


I 

+  I 
+  16 
+  29 


Per  Not  Ton 
$207 
177 
167 
187 
207 


ELECTRICAL  SUPPLIES 


ARMORF.D  CABLE— 


Msoli<l 


<.y   l2.soliil      . 
.o    tO>oli,l 
.i>.  SntriiKlnl 
>o.  6>tnii  ill-.! 
From  tlir  iilii 

1.1's.H  tlinn 


TwoC'ond, 
M  Ft 
$104  OOni 
135  00 

185  on 

285.00 
400  00 
lists  (liscoi 
1  lots    . 


Throe  C'onil. 
M  Ft. 
$1)6  00 
170  00 
255  00 
375  00 
500  00 
I  arc: 

.+  sr 


Two  ( 'ond. 
Lrad 
M  Ft 
$164  00 
225   00 
275   00 
520  00 
360  00 


Thre<-r«n.l. 
I.ottd 
M  Ft 
$210  00 
265  00 
325  00 
300  00 


.ii.s  to  1.000  ft    -    5"i, List  Net 

1.000  ft    and  over -  lOVi T'l 


BATTERIES,  DRY — Regular  No.  6  size  red  seal,  Columbia,  or  Ever-Ready; 

Each,  Net 

Le-s  than  12 i »0  45 

I2to50        38 

50tol23lhhl^    35 

125  (bbl.)  or  over      32 


CONDUIT.  ELBOWS  AND 

f  o.  b.  New  York,  with  10-day 

' Conduit ■ 

Black         CJalvanizcd 
Size,        2,300  to 
In.       5,000 1.bs 
85  00 

;  n  50 

I  170  00 

■!  230  00 

I'.  275  00 

2'  375  00 

21  585  00 

3'  765  00 

3'.  920  00 

4'  1.170  00 

?tand:»nl  Icnuths  rigid.  10  ft. 
lenE'hs.  Hexible.  ;  lo  2  in  .  50  ft 


COUPLINGS— These  prices  arc  in    100-lb    1. 
di^icount  of  5  per  cent. 

Elbows  ■        ■ Couplings  — 


20  70 

23  00 

33  70 

47  30 

70  00 

92  00 

115  00 


OaK 

2.500   to 

3,000  Lbs 

7  30 

12   37 

17  00 

23  60 

27   30 

37   00 

53   00 

78   00 

114  00 

140  00 


tuiidard  lengths  flexible 


100  ft.    Staiuhird 


CONDUIT  NON-METALLIC.  LOOM- 


Sizc  I.  D.,  In. 


Feet  per  Coil 

250 

250 

250 

200 

200 

150 

100 

100 
Odd  lengths 
Odd  leiiRths 


List,  Ft. 
$0.03'. 
.06 
.09 
.12 
.13 
.18 
.25 
.33 
.40 
.55 


Coils 40rc  off 

Less  coils,  25?i  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  nuantitics: 
CUT-OUTS,  PLUG 

S   p   M   L    $0.12         D.P.D.B $0.43 

b    P.  M.  L 21  T.  P.  to  D.  P.  .S.  B 26 

T   P.  M.  1 33         T.  P.  .S.  B 38 

D.  P.  S.  B 23         T.  P.  D.  B 64 

CUT-OUTS,  N.  E.  C.  FUSE 

0-30  Amp.  31-60  .Viup           60-100  .\nip. 

D   P   M    L    $0.50  $1    30                     $1.68 

T   P   M    L      70  1    70                        2.40 

D.  P.  S.  B 63  1   60                      

TPSB   115  240 

D.  P.  b.  B 1    10  3  00 

T    P   D.  B 1    90  3.40 

T.  P.  to  D.  P.  D.  B 1.30  3  80 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  230  ft. 

No.  18  cotton  twusted 

No.  16  cotton  twisted 

No.  1 8  cotton  parallel 

No.  1 6  cotton  parallel 

No.  1 8  cotton  reinforced  hea\  >■  

No.  16  cotton  rcinforceti  heav\  .... 

No.  18  cotton  reinforced  light  

No.  16  cotton  reinforced  light    

No.  1 8  cotton  Canvasite  cord 

No.  1 6  cotton  Canvasite  cord 


FUSES.  ENCLOSED- 

230-Volt  Std.  rkg 

3-anip.  to     30-amp 100 

35-anip.  to    60-amp    100 

65-amp.  to  100-amp 50 

1 1 0-amp.  to  200-amp 25 

223-amp.  to  400-amp 25 

425-amp.  to  600-anip 10 


$23 

00 

LI 

5» 

26 

50 

34 

50 

38 

00 

43 

00 

33 

30 

39 

50 

30 

Oil 

33 

30 

List 

$0 

23 

35 

lilM)  \oll 


l»r„,,     |„        10„.,|. 

I5-I>lnp    to     tiO  II 

(>5-ltnitl     to    IIMI     in   |i 

(lOunip  to  2(NI  in  |. 
223-itnip  lo  4(N)  :.ii.|. 
430-uiiip    lo  600-aiiip 

Discount:    l.<iv>  l'3th  nliindard  piiikau'' 
l-Stii  to  ntnndard  piickuge 
.^tnndanl  |>ni'kuge 


Vol.   r,2.    Ni. 


100 
100 
50 
23 
25 
10 


$0  40 
60 

1  50 

2  50 
5  50 
8  00 


FUSE  PLUGS,  MICA  CAP— 

0   10  ampere.  Hiandurd  [mckage 
0   30  ampere,  let.  thiin  i.lan.l»r.l 


ekago 


$5  iV 

6  Wv 


l..\MP.S — Below  are  pre>4'nt  <iuolationii  in  Inw  than  Hiandurd  paekace  >|iutnliti< 

. Penr-.shaped  Bulbil 


■  .Straislit-Sidc  Biilbit 
Maidu  H 


idard 


Plain 
$0  40 


Irosl«l 
$0  45 
45 
45 
45 
43 
50 


No  in 
Package 
100 
100 
100 
100 
100 
100 


Watt.< 
75 
100 
150 
200 
300 

500 

750 

1.000 


Clear 

$0  75 

1  10 

1  55 

2  10 


4  60 

6  50 

7  50 


iibject  to  discount  of  10',  from  lint. 


Frfmted 

$0  80 

I    25 

1  70 

2  31) 

3  40 

4  90 

6  90 

7  93 

Annual 


No.  ii 
Pact., 
.lO 


24 
24 
24 
24 
12 
12 

8 

8 
iitracU 


l-^ach 


rineiMK  from  $1  50  to  $300,000  net  allow  a  discount  of  17  lo  40^i  from  list. 
PLUGS,   ATTACHME.NT- 

I'orcelain  separalde  altaihment  plug    $0  24  | 

Composition  2-piece  attachment  plug 32  1 

Swivel  attachment  plug                              20  I 

Current  taps  40  j 

RUBBER-COVERED  COPPER  WIRE- Per  1000  ft.  in  Ne«  \  ork 


.Solid 
o  single  Braid 

14 $12  50 

12 14  96 

10 20  62 

8 28  90 


Solid 
Double  Braid 
$15  50 
18  30 
24  75 
33   30 


Stranded. 

Double  Braid 

%yi  00 

21    45 

28  05 

38  50 

58  73 

80  75 
111.00 
154.00 
181.50 
220  00 
265.00 
330.00 


Duplex 

$28  50 

35  00 

46  00 

66  00 


Prices  per  1000  ft.  for  Rubber-Covered  Wire  In  Following  Cities: 

. ■ —   Denver     -    — ^     ■ Birniingltam — - St.  l^ouis 

Single    Double  Single    Donl.lc  Single    Doubli^ 

Braid     Braid    Duplex     Braid     Braid      Duplex      Braid      Braid 
$38  45     $12  23  $38  64     $14  00  $19  73 

"      '  '        23   25      26   25 


14 


■ Birniingltar 

Single 
Braid 
$12  23 
27  60 
38  64 
69    12 


$15  64  

10   24  50 
8   33  48  $56  81 
6         77  17 
4        108  10  $107  42 

2        142  00  138  46 

I  167  70 

0  198  20    217  09 

00  234  60 263  37 

000  279  60 320  44 

0000  389  17 

Pittsburg — 23c.  base:  discount  50^^.  St  I.oui 


Duplex 
$38  64 
63  57 
87  33 


32  60 

33  85 
80  45 

120  90 


36  00 

37  75 
82  75 
23  65 


Duplex 

$38  00 

59  50 

80  20 


178  52  136  95  160  45 

195  50  195  50 


SOCKETS.  BRASS  SHELL— 

i  In.  or  Pendant  Cap 

Key  Keyless  Pull 

Each  Each  Each 

$0  33  $0  30  $0  60 

Ue.ss  l-5th  standard  package 
l-5th  to  standard  package 
Standard  package 


WIRE.  .V-NNUTSTCIATOR  AND  DAMPPROOF  OFFICE— 

No    1 8  B    A-  S   regular  spools  (approx.  8  lb.) 55c.  lb 

No.   1 8  H.  A-  S.  regular  1-lb    coils    56c.  lb 

WIRING  SUPPLIES— 

Friction  tape,  ;  in  .  less  100  lb.  60c.  lb..   100  lb.  lots 33c.  lb 

Rubber  tape.  ;  in  .  less  100  lb.  65c.  lb..  100  lb.  lots 60c.  lb 

Wire  solder,  less  100  ib    47c    lb..  100  lb.  lots    42c.  lb 

Sohlering  paste.   2  oz.  cans    $l.20dol 

SWITCHES,  KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Size,  Single  Pole,  Double  Pole,  Three   Pole,  Four  Polfi 

Amp.  Each  Each  Each  Each^ 

30  $0  42  $0  68  $1   02  $1.36 

60  74  I    22  1    84  2.44 

100  I    30  2  50  3  76  5. 

200  2   70  4.30  6  76  9. 

TYPE  "C"  FUSIBLE,  TOP  ORBOTTO.M 
30  .70  1.06  I   60  l.\\ 

60  118  I    80  2  70  3. 

100  2.38  3  66  3  50  7. 

200  "■  4  40  6.76  10.  14  13. 5| 

Discounts: 

Less  than  $10  00  list  value -i-23<^r 

$10  to  $25  list  value +10% 

$25  to  $50  list  value .' +5' , 

$50  to  $200  list  value —10', 

$200  list  value  or  over —W, 
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P.Y    OSI'.OI'.N'    AION'NF/I'T 


111  the  siiiok«--al>at('in<>nt  \\ork  iloiu-  in  Salt 
ImU.v  (iilv  a  carciiil  analysis  «>f  fiK-l-iitili/^ilioii 
e<|iii|>iiiriit  aiul  tnctliods  was  made.  Tliis  arti- 
cle •iri>«-s  this  portion  of  th«;  Hiircau  of  IVIincs 
ronorl,  done  in  co-operation  with  the  (lily  of 
Salt  I^ke  and  the  IJniversity  of  I'tali.  Some 
of  the  power-  and  heatin<;-plant  <-onditions 
found  in  this  investifjation  are  describe*!. 
Subs«'«|uent  articles  will  take  up  fuels  avail- 
able to  Salt  Liike  (.ity,  and  the  formation  of  a 
smoke  cloud.  Published  with  permission  of 
the  Director,  Bureau  of  Mines. 


IN  CONNECTION  with 
a  smoke-abatement  iii- 
vestipation  a  fuel  sur- 
vey of  Salt  Lake  City  was 
made  to  determine  the 
amount  of  coal  burned  in 
the  city,  the  amount 
burned  by  different  classes 
of  fuel  users,  the  source 
of  the  coal  and  its  char- 
acteristics. The  amount 
of  coal  used  by  the  differ- 
ent classes  of  fuel  consum- 
ers except  for  residence 
and  domestic  use  was 
obtained     by     means     of 

questionnaires  sent  to  all  coal  consumers.  The  informa- 
tion obtained  was  tabulated  under  the  following  heads: 
Apartment  houses,  business  houses,  churches,  cleaning 
and  dyeing  establishments,  dairies,  creameries,  hotels, 
hospitals,  industrial  boiler  plants,  laundries,  office 
buildings,  central  heating  plants,  public  buildings, 
schools,  residences  and  locomotives.  The  coal  consumed 
by  residences  was  determined  by  a  house-to-house  can- 

TABLE  I.     DI.STRIBl'TIOX  OK  COAI.  AND  MEAN    SMOKE  DENSITY 
FOR  VARIOUS  CLASSES  OF  PLANTS 


Name 

.\partment  houses 

Business  liouses 

Churches 

Cleaning  and  dyeing  establish- 
ments  

Dairies  and  creameries 

Hotefe 

Hospitals 

Industrial  furnaces 

Industrial  boiler  plants 

Laundries   

Office  buildings  and  central  heat- 
ing plants  

Public  buildings,  clubs,  etc 

Schools 

Railroad  locomotives 

Residences 

Miscellaneous : 

■jotal 


Total  for 

Summer  and 

Winter 

14,470  25 

8.183    10 

1,089   95 

830  70 
849  00 
7,790  20 
6,176  90 
45.514  40 
78.040  60 
12,413  70 

32,666  70 
3,660  50 
6,786   90 

53,140  00 
210,000  00 

31,589    10 


Tons  Coal 
Winter 
1918-19 
10,988.4 
6,760  0 
958.6 

427  9 

454  8 

7,790  2 

3,550  6 

18.042  3 

40,62!  8 

5.787  8 

26,034  8 

3.029  2 

5.973  2 

24,517  0 

168.105  0 

25.287  I 


Tons  Coal 

Sunmier 

1918-19 

3,481    9 

1,423   I 

131.4 

402  8 

394   2 

1,655.5 

2,626  3 

27,472    1 

37,418.8 

6,625.9 

6,631  9 
631  3 
813  7 
28,623.0 
41,895  0 
6,302   0 


Mean 
Density 
15  71 
16.55 
22.02 

18  51 
23   17 

14  51 
22  02 
13.65 

19  16 

15  52 

28  36 
16.90 

20  38 
26   36 

7  98 
15   00 


i  13,202   00 


vass  made  by  the  Boy  Scouts.  This  canvass  also  in- 
cluded a  tabulation  of  domestic  heating  and  cooking 
equipment.  The  quantities  used  are  shown  in  Table  I. 
The  Ringlemann  chart  method  of  observation,  as 
used  throughout  the  survey,  consisted  of  making  read- 
ings of  the  density  of  smoke  issuing  from  the  stack 
under  observation  every  fifteen  seconds,  the  results 
being  set  down  on  the  form  as  shown  in  Fig.  3.  The 
readings,  which  were  taken  over  one-hour  periods, 
were  all  calculated  to  a  standard  based  on  No.  1  smoke 
performance  of  one  plant  with  another.  These  read- 
ings were  taken  for  the  different  classes  of  smoke  pro- 
ducers over  all  hours  of  the  day,  the  result  being 
that  a  mathematical  record  was  made  available  regard- 
ing the  performance  of  the  various  plants  from  a  smoke 
standpoint.  This,  when  taken  with  the  coal  consumed 
by  the  different  classes  of  smokers,  makes  it  possible 
to  figure  the  percentage  of  the  city  smoke  made  by 
each  class  for  the  year  or  for  any  period  of  the  year 


not  primarily    the   object 
any    considerable    amount 


over  which  it  is  desired  to 
have  this  information. 
Industrial  and  large  heat- 
ing plants  in  the  average 
city  constitute  the  heav- 
iest smokers,  making  a 
total  of  39  per  cent  of  the 
smoke  in  the  heating  sea- 
son. A  survey  of  the 
equipment  in  these  plants 
was  made  in  order  to  de- 
velop the  type  of  plant 
which  was  making  the 
smoke  and  methods  of  re- 
construction necessary  to 
reduce  it.  While  it  was 
of   the    investigation   to    do 


of  actual  smoke-abatement 
work,  it  was  thought  advisable  to  do  enough  engineer- 
ing work  in  a  li.st  of  typical  plants  to  indicate  the  line 
along  which  the  problem  must  be  attacked  in  the  future. 
A  list  of  twenty-five  of  the  worst  smokers  was  selected, 
and  engineers  were  sent  to  make  surveys  and  recom- 
mendations in  these  plants.  As  an  indication  of  the 
conditions  found,  a  list  of  the  plants  with  their  equip- 
ments is  presented  herewith,  with  the  percentage  of  the 
smoke  density  found  during  the  investigation. 

TABLE  II.     EQUIPMENT  AND  -SMOKE  DENSITY  OF  TWENTY-FIVE 
OF  THE  WORST  SMOKERS 

Per  Cent 
Smoke 
Density 

1 .  One  idea!  sectional  No.  S-28-7 66 . 8 

2.  4— 375  Gary  boilers 

4 — Wcstinghouse  underfeed 48 . 6 

3.  I  -H.  R.  T.  boiler,  hand-fired 45.3 

4  1— No.  S-25-7  Ideal  steam  heater 42.5 

5  1— 80  hp.  Erie  tubular  boiler 42  3 

6  I— Economic  H.R.T.  boiler,  hand  fired 39  6 

7.  2— 40  hp.H.R.T.  boilers 

l—60hp.H.R.T.  boiler 38  7 

8      3—100  hp.  B.  &  W.  boilers 

2 — American  stokers 34. 5 

9.      2— Kewanee  H.  R,  T.  boilers,  100  hp 

2— Hawley  downdraft,  1 00  hp 

I — Kewanee,  50  hp 

1 — .\merican  stoker 310 

10       I  — 150  hp.  marine  boiler,  brick  furnace •. 

I — 40  hp.  locomotive  type  boiler 30  6 

II.      6  ft.  6in.,  X  16  ft.  H.  R.  T 

D-12  Herbert  downdraft 30    I 

12      4— lOOhp.  B.  &  VV.  boilers 

4 — -American  stokers 29  0 

1 3.      3—200  hp.  boilers 

3 — .American  stokers 27   7 

14       I — .No.  29  Cornell  sectional 26  7 

2 — 80  hp.  Kewanee  boilers,  hand  fired 25  9 

2—60  hp.  H.  R.  T.  boilers 25  5 

1— 50hp  H.  R.  T.  boiler 25  0 

Kewanee  boiler,  hand  fired 248 

2— 80  hp.  H   R.  T.  boilers 23.9 

I — L'.  S.  radiator  sectional,  hand  fired ??  i, 

2 — 45  hp    Kewanee  boilers,  hand  fired 22  0 

4 — 150  hp    Kewanee  boilers i'    i 

4 — American  stokers 21    8 

1  —  150  hp   H.  R.  T.  boiler •  ■ 

Hawley  down-draft  furnace 21 


15 


23. 


-125  hp.  Kewanee  boilers. 
-2 — American  stokers 


21    2 
26' 9 


In  going  over  this  list,  it  will  be  noticed  that  a  con- 
siderable proportion  of  these  plants  are  already  equipped 
for  smokeless  operation.  At  the  same  time  some  of 
those  so  equipped  are  making  the  highest  smoke  densi- 
ties. This  indicates  that  one  of  the  important  factors 
in  future  smokelessness  is  that  of  supervision. 
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This  is  also  shown  clearly  in  Table  III  in  which  smoke 
densities  of  many  installations  properly  equipped  are 
higher,  through  careless  handling,  than  in  other  plants 
not  supplied  with  proper  equipment. 

As  the  work  progressed,  many  more  plants  were 
visited,   conditions    found   and   recommendations   made 


FIG.  1.     SALT  LAKE  CITY  COVERED  BY  SMOKE  CLOUD 


being  listed  in  detail  herewith.  From  the  informa- 
tion given  one  cannot  but  be  impressed  with  the  neces- 
sity for  closer  supervision  of  boiler  installations  not 
only  from  the  standpoint  of  smoke  abatement,  but  also 
of  safety.  Most  states  have  stringent  regulations  re- 
garding the  use  of  second-hand  boilers,  designed  to 
prevent  boiler  explosion.  The  un- 
usually large  number  of  boilers 
that  have  been  installed  second- 
hand in  Salt  Lake  City  indicates 
that  this  territory  has  been  a  mar- 
ket for  boilers  that  would  have  been 
difficult  to  dispose  of  in  other  places. 
A  partial  list  of  plants  visited  as 
given  herewith,  together  with  the 
conditions  found,  will  be  valuable 
in  pointing  the  way  to  methods  of 
procedure  for  those  in  charge  of 
the  work  in  the  future.  Among  the 
plants  visited  was  one  consisting 
of  six  150-hp.  horizontal  return 
tubular  boilers  fired  with  six  Mol- 
ock  stokers.  It  was  found  there 
was  no  need  of  any  smoke  from  this 
plant  if  operated  properly.  Stokers 
were  feeding  too  fast,  which  caused 
steam  to  rise  and  the  fan  to  slow 
down,  thus  reducing  the  air  blast 
and  giving  insufficient  air  to  com- 
pletely burn  the  fuel.  Stokers  should  be  set  at  a  slower 
speed  with  respect  to  the  blower. 

Another  plant  consisting  of  one  80-  and  one  75-hp. 
horizontal  return-tubular  boiler  was  visited.  One  boiler 
here  was  found  to  have  insufficient  combustion  space 
and  emitted  very  much  smoke.  The  other  one  in  the 
brick  setting  was  full  of  air  leaks,  causing  insufficient 
operation.  This  boiler  is  also  set  far  too  low  and 
should  be  raised  to  the  required  height  for  a  boiler  of 


this  type  and  equipped  with  a  reverse  No.  8  furnace. 
At  present  only  one  boiler  is  in  use  at  a  time.  If  the 
contemplated  future  load  is  sufficient  for  the  two  boilers, 
probably  the  best  way  out  of  the  difficulty  would  be  to 
cover  the  brick  setting  with  a  good  grade  of  boiler 
covering  to  stop  air  leaks  and  then  install  the  under- 
feed stoker  under  both  boilers.  If 
only  one  boiler  is  needed,  it  would 
probably  be  cheaper  and  more  sat- 
isfactory to  raise  the  boiler,  which 
is  now  set  in  brick,  to  the  required 
height  and  install  a  wing-wall  fur- 
nace. A  plant  consisting  of  three 
110-hp.  B.  &  W.  boilers,  set  with 
front  header  six  feet  from  the  floor 
was  visited  and  it  was  found  that 
boilers  are  fired  with  three  Ameri- 
can stokers.  The  plant  smoked  only 
at  periods  when  fires  were  being 
cleaned.  The  boilers  are  set  too  low 
for  really  proper  smokeless  opera- 
tion, but  with  the  usual  load  they 
can  operate  without  objectionable 
smoke.  Another  plant  consisting  of 
one  80-hp.  horizontal  return-tubu- 
lar boiler  in  regular  use  and  one  50 
hp.  boiler  which  is  used  when  the 
other  one  is  being  cleaned  or  over- 
hauled, was  found  to  be  one  of  the 
simplest  to  clean  up.  Smoke  can  be 
prevented  by  the  cracking  of  the  doors  for  a  few  minutes 
after  each  firing.  An  automatic  air-admission  device  on 
the  firedoor  would  assist  the  fireman  in  abating  smoke, 
as  it  would  be  easier  to  admit  sufficient  oxygen  over  the 
fire  with  this  device  than  by  cracking  of  the  doors. 
The  damper  in  the  stack  is  warped  so  badly  that  it 


^-  m 

m   ' '- 

FIG.  2.     SALT  LAKE  CITY  WITH  SMOKE  CLOUD  REMOVED 


cannot  be  closed;  this  should  be  remedied.  There  is 
no  need  for  this  plant  to  make  any  objectionable  smoke. 
A  plant  consisting  of  three  100-hp.  B.  &  W.  boilers, 
fired  with  three  American  stokers  was  investigated  and 
it  was  found  that  the  boilers  are  set  five  feet  under  the 
front  leader,  w'hich  is  far  too  low  for  smokeless  opera- 
tion with  Utah  coals.  The  combustion  chamber  is  also 
too  narrow,  giving  in  all  a  very  unsatisfactory  condition 
for  smoke  abatement.    Practically  all  methods  of  opera- 
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lion  wore  triod  from  ;i  lliiii  fiiol  liod  to  the  very  thicKoHt 
tlmt  coiiiti  ho  larrjed  and  from  a  very  lijrht  pressure 
in  the  retort.s  to  a  very  heavy  bliust.  If  the  fire  is  not 
tlisturbed,  not  much  smoke  is  produced,  hut  stokers 
throw  the  fuel  to  one  side  of  the  combustion  chamber 
and  soon  it  is  impossible  to  burn  the  fuel  sudkMently 
even  to  hold  steam  unless  tires  are  spread  evenly  over 
the  prate  surface.  The  disturbing  of  the  fire  produces 
volumes  of  dense  black  smoke.  With  the  present  setting 
it  is  impossible  to  operate  the  plant  in  any  way  with 
satisfactory  results  as  to  smoke  density.    A  Dutch-oven 

T.\BI.K  III.  HKI..\TIVi:  SMOKi;  nKSSITIKS  OI'  VAIUDlS  lloII.KH  .\M) 
KrUNACI-;    IXJIIPMKNT 

This  i»  tlif  wuy  in  which  tlicv  wori'  opcrutitl  in  Salt  I.nkc  City  during  the  winter 
of  19t9-20. 


11   R.T. 

Hollers 
Per  Cent 

Smoke 
Density 


Stokers 
Per  Cent 
Smoke 
Density 


.Apnrtment  houses 
Business  houses 
Heatinft  plants  . . 

Hospitals 

Hotels 

Power  plants 


20  70 
30  6 
15  75 

27  74 


19  95 
29  0 


Down  Draft 

Per  Cent 

Smoke 

Density 

15.42 

12.95 

7  64 


Ip  Draft 
Per  Cent 
.Smoke 
Density 
16  33 
IS  36 
19  93 


7   53 
13  20 


13  30 


setting  was  worked  out  with  the  resetting  of  these 
stokers,  dropping  the  stokers  one  foot  to  move  them 
out  in  front  31  feet.  The  management  is  going  to 
equip  one  boiler  with  a  setting  and  see  what  results  are 
obtained.  If  the  results  are  satisfactory,  the  remaining 
two  boilers  will  be  so  equipped.  If  this  is  not  satis- 
factor,  some  other  method  will  be  devised  to  overcome 
the  difficulty. 

A  modern  plant,  having  been  built  only  a  few  years, 
was  found  to  be  one  of  the  city's  most  offensive  smok- 
ers.    It  consists  of  two  2G0-hp.  B.  &  W.  boilers  .-ind  one 


LARGE  HEATING  a  RESIDENCES 
POWER   PLANTS 


SMALL  HEATING 
PLANTS 


JiHOWIXG  PERCENTAGE  OF  COAL  AND  f^MOKE 
PRODUCED 


130-hp.  B.  &  W.  boiler.  The  boilers  are  fired  with  five 
Jones  stokers.  The  boiler  settings  are  very  badly 
cracked  and  are  full  of  air  leaks,  also  one  4-in.  pipe  in 
which  combustion  chamber  is  letting  in  cold  air.  The 
pipes  were  put  in  to  drain  the  water  out  when  washing 
the  boilers  and  were  not  plugged  up  during  the  opera- 
tion of  the  plant,  and  hence  they  admit  large  volumes 
of  cold  air  at  a  point  where  it  should  not  assist  in  the 
combustion  but  only  help  to  cool  the  boiler  down.  There 
are  also  bad  leaks  around  back  buckstays  on  the  two  big 
boilers.  The  front  doors  on  the  big  boilers  do  not  shut 
tight.  This  condition  should  be  remedied  at  or.ce. 
Asbestos  is  out  between  the  headers  and  should  be  re- 
placed.   While  the  boilers  are  set  too  low  to  carry  more 


than  their  rated  load  with  Utah  fuels,  if  these  air  leaka 
are  remedied  and  stokers  are  operated  carefully,  thin 
plant  should  give  no  ol)jectionable  smoke  up  to  the 
rating  of  the  l)oilerH. 

In  a  boiler  plant  consisting  of  two  100-hp.  locomotive- 
type  boilers,  fired  with  Type  E  American  stokers,  which 
came  under  the  notice  of  the  investigators,  it  was  found 
that  the  fireman  does  not  keep  enough  fuel  in  his  fur- 
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FIG.    1.     CURVES   SnOWIXG   PERCENTAGE  OF  SMOKE 
DURING   YEAR,  FOR  VARIOUS  PLANTS 


nace  so  that  when  the  load  comes  upon  him  he  has  some- 
thing to  fall  back  upon.  This  necessitates  the  crowd- 
ing of  a  lot  of  fresh  fuel  into  the  furnace  whenever  a 
heavy  load  comes  upon  the  plant.  The  fireman  has  also 
made  a  practice  of  assisting  the  stoker  at  this  point 
by  throwing  a  lot  of  coal  into  the  furnace  directly;  this 
results  in  enormous  clouds  of  black  smoke  being  emitted 
fi'om  the  stack. 

The  feed  water  is  fed  into  the  boiler  at  city-water 
temperature,  while  the  feed-water  heaters  stand  idle 
outside  and  the  water  from  the  heating  coils  runs  out 
on  the  ground  or  into  the  sewer.  The  flues  are  blown 
only  once  in  two  weeks,  leaving  an  average  of  from  one 
to  twelve  tubes  entirely  blocked  with  soot. 

There  seems  to  be  no  one  willing  to  assume  the  respon- 
sibility of  putting  things  into  shape.  It  is  likely  that 
the  only  way  that  this  plant  can  be  reached  is  through 
the  higher  officials  of  this  division  of  the  railroad. 
Nothing  can  be  done  with  the  men  in  immediate  charge. 

Large  power  and  heating  plants  have  in  the  past  been 
installed  in  Salt  Lake  City  without  necessary  supervi- 
sion on  the  part  of  the  city.  Some  of  these  plants  are 
in  a  rundown,  not  to  say  dangerous,  condition  and  should 
be  rebuilt  or  abandoned. 

Standard  methods  of  boiler  and  furnace  setting  will 
result  in  the  smokeless  performance  of  boiler  plants 
using  Utah  coals. 

Supervision  of  operation  on  the  part  of  the  city  is 
imperative,  as  many  plants  which  could  operate  with- 
out dense  smoke  are  bad  smokers  through  lack  in  this 
regard. 

Locomotives 

Locomotive  smoke  to  some  has  seemed  the  most  diffi- 
cult of  control,  but  many  cities  in  the  Middle  West  have 
wrestled  with  this  phase  of  the  subject  and  the  results 
have  been  more  encouraging  than  was  at  first  supposed 
to  be  possible. 
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In  the  last  ten  years  standardized  equipment  has  been 
developed  as  an  aid  to  smoke  abatement  on  locomotives. 
This  equipment  consists,  briefly,  of  multiple-tip  blowers, 
quick-opening  blower  valves  and  induction  tubes  located 
in  the  sides  of  the  firebox,  calculated  to  supply  the 
necessary  air  for  complete  combustion.  This  equipment 
is  simple,  readily  applied  by  ordinary  boilermakers  and 
has  been  discussed  in  detail  in  the  proceedings  of  the 
Master  Car  Builders  Association  and  in  the  annual 
conventions  of  the  Traveling  Engineers  Association. 

The  railroad  yards  in  Salt  Lake  City,  however,  serve 
to  show  that  there  are  no  physical  difficulties  in  rail- 
road operation  in  Salt  Lake  City  comparable  with  the 
difficulties  encountered  in  some  other  cities.  The  aver- 
age smoke  density  of  locomotives  in  cities  without  super- 
vision of  smoke  performance  is  49  per  cent.  The  aver- 
age smoke  density  of  locomotives  in  Salt  Lake  City  is 
26  per  cent.  Locomotives  can  be  and  are  operated  in 
all  classes  of  service  with  smoke  densities  below  7]  per 
cent,  which  generally  brings  this  class  of  smoke  down 
to  a  negligible  quantity. 

The  railroad  situation  in  Salt  Lake  City,  when  com- 
pared to  the  problem  met  with  elsewhere,  is  an  easy  one 
and  should  be  capable  of  vast  imiprovement  over  present 
conditions. 

Residences 

■^Tiile  the  residences  bum  nearly  one-half  the  total 
coal  consumed  in  the  city,  the  fact  that  it  is  distributed 
so  widely  results  in  dissipating  the  smoke  formed  to  a 
large  extent  so  that  the  main  effect  of  the  residence 
smoke  is  the  produtcion  of  a  haze  which  hangs  over  the 
city  in  the  winter  and  which  is  more  noticeable  on  Sun- 
days when  the  industrial  smoke  is  at  a  minimum. 

A  house-to-house  canvass  indicates  that  there  are 
2,413  round  sectional  cast-iron  hot-water  and  steam 
boilers;  707  square  sectional  cast-iron  steam  and  hot 
water  boilers;  4,600  hot-air  furnaces;  15,150  heating 
stoves;  18,120  coal  ranges;  8,000  gas  ranges  anH  1,500 
electric  ranges  in  use  in  the  city.  This  serves  to  indi- 
cate the  relative  importance  of  the  different  classes  of 
smoke  producers  used  in  the  residences.  In  attacking 
this  part  of  the  problem  a  series  of  experiments  were 
conducted  at  the  laboratory  of  the  University  of  Utah 
with  different  domestic  equipment,  the  results  later 
being  substantiated  by  tests  run  on  equipment  actually 
installed  in  residences. 

With  a  reasonable  amount  of  care  and  attention  Utah 
bituminous  coal  can  be  burned  in  domestic  equipment 
in  nearly  a  smokeless  manner.  In  starting  a  fire  the 
smokeless  method  is  much  the  best  to  use  and  in  adding 
fresh  coal  to  the  fire  the  alternate  method  of  firing  is 
the  most  desirable. 

Conclusions 

Residence  smoke  can  be  greatly  reduced  by  the  edu- 
cation of  householders  in  proper  methods  of  firing,  using 
the  equipment  already  installed. 

Smokeless  apparatus  is  available  for  residences  pur- 
poses in  the  case  of  new  buildings  or  the  replacement 
of  old  equipment. 

From  all  available  information  it  appears  that  the 
possibility  of  depending  on  anthracite  as  a  source  of 
smokeless  fuel  for  Salt  Lake  City  is  very  remote. 

The  use  of  coke  for  domestic  fuel  offers  a  solution  of 
the  residence  problem.  Utah  has  at  least  two  coals 
suitable  for  the  production  of  coke  for  domestic  pur- 
poses.   High-temperature  processes  produce  a  coke  dif- 


ficult to  ignite  and  bring  up  a  difficult  problem  in  the 
disposal  of  gas.  Low-temperature  coke  is  a  more  suit- 
able domestic  fuel  and  the  byproducts  produced  are 
easier  of  disposal. 

Low-temperature  coking  is  not  yet  on  an  established 
commercial  basis  in  the  United  States,  but  gives  every 
promise  of  being  on  such  a  basis  in  the  course  of  the 
next  few  years.  In  view  of  the  limited  gas  market  in 
Salt  Lake  City  and  of  the  superiority  of  low-temperature 
coke  as  a  domestic  fuel,  the  low-temperature  process 
seems  well  worth  careful  consideration  as  a  future  solu- 
tion of  the  domestic  smoke  problem. 

Natural-Gas  Production  Figures 

The  United  States  Geological  Survey  has  just  reported 
the  1918  production  and  consumption  figures  for  natural 
gas.  These  figures  show  that  a  little  over  720  billion 
cubic  feet  was  produced  and  marketed  that  year.  The 
value  of  this  production  at  211c.  per  thousand  feet  is 
a  little  over  $153,000,000.  As  usual.  West  Virginia, 
Oklahoma,  Pennslyvania  and  Ohio  led  in  the  production, 
ranking  in  the  order  named.  Pennsylvania,  Ohio,  West 
Virginia  and  Oklahoma  is  the  order  of  consumption, 
showing,  as  usual,  the  large  export  of  gas  from  West 
Virginia  to  Pennsylvania  and  Ohio  and  the  considerable 
export  from  Oklahoma  to  Kansas  and  adjacent  territory. 

There  is  a  very  wide  range  in  the  average  price  at 
which  natural  gas  is  sold  by  the  producer  in  various 
parts  of  the  country.  The  figure  for  Wyoming  is  3.59c. 
per  thousand  feet;  in  New  York  67.05c.,  and  in  Michi- 
gan 89.08ci  per  thousand  feet. 

There  is  a  decided  tendency  toward  an  increase  in  the 
percentage  of  gas  sold  for  domestic  use  and  a  cor- 
responding decrease  in  the  percentage  used  industrially. 
This  is  in  line  with  the  recommendations  of  the  Con- 
servation Commission,  which  has  recently  been  studying 
the  subject,  and  the  natural  result  of  the  gradual 
increase  in  the  price  at  which  gas  is  sold  tending  to 
make  its  use  industrially  less  advantageous  than 
formerly.  This  report  shows  that  the  7,100  producers 
supplied  2,500,000  domestic  consumers  and  16,500 
industrial  consumers.  The  average  price  paid  by  the 
former  group  is  31.35c.  and  by  the  latter  15.23c.  per 
thousand  feet.  The  total  volume  of  gas  used  indus- 
trially is,  however,  still  considerably  greater  than  that 
used  in  domestic  equipment,  amounting  to  about  60  per 
cent  of  the  total.  Of  this,  manufacturing  takes  slightly 
more  than  the  production  of  industrial  power. 

Although  about  30  per  cent  of  the  wells  drilled  in 
1918  were  dry,  the  total  number  of  wells  produc- 
tive at  the  end  of  the  year  had  increased  by 
about  1,000  over  the  number  productive  at  the 
beginning  of  the  year.  The  total  productive  Dec.  31, 
1918  was  40,369.  The  land  controlled  by  natural-gas 
producers  at  the  end  of  the  year  was  nearly  one  million 
acres  less  than  at  the  beginning  of  the  year,  indicating 
a  strong  tendency  toward  a  smaller  acreage  of  wells. 
This  in  itself  is  a  decided  indication  of  the  decadence  of 
natural-gas  production.  The  area  controlled  at  the  end 
of  the  year  per  productive  well  was  360  acres. 


In  blowing  engines  the  pressures  and  temperatures 
are  low  and  the  lubrication  of  the  cylinders  may  not 
require  a  special  type  of  oil,  but  it  is  the  best  policy 
to  use  an  oil  suitable  for  the  high-pressure  type  of 
piston  compressor. 
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Slraiii-Kiijiiiic*  Opi^'alion  and  IMaiiiU  iiancc 
Wh)  Valve  Gears  Gel  Out  of  Order 


Hy    II.    IIAMKENS 

ron.sullliiK    lOnRlnrcr,   Newton,   New  Ji.'i'Hoy 


A      rOl'NI)  in  an  cnRino  m;v,v  be  cau.scd  l)y  faulty  or 

L\    tloian>rod  valve  sctlinjr.     Fitr.   1  shows  an  indica- 

J    \.  tor  diagram   in    rthich   the   admi.ssion   line   rises 

above  the  steam  line,  forming- a  loop  at  the  end.     This 

indicates  that  the  compression  rises  to  a  higher  pres- 


—  W^Plpenanqe 


Pipe 


Fi&e 

FIG.   1.  TTPICAL,  INDIC.VTOR   DIAGRAMS  SHOWING   FAULTY 
VALVE  GEAR.      KIG.    2.      STE.V.M    SEPARATOR  AN  ENGI- 
NEER MAY  .M.VKE  ON  THE  JOB 

sure  than  the  initial  steam  pre.ssure.  On  a  Corliss 
engine  the  higher  compression  will  make  the  valve  lift 
off  its  seat  and  drop  back  as  soon  as  steam  is  admitted 
to  the  cylinder.  The  cause  of  it  may  be  too  much 
exhaust  lap,  cr  the  eccentric  may  be  set  wrong.     The 


Since  on  a  number  of  o?iginos  the  eccentric  is  held 
on  the  shaft  by  setscrcws,  it  is  no  uncommon  occurrence 
to  have  one  slip,  which  causes  a  derangement  of  the 
valve  motion,  .sometimes  to  such  an  extent  that  the 
engine  will  stop.  The  diagrammatic  view  of  a  single- 
eccentric  Corliss  valve  gear  in  Fig.  3  shows  what  the 
effect  will  be  if  the  eccentric  slips  back  30  deg.  The 
crank  is  shown  on  the  dead  center  at  the  beginning  of 
the  forward  stroke,  engine  running  over.  For  this 
position  the  correct  place  of  the  eccentric  would  be  at 
A,  but  it  has  slipped  back  to  B.  The  result  of  this  is 
that  the  head-end  steam  valve,  which  .should  be  in  the 
lead  position,  is  closed  and  the  head-end  exhaust  valve  is 
open.  As  the  crank  advances,  the  steam  valve  will  open 
as  soon  as  the  eccentric  is  in  the  vertical  position,  and 
the  exhaust  valve  will  be  on  the  lap.  This  is  the  mid- 
position  for  the  whole  valve  motion.  Continuing  the 
motion  of  the  crank  for  one  revolution  will  result  in  a 
diagram  something  like  the  one  shown  in  the  detail. 

Engines  with  releasing  valve  gears  may  become  noisy 
under  greatly  varying  loads.  If  a  heavy  load  is  instantly 
thrown  off,  as  it  is  with  elevators  and  pumps  or  in 
rolling  mills,  there  is  bound  to  be  more  or  less  noise 
in  the  valve  gear.  The  dashpots  will  stick  on  a  light 
load  and  are  forced  down  by  the  hook  or  steam  lever;  a 
sudden  increase  in  load  will  make  them  slam.  This  is 
about  the  mo.st  unsatisfactory  service  that  can  be  imag- 
ined for  a  pair  of  dashpots,  for  which  they  must  have 
plenty  of  reserve  power.  The  old-time  pots  with  two 
chambers,  one  to  create  the  necessary  vacuum  and  the 


IndicCTfor  Vidcjram  for  Head  End 

FIG.    3.      DERANGED   CORLISS   VALVE   GEAR   DUE   TO 
SLIPPING  ECCENTRIC 

latter  is  likely  to  be  the  case  if  the  engine  has  a 
separate  eccentric  for  the  exhaust,  which  permits  the 
regulation  of  the  compression  independently  of  the 
action  of  the  steam  valves.  Another  pound  may  be 
caused  by  too  much  steam  load.  This  will  be  indicated 
on  a  diagram  by  the  admission  line  having  a  very 
decided  outward  curve  or  slant,  shown  in  Fig.  1.  If 
there  is  play  in  the  boxes,  they  will  be  forced  against 
the  pins  with  a  violent  blow  instead  of  a  gradual  and 
easy  motion  due  to  compression  alone. 


sprint^  Dashpot 


PIG.    4.      SECTION   OF   SPRING-TYPE    DASHPOT.    NOTED 
FOR   ITS    RELIABILITY 

other  for  cushioning,  can  be  made  to  function  well  by 
careful  fitting,  but  for  very  trying  conditions  a  spring 
dashpot,  like  that  which  is  shown  in  Fig.  4,  is  more 
reliable. 

To  insure  that  the  valves  get  dry  steam,  it  is  wel 
to  provide  a  separator  in  the  steam  line.  A  separate: 
that  may  be  made  on  the  job  by  the  engineer  from 
material  which  may  be  on  hand,  is  shown  in  Fig.  2, 
The  drawing  needs  no  explanation,  as  it  carries  th 
names  of  all  parts  necessary. 
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Power  Plants  That  Are  Ornamental 
As  Well  As  Useful 

Two  Examples  of  Successful  EflForts  To  Locate  Power  Plants  in  the  Midst  of 
Architecturally  Beautiful  Surroundings  Without  Spoiling  the  Picture 


THAT  the  power  or  heat- 
ing- plant  need  not  be  an 
eyesore  is  proved  in  the  case 
of  two  plants  that  have  been 
constructed  in  San  Francisco. 
The  one  shown  in  Fig.  1  was 
built  in  the  Civic  Center  and 
was  designed  to  harmonize 
with  the  new  City  Hall, 
Library  and  Civic  Auditor- 
ium, and  the  State  Building 
now  under  construction.  This 
is  a  central  heating  plant  and 
serves  all  the  Civic-Center 
buildings.  It  is  built  of  con- 
crete and  has  no  windows 
with  the  exception  of  a  few 
small  glasses  in  the  doors, 
cellent  light  during  the  day. 


SAN    FRANCISCO    CIVIC    CENTER 
HEATING  PLANT 


a  skylight  providing  ex- 
It  is  so  constructed  that 
two  wings  can  be  added  in  the  future.  The  building 
shovm  in  Fig.  2  is  often  mistaken  for  a  museum  or 
mauseleum,  there  being  absolutely  nothing  to  indicate 
that  it  is  the  central  pumping  station  of  the  Spring 
Valley  Water  Co.  It  is  located  west  of  Twin  Peaks  in 
one  of  the  most  exclusive  residential  sections  of  San 
Francisco  and,  for  the  purpose  of  harmonizing  with 
the  surrounding  resi- 
dences, was  designed 
with  careful  attention 
to  its  outside  appear- 
ance. There  is  a  beauti- 
ful fountain  at  each 
end  of  the  building, 
where  the  circulating 
water  from  the  conden- 
ser is  cooled.  On  each 
side  of  the  front  en- 
trance there  is  an  ar- 
tistic electric-light  fix- 
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ture,  which  presents  a  most 
pleasing  appearance  at  night. 
Over  the  front  entrance  is  an 
inscription  reading,  "Let 
Thy  Fountains  Be  Dispersed 
Abroad  and  Rivers  of  Waters 
in  the  Streets,"  and  an  orna- 
mental concrete  casting  is  at 
the  top  of  the  building  im- 
mediately above.  There  is 
not  a  single  window  in  the 
structure,  all  light  coming 
from  a  skylight.  The  inter- 
ior of  the  engine  room  is 
shown  in  Fig.  3.  The  front 
entrance  leads  to  the  railed 
platform  over  the  office 
shown  at  the  left.  From  this  point  a  visitor  overlooks 
an  interior  as  artistically  designed  and  finished  as  the 
exterior.  The  boiler  setting  is  faced  with  white  glazed 
brick,  as  shown  in  Fig.  4.  Since  oil  is  used  as  fuel, 
there  is  no  dirt  from  smoke  or  ashes  and  the  machinery 
and  interior  are  always  kept  spotlessly  clean.  Artificial 
light  is  provided  by  electric  lamps  in  large  glazed  globes 
supported  from  the  ceiling.  There  is  a  beautiful  lawn  in 
front  of  the  station,  and  extending  across  the  front  of 

the  yard  is  an  artistic 
iron  fence  with  large 
ornamental  concrete 
posts  at  the  ends.  The 
old  idea  that  a  power 
plant  is  a  nuisance  to 
the  community  in 
which  it  is  located  is 
rapidly  being  aban- 
doned as  the  public  be- 
comes more  familiar 
with  such  examples  as 
are  shown  here. 


SPRING    VALLEY    WATER    COMPAXY    PUMPING    STATION    IN    A    RESIDENTIAL    DISTRICT    OF    SAN    FRANCISCO 
Fig.  2 — An  exterior  view  of  the  station.     Fig.  3 — Interior  view  of  tlie  engine  room.    Fig.  4 — Boilpr  room,  showing  glazed-brick  settings 
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Elcclri<*  W  elding  Machines — Direcl-C^urrenl 
Constant-Potential  Types* 

Voltages  an<l  FfTlcienoy  of  Welding  Circuits — To  Hold  the  Are  Reaetance  Is  Neecssary 
ill  the  Welding  Circuit — Machine  Can  Supply   10  to  50  Per  Cent  More  Cir- 
cuits Than  Its  Normal  Current  Rating-  -Operation  of  nilferent  Makes 
of  \\  ehling  Machines  of  the  Constant-Potential  Type 

By  L.  W.  WEBB 

.Master   Kloctrician,   ITnited   Status   Navy   Yard,   Norfolk,   VlrKinla 


WELDING  machines  normally  group  themselves 
into  two  main  types,  one  for  direct-current  weld- 
ing and  the  other  for  alternating-cun'ent 
welding.  A  large  percentage  of  welding,  both  metallic- 
electrode  and  graphite  or  carbon-pencil,  is  done  by 
dire«t  current,  with  arc  voltages  approximately  20  volts 
for  metallic  arc  and  38  to  45  volts  for  the  graphite  or 
carbon  pencil.  However,  alternating  currents  can  be 
used  in  many  cases  to  equal  advantage,  but  owing  to 
the  inherent  low  power  factor  of  the  welding  circuits 
the  application  has  been  somewhat  restricted. 

In  the  elementary  welding  circuit  with  a  metallic 
electrode,  it  is  necessarj''  to  maintain  a  steady  arc  poten- 
tial of  approximately  20  volts.  The  earliest  metallic- 
electrode  welding  was  done  from  circuits  of  550,  250 
and  120  volts,  by  inserting  a  sufficient  amount  of  resist- 
ance in  series  with  the  arc  to  limit  the  current  to  the 
proper  value  while  maintaining  approximately  20  volts 
at  the  arc.  While  satisfactory  welding  could  be  done 
with  these  higher  voltages  without  the  introduction  of 
a  reactance  coil  in  the  circuits,  it  was  found  desirable 
to  insert  reactances  to  smooth  out  the  irregularities  of 
the  current  caused  by  the  sputtering  of  the  arc  and  the 
inability  of  the  operator  to  maintain  a  fixed  arc  length 
at  all  times.  This  reactance,  owing  to  its  ability  to 
oppose  rapid  cun-ent  changes,  does  assist  in  holding 
the  arc  stable  and  preventing  its  going  out.  The  react- 
ance also  tends  to  prevent  an  abnonnal  rush  of  current, 
when  first  striking  the  arc,  and  the  electrodes  from 
sticking. 

The  wiring  diagram,  Fig.  1,  represents  an  elementary 
direct-current  metallic-electrode  arc-welding  circuit 
from  a  constant  potential  of  120  volts  or  higher.  Tak- 
ing a  concrete  example  for  the  wiring  diagram,  using 
100  amperes  at  120  volts,  the  useful  power  output  at  the 
arc  is  found  to  be  20  X  100  =  2,000  watts,  while  the 
power  output  is  120  X  100  =  12,000  watts.  This  shows 
10,000  watts  lost  in  the  resistances,  lines,  etc.,  which 
does  no  useful  work  and  is  dissipated  in  the  fonn 
of  heat.  The  efficiency  of  the  welding  operation  from 
the  power  standpoint  would  therefore  be  2,000  -f-  12,000 
or  16§  per  cent.  This  would  be  even  less  when  higher 
voltages  are  used,  being  in  proportion  to  the  voltage 
employed.  For  this  reason  special  generators  or  motor- 
generators  have  been  designed  giving  a  constant  poten- 
tial from  60  to  75  volts  for  use  as  special  arc-welding 
machines.  These  machines  are  usually  designed  to 
accommodate  more  than  one  operator  and  ai.-e  often 
rated  as  high  as  2,000  amperes  at  about  60  to  70  volts. 
Specially  designed  panels  with  a  sufficient  amount  of 


resistance  are  usually  supplied  with  the  machines,  .so 
that  welding  currents  varying  from  60  or  80  to  200 
amperes  can  be  obtained  as  desired.  Each  individual 
panel  usually  contains,  in  addition  to  its  resistance,  the 
necessary  I'eactance  for  properly  taking  care  of  welding 
conditions.  The  use  of  these  machines  also  does  away 
with  the  necessity  of  grounding  the  positive  side  of  the 
line,  as  has  to  be  done  when  welding  from  a  120-volt,  or 
higher,  power  supply,  except  when  the  work  is  insulated 
from  the  ground.  These  sets  can  also  be  designed  for 
use  on  any  voltage  or  frequency  by  the  proper  selection 
of  a  suitable  motor  to  drive  the  generator. 

The  number  of  operators  a  machine  may  be  able  to 
carry,  due  to  the  intermittent  nature  of  welding,  is  at 
least  40  or  50  per  cent  more  than  the  actual  rating  of 
the  machine  itself.  The  time  consumed  in  changing 
electrodes,  the  natural  fatigue  of  the  operator  and  the 
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»P\iture  articles  by  the  same  author  will  deal  with  constant- 
ourrent  types  and  with  factors  affecting  the  operation  of  electric 
w«ldiiig  machines. 


Work  Work 

IIG.    1.      ELEMENTARY  WELDING   CIRCUITS 

making  and  breaking  of  the  arc  make  the  load  factor  of 
the  circuit  for  welding  about  50  or  60  per  cent.  Hence, 
a  machine  rated  at  1,000  amperes  continuous  duty  with 
25  per  cent  overload  capacity  and  50  per  cent  momentary 
overload  capacity  could,  without  dangerous  heating  or 
sparking,  accommodate  at  least  ten  operators,  each  nor- 
mally using  from  150  to  175  amperes  when  actually 
welding. 

These  machines  usually  are  wound  with  cumulative- 
compound  fields,  that  keep  the  voltage  either  constant 
or  about  5  per  cent  higher  at  full  load  to  care  for  the 
drop  in  the  feeders,  etc.  Where  the  shop  layout  is  such 
that  definite  locations  can  be  selected  for  individual 
outlets  and  the  class  of  work  is  such  that  it  wall  never 
be  necessary  to  group  the  entire  capacity  of  the  ma- 
chine at  any  one  location,  the  generators  are  usually, 
flat-compounded  and  individual  circuits  run  to  each  out- 
let so  calculated  as  to  provide  proper  welding  currents  at] 
this  constant  voltage.     When  the  outlets  are  concen- 
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trated,  they  are  usually  fed  from  a  bus-feeder  system 
and  the  generators  are  overcompounded  to  take  care  of 
the  drop  as  the  load  increases. 

Fig.  2  shows  a  simple  wiring  diagram  of  a  generator 
and  welding  outlet.  The  over-all  efficiency  of  these 
motor-generator  sets,  depending  on  the  size,  will  be 
approximately  75  per  cent.  For  the  60-volt  sets  the  effi- 
ciency of  energy  delivered  to  the  arc,  as  compared  with 
the  120-volt  welding  at  100  amperes,  would  be  as  fol- 
lows: 

Watts  delivered  to  arc  equals  volts  X  amperes  ^-^ 
20  X  100  =  2,000;  generator  output  in  watts  equals 
volts  X  amperes  =  60  X  100  =  6,000;  and  motor- 
generator  input  in  watts  equals  output  -;-  (per  cent 
efficiency  -^  100)  =  6,000  ~  0.75  =  8,000.  Watts 
used  in  the  arc  -^  motor-generator  input  =  2,000  ^- 
8,000  =  25  per  cent,  which  is  considerably  higher  than 
the  16§  per  cent  efficiency  for  120-volt  circuit. 

While  the  majority  of  these  machines  are  designed 
for  60  or  75  volts,  owing  to  the  higher  efficiency  in  re- 
gard to  power  consumption,  lower-voltage  machines  of 
50  down  to  35  volts  are  furnished.  It  can  be  readily 
seen  that  the  closer  the  voltage  approaches  the  arc  volt- 
age of  20  volts  the  smaller  losses  there  will  be  in  the 
external  resistance  and  the  more  efficient  the  welding 
operation  becomes  from  the  standpoint  of  power  used. 
However,  with  voltages  lower  than  35  the  maintenance 
of  a  stable  arc  is  veiy  difficult,  by  reason  of  the  inabil- 
ity of  the  operator  to  hold  a  fixed  arc  length  as  the 
metal  flows  off  the  electrode  to  the  work  and  also  because 
of  sputtering  of  the  arc,  etc.  Even  with  35-volt  supply 
it  is  often  very  difficult  to  do  reliable  welding,  especially 
on  overhead  work  or  where  long  leads  are  used  when 


Int.  Field         Series  Field 


Vbltmeter'^^) 


Circuit-Breaker 


Service  Switch 


60  Volts  D.  C. 


-%'%=S->^\N^  Ammeters    }^\/\,— e=f3 


«^    VWW-e=ilh9- 


WIRING   Dl.UJRAM  OF  GENERATOR  AND 
AVELDING  CIRCUIT 


the  work  is  a  considerable  distance  from  the  source  of 
supply.  As  the  cost  of  power  used  is  generally  only  a 
small  part  of  the  welding  cost,  it  has  been  found  in 
many  cases  that  it  is  more  economical  to  use  a  voltage 
not  less  than  60  on  multiple-operator  sets,  especially 
where  four  to  ten  operators  are  supplied  from  the  one 
machine.  With  the  higher  voltage  there  is  less  time  lost 
due  to  the  arc  going  out,  and  it  is  easier  for  the  oper- 
ator to  hold  the  arc,  since  slight  increases  or  decreases 
in  arc  length  are  accompanied  by  less  current  changes 
than  with  the  lower  voltages. 


Multiple-operator  sets,  however,  owing  to  their  size 
and  immobility,  are  really  applicable  only  for  stationary 
use  at  fixed  centers  of  extensive  welding  activities. 
When  it  is  necessary  to  provide  machines  for  one 
operator,  motor-generator  outfits  of  the  portable  type 
or  gas-engine-driven  sets  are  preferable.  These  port- 
able motor-generators  or  gas-engine-driven  sets  are 
sometimes  constant-potential  machines  of  60  to  75  volts. 
However,  specially  designed  machines  of  the  so-called 
constant-current   type   are   used   to    a   large   extent   as 
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portable  machines.  The  machines,  from  an  economical 
standpoint,  as  to  over-all  efficiency,  are  better  suited 
than  the  60-  to  75-volt  constant-potential  machines, 
where  the  losses  in  the  rheostat  alone  are  approximately 
50  to  60  per  cent  of  the  total  energy  input  into  the 
circuit. 

With  60-  to  75-volt  constant-potential  motor-generator 
sets  of  the  multiple-operator  type,  the  following  advan- 
tages are  claimed,  as  compared  with  an  equal  number 
of  single-operator  sets,  the  comparison  being  made 
between  a  machine  capable  of  handling  ten  operators 
and  ten  single-operator  motor-generator  sets: 

1.  The  first  cost  is  lower,  as  well  as  lower  deprecia- 
tion and  maintenance. 

2.  Simplicity  and  reliability  of  operation,  as  the 
machine  can  be  pennanently  installed  on  stable  foun- 
dations and  requires  very  little  attention  or  main- 
tenance. 

3.  The  over-all  efficiency  of  the  set  is  higher  than 
that  of  ten  single-operator  machines,  and  the  motor 
can  be  driven  from  2,300-volt  power,  therefore  doing 
away  with  a  large  part  of  line  and  conversion  losses 
that  the  smaller  machines  would  have. 

The  disadvantages,  however,  are  that  it  is  uneco- 
nomical, owing  to  the  resistance  losses  in  the  welding 
circuits  and  to  the  fact  that  it  is  not  easily  portable 
and  should  be  permanently  installed  to  make  it  suitable 
for  shop  use,  where  the  operators  are  relatively  close  to 
the  machine.  Also,  as  the  number  of  operators  work- 
ing at  any  one  time  is  reduced,  the  over-all  efficiency 
of  the  machine  is  likewise  reduced.  There  always 
exists  the  danger  of  grounding  the  wrong  side  of  the 
generator  to  the  work  on  the  various  outlets,  especially 
when  the  work  is  being  done  on  iron  slab  floors,  etc., 
or  a  number  of  operators  are  working  on  the  same  piece 
of  work. 

A  wiring  diagram  of  the  Wilson  Welder  and  Metal 
Co.'s  motor-generator  is  shown  in  Fig.  3.  This  is  one 
of  the  lower-voltage,  constant-potential  types,  for  which 
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the  maiiiif;i(tiiior  c'liims  hivrh  oHirioiu-.v,  both  in  the  use 
of  power  and  weldinj?  al)ilily.  falling  it  the  "phiatic 
arc." 

Thi.s  machine  operate.**  nornialiy  at  about  35  to  40 
volts,  and  therefore  the  rheoatatic  loa.se.s  are  slijfht 
coni|)ared  to  tho.-^e  in  the  60-  and  75-volt  constant- 
potential  system.s.  The  weldinjr  current  i.s  automatically 
controlled  by  mean.s  of  a  .solenoid  operating  a  carbon- 
pile  resistance.  This  method  of  control  enables  the 
operator  to  hold  constant  heat  at  the  point  of  application 
by  holding  the  volt-anii>eres  at  the  arc  constant  for  each 
settinp.  In  the  earlier  types  of  machines  this  carbon- 
pile  resistance  was  made  larpe  enough  to  care  for  all 
voltape  drop  in  the  circuit,  but  on  the  later  types 
there  is  furnished  a  prid-type  resistance  controlled  by 
multiple-point  .switches  for  the  larper  current  varia- 
tions, the  smaller  current  variations  being  handled  by 
a  smaller  solenoid  controlled  carbonVpile  resistance, 
claim  beinp  made  that  the  arc  inequalities  are  smoothed 
out  much  quicker  in  the  new  type  than  was  possible  in 
the  older  type. 

The  efficiency  of  the  welding  operation  from  a  power 
standpoint  for  this  type  of  equipment,  on  the  basis  of 
a  100-ampere  welding  current,  is  approximately  35  per 
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cent,  which  is  a  relatively  higher  over-all  efficiency 
than  that  of  the  60-volt  constant-potential  set.  However, 
there  are  found  many  places,  especially  where  the  work 
is  far  from  the  machines,  where  these  machines  will 
not  work  satisfactorily,  owing  to  the  low^er  voltage 
and  adjustments  have  to  be  made  to  the  shunt  fields 
to  raise  the  voltage  to  approximately  50  or  55  volts; 
then  the  over-all  efficiency  is  approximately  the  same 
as  that  of  the  60-volt  sets. 

Although  a  separate  reactance  is  not  used  in  the 
welding  circuit,  the  series  winding  of  the  solenoid 
which  adjusts  the  carbon  pile  for  current  changes  does 
supply  the  necessary  reactance  for  stabilizing.  It  will 
be  found  that  without  this  added  reactance  proper 
welding  could  not  be  done  at  35  volts.  The  action  of 
the  solenoid  regulating  the  carbon  pile  is  as  follows: 

The  welding  curi-ent  passing  through  the  carbon  pile 
and  the  solenoid  winding  when  the  arc  is  struck, 
creates  a  pull  upward  on  the  solenoid  plunger.  This 
slackens  up  the  pressure  on  the  carbon  pile  and  allows 
it  to  expand,  thus  increasing  the  resistance  in  series 


witii  the  arc,  and  prevents  tw)  high  a  rise  of  current 
at  the  moment  the  arc  is  struck.  Ah  the  current 
thus  tends  to  decrea.se,  the  amount  of  pull  upward  on 
the  solenoid  plunger  likewise  decrea.ses,  which  allows 
the  springs  actinp  against  the  pull  of  this  solenoid 
to  apain  recompre.ss  the  carl)on  pile,  and  cau.ses  the 
current  to  increase.  The  resultant  forces  between  the 
sprinp  compression  on  the  carbons  and  the  pull  upward 
on  the  solenoid,  as  well  as  the  heating  up  of  the  car- 
bons, determines  the  final  amount  of  compression  of  the 
pile,  the  resistance  of  same  and  final  current.  In  the 
older  type  of  panel  this  sprinp  adjustment  was  made 
variable  by  the  u.se  of  a  small  motor  operating  through 
pearing  and  controlled  by  the  operator  with  a  pu.sh 
button  and  separate  wiring.  On  the  latest  type  of 
panel  the  solenoid  is  the  only  means  of  automatic  adjust- 
ment of  the  welding  current  while  operating. 

A  wiring  diagram  of  tlje  Lincoln  Bonding  Co.'g 
dynamotor  type  of  welding  generator  operating  at  about 
50  to  55  volts  con.stant  potential  is  given  in  Fig.  4. 
Its  main  advantages  over  the  motor-generator  type 
are  that  it  is  extremely  light  and,  therefore,  particularly 
adapted  for  portable  use,  and  it  can  be  easily  let  down 
through  small  hatchways  and  carried  about  by  two  men. 
The  over-all  efficiency  of  this  type  of  machine  is  also 
higher  than  that  of  the  constant-potential  motor- 
generator  type  of  the  same  voltage  rating.  When 
operating  under  the  .same  conditions  as  a  motor- 
generator  set,  the  efficiency  of  power  input  to  total 
energy  delivered  to  the  arc  would  be  approximately  15 
to  20  per  cent  higher.  The  reactance  coil  or  stabilizer 
on  this  machine  is  constructed  so  as  to  have  two  inde- 
pendent windings,  and  so  connected  to  a  double-pole, 
double-throw  switch  that  when  using  low  welding  cur- 
rents the  coils  are  connected  in  .series,  giving  high 
reactance,  and  when  using  the  heavier  welding  currents 
the  coils  are  connected  in  parallel,  giving  low  reactance. 
This  varying  of  the  reactance  has  been  found  to  be 
very  advantageous,  as  it  is  especially  desirable  to  have 
high  reactance  values  with  low  welding  currents,  so 
that  the  arc  can  be  easily  maintained  stable,  and  high 
reactance  values  are  not  necessary  with  the  higher 
welding  currents,  as  they  allow  too  long  an  arc  length 
with  careless  operators.  The  two  armature  windings  on 
this  machine  are  independent  of  each  other,  therefore 
its  operation  does  not  affect  the  supply  circuit  from 
which  it  is  taken,  as  some  other  forms  of  dynamotors 
or  balancers  would.  It  has  an  accumulative  wound  field 
in  series  with  the  main-line  current,  which  maintains 
practically  constant  voltage  on  the  generator  end  with 
various  loads,  the  shunt  field  being  connected  directly 
across  the  low-voltage  armature  without  any  rheostat 
in  circuit.  Experience  has  shown  that  good  welding 
can  be  done  with  this  machine  with  current  ranging 
from  approximately  100  to  225  amperes. 

(In  the  next  article  of  this  series,  loiring  diagrams 
of  various  types  of  so-called  constant-current  welding^ 
machines  iciU  he  given  and  the  operation  of  the 
chines  explained.  Comparisons  will  be  made  of  the  dif 
ferent  methods  of  control.) 

A  Correction 

The   article    on    "Circumferential   Cracks    in    Cranl 
shafts"  published  on  page  45  of  the  Juiy  13,  1920,  issi 
of  Poiver,  under  the  signature  of  John  F.  Whitney,  wa 
contributed  by  John  F.  Whiteley,  to  whom  it  should  hav| 
been  credited. 
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Care  and  Maintenance  of  Fire-Prevention 

Systems — II 

By  C.  H.  JENKINS 

Superintendent  of   Surveys,   the    Underwriter.;'    Bureau,    .Middle   and    Southern    States 
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A  CONNECTION  from  the  city  water  supply,  where 

Za  it  can  be  u.sed,  makes  a  good  source.  The  capac- 
1.  X  ity  is  unlimited,  and  if  the  pressure  is  good  the 
combination  is  desirable.  Where  in  use,  the  pressure 
should  be  watched  and  at  regular  intei^vals  drain-valve 
flowing  tests  made.  With  the  drain  valve  wide  open 
and  a  full  2-in.  stream  flowing,  the  pressure  should 
not  drop  many  pounds.  An  excessive  drop  indicates 
that  something  is  wrong  somewhere  and  should  be  fol- 
lowed up  until  found.  Ordinarily,  a  drop  of  10  to  20 
lb,  with  an  initial  pressure  of  60  to  70  lb.  is  not  exces- 
sive. The  gravity  tank.  Fig.  1,  is 
considered  one  of  the  most  reli- 
able sources  of  supply.  One  ad- 
vantage is  that,  unlike  a  city 
water  connection  or  a  pump,  it  is 
not  dependent  upon  other  appar- 
atus for  operation  and  is  entirely 
under  the  control  of  the  property 
owner.  There  are  two  features  of  main- 
tenance which  stand  out  as  needing  the 
most  attention  and  giving  the  most 
trouble:  If  not  properly  watched,  the 
water  will  get  low  or  leak  out  entirely ; 
the  water  easily  freezes  in  cold  weather 
if  not  kept  warm. 

The  present  method  of  filling  tanks 
is  to  fill  them  through  the  main  6-in,  or 
8-in.  down  pipe.  By  doing  this,  the 
water  goes  in  at  the  bottom  and  a  clear 
waterway  through  the  pipe  and  tank  is 
assured.  This  is  arranged  for  by  plac- 
ing a  bypass  around  the  check  in  the 
connection  from  the  tank  with  a  valve 
in  it.  By  opening  the  valve,  water  can 
be  forced  around  the  check  up  into  the 
tank. 

If  no  high-pressure  supply  is  con- 
nected to  the  system,  it  becomes  nece^^- 
sary  to  install  a  special  filling 
pump  and  connection.  Water 
should  be  run  into  the  tank  at 
least  once  a  week  until  it  over- 
flows. The  overflow  should  be 
piped  to  a  place  where  the  water 
can  be  seen  when  it  comes  out. 
Though  this  is  done,  the  tank 
should    be    climbed    occasionally 

and  examined,  A  case  comes  to  mind  where  a  tank 
showed  full  by  an  overflow  test  after  the  filling  pipe  had 
been  opened  only  a  few  seconds.  Upon  examination,  how- 
ever, it  was  found  that  the  tank  was  nearly  empty.  At 
some  previous  time,  when  it  was  full,  two  inches  of  ice 
had  formed  on  top  of  the  water.  The  filling  pipe  in  this 
case  was  a  separate  pipe  and  fed  in  at  the  top.  Each 
time  the  tank  was  overflowed,  the  water  was  simply 
poured  in  on  top  of  the  ice  and  in  a  short  time  ran 
out  of  the  overflow.  The  main  body  of  water,  through 
evaporation  and  leakage,  became  lower  and  lower.     No 


W7m/. 


one  knew  what  was  happening.    An  examination  of  the 
tank  disclosed  the  condition. 

Hoops  are  often  found  broken  or  giving  way.  In 
cue  case,  a  new  wooden  tank,  three  hoops  near  the 
bottom  were  found  broken,  leaving  the  tank  in  a  rather 
dangerous  condition.  They  had  evidently  been  drawn 
up  too  tight  while  the  tank  was  dry,  and  when  water 
was  turned  in  the  wood  swelled,  putting  too  much  strain 
on  them.  For  safety,  if  for  no  other  reason,  frequent 
examinations  should  be  made. 

The  heating  apparatus  often  gives  trouble.  A  heavy 
layer  of  ice  on  top  of  a  tank  will 
at  least  impede  the  flow  of  water 
from  it.  It  is  probably  a  fact 
that  a,  vacuum  high  enough  to 
prevent  water  flowing  out  could 
not  be  obtained.  Enough  vacuum 
could  probably  exist  to  make  the 
flow  pulsating  and  uncertain  and 
destroy  the  constant,  steady  pres- 
sure so  desirable  in  fire-protec- 
tion work.  At  any  rate  such  a 
condition  .should  not  be  allowed. 
The  old-style  heating  arrange- 
ment was  to  carry  a  live-steam 
pipe  up  over  the  edge  and  into 
the  tank.  ,  In  cold  weather  live 
steam  was  occasionally  turned 
into  it  and  the  water  warmed. 
The  sketch  .shows  a  brass  coil  set 
in  the  tank;  this  arrangement  is 
better.  The  steam-feed  line  is 
carried  up  through  the  tank, 
sometimes  through  an  air  jacket 
formed  by  a  2-in.  pipe  made 
tight  to  the  floor  of  the  tank. 
This  jacket  prevents  the  steam 
from  condensing  too  quickly, 
mo.st  of  the  condensation  being 
formed  when  the  steam  reaches 
the  down  pipe  or  coil.  This  ar- 
rangement usually  gives  good 
results. 

A  much  better  method  of  heat- 
ing, especially  on  tanks  of  moder- 
ate size,  is  the  hot-water,  circula- 
ting heater.  It  is  shown  in  Fig. 
2.  It  is  only  a  small  hot-water 
heater,  the  water  warmed  by  a  steam  coil.  It  can  be 
placed  in  a  small  shed  under  the  tank  trestle  or  in  a 
building,  but  it  .should  be  located  near  the  tank  drop 
pipe.  The  inlet  to  the  heater  is  taken  from  the  6-in. 
or  8-in,  drop  main  from  the  tank.  The  outlet  runs 
through  a  separate  pipe  directly  into  the  tank  and  has 
several  outlets  at  different  levels.  As  the  water  warms 
in  the  heater,  it  naturally  rises  to  the  tank  and  cooler 
water  is  drawn  to  the  heater  from  the  drop  pipe. 
This  forms  a  circulation  of  warm  water  through  tank 
and  drop  pipe.    The  heater  can  be  turned  on  when  cold 
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weather  sets  in  and  left  on  all  winter.  It  must  l)c 
examineti  ooca.sionaiiy  to  sec  that  it  i8  wori<inff  riKht. 
Sometimes  the  trap  does  not  rarry  o(T  condensation  fronj 
the  steam  coil  and  it  becomes  cold,  or  a  valve  may 
unaccountably  become  closed.  With  a  moderate  amount 
of  attention  they  will  not  Rive  much  trouble. 


Connection  from 
Main  Tank  Down  Pipe 


FIG.  2.     Tn\S  TYPE  OF  HE.\TER   IS  BETTER  THAN  THAT 
SHOWN  IX  FIG.  1 

In  moderate  climates  cypress  or  cedar  makes  the  best 
tanks.  If  good  spruce  lumber  free  from  knots  can 
be  obtained,  it  makes  a  good  tank.  In  severely  cold 
climates  cypi'ess  does  not  seem  to  last.  Tanks  will  last 
longer  if  not  painted.  There 
is,  however,  usually  a  desire 
to  improve  their  appearance 
or  to  use  them  for  signs.  A 
moderate  amount  of  paint 
on  the  outside  does  no  par- 
ticular harm,  but  they  should 
not  be  painted  inside.  Steel 
tanks  are  being  widely  used, 
especially  for  the  larger 
sizes.  These  should  be  kept 
well  painted  both  inside  and 
out.  This  is  especially  neces- 
sai-y  if  they  are  near  sea 
w-ater  or  axposed  to  steam 
exhausts.  Steel  trestles  or 
supports  need  the  same  at- 
tention. 

Tanks  should  be  cleaned 
out  occasionally,  as  there  is 
sediment  in  most  water 
which  forms  an  appreciable 

deposit  after  several  years.  It  is  a  good  plan  to  have  a 
telltale  or  indicator  on  the  tank  so  that  if  anything  goes 
wrong  the  height  of  water  will  be  noticed  at  once.  Do 
not  place  too  much  reliance  on  such  a  device.  It  should 
not  be  made  the  excuse  for  omitting  a  frequent  exam- 
ination. Often  they  get  struck  or  do  not  work  properly. 
Many  little  things,  such  as  a  drain  valve  not  tightly 
closed,  may  empty  a  tank. 

The  pressure  tank.  Fig.  3,  is  a  cylindrical  steel  tank 
made  of  boiler  plate  riveted.  Two-thirds  of  the  tank 
is  filled  with  water  and  the  other  third  with  air  under 
pressure;  the  usual  pressure  maintained  is  75  lb.  With 
a  tank  properly  made  and  installed,  it  should  not  be 
necessary  to  pump  air  pressure  more  than  once  or  twice 


a  month.  There  are  only  two  .serious  thing.s  that  ar 
likely  to  happen:  An  air  leak  may  occur,  or  water  majl 
leak  out  somewhere  through  the  .system.  On  account  ol 
the  rather  hi^rh  pressure  a  careful  watch  must  be  main! 
tained.  A  small  air  leak  will  let  the  pressure  down  ove| 
iiJKht.  The  air  Ka^e  should  be  watched  and  the  wat 
level  fre(iuenlly  tested.  The  l)est  plan  is  to  visit  th^ 
tank  once  a  day.  Ordinarily,  it  will  be  found  all  right 
but  if  anything  does  go  wrong  the  device  gets  out 
.service  quickly. 

On  most  gage  glasses,  for  the  purpose  of  testing  thel 
water  level,  there  are  two  small  valves,  one  at  the  bot-l 
lom  and  one  at  the  top  of  the  glass,  and  two  globo] 
valves  in  each  connection  top  and  bottom.  It  is  better! 
to  open  the  two  small  valves  and  leave  them  open,  using] 
the  globe  valves  for  testing.  The  small  valves  usually 
operate  hard  and  begin  to  leak  after  a  short  time.  Water  j 
should  not  be  left  in  the  gage  glass.  After  testing  the| 
water  level  by  opening  the  two  globe  valves,  they  should] 
both  be  closed  and  the  water  drawn  out  of  the  glass! 
by  opening  the  small  cock  at  the  bottom.  In  testing,! 
open  the  top  valve  first,  letting  air  pressure  into  the| 
glass. 

Tanks  should  be  kept  painted  with  a  good  grade  ofj 
lead  paint  both  inside  and  out.  If  the  water  contains! 
sediment,  clean  out  the  tank  once  in  five  or  six  years. 

The  Fire  Pump  Needs  Only  Ordinary  Care 

Some  engineers  and  mechanics  look  with  more  or  less! 
distrust  upon  the  fire  pump.  To  be  sure,  they  are  not 
the    well-adjusted,    smooth-moving    machine    that    the 

Filling  Lin^- 
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FIG.   3.      THE  PRESSURE  TAXK  AS   COX  XECTBD  TO   THE    SPRIXKLER   SYSTEM 


steam  engine  is,  but  they  are  substantial  and  well  built.; 
It  is  all  right,  if  necessary,  to  turn  steam  directly  into! 
a  cold  pump  of  the  modern  fire-pump  type.  For  tests! 
it  is  not  recommended,  but  they  are  built  to  stand  it! 
if  needed  on  short  notice.  They  need  only  ordinary! 
care.  They  should  be  turned  over  once  a  week  and! 
occasionally,  say  three  or  four  times  a  year,  nin  to  pumpj 
water.  They  should  be  given  oil  frequently  in  all  the] 
working  parts  and  a  liberal  supply  of  oil  kept  near-by. 
Look  over  the  nuts  and  pins  occasionally  and  see  that! 
they  are  properly  adjusted.  One  loose  key  in  the  valvel 
motion  or  rocker  shaft  may  stop  the  pump  when  it  isj 
badly  needed.  Keep  the  packing  at  the  piston  rods! 
fresh  and  in  good  condition.     Always  keep  boiler  steam^ 
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LIST  OF  VALVES 

NOTE. — All  gate  valves  to  be  secured  open  with  leather  straps  fastened  with  padlocks  riveted  or  sealed.  Padlocks,  if 
used,  to  have  common  keys  held  by  responsible  parties.  Kach  valve  to  be  inspected  by  turning  valve  one-half  turn  to  insure 
Its  being  wide  open  and   in  good   working  order.      Drain  valves  to  be  strapped  dosed   in  a  similar  manner. 

No.  1.     Location Open Secured 

No.  2.     Location Open Secured 

No.  3.     Location Open Secured 

No.  4.     Location Open Secured 

COLD  WEATHER  VALVES 

NOTE. — These  control  sprinklers  in  places  which  are  cold  in  wintir.  In  cold  weather  they  must  be  kept  shut  (entry- 
ways,  vestibules,  etc. ) 

No.  5.     Location Open Secured 

No.  6.     Location Open Secured 

OUTSIDE  VALVES 

NOTE. — All  post  indicating  gate  valves  to  be  fitted  with  handw'heel  or  socket  wrench  permanently  secured  to  spindle. 
To  be  secured  and  inspected  in  the  same  way  as  inside  valves. 

No.  7.     Location Open Secured 

No.  8.     Location Open Secured 

No.  9.     Location Open Secured 

Give  numbers  of  any  valves  found  closed,  part  closed,    not   strapped 

Cause  for  condition  found  in? 

DRY  SYSTEMS  (Air  valves) 

No.  1.     Location Alarm  conn,   in  order? Air  pressure Condition 

No.  2.     Location Alarm  conn,  in  order? Air  pressure Condition 

No.  3.     Location Alarm  conn,   in  order? Air  pressure Condition 

Give  number  of  any  air  system  not  found  in  good  order Cause  for  condition 

ALARM  VALVES 

No.  1.     Location Cock  open Strapped Tested In  order 

No.  2.     Location Cock  open Strapped Tested In  order 

No.  3.     Location Cock  open Strapped Tested In  order 

Give  numbers  of  any  alarm  devices  out  of  service . Cause 

GRAVITY    TANK  Full? Contents  frozen? Telltale  in  order? 

PRESSURE    TAx^JK  Water  level? Air  Pressure? 

STEAM  PUMP 

NOTE. — Pumps  should  be  given  a  thorough  test  with  rated  number  of  hose  streams  at  least  twice  a  year,  spring  and 
fall.  They  should  be  started  once  a  week  and  water  discharged  through  relief  valve  or  otherwise  to  make  certain  pump 
is  in  order. 

Valves  in  steam  connection  from  boilers  to  pump  wide  open. 

Minimum  steam   pressure  for  pump   should  be  50   lb. 

Tested  through hose  streams.         Condition Supply  of  oil  on  hand 

ELECTRIC  PUMP 

NOTE. — Pumps  should  be  given  a  thorough  test  with  rated  number  of  hose  streams  at  least  twice  a  year,  spring  and 
fall.  They  should  be  started  once  a  week  and  water  discharged  through  relief  valve  or  otherwise  to  make  certain  pump 
Is  in  order. 

Any  interruptions  of  current  supply Condition  of  contact  points  on  all  switches 

Automatic  controller  in  order  ? Pressure  maintained  ?    

AUTOMATIC  SPRINKLERS 

Any  corroded,  bent,  whitewashed,  gilded  or  painted,  covered  with  dirt  or  grease,  obstructed  by  clothing, 
partitions,    shaft   hangers  ? , 

Is  there  a  clear  space  of  at  least  two  feet  below  level  of  sprinklers,  free  from  stored  goods  or  other 
obstruction  ?   

Note  any  exceptions. 

IF  DESIRED,  OTHER  GENERAL  CONDITIONS  CAN  BE  ADDED  AS  FOLLOWS: 
INSIDE  STANDPIPE  AND  HOSE 

Water  on  pipe  ? Hose  attached  ? Hose    in    good    order? 

Nozzles  attached  to  hose Spanners  handy? 

FIRE  PAILS  In    place? Full? 

CHEMICAL  EXTINGUISHERS 

NOTE. — These  should  be  used  and  recharged  at  least  oncta  year. 

In  place  ? Date  tested  and  charged  ?  .  .  . 

FIRE  DOORS 

Closed  and  fastened  nights,  Sundays  and  holidays   and  all  times  when  not  in  use  ? 

Will  all  fire-doors  close  easily ? Note  any  fire-doors  in  need  of  repairs 

Automatic  attachments  in  order  ? 

SHUTTERS 

Closed  and  fastened  nights,  Sundays  and  holidays   and  all  times  when  not  in  use? 

Will   all   shutters   close  easily? Note   any  shutters  in  need  of  repairs 

HYDRANTS  AND  HYDRANT  HOUSES 

NOTE. — Each  hydrant  should  be  given  a  thorough  test  by  flushing  at  least  twice  a  year,  spring  and  fall.  One  turn  to 
open  should  be  sufficient  at  other  inspections. 

Hydrants  open  easily? Free  from  snow  or  ice  and  easily  accessible? 

HOSE,  PLAY  PIPES  AND  SPANNERS 

In  their  proper  place  and  ready  for  use  ?    Condition  ?     

(Each  hose  house  can  be  numbered  and  reported  upon  separately.) 
ELEVATOR  AND  STAIR  DOORS  OR  TRAPS 

In  order  and  kept  closed  when  not  in  use. 

Note  any  exception Condition  of  latches  or  other  hardware 

CLEANLINESS 

Oily  waste  well  cared  for? Basements  clean  ? Yard  kept  free  from  combustible  material? 

Belt   inclosures   clean? Clothes   closets   and  water  closets  clean? Shafting  and  bearings  well 

cared  for? Clean  under  benches? Note  any  suggestions  as  to  possible  improvements  in  cleanliness. 

Date    Signed    
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pressure  riKht  up  to  the  throttle  viilvo  of  the  piiinp- 
Af*  nil  auxiliary  supply  a  tin-engine  loiuieelioii  is 
usually  attached  to  the  supply  Hues  at  the  street  level. 
This  is  a  J-iu.  pi|)e  with  a  cheek  valve  against  the  other 
supplies  and  two  hose  connections  on  the  outside  to 
which  the  tire  department  can  connect  its  hose  lines  and 
pump  into  the  sprinklers.  These  need  little  attention, 
except  that  in  .some  localities  it  is  difflcult  to  keep  the 
brass  caps  on  the  outlets.  When  the  caps  are  off.  it 
seems  to  be  a  favorite  diversion  for  children  to  drop 
stones  and  other  things  down  the  pipes.  Of  course  these 
mav  stop  up  the  waterway.  Cast  or  malleable  iron  caps 
can  be  used,  as  they  have  no  value  as  junk  and  will 
probably  be  left  in  place.  Water  may  sometimes  leak  past 
the  check  valve  and  jret  up  into  the  connection.  In  cold 
weather  it  will  freeze.  On  all  such  connections  there 
should  be  a  drip  cock  which  can  be  tested  occasionally. 

Care  of  the  Valves 
The  valves  are  one  of  the  most  important  parts  of 
a  fire-protection  system.  If  one  is  shut,  water  cannot 
tret  through  to  the  .sprinklers.  Fig.  4  shows  a  com- 
mon type  of  valve  used  on  these  systems.  One  advan- 
tage of  this  valve  is  that  it  indicates  plainly  whether 
it  is  open  or  shut.  As  shown,  it  is  open.  When  being 
closed  the  stem  moves,  in,  and  when  the  valve  is  shut 
the  end  of  the  threaded  stem  is  about  level  with  the 
top  of  the  yoke.  When  open,  the  stem  projects  out 
beyond  the  yoke  a  distance  equal  to  about  the  diameter 
of  the  pipe.  . 

To    avoid    having   valves    operated    by    ignorant    or 
unauthorized  persons,  it  is  a  good 
plan  to  seal  or  strap  them  open. 
This   can   be   done  by   passing  a 
light    leather    strap    through    the 
wheel,  around  the  yoke  and  then 
riveting  the  ends  together.  In  case 
of  emergency  the  strap  can  be  cut 
with  a  pocket  knife.   Instead  of  a 
strap  a  wire  can  be  used  and  the 
ends  fastened  together  with  a  seal. 
There  are  on  the  market  some  pat- 
ented seals  which  cannot  be  used 
again  if  once  fastened  on  the  wire. 
An  ordinary  freight-car  seal  can 
be    used.     The    wire,    of    course, 
should  not  be  so  heavy  that  it  can- 
not be  broken  in  a  hurry.     Some- 
times   straps    and    padlocks    are 
used,  and  the  keys  left  in  charge 
of  several   reliable  persons.     The 
idea  is  not  to  fasten  them  securely, 
but  rather  that  when  a  person  sees 
a  valve  sealed  in  a  certain  way  he 
will  know^  that   it  should  be  left 
alone  and  will  not  tamper  with  it. 
It  is  a  good  plan  to  have  on  the 
sealing  device  a  tag  with  a  state- 
"     ment  printed  on  it  that  the  valve 
is  to  be  kept  open. 

In  some  establishments  the 
valves  are  numbered,  and  in  the 
office  of  the  master  mechanic  or 
superintendent  there  is  a  row  of 
pegs  numbered  to  correspond,  one 
for  each  valve.  If  it  is  necessary 
to  close  a  valve,  the  tag,  when  re- 


moved, is  hung  on  the  peg  with  the  correH|)onding  num- 
ber and  stays  there  in  plain  sight  until  a  new  t;ir  i^ 
given  out  and  the  valve  iept)rted  open  and  .sealed.  I  he 
old  tag  can  then  be  tiled  away  or  destroyed.  Thi- 
tem  prevents  the  valve  being  left  shut  after  the  m  •  n 
have  finished  working  on  the  piping. 

It  may  seem  from  the  foregoing  remarks  that  it 
re(|uires  a  good  deal  of  detailed  inspection  work  to  take 
care  of  a  fire-protection  system.  But  this  is  not  so  once 
the  .system  is  thoroughly  understood.  All  necessary 
examinations  can  be  made  in  one  trip  over  the  premises. 
Remember  that  thousands  of  dollars  worth  of  property 
may  be  dependent,  in  ca.se  of  fire,  upon  the  fire-protec- 
tion .system. 

Complete  inspections  should  be  made  once  a  week.  In 
doing  this  it  is  a  great  help  to  have  an  inspection  blank 
or  form  to  follow.  With  the  different  appliances  all 
noted  in  order,  nothing  will  be  mi.s.sed  and  no  time  will 
be  lost  in  thinking  about  what  to  take  up  next.  On 
page  215  is  a  general  form  suggesting  a  possible 
in.spection  blank.  As  shown,  it  deals  with  all  the  appa- 
ratus which  could  be  u.sed.  In  plants  where  there  are 
no  dry  valves,  alarm  valves,  or  other  such  devices,  the 
parts  referring  to  them  may  be  omitted.  From  this 
form  a  blank  can  be  made  up  to  suit  any  individual 
property  and  copies  made  for  the  mechanical  man  in 
charge. 

I  In  many,  if  not  most,  factories  the  chief  engineer  of 
the  power  plant  is  also  factory  fire  chief.  The  respon- 
sibility is  no  light  one,  even  though  state  and  municipal 
departments  usually  specify  equipment  and  recommend 
procedure  as  to  drills,  construc- 
tions, exits,  etc.  The  sprinkler 
system  is  the  first  aid  source  in 
case  of  fire,  and  to  make  pay  the 
large  investment  which  it  consti- 
_^  tutes,  must  be  ready  to  function  in 

'L  i^^-^^  all  its  parts  at  any  time  or  season. 
oicife  seaieoi  Obviously,  the  chief  engineer  can- 
not personally  attend  to  all  the 
details;  he  must  therefore  select 
with  consideration  the  subordi- 
nates with  whom  he  shall  share 
the  responsibility.  Power  encour- 
ages its  readers  to  pass  this  copy 
around  to  the  men  in  the  plant 
who  have  to  do  or  may  have  to  do 
with  the  sprinkler  system,  that 
they  also  may  have  the  advantage 
of  reading  such  a  practical  article 
on  a  subject  about  which  so  little 
is  written  from  the  point  of 
view  of  the  power-plant  man. — 
Editor.] 


open 


FIG.  4.  THE  VALVE  OPENED  AND  SEALED 


W.  A.  White,  inventor  of  the 
low-pressure  oil-feeding  apparatus 
with  which  the  White  Star  liner 
"Olympic"  is  equipped,  offered  to 
recondition  the  "Leviathan"  and 
convert  her  into  an  oil  burner  for 
$10,000,000.  He  says  there  is  one 
feeder  the  size  of  a  pinhole  for 
each  of  the  150  fires  on  the 
"Olympic,"  and  fuel  is  sprayed  by 
powerful  fans  after  is  has  been 
heated  to  180  degrees. 
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Effecting  Efficient  Operating  Methods  in 
Hydro-Electric  Plants 

The  Result  of  Long  Experience  in  a  Number  of  Different  Hydro-Electric  Stations 
Located  in  Various  Parts  of  the  Country 

By  L.  W.  WYSS 

Cliief  Operator,   Twin   Falls   Station,   Peninsula  Power  Company,   Iron    Mountain,   Michigan 


STREAM  flow,  load 
conditions,  and  reser- 
voir capacity,  to- 
gether with  other  condi- 
tions, have  an  important 
bearing  on  the  operation 
of  hydro-electric  stations. 
Operators  must  meet  ever- 
changing  conditions,  se- 
lecting from  day  to  day 
operating  methods  that 
will  be  of  benefit  to  the 
system  as  a  whole.  There 
are,  of  course,  many  hydro 
plants  where  an  expendi- 
ture for  improvements 
would  result  in  more  effi- 
cient operation.  However,  the  following  methods  may 
receive  special  considerations,  as  most  of  them  do  not 
call  for  any  expenditure,  but  only  operating  vigilance. 

Because  of  correct  design  backed  by  experience,  the 
safety  of  modern  concrete  dams  is  not  jeopardized  by 


When  advantage  is  talcen 
of  storage  water  during 
low  river  flow  and  more 
than  one  reservoir  is  avail- 
able, it  may  or  may  not 
be  advisable  to  draw  them 
proportionately.  This  mat- 
ter should  receive  careful 
consideration.  In  the  case 
of  two  plants  of  about  the 
same  capacity  and  eff'ec- 
tive  heads,  one  may  have 
double  the  storage  of  the 
other;  this  larger  reser- 
voir is  the  logical  one  to 
use  storage  water  from, 
as  a  given  amount  of  stor- 
age used  will  lower  the  larger  pond  only  half  as  much 
as  it  would  the  smaller  one. 

If  the  dams  were  34  ft.  high  and  the  smaller  pond 
were  drawn  4  ft.,  the  station  output  would  be  curtailed 
approximately  12  to  15  per  cent,  while  using  the  same 


TWIN    F.\LL8    STATION,    PENINSULAR   POWER    COMPANY, 
IRON    MOUNTAIN,    MICH. 


carrying  a  higher  headwater  elevation   than   designed  amount  of  water  through  the  turbines  as  with  a  full 

for.      In    view    of    this,    when    the    station    operators  head.     Using  the  same  amount  of  storage  water  from 

anticipate  low  water,   every  possible   inch   of   storage  the  larger  pond  would  pull  the  head  only  two  feet,  while 

should  be  obtained  consistent  with  local  conditions.    The  the  load  would  be  curtailed  only  about  6  to  7  per  cent, 

water  may  run  over  the  top  of  flash  boards  or  gates  in  using  the  same  amount  of  water  through  the  turbines 

such  cases,  but  the  extra  storage  may  represent  several  as  with  a  full  head, 

tons    of    coal,    which    justifies    breaking    established  When  two  or  more  hydro  stations  are  operating  on 


precedents. 


Use  of  Storage  Reservoir 


Even  though  the  pondage  is  not  large  enough  for 
seasonal  storage,  advantage  can  be  taken  of  its  limited 
capacity  by  loading  the  plant  to  lower  the  headwater 
in  anticipation  of  spring  floods  or  freshets,  as  well  as 


the  same  river,  consideration  should  be  given  to  the 
fact  that  any  plant  will  receive  the  benefit  of  all  storage 
reservoirs  upstream.  Before  starting  any  additional 
or  auxiliary  steam  equipment  during  low-water  periods, 
it  is  well  to  analyze  the  situation  thoroughly.  Such 
analysis  will  often  show  that  the  water  situation  is  not 
as  seriously  unfavorable  as   it  appears,  therefore,  the 


for  light-load  periods  which  may  exist  each  day  from     extra  steam  equipment  will  remain  idle  and  the  hydro 


midnight  until  morning  or  on  Sundays  and  holidays. 

When  work  is  done  on  a  transmission  line  or  any 
plant  equipment  which  will  curtail  the  station  load,  the 
pond  should  also  be  pulled  to  avoid  wasting  water  if 
the  total  river  flow  is  used. 

Avoiding  High  Tail  Water 

At  some  plants  during  high-water  periods  the  high 
tail  water  may  curtail  the  station  output.  In  such  cases 
advantage  may  be  taken  of  the  light-load  periods  when 
full  load  cannot  be  obtained  for  the  plant  to  waste  all 
or  part  of  the  excess  water.  To  accomplish  this  the 
headwater  elevation  is  lowered  during  light  loads  and 
regained  during  the  time  that  full  load  is  available  at 
the  plant.  To  do  this  to  advantage,  the  benefits  derived 
from  the  lowered  tail  water  must  off'set  the  disadvan- 


plants  have  a  chance  of  pulling  through  the  drought 
without  help. 

Value  of  Co-Operation 

Co-operation  of  power-plant  operators  along  a  stream 
is  beneficial  even  though  the  ownership  of  plants  is  not 
allied.  The  upstream  plant  with  reservoir  can,  of 
course,  take  every  benefit  by  using  the  water  to 
best  advantage  unless  compelled  to  give  a  certain  steady 
flow  for  the  downstream  interests.  Too  often  the  latter 
plant  owners  demand  river  run,  thus  working  a  hard- 
ship on  the  upstream  plant.  An  investigation  may 
prove  in  some  cases  that  steady  river  run  from  the 
upstream  plant  is  not  as  beneficial  for  the  downstream 
plant  as  co-operation  with  a  view  to  handling  the  river 
flow  for  the  mutual  interests  of  all  water  users  on  the 


tage  of  low  headwater,  consequently  plants  with  large     river. 

reservoirs  wilbbe  best  adapted  to  this  method  of  increas-         When  a  power  system  is  operating  two  or  more  plants 

ing  the  output  while  all  turbine  gates  are  wide  open,     and  is  required  to  discharge  river  run  for  other  inter- 
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e.sts  from  a  ccM'taiii  i)lanl,  wliii'li  is  usually  the  dowu- 
stream  j)laiit,  the  river  How  shouul  be  estimated  and 
the  operators  at  this  i)lant  given  the  authority  to 
manipulate  their  ^rovernora  to  carry  a  steady  load  while 
the  other  plants  hold  the  speed  normal  and  take  the 
major  variations  in  load.  This  does  not  mean  that  the 
governors  at  the  "river  run"  station  fail  to  function  ao 
as  to  take  care  of  load  swings  due  to  such  fluctuating' 
loads  as  railways,  mine  hoists,  etc.,  but  that  a  nearly 
constant  hourly  load  be  carried  without  the  usual  light- 
load  jieriods  which  occur  on  most  sy.stema  for  a  few 
hours  at  a  time  during  weekdays,  Sundays  and  holidays. 
The  downstream  plants  may  receive  the  following 
benefits  from  the  upstream  plant:  (1)  Benefit  of 
upstream  storage  reservoir,  giving  more  steady  river 
flow  throughout  the  year.  (2)  The  upstream  plant 
may  hold  water  back  every  Sunday  or  on  holidays  which 
the  downstream  u.ser  might  have  to  waste  owing  to  light 
load.  This  water  can  then  be  u.sed  to  advantage  during 
the  working  days.  (3)  When  repairs  are  made  to  dams, 
gates,  etc.,  the  downstream  plant  may  be  aided  by  the 
upstream  plant  holding  water  back.  (4)  The  upstream 
plant  with  reservoir  capacity  may  be  able  to  take  the 
high  peak  out  of  a  large  flood  which  might  in  extreme 
cases  prevent  wrecking  a  defective  downstream  dam. 
The  upstream  plant  can  only  receive  concessions  regard- 
ing the  deviation  of  natural  river  flow,  but  this  devia- 
tion may  prove  valuable. 

Removing  the  Hazard  of  Carrying  a  Full  Head 
IN  Winter 

It  is  often  necessary  to  keep  the  headwater  eleva- 
tion low  during  the  severe  winter  months  because  all 
the  waste  gates  are  frozen  fast,  and  it  would  take  con- 
siderable time  to  chop  them  loose  in  the  event  of  losing 
the  load  due  to  transmission-line  failure.  If  the  total 
river  flowage  is  used,  it  will  pay  to  avoid  running  with 
this  low  ineffective  head  by  using  one  of  the  following 
methods  of  keeping  gates  free.  (1)  Employing  one  or 
more  men  to  keep  gates  free;  (2)  use  of  steam  or 
electric  heating  equipment;  (3)  use  of  compressed  air 
to  keep  water  bubbling  and  circulate  the  warmer  water 
to  the  surface  to  prevent  freezing;  (4)  circulating 
•water  with  pump  from  the  bottom  of  the  dam  to  the 
surface. 

Other  means  of  wasting  water  in  emergencies  are 
to  block  the  generators  to  prevent  rotation  while  water 
is  wasted  through  the  turbine  gates,  or  to  use  a  water 
rheostat   to   load   the   generators,   thus  wasting   water. 

Preventing  Ice  Troubles 

It  has  been  found  advisable  at  some  hydro-electric 
plants  troubled  with  anchor  and  frazil  ice  to  shut  down 
partly  or  completely  to  allow  the  intake  channel  to  freeze 
over  with  ice,  thus  avoiding  further  troubles  for  the 
rest  of  the  winter,  as  anchor  and  frazil  ice  do  not  form 
under  an  ice  cover. 

When  protection  cannot  be  obtained  in  this  way,  it 
may  be  necessary  to  remove  the  trash  racks  to  operate 
at  all  when  frazil  ice  is  forming.  The  operating  results 
of  turbines  .should  then  be  watched,  and  as  soon  as  one 
is  materially  affected  with  clogging  ice  it  should  be 
taken  out  of  service,  the  head  gate  closed  and  the  tur- 
bine thawed  out  with  steam.  It  will  then  be  available 
for  operation,  after  which  another  can  be  thawed  out. 

When  troubled  with  frazil  ice,  it  is  a  good  idea  to 
sjither  have  the  racks  totally  submerged   in  the  water 


Of,  in  case  they  jiroject,  have  the  surrounding  air  healed,    ' 
us  either  of  these  will  help  prevent  the  ice  from  Btick- 
ing  to  the  racks. 

The  most  unfavorable  conditions  result  from  allowing    I 
trash  racks  to  become  so  badly  clogged  that  the  eleva-    I 
tion  of  the  water  is  lower  inside  the  racks  than  outside.    | 
This  will  lower  the  plant  efficiency  as  well  as  the  full- 
load  output  to  a  considerable  extent ;  cases  are  knowB"^ 
where  this  loss  was  over  10  per  cent. 

At  some  of  the  older  installations  having  restricted 
trash-rack  area  with  resultant  excessive  velocity 
through  them,  it  may  be  advisable  to  install  thin  rack* 
of  curved  horizontal  cross-section  in  place  of  the  thick 
iron  installed  when  the  plant  was  built.  It  is  also 
advisable  to  have  the  forebay,  penstocks  or  flumes  free 
from  obstructions  of  any  kind.  These  obstructions  may 
be  caused  by  irresponsible  persons  dumping  refu.se  in 
the  headrace,  ob.structions  left  from  construction  work, 
caving  of  banks  perhaps  resulting  from  streams  flow- 
ing into  the  forebay  during  rainy  weather  or  from  head* 
gates  not  being  completely  open. 

When  the  total  river  flow  is  used,  all  leaks  in  the  dam 
should  be  stopped  in  some  way.  Most  of  these  leaks 
appear  at  the  waste  gates,  and  perhaps  new  gaskets 
will  be  required.  Cinders  are  best  for  stopping  leaks. 
They  can  be  dumped  directly  above  the  leaks,  or  guiding 
spouts  can  be  made  to  carry  them  to  diflScult  places. 

Use  of  Governor  Load  Limiting  Device 

On  an  interconnected  system  the  hydro-electric  plant 
turbines  should  run  with  gate  openings  as  near  as 
possible  to  the  high-efficiency  point.  It  is  hazardous 
to  block  the  governors  in  this  position,  as  a  runaway 
would  result  from  loss  of  load. 

Some  governors  are  provided  with  a  load-limiting 
device  which  can  be  set  to  limit  the  turbine  gate  opening 
at  any  desired  point.  Primarily,  these  devices  are 
designed  to  guard  the  generator  from  overloads  when 
the  effective  head  is  at  maximum.  However,  they  find 
a  wide  field  of  usefulness  when  they  are  set  to  limit  the 
gate  opening  at  the  most  efficient  point.  The  speed- 
control  device  is  then  adjusted  so  that  regardless  of 
small  load  fluctuations  the  governors  will  remain  at  rest. 
This  will  not  prevent  the  governor  from  functioning 
properly  in  the  event  of  loss  of  load.  The  value  of 
this  method  can  be  appreciated  when  consideration  is 
given  the  fact  that  maximum  efficiency  of  most  turbines 
is  reached  at  about  0.85  to  0.9  gate  opening,  and  that 
further  opening  results  in  a  pronounced  drop  of  effi- 
ciency. For  dispatching  reasons,  or  to  keep  a  constant 
river  flow  for  downstream  plants,  it  may  be  necessary 
to  run  hydro  turbines  at  constant  loads;  this  is  another 
service  which  the  load-limiting  device  will  render.  It 
might  be  advisable  in  some  cases  to  equip  old  governors 
with  load-limiting  devices. 

Shall  the  Steam  Stations  Always  Receive 
Favorable  Load  Conditions? 

Load  dispatching  on  interconnected  systems  is  often 
such  that  the  hydro-electric  stations  do  not  receive  load 
conditions  which  enable  them  to  run  eflSciently.  This  is 
principally  because  the  steam-plant  efficiency  is  given 
first  consideration  because  the  coal  rate  per  kilowatt- 
hour  is  watched  closely,  and  therefore  the  steam  plants 
select  loads  suitable   for   high   efficiency. 

Looking  at  the  matter  from  another  angle,  if  the  steam 
plants  take   the  major  load   variations,   thus   allowing 
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the  hydro-plant  turbines  to  run  near  the  high-efficiency 
point  with  sluggish  governors  or  a  load-limiting  device, 
the  additional  load  of  which  the  hydro  plants  relieve 
'  the  steam  plants  may  save  coal  even  though  the  steam- 
plant  efficiency  is  lowered  slightly. 

Take  a  system  of  500,000  kw.-hr.  output  per  24  hours. 
The  hydro-electric  turbines  running  at  about  82  per 
cent  efficiency  deliver  250,000  kw.-hr.  to  the  system.  It 
may  easily  be  possible  to  raise  their  efficiency  to  90  per 
cent  with  favorable  load  conditions,  in  which  case  they 
could  deliver  about  274,000  kw.-hr.  to  the  system  instead 
of  250,000,  using  the  same  river  flow.  This  would 
relieve  the  steam  plants  of  24,000  kw.-hr.  each  day, 
which  would  doubtless  save  considerable  coal  even 
'  though  the  diversity  of  load  does  not  permit  running 
as  efficiently. 

The  steam-plant  efficiency  would  not  in  most  cases  be 

lowered  as  much  as  the  hydro-plant  efficiency  is  raised, 

as  the  steam  turbine  has  a  relatively  flat  efficiency  curve 

j  as  compared  with  a  water  turbine,  and  modern  methods 

!  of  regulation   enable   the  steam-plant   crew   to   attain 

!  good  efficiencies  even  though  the  load  is  not  steady. 

Some  Hints  Pertaining  to  Station  Operation 

If  full  load  is  available  at  a  hydro-electric  station 
during  high-water  seasons  and  the  load  is  limited  by 
the  heating  of  the  generators,  it  is,  with  few  exceptions, 
j  advisable  to  make  arrangements  so  that  the  turbines  can 
i  run  at  full  load.    Perhaps  it  is  wattless  current  heating 
!  the  generators,  in  which  case  remedial  measures  may  lie 
I  in  correcting  the  power  factor  with  available  steam- 
I  driven  generators,  synchronous  motors,  or  the  installa- 
tion of  synchronous  condensers.     It  may  also  be  advis- 
jable  to  install  ventilating  equipment  for  the  generators, 
I  or  in  extreme  cases  to  rewind  them  for  a  higher  kva. 
rating. 

In  stations  that  have  a  choice  of  either  turbine-driven 
or  motor-driven  auxiliaries,  the  turbine-driven  units 
;  should  be  given  running  preference  over  the  motor  drive 
during  high  water  when  the  station  is  running  fully 
Headed,  while  on  the  other  hand,  it  is  more  efficient  to 
run  the  motor-driven  ones  during  low-water  periods, 
'as  these  small  turbines  waste  water. 

The  maintenance  of  the  power-plant  machinery  and 
.^witch  gear  should  be  attended  to  in  such  a  manner  that 
no  equipment  will  ever  be  idle  while  load  and  water  are 
available  unless  another  hydro  plant  on  the  system  can 
handle  that  load  The  maintenance  of  turbines  should 
receive  careful  consideration.  It  is  advisable  to  check 
their  performance  periodically.  The  quantity  gage 
i  seems  to  be  well  adapted  for  these  checks. 

During  Low-Water  Periods 

When  tandem  units  are  used,  it  may  be  advisable  to 
jopen  only  the  wicket  gates  of  a  part  of  the  turbines  on 
the  lineshaft  if  that  is  possible,  as  higher  efficiency 
will  result.  To  insure  efficient  and  reliable  operation  of 
hydro  stations,  the  personnel  of  the  operating  force 
should  receive  careful  attention. 

It  is  true  that  steam  stations  are  more  complicated 
than  hydro  stations,  but  this  does  not  necessarily  mean 
that  the  hydro-electric  station  chief  and  operators  have 
less  responsibility,  because  the  average  hydro  station 
has  only  one  or  two  operators  on  shift  and  their  indi- 
vidual responsibility  is  often  greater  than  in  a  steam 
■station  where  there  are  numerous  men  with  divided 
responsibility.    The  hydro  crew  is  often  called  upon  to 


chop  gates  free  of  ice  or  to  repair  transmission  lines 
under  severe  weather  conditions.  Also  the  hydro  chief 
generally  must  maintain  his  plant  in  first-class  condition 
without  the  help  of  skilled  repair  men,  while  the  steam- 
plant  chief  has  these  besides  boiler-room  foremen,  boiler 
inspectors  and  machine-shop  facilities. 

A  Word  on  Specifications  to  the 
Refrigerating-Plant  Operator 

By  B.  E.  Hill 

A  great  mistake  is  made  by  prospective  purchasers 
sending  out  for  quotations  on  equipment  intended  to  ac- 
complish a  certain  result.  For  example,  the  writer  had 
his  attention  brought  forcibly  to  this  some  i'ears  ago 
in  the  purchase  of  a  100-ton  double-pipe  brine  cooler  to 
be  installed  in  one  of  the  Westenrplants  of  a  large  pack- 
ing company. 

Quotations  were  received  from  five  iof  the  leading 
manufacturers  of  double-pipe  brine  coolers,  and  the  low- 
est of  the  five  quotations,  when  compared  with  the  cost 
per  lineal  foot  of  pipe  per  ton,  was  considerably  higher 
than  the  other  four,  but  as  compared  with  the  cost  for 
a  100-ton  brine  cooler,  the  cost  was  considerably  below 
the  other  quotations.  The  lowest  bidder  won.  The 
writer,  however,  installed  a  brine  tank  and  submerged 
the  double-pipe  brine  cooler,  connected  the  suction  of 
the  pump  to  the  brine  tank,  discharged  the  brine  into 
the  double-pipe  brine  cooler  and  delivered  it  to  the  coils 
located  in  coolers  containing  meat  products  and  returned 
the  brine  back  to  the  brine  tank,  thus  utilizing  the 
double  evaporating  surface  of  the  cooler  inside  and 
outside. 

The  objectionable  part  of  this  installation  is  the  sub- 
merging of  the  pipe  in  a  brine  tank,  which  makes  it 
more  difficult  to  detect  and  repair  leaks,  but  as  the  evap- 
orating capacity  is  so  greatly  increased,  the  objection- 
able feature  is  absorbed. 

In  the  purchase  of  equipment  to  obtain  specific  re- 
sults, the  engineer  should  write  the  specifications.  For 
example,  suppose  a  100-ton  ammonia  condenser  is  re- 
quired. The  first  thing  to  be  considered  is  a  location, 
next  the  available  space  which,  if  small,  will  limit  the 
number  of  types  to  choose  from,  also  the  available  water 
supply,  its  temperature,  etc.  After  these  details  have 
been  thoroughly  gone  over  and  the  type  of  condenser  re- 
quired to  do  the  work  is  decided  upon,  together  with  the 
size  of  pipe  and  lineal  feet  per  ton  of  refrigeration 
necessary  to  hold  the  condensing  pressure  to  the  mini- 
mum, proceed  to  write  specifications  for  quotations, 
stating  the  number  of  stands,  number  of  pipes  high  in 
each  stand,  length  of  pipe,  kind  of  pipe,  how  the  joints 
and  connections  are  to  be  made  up,  and  if  the  stands 
are  to  be  made  up  in  sections  at  the  manufacturers' 
works,  being  made  up  with  split  return  bends  and 
erected  by  the  purchaser;  how  the  headers  are  to  be 
made,  if  they  are  to  be  extra  heavy,  connections  screwed 
and  welded,  sweated  or  made  up  with  litharge,  style, 
type  or  make  of  valves  to  be  used  and,  if  possible,  a  blue- 
print covering  all  details  of  construction  sent  to  the 
manufacturers. 

This  method  of  purchase  places  the  manufacturers  on 
an  equal  basis;  they  are  all  figuring  on  the  same  quality 
and  quantity  of  material,  which  puts  them  on  their 
merits  and  will  prevent  the  skimping  and  skinning  proc- 
ess that  so  often  happens  when  the  purchaser  simply 
specifies  an  equipment  to  do  a  certain  amount  of  work, 
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•which  ill  this  i-ase  is  a  londciisfr  caiiiiliic  nl'  lian-lliiiK 
100  tons  of  rffriKoratioM. 

Om>  maiuifm-tun'r  may  (iK'nir  on  wioiiKlit  iron,  an- 
other on  steel,  another  on  standard  wciKht  pipe,  an- 
other on  extra-heavy,  etc.,  together  with  the  numerous 
ways  of  making  up  the.se  conden.sers;  and  still  another 
will  reduce  the  surface  to  such  an  extent  that  he  will 
only  "get  by,"  by  the  ".skin  of  his  teeth"  with  a  clean 
surface  and  new  pipe,  but  when  a  little  scale  forms  on 
the  outside  and  oil  accumulates  on  the  inside,  together 
with  a  collection  of  noncondensible  trases,  the  water  sup- 
ply falls  ofT,  warms  up  or  both,  the  boss  will  begin  to 
complain  on  shortage  of  oirtput,  no  efTiciency,  burning 
too  much  coal,  using  too  much  ammonia,  and  finally  he 
decides  he  has  a  third-rate  engineer.  And  maybe  he  is 
right. 

The  "live-wire"  engineer  mu.st  know  what  he  wants 
and  proceed  to  specify  what  is  needed  to  get  result.s.  In 
nine  cases  out  of  ten,  if  he  can  half-way  prove  to  the 
boss  that  he  can  spend  ten  dollars  and  get  back  fifteen 
in  a  rea.sonable  length  of  time,  the  boss  will  spend  the 
money.  The  engineer  must  first  gain  the  confidence  of 
his  employer  and  to  do  this  he  must  deliver  the  goods. 

Preheated  Air  to  Burn  Volatile 

Preheating  a  portion  of  the  air  required  to  burn  the 
coal  in  a  boiler  furnace  and  admitting  this  air  above  the 
fire  at  a  temperature  sufficiently  high  to  ignite  the  gases 
near  the  point  of  liberation,  coupled  with  masonry  con- 
struction to  mix  the  gases  and  the  preheated  air,  are 
the  means  employed  toward  securing  smokeless  combus- 
tion in  the  furnace  designed  and  patented  by  I.  W. 
Foltz,  175  West  Jackson  Boulevard,  Chicago.  Air  is 
admitted  to  the  ashpit  as  usual,  and  much  of  it  passes 
up  through  the  fuel  bed.  A  portion  of  this  air,  10  to 
18  per  cent,  depending  upon  the  resistance  of  the  fuel 
bed,  passes  through  an  airtight  channel  or  duct 
embedded  in  the  floor  of  the  combustion  chamber.  The 
entrance  is  at  the  face  of  the  bridge  wall  if  conditions 
are  favorable,  or  in  the  side  wall  farther  forward  in 
the  ashpit.  The  duct  then  comes  out  into  the  combus- 
tion-chamber floor  back  of  the  bridge  wall,  passes  to  the 
rear  of  the  setting,  returns  by  way  of  the  bridge  wall 
into  the  side  wall,  and  then  passes  forward  and  out  over 
the  fire  near  the  front  of  the  furnace.  A  duct  of  this 
character  made  up  of  firebrick  or  tile  and  high-tempera- 
ture cement,  is  placed  on  either  side  of  the  furnace. 

In  its  passage  through  this  duct  it  is  claimed  that  the 
air  is  heated  to  temperatures  of  750  deg.  and  above. 
By  introducing  this  highly  heated  air  at  the  point  where 
it  is  most  needed,  it  is  possible  to  reduce  the  excess 
air  passing  through  the  fuel  bed.  This  is  accomplished 
by  partly  closing  the  damper,  or  preferably  one  of  the 
ashpit  doors.  A  high  bridge  wall  with  a  pier  at  the 
center  built  up  to  the  boiler  shell,  wing  walls  farther 
back  and  a  pier  in  front  of  the  blowoff  connection,  as 
shown  in  the  accompanying  illustration,  are  the  means 
used  to  mix  the  gases  and  the  air.  In  laying  out  the 
furnace,  the  grate  surface,  cubical  contents  of  the  com- 
bustion chamber,  the  flue  area  and  the  dimensions  of 
the  stack  and  breeching  are  all  considered,  but  approx- 
imately, the  openings  over  the  bridge  wall  are  25  per 
cent  greater  than  the  flue  area.  The  size  of  the  duct 
depends  upon  the  coal-burning  capacity  of  the  furnace. 

One  of  the  installations  to  which  the  foregoing  applies 
was  made  in  the  plant  of  S.  Karpen  &  Bros.  Live  steam 
is  supplied  for  power  purposes  and  process  work  by  four 


ir){)-hp.  rclurn-tuliuiiir  boilers,  72  in.  x   18  ft.,  ofiuippcd 
with   h:in(i-(irc<l    inclined  .stokers   having  a  2-ft.  cokin;' 
arch  and  a  single  deflection  arch  back  of  the  bridge  wall 
A  .smoke   flue  over  the   rear  of  the  four  boilers    run 
directly  into  a  .stack  (JG  in.  in  diameter  at  the  top  am 
125  ft.  high  above  the  boiler-room   floor.     A  draft  '>: 
about  0.24  in.  was  available  over  the  fire.     Coal,  hand 
fired,  was  the  principal   fuel  u.sed.     Recently,  the  coal    | 
obtainable  has  been  of  inferior  quality,  and  its  combuH-  J 
lion  was  not  improved  by  introducing  on  the  top  of  the 
fuel  bed  the  shavings  and  the   wood   refu.se  from   the 
factory. 

Normally,  the  four  boilers,  operated  above  rating 
were  needed  to  carry  the  load  in  winter  and  three  in  til 
summer  months.  The  demand  for  .steam  was  so  urger 
that  it  was  diflicult  to  burn  sufficient  fuel  to  carry  the 
load.  It  was  a  question  of  forcing  the  boilers  and 
smoking  badly,  which  was  the  cause  of  constant  trouble 
with  the  smoke  department.    The  fires  had  to  be  cleaned 
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three  times  on  a  shift  of  eight  hours,  there  was  trouble 
from  large  clinkers,  and  considerable  unburned  coal 
found  its  way  into  the  ashpit. 

In  search  of  relief  one  of  the  furnaces  was  rebuilt 
after  the  design  shown  in  the  accompanying  drawing, 
and  shortly  after,  all  four  boilers  were  so  equipped. 
The  ducts  on  either  side  were  made  5  in.  square,  and  the 
brickwork  within  the  furnace  was  rearranged  as 
indicated.  There  have  been  no  boiler  tests,  before  and 
after,  to  show  the  results  of  the  change,  but  improve- 
ment has  been  evident  to  the  firemen. 

Firing  is  lighter,  there  is  no  difficulty  in  carrying  the 
load,  and  in  the  opinion  of  the  chief  engineer  a  reduc- 
tion to  two  boilers  during  the  summer  would  be  possible 
if  coal  could  be  used  exclusively  as  fuel.  An  intense 
fire  is  maintained  with  one  ash  door  closed  and  the 
damper  only  partly  open.  The  general  improvement  is 
attributed  to  more  perfect  combustion,  complete  burning 
of  the  volatile  and  reduction  of  excess  air  to  a  point 
approaching  theoretical  requirements. 
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Hydro-Electric  Development,  as  Affected  by  the 

Recent  Water-Power  Legislation  and  the  North 

Atlantic  Super-Power  Survey 


THREE-FOURTHS  of  the  possible  59  million 
horsepower  of  water  power  in  the  United  States 
has  been  under  Federal  restrictions  preventing 
its  development,  according  to  Franklin  T.  Griffith,  of 
Portland,  Ore.,  chairman  of  the  National  Electric  Light 
Association's  Committee  on  Water  Power  Development. 
A  large  part  of  the  restrictions  are  removed  by  the 
new  water-power  law.  Coal  is  jumping  to  undreamed-of 
price?  and  is  extremely  hard  to  get.  It  will  unquestion- 
ably be  higher  and  scarcer  in  the  future.  Every  ton  of 
coal  that  can  be  replaced  by  water  power  in  making 
electricity  will  help  ease  the  shortage. 

To  the  person  who  lives  in  an  apartment  or  home  in 
the  East,  release  of  water  power  for  his  city  means 
some  measure  of  insurance  against  sudden  darkness 
through  delayed  fuel  shipments.  In  a  few  favored 
localitikis,  sufficient  hydro  energy  may  be  available  to 
act  as  a  slight  buffer  against  .steadily  rising  costs  of 
making  electricity  from  coal  that  often  comes  as  high 
as  ten  to  twenty  dollars  a  ton.  Indirectly,  everyone 
benefits  from  more  stable  power  for  factories,  street 
lighting,  illumination  of  hotels,  theatres  and  public 
buildings,  and  electric-railway  operation.  And  all  fac- 
tories which  make  their  own  power  from  coal  will  be 
benefited  by  lessened  pressure  on  the  country's  insuffi- 
cient mining  and  transportation  facilities. 

One  authority,  Philip  Torchio,  of  the  New  York 
Edison  Co.,  figures  that  one-twelfth  of  the  coal  used 
ioutside  of  the  far  Western  States  in  a  recent  year 
could  be  replaced  by  water  power  (3';  billion  heat  units 
from  coal,  300  million  possible  from  water  power).  As 
demands  for  power  and  light  grow,  the  need  ftor  this 
hydro  energy  becomes  greater. 

New  England  and  the  Middle  Atlantic  States 

In  New  England  three-quarters  of  the  possible  water 
power  is  now  utilized ;  comparatively  little  additional 
development  is  to  be  expected.  A  million  and  a  half  of 
the  potential  two  million  horsepower  is  developed. 
These  figures  credit  Maine  with  generating  equipment 
to  care  for  three-quarters  of  her  million  water  horse- 
power, and  New  Hampshire  but  76,000  of  her  possible 
295,000.  Vermont  has  generating  installations  capable 
of  developing  208,000  hp.— even  more  than  her  estim- 
ated 200,000  maximum  potential  horsepower  which  can 
be  counted  on  for  six  months  of  the  year. 

Massachusetts  also  has  facilities  for  handling  a  large 
part  of  her  possible  water  power — 268,000  of  the  es- 
timated 375,000  maximum.  Connecticut  has  161,800  hp. 
in  hydro  installations,  with  165,000  estimated  possi- 
bility. Rhode  Island  is  conceded  but  16,000,  of  which 
she  is  using  12,700. 

The  United  States  Forest  Service  in  1912  estimated 
New  England's  water  power  maximum  at  1,605,000  hp., 
while  the  Geological  Survey  in  1915  estimated  1,921,000, 
with  equipment  for  generating  1,441,000. 
I  New  Jersey's  hydro-electric  installations  have  a  ca- 
pacity for  producing  44,830  hp. ;  her  maximum  poten- 
tial water  energy  is  estimated  at  125,000  hp.,  35.8  per 


cent  of  which  is  cared  for.  Delaware  and  the  District 
of  Columbia  have  a  possible  13,000  hp.  each  and  have 
installations  capable  of  developing  9,000  to  10,000  re- 
spectively. Maryland  has  145,000  maximum  potential 
water  horsepower,  and  is  utilizing  5,500  of  this  amount 
(The  Geological  Survey  in  1915  estimated  that  27,000 
hp.  was  developed).  Contemplated  projects  on  the  Sus- 
quehanna will  give  her  110,000  in  addition. 

Virginia  has  developed  201,000  of  her  potential  mill- 
ion horsepower  from  water,  and  a  20,000-hp.  project 
is  planned  on  the  New  River.  The  maximum  potential 
horsepower  in  each  case  represents  the  estimated 
amount  of  water  power  which  can  be  assured  during 
six  months  of  the  year. 

New  York  State 

New  York  State  has  developed  more  water  power 
than  any  other  state  in  the  country,  with  installations 
of  one  million  horsepower  capacity  and  possibilities  for 
three  million.  These  figures  are  below  those  of  the 
Geographical  Survey  estimate  of  1915,  which  supposes 
a  potential  4J  million  water  horsepower,  with  1,320,000 
at  work.  She  will,  it  seems  certain,  soon  be  surpassed  by 
California,  which  is  now  a  close  second  and  can  draw 
upon  great  sources  of  power  in  the  mountains. 

While  some  of  the  Empire  State's  water  will  be  af- 
fected by  the  new  Federal  water-power  law,  yet  state 
and  international  factors  have  greater  bearing.  The 
treaty  with  Canada  restricting  the  amount  of  water 
that  can  be  diverted  from  Niagara,  and  international 
regulations  as  to  the  St.  Lawrence,  are  among  the 
chief  deterrents. 

An  electric  power  company  executive  who  is  quoted 
in  the  1920  report  of  the  National  Electric  Light  Asso- 
ciation's Committee  on  Water  Power  Development  said: 

The  bulk  of  New  York  State's  undeveloped  power,  about 
2  million  horsepower,  is  on  the  international  boundary 
streams — the  Niagara  and  the  St.  Lawrence  rivers — control 
over  which  is  assumed  by  the  Federal  Government. 

Development  of  Niagara  power  is  restricted  by  an  inter- 
national treaty  limiting  the  diversion  of  water  from  the 
Niagara  River  to  20,000  cu.ft.  per  second,  all  of  which  is 
now  utilized.  The  development  of  both  the  Niagara  and  St. 
Lawrence  rivers  is  retarded  by  international  questions. 

Another  New  York  utility  executive  says  in  the  com- 
mittee report: 

The  ratio  between  the  developed  and  undeveloped  power 
in  this  state  is  particularly  low  in  view  of  the  great  indus- 
trial development  throughout  the  state,  within  ea.sy  trans- 
mitting distance  of  very  attractive  power  sites.  The  reason 
for  this  is  partly  because  a  considerable  portion  of  the 
undeveloped  power  is  on  the  Niagara  and  St.  Lawrence 
Rivers,  ownership  of  which  is  disputed  by  the  state  and 
federal  governments,  and  development  of  which  is  at  pi-es- 
ent  limited  by  international  treaty. 

The  development  of  power  on  streams  which  are  neither 
interstate  nor  international  boundaries  has  been  hindered 
by  the  lack  of  suitable  legislation  to  make  such  development 
possible.  Although  bills  have  been  introduced  in  the  legis- 
lature at  nearly  every  session  during  the  last  twenty  years, 
neither  party  has  had  sufficient  majority  over  the  other  to 
succeed  in  enacting  any  constructive  legislation  which  would 
definitely  start  development  on  either  basis.  What  develop- 
ment there  is  has  been  effected  entirely  on  private  initia- 
tive by  the  process  of  buying  riparian  rights,  one  at  a 
time,  and  at  the  seller's  price. 
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Anntlier  New  York  central-stntion  mnn  points  out 
that  the  InrKer  portion  of  the  uiuiovelopec!  power  from 
s* reams  within  the  .itnte  is  in,  or  connected  with,  the 
State  Forest  Re.serve.s,  which  cannot  be  entered  for 
practical  piirpo.ses,  without  a  chan>re  in  the  constitution 
of  the  state.  General  economical  development  of  the 
power  possibilities  on  other  streams  in  New  York  State 
cannot  be  carried  out  without  regulation  of  flow  by 
reservoirs,  to  acquire  lands  for  which  will  reciuire  the 
rijrht  of  condemnation. 

At  Nia^rara  Falls  less  than  10  per  cent  of  the  flow  is 
available  for  power  under  the  treaty  with  Canada.  Of 
the  flow  of  210.000  cu.ft.  per  Second,  but  20.000  cu.ft. 
is  u.sed,  although  leading  engineers  have  figured  that 
GO  per  cent,  or  12G,000  cu.ft.  per  second,  could  be  u.sed 
without  detracting  from  the  beauty  of  the  falls.  John 
L.  Harper,  chief  engineer  of  the  Niagara  Falls  Power 
Co.,  who  has  carefully  studied  the  problem,  says: 

To  secure  this  diversion  we  have  worked  out  a  plan  for 
placing  concrete  booms  in  the  upper  river  so  as  to  divert 
the  water  from  the  channel  and  spread  it  over  the  falls  to 
cover  completely  the  rocks  that  now  show  through  at  the 
edges  because  of  the  erosion  and  wearing  away  of  the 
channel  at  the  middle  of  the  falls.  By  the  diversion  of  GO 
per  cent  of  the  river  flow  there  would  be  availabh  3,600,000 
hp.,  and  the  remaining  40  per  cent  under  the  conditions 
stated  would  not  only  discharge  ice  during  \vinter,  hut  im- 
prove the  scenic  beauty  during  summer. 

The  Far  West 

Federal  legislation  governing  the  use  of  public  lands 
and  reservations  is  of  primary  importance  to  the  West- 
ern States,  in  which  lie  nearly  all  the  public  lands,  and 
in  which  approximately  70  per  cent  of  the  undeveloped 
water  power  of  the  nation  is  found,  it  is  reported  by 
Mr.  Griffith's  N.E.L.A.  water-power  committee.  In  the 
Western  States — California,  Oregon,  Washington,  Ari- 
zona, Colorado,  Idaho,  Montana,  Nevada,  New  Mexico, 
Utah  and  Wyoming — 94  per  cent  of  the  possible  hydro 
energy  is  not  yet  used.  Owing  to  delay  of  the  con- 
struction program  during  the  war,  this  section  of  the 
country  finds  itself  today  facing  a  situation  ranging 
from  actual  shortage  of  power  to  meet  demands  as  in 
California,  to  an  impending  shortage  to  meet  growing 
demands  as  in  Oregon  and  Washington. 

California  leads  the  Western  States,  even  though 
far  behind  its  needs,  with  a  present  development  of 
942,000  hp.,  which  is  a  tenth  of  both  the  entire  devel- 
oped water  power  of  the  country  and  of  California's 
possibilities.  Her  electric-power  plants  use  no  coal. 
Water  and  oil  are  employed  for  all  her  electricity.  Wash- 
ington shows  the  largest  maximum  potential  water 
horsepower  of  any  state  in  the  Union,  but  it  ranks 
among  the  Western  States  below  both  California  and 
Montana  in  the  amount  of  developed  horsepower,  3.8 
per  cent  of  its  possibiHties.  Idaho's  entire  supply  of 
electricity,  except  a  negligible  amount  from  a  few  small 
isolate''     lants,  comes  from  hydro  plants. 

The  notable  success  in  electrification  of  a  large  part 
of  the  Chicago,  Milwaukee  &  St.  Paul  R.R.  was  facili- 
tated by  the  use  of  inexhaustible,  comparatively  inex- 
pensive water  power  of  the  Northwest. 

North  Atlantic  Seaboard  Super-Power  Survey 
One  recent  Washington  development  which  may  speed 
the  ut'lization  of  Niagara  and  other  sources  of  energy 
in  the  northeastern  section  is  the  provision  for  a  Super- 
Power  Survey,  with  an  appropriation  of  $125,000, 
which  went  through  with  the  Sundry  Civil  Expense 
Appropriation  Bill,  one  of  the  last  measures  passed  by 


Congre.sH  this  year.  It  provides  for  a  "special  investi- 
galioM  of  the  possible  economy  of  fuel,  labor,  and  ma- 
terials resulting  from  the  use  in  the  Boston- Washing- 
ton industrial  region  of  a  comprehensive  system  for 
the  generation  and  distribution  of  electricity  to  tran-'- 
portation  lines  and   industries." 

With  ariy  such  movement  to  link  up  electrical  lin' 
there  will  undoubtedly  come  strong  pressure  to  em|ii 
to  the  m.iximum  all  available  water  power.  Result^ 
obtained  from  similar  projects  in  the  We.st  warrant 
most  encouraging  hopes  for  successful  North  Atlantic 
interconnection.  One  continuous  trunk  line  extends 
from  Southern  Oregon,  through  California,  to  the  Mex- 
ican border.  Water  furnishes  the  bulk  of  the  power, 
and  electricity  is  transmitted  for  great  distances  at 
high  voltage.  The  highest-voltage  transmission  on 
record,  according  to  the  N.E.L.A.  committee  report, 
is  150,000  volts  over  a  distance  of  240  miles  from  Big 
Creek  lo  Los  Angeles.  The  longest  high-voltage  trans- 
mission is  over  539  miles  from  Mono  County,  Cal- 
iforia,  to  Yuma,  Arizona,  at  87,000  volts  and  55,000 
volts,  by  the  Southern  Sierras  Power  Co.  The  Pacific 
Gas  and  Electric  Co.  has  in  contemplation  the  building 
of  a  220,000-volt  line  from  its  Pitt  River  plant  into 
San  Franci.sco,  while  other  Western  companies  are 
planning  similar  lines  for  the  near  future. 

These  high  voltages  over  considerable  distances  in 
the  West  show  what  might  be  done  in  the  East  if  simi- 
lar conditions  obtained.  The  Southern  Sierras'  539- 
mile  line,  for  example,  is  about  as  long  as  the  distance 
from  Washington  to  Boston  and  nearly  twice  the  di.s- 
tance  in  a  straight  line  from  Niagara  to  New  York. 
But  conditions  are  far  different.  All  the  electricity  pro- 
duced at  Niagara  or  any  other  large  generating  center 
in  the  East  could  be  used  close  to  its  source — if  not  now, 
at  least  within  a  few  years.  But  if  there  were  inter- 
connection and  New  York  City  had  a  fuel  panic,  a 
serious  emergency  might  be  averted  by  temporarily 
drawing  on  Niagara.  Or  a  source  giving  current  for 
factories  in  Buffalo  in  daytime  might  turn  out  a  night 
surplus  which  could  help  light  the  Great  White  Way. 

The  Super-Power  Survey  has  been  placed  under  the 
direction  of  William  S.  Murray,  of  New  York  City, 
consulting  engineer,  who  will  report  to  the  Geological 
Survey.  This  movement  is  largely  an  outgrowth  of 
the  development  which  has  been  taking  place  for  some 
years  in  central-station  practice,  where  interconnec- 
tion has  been  adopted  whenever  feasible  in  the  interest 
of  increased  service  from  a  given  total  plant  cost,  and 
of  insurance  against  loss  of  service  through  interrup- 
tion of  any  one  station. 

But  9.823,540  hp.,  or  16.6  per  cent,  of  the  country's 
maximum  potential  water  power  has  been  put  to  work. 
Coal  and  oii  shortage  and  cost  are  certain  to  favor  the 
rapid  development  of  the  "white  coal,"  now  that  som.e 
governmental  restrictions  are  removed  and  authorities 
in  Washington  are  lending  a  charitable  ear  to  the  call 
of  water.  It  is  inexhaustible,  except  where  deforesta- 
tion cuts  down  regularity  of  flow  of  mountain  streams; 
and  the  law  which  opens  up  water  power  on  goverment 
reservations  does  not  permit  lumbering  operations. 

Many  electric  light  and  power  producers,  particularly 
in  the  East,  have  no  streams  to  draw  upon.  But  every 
company  with  available  water  power  will  take  full 
advantage  of  any  help  the  new  law  may  give,  in  an 
effort  to  keep  costs  of  making  electricity  from  mount- 
ing to  prohibitive  heights. 
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An  Expert  in  the  Design  of  Large 
Power  Stations 


SEVERAL  engineers  were  seated  recently  around  a 
table  in  the  dining  room  of  the  Engineers'  Club, 
New  York.  One  of  them,  a  man  of  considerable 
prominence,  told  of  a  problem  that  was  confronting 
his  company  in  the  matter  of  adopting  certain  designs, 
the  solution  of  which  depended  upon  a  thorough  tech- 
nical investigation  and  analysis.  He  was  in  search  of 
a  consulting  engineer  qualified  to  solve  the  problem. 

Instantly  one  of  his  companions  replied:  "Engage 
George  0  r  r  o  k. 
He  will  give  you 
an  engineering 
answer  that  you 
can  feel  assured 
is  pretty  near 
correct."  The 
unanimous  ap- 
proval with  which 
this  suggestion 
was  received  by 
all  those  around 
the  table  indi- 
cated the  stand- 
ing of  the  man 
mentioned. 
George  A.  Orrok 
is  one  of  a  few 
men  whose  ex- 
perience is  closely 
interwoven  with 
the  development 
in  design  of  the 
large  central 
power  station. 
Entering  the  field 
over  twenty  years 
ago  as  a  drafts- 
man for  the  New 
York  Edison  Co. 
iat  a  time  when 
the  central  -  sta- 
tion industry  was 
in  its  infancy, 
equipment  was 
crude  and  ineffi- 
ciency reigned 
supreme,  Mr.  Or- 
rok applied  himself  to  problems  of  plant  design  and  was 
50on  made  chief  draftsman.  Recognition  of  his  services 
;ame  a  few  years  later  in  his  appointment  as  mechanical 
engineer  of  the  company,  and  in  this  capacity  he  became 
,iosely  associated  with  Thomas  E.  Murray,  consulting 
jngineer  and  vice  president  of  the  New  York  Edison 
uO.  in  the  design  of  such  notable  power  plants  as  the 
Waterside  Stations  of  that  company,  the  Two  Hundred 
ind  First  Street  Station  of  the  United  Electric  Light 
ind  Power  Co.,  the  Gold  Street  Station  of  the  Brooklyn 
Edison  Co.,  the  Third  Avenue  and  the  Williamsburg 
Stations  of  the  Brooklyn  Rapid  Transit  Co.  and  the 
Hales  Bar  hydro-electric  plant  of  the  Chattanooga  & 
Tennessee  River  Power  Co. 

'    Mr.  Orrok's  success  is  due  to  a  real  love  of  engineer- 
ing.   The  road  to  success  was  by  no  means  easy.  Illness 


compelled  him  to  give  up  his  studies  in  the  Massachu- 
setts Institute  of  Technology  in  his  junior  year,  and 
later,  v/hen  he  was  actively  engaged  in  the  practice  of 
his  profession,  he  was  again  forced  by  illness  to  leave 
the  work  which  he  cherished.  A  few  years  in  the 
country,  however,  aided  by  his  indomitable  will,  brought 
back  his  health,  and  he  was  able  to  again  take  up  a 
consulting  practice. 

His  Lime  was  not  entirely  occupied  in  the  construction 

of  power  plants, 
however.  A  vari- 
ety of  engineer- 
ing work  on  the 
design  of  engines, 
boilers,  conden- 
s  e  r  s,  turbines, 
dry  docks,  ships, 
etc.,  has  also  re- 
ceived his  atten- 
tion. He  is  well 
known  in  engin- 
eering circles  as 
an  author  and 
lecturer  and  has 
contributed  many 
articles  to  the 
technical  press. 
His  book  on  "En- 
gineering  of 
Power  Plants," 
written  in  collab- 
oration with  Pro- 
fessor Fernald, 
is  regarded  as  an 
authority  on 
power-plant  de- 
sign. Mr.  Orrok 
was  born  in  Dor- 
chester, Mass.,  in 
1867  and  a  t- 
tended  the  Ma- 
ther School  in 
that  city  and  the 
School  of  Me- 
chanic Arts.  In 
1885  he  entered 
the  Massachu- 
setts Institute  of  Technology  but,  as  previously  men- 
tioned, was  forced  to  give  up  his  college  course-  on 
account  of  illness.  After  spending  several  months  in 
surveying  and  investigating  mining  properties  in 
Georgia,  Tennessee  and  Wisconsin,  he  returned  to  Mas- 
sachusetts and  engaged  in  teaching  at  Bridgewater, 
West  Springfield  and  Easthampton.  In  1890  he  left  for 
Utah  and  taught  for  two  years  at  the  Ogden  Mihtary 
Academy  and  the  Agricultural  College.  In  1892  he 
returned  East  and  entered  the  employ  of  F.  S.  Pearson 
as  draftsman  and  was  engaged  on  work  for  the  West 
End  Street  Railway,  Dominion  Coal  Co.,  Metropolitan 
Street  Railway  Co.,  Brooklyn  Heights  Railway  Co.  and 
a  number  of  others.  He  spent  about  two  years  in  Nova 
Scotia  as  resident  engineer  in  charge  of  construction  on 
x'arious  kinds  of  work  for  the  Dominion  Coal  Co.,  the 
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Ppoplp's  Lijrht  IloftI  ami  Power  Co.  and  the  Halifax 
Tramways  Co.,  and  in  1808  entered  the  employ  of  the 
New  York  Ktli.>*on  Co. 

In  1910  he  .spent  several  months  traveling  throuijh 
Knpland.  Scotland,  France,  Belgium  and  (iermany  on  a 
study  of  tht  European  en^ineerinp  practice  in  connec- 
tion wiih  power  plants  and  other  work.  From  1911  to 
1914  Mr.  Orrok  held  the  position  of  Consultin>r  Pro- 
fessor of  Steam  EngineerinK  at  the  Brooklyn  Poly- 
technic Institute,  delivcrinp  two  lectures  every  week. 
He  also  delivered  a  course  of  lectures  on  the  Develop- 
ment "f  Power  at  the  Shetlield  Scientific  School.  He 
possesses  a  fine  library  of  eilpineerinp  and  other  books 
and  spends  much  time  in  reading  and  studying.  He 
is  a   member  of  the   American   Society   of   Mechanical 


EnpineerH,  serving  a.s  Manager  from  1911  to  1914; 
American  Society  of  Civil  Engineers;  American  Inati- 
lute  of  Mining  Engineers;  Society  of  Naval  Architects 
and  Marine  Engineers;  past  president  of  the;  Brooklyn 
Engineers  Club,  a  member  of  the  Technology  Club  and 
Engineers  Club,  of  New  York,  and  the  CoHmos  Club, 
of  Washington,  D.  C. 

Mr.  Orrok's  hobby  is  life  in  the  country.  He  is  an 
enthusiastic  angler  and  camper  and  a  student  of  nature, 
particularly  of  botany  and  bird  life.  At  least  two  day.s 
of  each  week  are  spent  on  his  farm  in  Connecticut, 
where  he  whips  the  .stream  for  trout  and  tramps 
through  the  woods,  keeping  the  sparkle  in  his  eye  and 
his  body  and  mind  in  condition  so  that  he  can  give  to 
his  work  a  full  measure  of  energy  and  enthusiasm. 


Operation  and  Adjustment  of  Turbine  Maehinery-IV 
A  Few  Points  on  Handling  a  Turbine 


By  EUSTIS  H.  THOMPSON 

Consulting   Engineer,   Baltimore.    Maryland 


TURBINES  are  not  difficult  to  handle  and  are  often 
simpler  than  the  auxiliary  apparatus  connected 
with  them.  Like  watches  or  automobiles,  both  simple 
to  operate,  they  will  give  better  service  when  handled 
in  the  proper  manner.  It  is  necessary  not  only  to  use 
care  in  starting  and  running,  but  also  to  understand 
the  nature  and  peculiarities  of  such  machines,  so  that 
they  can  be  handled  with  every  possible  advantage  in- 
stead of  suffering  from  bad  effects  of  improper  manip- 
ulation. 

It  is  often  possible  to  start  a  machine  without  -warm- 
ing  it  up  or  opening  the  drains,  and  bring  it  up  to 
speed  rapidly.  A  small  sized  machine  could  stand  such 
treatment  for  a  while  without  perceptible  effect,  but  a 
large,  sensitive  turbine  would  be  sure  to  dance  a  jig 
that  might  end  expensively. 

There  is  some  logic  in  not  wasting  time  and  energy 
in  warming  up  and  bringing  to  speed  slowly,  and  we 
are  naturally  impatient  of  long,  tedious  processes.  Few 
men  who  realize  what  the  conditions  are  in  starting  up 
begrudge  the  time  and  care.  Rapid  heating  means 
unequal  expansion  strains  in  the  casing,  which  tend  to 
strain  joints  and  promote  leakage.  Drum-type  rotors 
tend  to  run  out  of  true  when  heated  in  one  place  by  the 
steam;  wheel  hubs  expand  more  rapidly  than  the  shaft, 
so  as  to  lighten  their  grip,  while  the  hubs  make  contact 
from  one  to  another,  and  in  some  cases  tend  to  pro- 
duce a  spring  in  the  shaft.  Turbine  wheels  become 
distjorted,  and  large  diaphragms  are  liable  to  crack. 

If  the  drain  fails  to  carry  off  the  water,  vibration 
occurs  and  often  actual  damage  results. 

High-Speed  Rotor  a  Sensitive  Element 

A  spinning  top  can  be  picked  up  and  tossed  around 
when  properly  handled  without  disturbing  its  gyros- 
copic condition,  but  a  misplaced  touch  would  soon  make 
it  roll  on  the  ground.  A  high-speed  rotor  is  also  a 
sensitive  element  and  should  not  be  subjected  to  sud- 
den shocks  of  steam,  water,  change  of  speed  or  change 
of  temperature.  Always  treat  it  with  consideration, 
so  that  its  balanced  forces  will  not  be  taxed  by  any 
unusual  strains. 


Each  machine  has  its  own  personal  traits,  and  the 
ability  to  turn  just  the  proper  steam  on  the  packing 
rings  and  throttle  valve  while  the  various  other  valve- 
are  properly  adjusted  to  the  correct  amount  at  th( 
first  trial,  so  that  the  machine  will  be  started  and 
brought  up  to  speed  in  a  smooth,  straightforward  and 
positive  manner,  is  an  accomplishment  that  require? 
some  little  practice. 

Study  the  Characteristics  of  the  Machine 

The  "personal  acquaintance"  has  its  greater  and 
more  important  use.  Repairs  and  adjustments  must 
sometimes  be  made  quickly  and  well  and  often  under 
conditions  of  high  temperature,  bad  light  and  insuf- 
ficient room.  It  is  the  man  who  knows  where  to  find 
the  proper  tools  and  rigging;  how  to  start  the  "inac- 
cessible bolt;"  where  good  fits  and  bad  joints  are  en- 
countered, that  puts  the  job  "over  the  top."  Judgment 
and  knowledge  of  the  engineer  come  into  play  when 
it  is  necessary  to  keep  the  machine  running  with  a 
hot  main  bearing  or  to  decide  how  long  a  faulty  gov- 
ernor can  be  trusted.  Such  duties  can  be  executed  by 
studying  the  characteristics  of  the  machines. 

An  alternating-current  generator  is  one  of  the 
simplest  machines  to  handle.  There  are  no  delicate 
adjustments  involved,  and  about  the  only  duty  outside 
of  keeping  the  machine  clean  is  to  watch  the  brushes 
and  see  that  they  function  properly.  An  alternator, 
like  all  other  electrical  machinery,  becomes  hot  when 
overloaded,  therefore  the  running  temperature  of  the 
machine  should  be  noted  at  intervals. 

A  direct-current  generator  which  runs  at  several 
thousand  revolutions  is,  on  the  other  hand,  a  somewhat 
delicate  piece  of  electrical  machinery.  Not  many  years 
ago  it  was  regarded  in  the  light  of  an  impossibility 
to  run  such  machines  so  fast.  Such  generatoi's  are  now 
being  turned  out  for  some  services  and  give  the  high- 
est class  of  service.  The  secret  of  successful  operation 
lies  in  the  proper  adjustment  and  design,  which  are  done 
in  the  factory. 

There  is  little  danger  that  a  machine  which  gives 
good    operation    will    ever    become    unsatisfactory    if 
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properly  taken  care  of.  The  life  of  a  machine  lies  in 
the  brushes  and  commutator,  and  the  engineer  must 
inform  himself  regarding  the  proper  grade  of  brushes 
and  general  treatment  in  operating.  Most  machines 
of  this  character  are  fitted  with  soft  graphite  brushes. 
Do  not  put  oil  or  grease  on  a  commutator  with  these 
brushes.  Wiping  the  commutator  with  a  clean  canvas 
cloth  is  necessary  only  at  long  intervals.  If  the  com- 
mutator becomes  worn  so  as  to  start  bad  commutation, 
it  should  be  ground  to  a  true  service  without  further 
delay. 

Regular  Inspections  Should  Be  Made 

While  in  regular  operation  it  is  seldom  necessary  to 
keep  a  man  in  constant  attendance  on  each  machine. 
Turbines  are  so  automatic  in  their  operation  that  actual 
attention  is  required  only  at  long  intervals.  Some 
types  will  run  for  several  days  without  actually  re- 
quiring the  touch  of  an  operator.  The  engineer's 
presence  is  necessary  in  operating  the  turbine  as  a 
means  of  insuring  reliability  of  operation.  Maintain- 
ing the  vacuum,  watching  the  cooling  water,  bearing 
temperature  and  the  action  of  the  valve  gear  are  the 
chief  duties.  The  auxiliaries  usually  require  more  at- 
tention than  the  turbine  itself.  By  making  regular 
inspections  at  intervals  of  half  an  hour,  one  man  can 
look  after  many  machines.  These  inspections  can  of- 
ten be  duly  scheduled  and  recorded  with  advantage. 

It  is  the  usual  practice  to  clean  thoroughly  once  a 
week ;  many  machines  are  shut  down  on  Sundays  only 
and  in  some  cases  less  fi'equently.  Everything  should 
be  wiped  out  thoroughly  and  the  brushes  and  packing 
glands  and  other  small  parts  given  attention. 

Once  a  month  the  valve  gear  should  be  closely  looked 
over,  noting  the  points  of  wear.  Trip  the  emergency 
valve  by  overspeeding.  After  the  machine  has  been 
standing  overnight  or  a  similar  interval,  a  quantity 
of  oil  should  be  drained  from  the  lowest  point  of  the 
oil  system.  The  poorest-quality  oil  together  with  any 
water  or  sediment  will  thus  be  removed.  If  an  amount 
equal  to  one-tenth  of  the  contents  of  the  oil  system  is 
thus  drained  off  and  replaced  with  new  oil,  results  will 
be  better  than  changing  the  entire  amount  of  oil  at 
six-months'  intervals.  In  the  former  case  the  quality 
will  be  uniformly  good  instead  of  allowing  it  gra,dually 
to  deteriorate.  The  oil  strainer  should  be  examined 
once  a  month.  There  is  seldom  sufficient  dirt  in  the 
system  to  require  cleaning  so  often,  but  the  reason 
for  this  examination  is  that  the  presence  of  small 
particles  of  brass  or  babbitt  metal  will  indicate  that 
there  is  cutting  of  the  gears  or  bearings  before  this 
condition  would  otherwise  make  itself  known. 

At  this  time  each  brush  should  be  lifted  from  its 
holder  and  both  holders  and  brushes  wiped  carefully. 
If  the  commutator  slots  are  undercut,  they  should  be 
cleaned  if  dirt  is  present.  Cleaning  should  be  done 
with  a  piece  of  wood  or  fiber — never  use  steel  or  other 
hard  material,  as  it  tends  to  roughen  the  edges  of  the 
bars.  If  dirt  is  not  present,  this  operation  is  best 
omitted. 

Once  a  year  the  strainer  in  the  steam  line  should  be 
inspected  to  see  if  there  is  danger  of  it  rusting  to 
such  a  point  that  it  would  crumble  and  come  through 
to  the  turbine  blades.  The  oil  pipes  should  be  removed 
and  sediment  cleaned  from  the  system. 

Valves,  shaft  packing,  bearings  and  governors  will 
usually  give  early  and  unmistakable  signs  when  special 


attention  is  needed.  The  man  on  watch  should  report 
unusual  behavior  of  such  parts  so  that  they  can  be  at- 
tended to  in  time.  Many  conditions  occur  in  operating 
that  could  not  be  enumerated.  Many  points  that  have 
been  touched  upon  will  be  taken  up  later  in  a  more 
thorough  manner,  as  an  extended  treatment  would  be 
necessary  to  put  them  forward  in  a  comprehensive 
way.  In  operating  it  is  necessary  to  take  full  notice 
of  all  warnings  or  symptoms  that  the  machine  may 
give,  and  it  will  follow  that  keeping  it  in  good  condi- 
tion is  a  matter  of  reasonable  prevention  rather  than 
an  elaborate  cure. 

Reminiscences  of  an  Engineer 

By  W.  D.  Forbes 

It  has  always  seemed  strange  to  me  that  so  many 
steam  engines  have  appeared,  lasted  a  certain  time  and 
then  become  lost  to  view.  The  first  small  unit  that 
impressed  me  (it  is  now  out  of  the  running)  was  the 
Peter  Brotherhood  three-cylinder  engine.  I  first  saw 
it  about  1873  in  Vienna;  it  made  quite  a  stir  in  the 
engine  world.  The  history  of  its  design  as  it  was  told 
me  by  the  nephew  of  Mr.  Brotherhood  some  years  ago 
is  interesting.     It   is  as  follows: 

While  in  church,  the  sermon  not  being  interesting, 
Mr.  Brotherhood  fell  to  making  sketches  in  a  hymn 
book  and  drew  the  back  of  the  head  of  a  lady  who  sat 
just  in  front  of  him.  Her  hair  was  done  up  in  three 
coils  and  when  these  were  copied  a  cylinder  was  drawn 
in  each  coil  and  the  original  fundamental  design  of  the 
engine  was  finished.  This  engine  was  made  up  of  three 
4-in.  cylinders,  .set  radially.  It  ran  at  a  veiy  high  speed 
for  its  day,  turning  up  to  over  six  hundred  revolutions 
per  minute. 

The  workmanship  was  the  finest  I  ever  saw  in  an 
engine,  and  it  had  to  be.  The  pistons  were  ground  in, 
and  the  moving  parts  were  of  the  same  weight,  making 
for  balance.  The  cylinders  were  long,  and  the  brasses 
on  the  crank  end  were  made  to  cover  a  little  less  than 
one-sixth  of  the  crankpin,  they  all  meeting,  of  course, 
on  the  one  common  crankpin.  The  heating  of  these 
brasses  was  the  only  cause  of  trouble  that  I  met  in 
running  any  of  this  design  of  engine. 

Wells'  "Balanced"  Engine 

A  year  or  two  before  the  Centennial,  1876,  a  Mr. 
Wells  built  what  he  called  a  "balanced"  engine.  In  the 
cylinder  of  this  engine  were  two  pistons.  The  one  nearer 
the  front  end  was  fitted  with  two  piston  rods  and 
connections  having,  of  course,  stuffing  boxes,  and  the 
back  piston  had  a  single  piston  rod,  which  passed 
through  a  stuffing  box  in  the  front  piston  and  through 
a  second  stuffing  box  in  the  cylinder  head.  The  crank 
had  three  pins;  two  were  connected  with  the  rods  of 
the  front-end  piston,  and  the  pin  between  these  two 
was  connected  to  the  rod  of  the  back  piston,  the  two 
outside  pins  being  in  line  with  each  other  and  the  third 
pin  being  in  the  same  plane.  This  made  it  possible  for 
the  engine  to  catch  on  its  center  as  would  a  single 
cylinder  unit. 

I  ran  an  engine  of  this  type,  the  first,  I  think,  ever 
made,  at  over  600  r.p.m.,  while  resting  on  a  common 
deal  table,  and  neither  the  table  nor  the  engine  was 
fastened  down  in  any  way,  showing  a  fine  balance 
indeed.  Some  years  later  Justin  R.  Wells  took  up 
the  manufacture  of  this  engine  and  quite  a  number 
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wcn>    .sold;    )ho    liisf    I    .sfiw    whs    in    tho    stpain    yuht 
"(."liraldn."  luid  it  was  doiriK  pood  work. 

About  thi.'^  tinn\  I  lu'licvc.  I  wii.'t  shown  an  cnpin*' 
in  EuKland  which  1  was  to'd  ran  1,000  turns  per  minuto. 
It  was  called  the  Tower  spherical  enRine.  I  was  not 
shown  a  drawing  or  told  how  the  engine  was  de- 
siurncd,  hut  drawing's  of  it  came  out  later  in  Kvfji- 
iivrritifj,  of  London.  The  enjrine  was  desi>?n"d  on  the 
idea  of  supporting  spheres  at  their  central  lines,  with 
a  seprnient  cut  from  each  which  left  a  space  for  steam. 
This  enjrine  ran  without  noise  and  with  almost  no  vibra- 
tion, but  it  did  not  seem  to  take  in  the  market  as  was 
hoped. 

A  small  engine  and  boiler  were  put  on  the  market  in 
the  middle  seventies  known  as  the  Baxter.  It  was  a 
most  satisfactory  combination  and  I  think  it  was  about 
as  well  designed  a  power  plant  as  I  ever  saw.  The 
engine  was  set  on  top  of  a  vertical  boiler,  not  in  the 
usual  way  of  being  just  perched  thereon,  but  the  cylin- 
der was  set  vertically  into  the  boiler  with  the  result 
that  the  heat  of  the  boiler  kept  the  cylinder  hot,  which 
made  for  economy;  in  fact,  it  was  a  boiler-jacketed 
cylinder.  I  got  very  good  results  from  one  of  these 
engines,  .so  good  in  fact  that  the  builders  doubted  the 
results  at  first.  I  think  the  engine  and  boiler  were 
made  in  Paterson,  N.  J. 

When  the  electric  light  came  into  being  a  number 
of  horizontal  engines  appeared  which  were  in  some 
cases  widely  sold.  The  main  trouble  with  about  all  of 
these  electric-lighting  engines  was  the  governing,  and 
some  were  made  that  were  wonders  to  look  at.  One 
designer  of  these  governors  told  me  that  all  would  work 
well  in  his  shop,  but  not  one  would  govern  after  being 
sold. 

Before  the  electric-light  era  out  West  there  were 
made,  and  perhaps  still  are  made,  the  oil-well  engine, 
and  they  were  sold  at  a  price  that  was  so  small  that 
often  they  were  left  in  the  fields  when  a  dry  hole  was 
drilled,  as  it  did  not  pay  to  haul  them  to  new  fields  over 
the  very  bad  roads  and  rough  country.  These  engines 
were  a  sight,  decorated  in  a  way  that  provoked  mirth 
in  those  who  knew  fine  engine  work.  For  instance, 
the  cylinder  back  head  was  supplied  with  rough  nuts 
for  the  studs  and  these  nuts  were  often  gilded  and 
decorated  with  pictures  of  ladies  with  the  mo.st  remark- 
able physical  developments. 

The  Straight-Line  Engine 
The  "straight  line"  engine  was  a  delight  to  see  run, 
and  it  was  more  than  a  pleasure  to  go  where  it  was 
made  and  meet  that  prince  among  men.  Prof.  John  E. 
Sweet.  WTiy  this  engine  did  not  sell  better  is  some- 
thing which  surprised  many. 

The  number  of  freak  engines  that  a  man  has  seen 
who  has  been  in  the  engine  line  for  the  last  forty  years 
would  total  a  considerable  figure.  It  was  rather  a 
poor  week  if  at  least  one  w-as  not  brought  to  an  engine 
builder.  Some  of  these  were  turned  into  other  chan- 
nels and  did  very  good  service  as  blowers  or  water 
meters. 

Besides  the  various  engines  I  have  named  there  was 
a  host  of  others,  some  of  most  excellent  design  and 
workmanship,  which  faded  away,  some  because  of  poor 
management  and  others  from  lack  of  funds.  Now 
we  have  the  steam  turbine,  which  is  gaining  ground  all 
the  time  even  in  small  sizes,  although  the  economy  of 
the  latter  is  not  all  that  is  wished.  Although  the 
internal-combustion  turbine  does  not  look  like  a  pos- 


siliilitv.  it  would  be  a  hold  man  who  would  say  thai 
anything  in  the  mechanical  line  might  not  bo  accom- 
plished. 

I  know  there  are  many  who  consider  steam  as  a  back 
number  for  power,  but  if  I  had  stock  in  a  good  boiler 
works  I  would  not  sell  it  just  yet.  In  fact,  I  am  of 
the  opinion  that  we  will  see  more  and  more  Iwileri" 
Hud  steam  engines  used,  and  the  advance,  I  exr)ect 
will  be  in  the  more  economical  use  of  fuel  under  tht 
boiler  and  also  a  great  advance  in  the  steam  engim 
whether  it  be  of  the  old  or  new  type. 

As  the  cost  of  fuel  rises  we  shall  all  have  to  cut 
corners  as  never  before.  There  are  small  .steam  prinK 
movers  that  are  far  more  economical  than  t'lose  now 
used  in  this  country,  and  only  the  cheap  fuel  obtainablf 
here  has  kept  them  out  of  our  market.  However,  wit! 
the  advance  in  fuel  cost  these  economical  engine  designs 
wiM  find  favor  in  the  sight  of  the  engineering  work 
i'nd  purchasers  will  be  willing,  in  fact  forced,  to  buj 
these  designs  of  coal-saving  engines,  but  I  know  froir 
my  own  experience  that  the  American  market  will  noi 
take  them  de-spite  their  superior  economy  so  long  ta 
cheap  fuel  is  obtainable. 

The  Cross- Valve  Engine 
The  readers  of  Power  may  be  able  to  give  some  fur 
ther  information  as  to  an  engine  which  was  most  inter 
esting  to  me  away  back  in  1883  or  1884.  I  lost  sight  o: 
it  as  I  left  Bridgeport  soon  after  it  was  set  up.  Thi 
engine  was  built  by  a  man  named  Web.ster  and  I  thin! 
he  called  it  "a  cross-valve  engine."  The  steam  valve: 
were  set  vertically  on  the  side  of  the  cylinder  and  thej 
were  of  the  Corliss  type  with  some  new  idea  of  doin{ 
away  with  the  dashpots.  The  exhaust  valves  were  o 
the  same  type,  but  set  horizontally;  these  valves  wen 
worked  by  the  piston  striking  them,  in  fact  by  tappets 
The  steam  valves  were  driven  by  an  eccentric.  Thi 
engine  was  horizontal  and  I  think  was  supposed  to  b 
about  75  hp.  and  made  some  60  r.p.m.  The  interesting 
thing  about  the  design  was  that  the  two  exhaust  valve: 
were  placed  so  that  when  the  piston  was  at  the  end  of  thi 
stroke  the  valves  were  back  of  the  piston. 

This,  then,  was  the  idea  of  the  present  "Uniflow' 
engine.  The  steam  entering  at  the  crank  end  of  th' 
cylinder  was  exhausted  at  the  back  end  of  the  cylinder 
thus  making  a  continuous  flow  of  steam.  At  that  timi 
the  late  President  Morton  of  Stevens  was  making  cit; 
light  tests  and  the  Webster  engine  was  one  of  thos' 
supplying  pow-er.  Prof.  Richards,  of  Yale,  was  indicat 
ing  the  engines  of  the  lighting  company  and  the  Web 
ster  engine  interested  these  gentlemen  and  severa 
others.  All  objected  to  the  system  of  actuating  th' 
exhaust  valve,  but  the  continuous-flow  idea  did  not  seen 
to  interest  any  save  a  Mr.  Wilmot,  who  was  a  manu 
facturer  and  not  an  engine  man. 

He  liked  the  continuous  flow  idea  and  called  on  m 
several  times  with  a  view  of  my  interesting  some  of  m. 
friends  in  experimenting  further,  but  I  left  Bridgepor 
and  as  far  as  I  know  nothing  further  was  done  by  Web 
ster  in  engine  building. 


The  diflSculties  in  the  way  of  providing  proper  lubri 
cation  for  compressed-air  machinery  are  largely  due  t' 
the  extreme  high  and  low  temperatures  to  which  th 
lubricant  is  exposed,  and,  in  the  case  of  the  compressor 
to  the  fact  that  oil  when  in  contact  with  heated  ai 
may  deteriorate  and  become  a  source  of  trouble  unles 
proper  precautions  are  taken. 
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Overcoming 

Fhe  Cinder  Nuisance 

ANYONE  who  has  had  experience  with  large  boilers 
L  that  are  operated  much  above  rating  is  familiar 
vith  the  cinder  nuisance.  Large  quantities  of  half- 
)urned  particles  of  coal  and  some  ash  are  carried  by- 
he  high-velocity  gases  through  the  boilers  and  up  the 
tack.  These  particles  may  be  solid  coal,  but  usually 
ire  more  open  and  porous,  like  coke.  The  effect  of  this 
inder  shower  on  neighboring  property  is  oftentimes 
erious  and  leads  to  suits  in  court.  These  cinders  also 
ncrease  the  quantity  of  dust  in  adjacent  streets  and 
ead  to  unnecessarily  high  laundry  bills.  The  cost  of 
he  cinder  nuisance  is  often  very  indirect. 

Many  attempts  have  been  made  to  install  various 
brms  of  cinder  catchers  with  more  or  less  success. 
\.  few  years  ago  Power  described  a  wet-cinder  catcher 
hat  was  installed  at  the  Waterside  Station  of  the  New 
fork  Edison  Company.  This  was  effective  in  catching 
inders,  but  the  metal  par1:s  were  quickly  corroded  and 
he  cooling  of  the  chimney  gases  had  a  serious  effect  on 
he  draft.  The  water  was  therefore  cut  off  and  the 
quipment  used  as  a  less-efficient  cinder  catcher.  Vari- 
lus  similar  devices,  consisting  of  baffles  and  cinder 
loppers  together  with  cyclone  separators,  have  been 
ried  with  a  measure  of  success  in  many  plants. 

However,  all  such  dry  catchers  permit  a  certain 
mount  of  cinders  to  pass  through  and  up  the  stack. 
^he  gases  are  diverted  downward  by  placing  a  baffle 
n  their  path.  The  cinders  are  supposed  to  continue 
ownward  into  the  hopper,  but  to  do  so  must  pass 
hrough  the  current  of  gases,  which  now  has  an 
ncreased  velocity  in  passing  through  the  constricted 
rea  under  the  baffle.  This  stream  of  gases  picks  up 
.  certain  amount  of  the  cinders  and  carries  them  along 
nstead   of  allowing  them  to  settle. 

What  promises  to  be  a  satisfactory  cinder  catcher  is 
ow  being  tried  out  in  a  New  England  plant.  It  is 
esigned  so  that  the  cinders  are  properly  separated 
rom  the  gases  and  are  allowed  to  drop  into  the  cinder 
oppers  without  getting  into  the  gas  current  again, 
'urthermore,  it  is  claimed  that  this  new  cinder  sepa- 
ator  causes  less  loss  of  draft  than  any  of  the  older 
orms  of  baffles. .  Its  performance  will  be  watched  with 
iterest. 

Cinders  are  removed  in  various  ways  from  cinder 
oppers.  When  gravity  cannot  be  employed,  possibly  the 
team-jet  conveyor  is  the  cheapest  and  simplest.  These 
inders  are  said  to  have  a  heat  value  per  pound  about 
fty-five  per  cent  of  that  of  the  coal  used.  They  there- 
)re  form  a  low-grade  fuel  that  should  be  utilized  in  the 
lant.  In  some  places  they  are  mixed  with  fresh  coal 
nd  again  fed  into  the  furnace.  It  has  been  proposed 
)  mix  the  cinders  with  some  bituminous  coal,  to  pulver- 
;e  the  mixture  and  to  burn  it  as  powdered  coal  under 
ne  of  the  boilers  specially  arranged  for  this  purpose, 
his  latter  method  may  be  possible  in  large  stations,  but 
1  small  plants  the  best  plan  seems  to  be  to  wet  down  the 
Inders  and  mix  them  in  with  the  fresh  coal. 


Future  Prospects  of 
Increasing  Thermal  EflSciency 

ONE  of  the  great  problems  before  the  nations  of  the 
world  today  is  the  more  economical  production  of 
power.  Practically  every  civilized  country  is  consider- 
ing this  question  on  what  might  be  termed  a  national 
scale.  Fuel  is  mounting  higher  and  higher  in  cost  and 
becoming  more  difficult  to  obtain,  and  since  a  very  large 
percentage  of  power  must  be  produced  from  fuel,  it  is 
paramount  that  the  most  economical  means  be  employed 
in  power  production.  With  all  of  our  boasted  high 
efficiency  in  power-plant  machinery  and  its  operation, 
twenty  per  cent  is  about  the  best  over-all  thermal  effi- 
ciency that  is  possible  with  our  most  economical  turbo 
units.  Seventeen  or  eighteen  per  cent  is  a  fair  average 
under  the  best  operating  conditions.  Figures  based  on 
reports  obtained  from  over  three  thousand  central 
stations  give  an  average  of  three  pounds  of  coal  per 
kilowatt-hour — the  most  economical  plants  are  operating 
on  about  one  and  one-half  pounds.  Taking  the  figures 
for  the  most  economical  stations  will  give  an  over-all 
thermal  efficiency  for  the  plant  from  the  coal  pile  to  the 
switchboard  of  around  fifteen  or  sixteen  per  cent.  This 
being  the  case,  the  question  naturally  arises.  What  are 
the  future  prospects  of  increasing  the  thermal 
efficiency? 

It  has  been  estimated  that  with  steam  at  three- 
hundred  pounds,  and  five-hundred  and  twenty  degrees 
superheat,  used  in  a  turbine  operating  on  twenty-nine 
inches  of  vacuum  and  eighty  per  cent  Rankine  cycle 
efficiency,  a  kilowatt-hour  may  be  produced  on  eight 
pounds  of  steam.  Even  this,  which  is  a  theoretical  con- 
dition and  not  an  average  operating  one,  when  it  is 
possible  of  attainment,  will  utilize  only  about  twenty-five 
per  cent  of  the  heat  in  the  steam,  which  does  not  include 
the  boiler-room  losses.  Experience  with  steam  at  seven- 
hundred  degrees  Fahrenheit  indicates  that  very  difficult 
mechanical  problems  must  be  solved  before  much  higher 
temperatures  can  be  used. 

The  tremendous  heat  losses  in  all  central  stations  are 
in  using  the  steam  after  it  has  been  exhausted  down  to 
the  pressure  at  which  it  goes  to  the  condenser.  From 
the  temperature  at  which  the  steam  enters  the  turbine 
down  to  exhaust  pressure  the  thermal  efficiency  is 
nearly  one  hundred  per  cent.  However,  when  we 
attempt  to  convert  the  heat  in  the  low-pressure  steam 
into  power,  the  largest  poi'tion  of  it  is  thrown  over- 
board in  the  circulating  water.  The  problem  therefore 
reduces  itself  to  one  of  better  utilizing  the  heat  in  the 
exhaust  steam. 

Where  a  turbine  can  be  used  between  a  high-pressure 
boiler  and  a  low-pressure  heating  system,  it  operates 
at  a  thermal  efficiency  of  approximately  ninety-five  per 
cent.  This  being  so,  and  being  done,  why  not  apply  this 
scheme  wherever  possible?  li,  instead  of  concentrating 
several  large  units  in  one  great  station  in  our  large 
cities  and  industrial  centers,  these  stations  were  divided 
up  and  distributed,  in  a  number  of  locations  advan- 
tageous for  supplying  a  heat.ng  load  in  winter  and 
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■>|>oiiitinK  lOndon.sitijr  in  siimnur,  for  ahout  .sevoii 
nioMth.»<  of  the  year  the  thormal  «>llicicnc.v  of  the  turbines 
noiihl  he  nrotiiul  ninet.v-live  per  cent.  Even  if  for  the 
reniainiier  of  the  year  tho  plant  was  oi)erHled  con- 
densing, the  average  yearly  thermal  etliciency  would  be 
r;iist>d  from  seventeen  or  einhteen  per  cent  for  straight 
condensiiiR  operation  to  forty  or  fifty,  and  probably 
higher,  for  the  combined  power  and  heating'  load.  .There 
is  also  the  possibility,  by  a  wide  use  of  the  absorption 
.'■•y^tom  of  refrigeration,  of  using  a  large  i)crccntage  of 
the  exhaust  steam  the  year  round.  Such  a  project  would 
still  allow  the  installation  of  units  of  the  most  econom- 
ical size,  but  instead  of  being  concentrated  in  one  plant, 
they  would  bo  installed  in  several  plants.  Thes?  plants 
being  tied  together  electrically  as  well  as  on  the  exhaust 
svstem,  would  re(iuire  very  little  more  resei-\'e  capacity 
than  at  the  present  time.  Of  course  it  is  doubtful  if 
heat  and  refrigeration  could  be  supplied  to  any  other 
than  thickly  settled  communities  and  industrial  centers. 
Even  under  these  conditions  the  exhaust-steam  require- 
ments would  exceed  the  demand  for  power. 

In  this  project,  as  in  any  othei,  there  is  the  all-import- 
ant question  of  the  increased  revenue  paying  a  reason- 
able return  on  the  additional  capital  investment  neces- 
sary to  install  and  maintain  heating  equipment.  This 
in  certain  districts  has  already  been  done,  but  the  high 
price  of  coal  has  made  possible  the  installation  of  fuel- 
saving  means  that  a  few  years  ago  could  not  be  con- 
sidered from  a  financial  standpoint.  There  is  also  the 
question  of  the  heating  load  synchronizing  with  the 
power  load.  Experience  teaches  that  no  one  particular 
method  of  power  generation  offers  a  complete  solution 
of  the  problem  of  supplying  cheap  power.  The  proposi- 
tion suggested  in  the  foregoing,  like  all  others,  will 
have  to  be  analyzed  for  each  locality,  but  the  possibili- 
ties it  offers  for  fuel  saving  make  it  worthy  of  more 
serious  consideration  in  the  future  than  it  has  re- 
ceived in  the  past 

There  are  tremendous  possibilities  for  coal  saving  by 
electrifying  our  railways,  developing  our  water  powers, 
etc.,  but  after  this  is  all  done  our  method  of  utilizing 
the  heat  in  fuel  will  be  just  as  uneconomical  as  it  is 
now  unless  we  adopt  some  method  in  power  generation 
radically  different  from  that  employed  in  our  large 
power  stations  at  the  present  time,  although  this 
represents  the  highest  development  in  the  art.  The 
problem  of  the  future  is  not  alone  the  economical 
utilization  of  power,  but  a  more  economical  generation. 

Electric  Arc  Welding  Machines 

ELECTRIC  arc  welding  at  present  is  in  about  the 
same  state  of  development  as  the  electrical  industry 
was  some  twenty  or  twenty-five  years  ago;  there  are 
as  many  schemes  for  performing  the  same  function 
as  there  are  concerns  manufacturing  equipment,  and 
each  has  its  own  advocates.  In  general,  electric  arc- 
welding  equipment  can  be  divided  into  two  classes, 
constant-potential  and  constant-current  machines,  but 
the  methods  of  applying  these  principles  are  numerous. 
This  lack  of  standardization  is  due  probably  more  to 
an  absence  of  what  the  requirements  actually  are  in 
a  welding  circuit  than  anything  else.  Although  exten- 
sive experiments  have  cleared  up  many  of  the  doubtful 
points,  there  are  still  many  features  open  to  discussion. 
In  its  simpliest  form  an  arc-welding  circuit  consists 
of  a  constant-potential  source  with  sufficient  resistance 
in  the  circuit  to  reduce  the  voltage  at  the  arc  to  about 


twenty  volts  and  also  to  stabilize  the  arc.  However 
such  a  .scheme  in  general  is  ineflicient  on  account  of  thi 
losse.s  ill  the  resistance.  To  eliminate  some  of  thc-i 
los.ses  and  other  features,  many  so-called  variabji- 
voltage  con.stant-current  generators  have  been  dovcl 
oped.  In  these  the  terminal  voltage  automatical! 
varies  in  an  opposite  sen.se  to  the  current,  to  overco'n. 
•  he  inherent  unstable  characteristics  of  the  arc.  Thev 
have  also  been  developed  a  number  of  alternatini 
schemes  of  both  the  constant-potential  and  constari 
current  types. 

While  all  this  development  has  been  going  on,  the 
application  of  electric  arc  welding  has  been  makinr 
tremendous  strides,  and  at  pre.sent  welding  machine 
have  become  part  of  many  power-plant  e()uipments;  or, 
if  not  a  part  of  the  actual  plant  e(iuipment,  their  usf 
has  become  very  general  about  the  plant. 

To  give  Power  readers  a  general  idea  of  the  operation 
cf  a  number  of  arc-welding  machines  that  are  now  in 
use,  a  .series  of  four  articles,  by  L.  W.  Webb,  will  be 
published  in  this  and  subsequent  issues.  All  the 
machines  described  possess  advantages  and  disadvan- 
tage.s,  which  depend  more  upon  local  conditions  as  to 
their  u.se  than  upon  any  merits  or  demerits  in  the 
individual  machines  themselves.  One  point  brought  out 
by  Mr.  Webb  that  is  of  particular  interest  is  that  sup- 
plying a  large  percentage  of  the  power  input  of  thf 
machines  at  the  arc  should  not  alone  be  the  decidin" 
factor  in  selecting  an  equipment,  as  a  machine  operat 
ing  at  a  considerably  lower  efficiency  may  show  a 
lower  cost  of  work  produced  than  a  machine  of  higher 
power  efficiency,  simply  because  its  characteristic!- 
make  it  possible  for  the  operator  to  do  good  welding 
at  a  higher  rate. 

Following  Up  on  Repairs 

TH'E  importance  of  following  up  closely  on  power- 
plant  maintenance  work,  also  on  inspections  of 
equipment,  is  well  shown  in  a  brief  paper  elsewhere 
in  this  issue  by  Frederick  L.  Ray,  for  many  years  chief 
operating  engineer  in  public-utility  plants. 

The  author  mentions,  among  other  things,  the  timely 
renewal  of  steam-turbine  blades.  It  happens  that  a 
turbine  now-  and  then  loses  a  blade  or  part  of  a  row 
without  interj'upting  its  service.  The  dismembereci 
parts  clear  and  fall  away,  doing  no  damage  other  thai 
to  the  wheel  to  which  they  belonged.  This  is  usually 
the  ca.se  whei-e  the  blades  and  diaphragms  ai'e  sounc 
and  reasonably  free  from  erosion.  Turbine  blades  dr. 
not  have  to  become  considerably  pitted  to  seriously 
impair  the  efficiency  of  the  machine;  if  the  edges,  par- 
ticularly, are  "bitten  away,"  as  the  operator  aptly 
expresses  it,  the  economy^  of  the  turbine  is  badly 
affected.  If  removed  soon  enough,  such  blades  give  lit- 
tle or  no  trouble  and  the  cost  of  lowered  efficiency 
does  not  become  excessive. 

Mr.  Ray  also  calls  attention  to  the  importance  of 
reasonably  frequent  inspections  of  the  thread  where  the 
piston  rod  screws  into  the  crosshead  on  old  engines. 
The  number  of  accidents  from  failures  of  these  parts 
in  the  author's  own  experience,  together  with  others, 
again  directs  the  mind  to  the  subject  of  fatigue  of 
metals.  The  mechanical  w'orld  is  not  getting  the  facts 
on  fatigue  fast  enough.  The  slow  failure,  or  weaken- 
ing of  metals  in  machinery  and  structures  is  of 
tremendous  importance,  and  engineers  must  know  more 
about  it  if  they  are  going  to  control. 
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Where  Should  the  Beginner  Start? 

What  has  become  of  all  the  first-class  firemen  within 
the  last  five  years  ?  This  I  believe  must  be  a  pertinent 
question,  considering-  the  number  of  inquiries  heard 
for  some  time  past,  and  it  leads  one  to  consider  the 
subject  in  its  different  phases. 

I  may  have  been  more  fortunate  than  others,  judging 
by  the  many  times  I  have  heard,  "Does  anyone  know 
where  I  can  get  a  good  fireman  ?"  Because  of  the  many 
complaints  registered  against  men  in  the  boiler  room 
who  claim  to  be  firemen,  and  judging  by  some  I  have 
seen  in  different  plants,  I  can  readily  believe  that  many 
of  the  complaints  are  justified. 

I  heard  the  chief  of  a  large  office  building  say  that 
he  would  not  allow  a  boiler  to  be  cut  in  or  out  except- 
ing when  he  was  there  to  see  that  it  was  properly 
done,  and  that  he  found  it  necessary  to  oversee  other 
details  of  operation  that  would  have  been  subordinated 
to  the  firemen  if  they  had  been  competent. 

At  a  meeting  of  our  association  two  members  told  of 
attempts  made  by  their  firemen  to  cut  a  dead  boiler 
onto  the  line,  one  being  frustrated  by  the  timely  appear- 
ance of  the  chief  and  the  other  by  virtue  of  there  being 
a  non-return  stop  valve  on  the  boiler.  Another  engi- 
neer told  of  his  fireman  removing  the  manhole  dogs 
and  trying  to  force  in  the  manhole  plate  with  40  lb. 
pressure  on  the  boiler.  These  men  were  hired  as  good 
firemen  and  were  receiving  the  pay  of  first-class  men. 

Many  of  the  younger  firemen  entered  various  branches 
of  the  service  during  the  war,  and  many  left  to  work 
in  munition  factories  for  the  higher  wages  offered,  but 
the  bottom  has  dropped  out  o.'  that  industry  and 
although  we  should  be  getting  some  of  them  back,  they 
do  not  generally  seem  inclined  to  come. 

I  have  had  reasonably  good  success  in  breaking  in 
likely  young  fellows  who  were  interested  in  power-plant 
work  and  who  were  willing  to  study  and  learn,  and  I 
find  that  they  can  be  readily  molded  into  my  ways 
and  methods.  New  men  must  be  broken  in  for  power- 
plant  work  to  take  the  places  of  those  dropping  out, 
and  the  question  arises  whether  the  new  beginner 
should  start  in  the  boiler  room,  as  at  present,  and 
advance  to  the  engine  room,  or  whether  it  would  be 
better  pi-actice  to  start  him  in  the  engine  room  and 
advance  him  to  the  boiler  room.  It  seems  to  me  that 
the  latter  practice  would  be  the  better. 

A  young  fellow  entering  the  engine  room  first  would 
be  right  in  his  element,  if  he  is  of  the  right  sort.  He 
likes  to  see  the  wheels  turning  and  to  start  and  stop 
the  engines  and  operate  the  switchboard,  all  of  which 
is  pleasant  and  agreeable  to  a  beginner. 


In  the  engine  room  there  is  more  to  engage  and 
hold  his  interest,  and  to  him,  the  job  looks  more 
responsible  and  perhaps  more  dignified  than  shoveling 
coal  and  cleaning  fires.  This  view  of  the  situation,  of 
course,  is  a  fallacy,  and  he  has  yet  to  learn  that  the 
man  with  the  scoop  shovel,  if  he  is  a  good  fireman, 
is  performing  work  that  calls  for  better  judgment  and 
requires  more  experience  to  acquire  the  necessary 
results  and  efficiency  than  the  engine-room  work. 

I  believe  that  seven  out  of  ten  young  fellows  start- 
ing in  the  engine  room  would  stick  it  through  the 
boiler  room,  while  not  more  than  three  out  of  ten  start- 
ing in  the  boiler  room  would  stick  long  enough  to  reach 
the  engine  room. 

Many  of  our  most  successful  engineers  have  started 
in  the  boiler  room  and  by  perseverance  have  risen  to 
high  positions ;  but  the  old  order  of  things  has  changed 
materially  with  modern  practice,  and  I  believe  this 
subject  warrants  consideration  if  we  are  to  get  and 
keep  the  right  material  with  which  to  make  the  future 
engineers. 

Considering  another  side,  Is  the  beginner  today  worth 
more  as  a  beginner  in  the  engine  room  or  the  boiler 
room?  The  engine-room  equipment  has  reached  a  high 
state  of  development  and  needs  relatively  little  care  or 
attention  that  cannot  be  delegated  to  a  bright  beginner 
under  the  supervision  of  the  chief  or  a  watch  engineer. 

Here  he  can  gradually  absorb  a  general  knowledge 
as  to  the  use  of  steam  and  its  application  in  changing 
heat  into  work.  He  will  also  have  an  opportunity  to 
stud,  combustion  and  the  generation  of  steam  and  will 
have  ample  chance  to  get  the  rudiments  of  boilei'-room 
practice  and  the  principles  involved  in  the  efficient  burn- 
ing of  coal.  Then,  when  he  finally  advances  to  the  boiler 
room,  it  will  be  with  a  realization  that  he  is  being  pro- 
moted, and  he  will  be  better  able  to  appreciate  the  qual- 
ities necessary  in  the  making  of  a  first-class  fireman. 

The  price  of  coal  has  steadily  advanced  to  a  point 
where  careless  and  wasteful  methods  in  its  use  are  giv- 
ing us  all  serious  concern,  and  we  must  look  to  proficiency 
in  the  fireroom  to  keep  this  waste  down  to  a  minimum. 
One  sure  way  to  defeat  this  purpose  is  to  put  the  coal 
pile  in  charge  of  inexperienced  beginners.  The  duties 
assigned  a  beginner  in  the  engine  room  do  not  present 
the  opportunity  for  wastefulness,  nor  do  they  call  for 
as  much  responsibility  as  in  the  boiler  room. 

Given  your  choice  between  an  experienced  and  an 
inexperienced  fireman,  which  would  you  choose?  If 
you  had  a  position  open  for  an  oibr  or  engine-room 
attendant,  would  you  hire  an  experiencc-d  operating 
engineer  or  break  in  a  beginner?  J.  A.  LaNE. 

Windsor,  Conn, 
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Water  llainnior  FrarliirrM  Valve 

One  moniiiiK  nvently  a  ralhor  serious  accident 
happened  at  the  Vickshurg  (Miss.)  Light  and  Traction 
C'o.'s  ph>nt.  The  operator  was  ordered  to  put  in  water 
and  fire  up  No.  4  boiler.  The  7-in.  gate  valve  A  had 
heen  closed  in  order  to  make  some  repairs  on  a  7-in. 


r 


u. 


■Drain  /o  Trap 


"n'ATEU  FKACTrRKD  STOP  VALVK 


lead.  The  drain  valve  B  was  left  i^hut.  After  the 
water  was  up  to  the  proper  height  and  before  the  fire 
was  started,  the  operator  opened  the  7-in.  gate  valve  A, 
neglecting  to  open  the  drain  valve  B  first.  About  three 
minutes  later  a  serious  water  hammer  was  heard  and 
the  automatic  stop  check  valve  C  was  fractured,  as 
shown,  throwing  the  top  half,  together  with  its  bend, 
up  through  the  roof  and  breaking  off  the  neck  of  a 
10  X  6-in.  cast-iron  tee  that  was  bolted  to  the  10  .x 
7-in.  tee. 

Although  no  one  was  injured,  it  shows  conclusively 
that  it  is  dangerous  to  place  valves  in  vertical  lines, 
even  though  drains  are  provided.  All  the  steam  and 
water  from  the  other  boilers  delivering  steam  to  the 
10-in.  header  D  escaped  through  the  breaks  and  the 
whole  plant  had  to  be  closed  down  until  repairs  could 
be  made.  H.  T.  Fryant. 

Memphis,  Tenn. 

Character  of  Sulphur  Dioxide 

An  article  by  H.  J.  Macintire  on  refrigerants,  in 
Power,  June  8.  page  914,  has  been  called  to  my  attention. 
I  understand,  of  course,  that  Mr.  Macintire  merely 
attempts  to  hit  a  few  of  the  high  spots  in  his  subject. 
Such  brevity,  however,  invariably  leads  many  writers 
into  making  general  statements  that  may  convey  erro- 
neous impressions.  In  his  article  I  particularly  refer  to 
the  sentence,  "Sulphur  dioxide  and  ammonia  are  deadly 
in  small  quantities  if  relief  is  not  immediately  obtained." 

I  am  basing  my  right  to  be  critical  on  my  former  ex- 
perience as  chief  chemist  for  a  concern  manufacturing 
domestic  electrical  refrigerating  machinery  using  sul- 
phur dioxide  as  the  refrigerating  medium  and  my  pres- 
ent work  as  production  manager  of  a  plant  manufactur- 
ing anhydrous  liquid  sulphur  dioxide.  My  reason  for 
oeing  critical  is  that  I  dislike  to  have  wrong  im- 
^/ressions  disseminated  about  a  chemical  that  has  been 
condemned  too  freely,  when  my  experience  shows  it  to 


bf  quite  well-behaveil  and  not  obnoxious  to  handle  or 
work  with.  In  fact,  it  is  decidedly  not  a  dangerous 
chemical. 

To  refer  to  the  sentence  quoted,  it  is  not  logical  to 
put  ammonia  and  sulphur  dioxide  in  the  same  class. 
The  u.se  of  the  term  "deadly"  is  rather  sweeping  and 
does  not  apply  to  sulphur  dioxide.  To  the  average  reader 
the  expression  "small  (luanlities"  might  mean  anything. 
The  last  of  the  sentence,  from  the  way  it  is  worded  and 
the  apparent  idea  of  the  whole  .sentence,  brings  to  mind 
immediately  a  picture  of  first-aid  kits  and  stretchers. 
The  author  probably  had  good  intentions,  but  this  .sen- 
tence is  certainly  mislending  to  a  harmful  degree. 

I  would  appreciate  hearing  from  Mr.  Macintire  re- 
garding the  points  I  have  brought  up. 

H.  V.   HiGHLEY, 

Marinette,  Wis.  Ansul  Chemical  Co. 

Renioviiiji;  a  Tapered  Piston 
from  Crosshead 

Loosening  a  piston  rod  from  a  crosshead,  when  a 
tapered  end  and  key  is  used,  as  mentioned  on  page  897 
of  the  June  1  issue,  is  sometimes  more  of  an  under- 
taking than  one  who  has  never  had  the  woi-k  to  do  might 
realize. 

At  times  it  is  necessary  to  heat  the  crosshead  before 
the  taper  can  be  started,  and  then  a  special  key  and  fol- 
lowers or  gibs  are  used,  as  shown  in  the  top  view  of  the 


TWO   METHODS    EMPLOYED    IN   REMOVING 
PISTON  ROD 


A   TAPERED 


illustration.  I  have  had  to  build  a  fire  of  waste  and  oil 
under  a  crosshead.  of  the  double-guide  type,  carrying 
a  10-in.  rod,  and  sledge  the  key  with  a  14-lb.  hammer  to 
start  it. 

On  small  engines  we  put  in  a  false  wTistpin  with  hole 
tapped  for  a  setscrew  and  start  the  rod  with  the  jack  so 
formed,  as  shown  by  the  bottom  view. 

New  York  City.  C.  W.  Peters. 
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Plugs  in  Water-Column  Connections 

In  the  June  22  issue  of  Power,  page  1014.  Charles  W. 
Caite.,  Jr.,  comments  on  my  using  brass  plugs  in  water- 
column   connections.     In   reply   I   would   say   that   Mr. 
Carter    is    slightly    misin- 
formed.  The  water  column 
in    question    was    not   con- 
nected to  the  boiler  as  il- 
lustrated, but  as  shown  by 
the    accompanying    sketch. 
We     always     remove     the 
plugs    when    washing    out 
the    boilers,    and    we    find 
hardly  enough  dirt  or  sedi- 
ment to  soil  the  fingers.  It 
will  be  observed  that  there 
are  two  globe  valves  in  the 
water-column   blow-off.       I 
used  to  have  but  one  valve 
with  the  consequence  that 
when    it   began   leaking,    I 
could  not  put  in  a  new  disc 
or  repair  it  until  the  boiler 
was  shut  down  for  washing 
out.     In  the  meantime,  if 
it  was  very  bad  I  had  to 
disconnect    the    pipe    and 
plug     it     up     or     put     in 
another    valve    below    the 
,    ,  ,.       .  one  that  was  leaking.     The 

iast  time  it  was  necessary  to  use  a  second  valve.    I  left 
It  connected  and  have  had  no  trouble  since 
Hasbrouck  Heights,  N.  J.  Geo.  J.  Little 
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I  am  sorry  that  Mr.   Peters  overlooks  the  point  I 
intended  making,  which  was  simply  that  there  rL 
enou  h  co„fi,  ^^^,^;^>  ^^^  empTyer  and 

that,  to  a  great  extent,  it  is  of  the  employee's  making 
and  could  be  easily  remedied  if  the  two  would  get  to 
was  to  'I  '  »;? ^-t-t^-heart  talk.     The  illustration  used 
Tl  easierlft  T'T.  "^k'  '^^  ^  ^"^^  '^^  ^^«  ^^oulder 

ound  fair     X         .'  '°'''  '"^  ""'  "^"  ^^"^^•^">-  ^e 
lound  tair      After  readmg  my  article  this  is  all  that 

I  can  see  in  it,  and  as  Mr.  Peters  says  he  wants  the 

Sfo';;'"  'I'''  ''*'  ^^^^^  «^  the  issue  I  woud  be 
glad  to.  have  him  tell  what  the  other  side  from  mine  is 
for  his  article  does  not  present  any  other  sL Xt  f 

di/tv  1^  l"  "^^  "^''''"  ^^'^^''  "°t  i"  «^^ralls  or  with 
dutj  hands  or  face,  for  I  expect  to  wear  overalls  about 
as  few  times  per  year  as  any  engineer  in  this  dtv  but 
I  contend  that  they  are  honorable,  serviceable  a^dVe" 
onvenient.  I  also  stick  to  the  statement  that  a  man 
1  no  better  than  he  thinks  he  is;  that  "as  a  man  thfnk" 
eth  in  his  heart,  so  is  he";  and  because  a  mai^bv  merit 

d^     Ifmlr  h^^^^"^  *^  '^  '"^'  -P-ior';?p^oSn 

r'4t  kiL  nf'i        .  •""''   '"P^'^"^'  personally,   and   the 

intv'^vent      '"^     ^^  ^^"^^^"^  ^^^  1  "^^^  ^°"^->^ 

Memphis,  Tenn.  ■"•  ^-  ^RANFORD. 


WATER  COLUMN  PIPING 


Industrial  Unrest 

After  reading  Mr.  Peters'  article,  "Industrial  Unrest." 
in  the  issue  of  June  29,  and  reading  again  mv  article 
to  which  he  refers,  I  cannot  refrain  from  writing  the 
lollowmg : 

If  Mr.  Peters  is  working  on  his  job  sixteen  hours  a 
day  It  seems  to  me  that  a  raise  of  100  per  cent  in  salary 
would  be  a  very  insignificant  increase,  as  he  is  un- 
Joubtedly  doing  two  men's  work,  as  practically  all  fair- 
innded  people,  including  those  who  go  to  make  up  the 
overning  body  of  this  country,  have  recognized  eight 

Z\^l        "^  *^'  ^"'t  ^"^  »"««*  l«^i^a'  duration  for 
I  work  day. 

ha"n'it*f«*f  ?^'  2  ''  "'  ^^'th^^'  *"  the  "boss's"  office 
as  Jnnf  "  /i?  f ''•  "^^"^  '^  "  ^^'^t'  but  after  a  man 
a^ed  T.  \  ^''i'  °^''  *^"  ^^  th'-ee  t™e«  and 
hanl.  f  ^"A"^'^"^^'  then  the  relative  distance 
antC'  in  ''''?'  '^'  ^"'"'""'^^  *h^t  I  may  have  been 
TcSfhZ  'ZT'V'  there  is  no  statement  in  my 
h.f  T  V"  f "'  ^™  ^"  the  assumption  that  I  was 
hat  advocate  such  a  thing.  While  I  did  not  even 
int  that  I  went  to  any  boss  dirty,  greasy  or  in  filthy 
othes,  I  will  admit  that  I  have  done  such  a  thing  and 
as  welcome,  because  the  grime  came  from  the  per 
'rmance  of  duty  and  it  was  necessary  to  ^o  a  that 
articular  moment.    As  to  going  to  him  in  my  overalls 

o'lrrr- '  '°^';  '  '^^^  ^^"^  ^^^t,  and  reairexpe 
do    t  again,   and  can   see  nothing  discourteous  in 

son  for  ctn  '''  ^u  ""V''™'  ^"^  there  is  no  more 
tting  on  of^  "^'""^  ^r  '^'''  ^""^'^  b«  ^«r  a  ««ldier 

"enL  of  I?  '''*^''  ^^^"  he  had  to  be  in  the 

-bence  ot  his  superior. 


Improves  an  Oil  System 

to^n'nr  ^  '^^l'^  '^^"^'"^  '"'"^  improvements  I  made 

V  ral'y  afs'^Th?'  "'"'  '^^^  ^'^^^  satisfaction  for 
several  jears  The  engine  came  equipped  with  an  oiling 
system  as  shown  by  the  sketch,  -fhe  suctfon  of  hf 
pump  caught  all  the  water  and  sediment  and  soon  made 
an  emulsion  of  the  whole  oil-tank  contents.    Ever^  mtle 


A/-  l^n/  /oprei/enf 
■\^yphon  efrect 


LMPriOV-^MExXTS  IN  OIL  SYSTEM 


While  1  nad  to  change  the  oil,  filter  and  separate  out 
the  old  oil  in  a  separate  apparatus 

overflow''^and%h"i'''°"/P'"^"^  '"^  "^^^^  the  complete 
overflow,  and  the  water  now  flows  out  over  the  Iood 

c^n-ying  with  it  the  sediment  that  settles  to  the  bottom'' 

^vhlle    the    raised    suction    gets    the    pure,    best    oi 

from  near  the  surface.  R.  JIanlv  Ohr 

Vancouver,  B.  C,  Canada. 
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ll.t.ii.  \>,  Kilouall-llloiirs  per  Ton  of  Cloul 
UK  -Moasiirr  of  l']fli<"n'iicy 

In  lomnu-iitinj;:  on  j>i)\vit  statist iis  issued  by  the 
(.'nited  Stnte.s  Geolojricjd  Survey,  the  writer,  in  the 
May  -l  number  of  Pouur,  took  e.xception  to  the  use  of 
kilowatt-hours  per  ton  of  coal  as  the  measure  of  sta- 
tion ethfiency  of  i)ublic-service  corporations  furnishinjj 
miscellaneous  service.s  besides  power.  It  was  su^Rested 
that  thermal  etliciency  be  used  as  a  measure  of  the 
station's  economy  or  that  public-.service  corporations 
be  divided  into  two  jfroups-;  One  purely  i)ower.  service 
companies,  the  efficiency  of  which  could  be  expressed 
in  kilowatt-hours  per  ton  of  coal,  and  the  other  group 
stations  fuinishinj;:  power  and  other  services  for  which 
some  other  standard  mipht  be  adopted  for  efficiency 
measurement.  An  e.xaniple  was  given  to  show  that  in 
the  case  of  two  plants,  one  furnishing  power  only  and 
the  other  power  and  heat,  the  first  could  produce  five 
times  as  many  kilowatt-hours  per  ton  as  the  second 
and  yet  be  only  one-fifth  as  efficient,  when  the  com- 
parison was  made  on  the  basis  of  the  heat  utilized. 

It  was  stated  also  that  the  large  differences  in  effi- 
ciency shown  by  the  data  furnished  were  not  actual,  the 
apparent  difference  being  due  largely  to  the  standard 
adopted  for  measurement  of  station  efficiency,  kilowatt- 
hours  per  ton  of  coal,  regardless  of  the  kind  of  service 
furnished.  R.  S.  McBride  takes  exception  to  the  fore- 
going comment  as  follows: 

Mr.  Misostow  evidently  was  under  a  misapprehension  as 
to  certain  facts  with  reference  to  these  figures.  He  ap- 
parently believes  that  a  considerable  amount  of  fuel  re- 
ported in  these  figures  was  used  for  purposes  other  than 
power  production. 

As  a  matter  of  fact  it  is  doubtful  whether  more  than  10 
per  cent  of  the  fuel  used  in  any  state  by  these  companies 
reporting  was  consumed  for  such  auxiliary  uses  as  are 
mentioned  in  Mr.  Misostow's  comments.  It  seems  very 
unlikely,  therefore,  that  anything  more  than  a  negligible 
percentage  of  error  could  be  introduced  from  this  cause, 
even  if  all  the  companies  reporting  made  the  mistake  of 
including  in  their  reports  all  fuel,  instead  of  only  that  fuel 
used  for  generating  current.  .  .  .  There  is  no  doubt  that 
some  of  the  exhaust  is  used  for  auxiliary  purposes,  but 
under  the  circumstances  no  large  difference  is  probably 
caused  by  this  fact. 

The  United  States  Geological  Survey  has  done  good 
work  and  has  the  public's  confidence.  The  best  intend- 
ing public  make  use  of  the  material  published,  and 
often  for  purposes  entirely  different  from  those  for 
which  the  data  have  been  collected.  Data  so  furnished 
are  expected  to  be  impartial,  adequate  and  entirely 
reliable,  and  in  cases  where  the  information  is  not  as 
they  wished  it,  due  to  no  fault  of  the  department,  ex- 
planatory remarks  should  be  furnished  for  the  guidance 
of  the  public. 

As  no  material  could  be  more  reliable  or  impartial 
than  that  furnished  by  the  United  States  Geological 
Survey  it  is  to  be  regretted  that  the  data  have  not 
been  compiled  in  such  form  as  to  be  usable  for  establish- 
ing fuel  cost  p.r  kilowatt-hour  and  for  the  establish- 
ment of  rates,  or  in  cases  of  emergency  for  apportion- 
ing fuel  to  the  various  public-service  companies.  Such 
data  might  also  be  used  as  a  guide  for  directors  of  a 
corporation  in  judging  of  the  ability  of  their  engineer 
to  utilize  fuel  to  the  advantage  or  disadvantage  of  the 
company. 

As  to  super-stations  (the  significant  future  of  which 
is  only  size  and  location)  solving  the  power  problem, 
this  is  an  old  dream,  and  a  dream  it  will  remain.     The 


super-station  of  today  will  be  u  commonplace  of  to- 
morrow,  as  it  ha.s  been  in  the  pa.st,  but  us  long  as  the 
stations  are  built  with  conden.sers  at  one  end  and  long 
transmission  lines  at  the  other  we  must  continue  to 
dream  until  the.sc  two  monsters  consuming  the  major 
I)art  of  the  energy  in  the  fuel  are  eliminated.  Then  a 
real  and  sane  solution  of  the  power  production  problem 
may  be  accomplished. 
Chicago,  111.  IIknry  Misostow. 

Burning  Screenings  Under  Adverse 
Conditions 

I  have  just  rend  the  editorial  on  "Burning  Coal  Under 
Emergency  Conditions,"  in  the  July  20  issue  of  Power,\ 
and  I  hasten  to  tell  your  readers  of  a  solution  of  such 
a  problem  in  an  Iowa  city  in  a  boiler  plant  having  the 
McNillan  furnace  under  return-tubular  boilers,  set. 
about  54  in.  from  the  grates,  and  with  a  chimney  hav- 
ing a  height  of  a  ten-story  office  building.  This  plant 
has  been  using  for  years  the  local  coal  as  found 
around  Des  Moines,  and  last  winter  during  the  coal 
shortage,  when  the  Government  directed  to  Iowa  sev- 
eral thousand  tons  of  anthracite  screenings  and  buck- 
wheat and  also  coke  breeze,  the  engineers  as  well  as 
the  manufacturers  in  this  part  of  the  country  were  in 
a  serious  dilemma. 

After  manj'^  trials  on  the  part  of  many  good  firemen, 
in  this  particular  plant  under  discussion,  there  came 
one  who  wanted  to  try  his  hand  at  burning  the  anthra- 
cite screenings.  As  soon  as  he  had  seen  the  genera), 
construction  of  the  furnace,  he  filled  the  side  opening? 
full  to  overflowing  with  the  screenings  and  fired  all 
the  time  through  the  front  door,  firing  but  one  shove 
of  coal  at  a  time,  and  that  well  spread.  No  failurt 
in  steam  w'as  noted,  and  the  building  was  kept  in  opera 
tion  continuously  by  the  maintenance  of  a  clean,  cleai 
thin  fire,  using  the  shaking  grates  only  slightly  so  a- 
to  remove  the  small  amount  of  ash  that  resulted. 

I  wish  someone  would  tell  how  to  burn  these  coal- 
with  good  results  in  marine  types  of  boilers,  also  witl 
water-tube  boilers  that  are  set.  high  from  the  grates. 

Cedar  Rapids,  Iowa.  Royal  H.  Holbrook. 

Qeaning  Apparatus  for  Generator 
Winding 

On  page  878  of  the  June  1  issue  of  Power  I  noticec 
a  description  by  F.  C.  Williams  of  a  cleaning  apparatu: 
for  generator  windings.  I  wish  to  say  that  the  appara 
tus  as  described  by  Mr.  Williams  is  not  only  contrar: 
to  the  rules  of  the  Underwriters,  but  it  is  exceed 
ingly  dangerous  to  mix  air  and  gasoline  for  -oucl 
purposes. 

A  vapor  of  gasoline  in  air  is  highly  explosive,  am 
any  flame  such  as  might  happen  through  sparking  o 
the  machine  or  through  defective  operation  of  control 
ling  apparatus  might  cause  an  explosion  costing  fa 
more  than  a  first-class  air-compressing  outfit. 

Chicago,  111.  H.  E.  Weightman. 


Do  not  assume  the  idea  that  the  steam  after  passin; 
through  the  engine  is  wasted.  It  is  not,  because  i 
represents  the  largest  percentage  of  heat  delivered  b; 
the  boiler,  and  much  of  the  heat  can  be  retained. 
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.,  INQUIRIES  [fl 
"^^  OF  GENERAL 
INTEREST 


Disadvantages  of  Pxcessive  Lap  cf  Corliss  Valves — Wliat 
are  the  disadvanta"ges  of  excessive  lap  on  the  steam  valves 
of  a  Corliss  engine  ?  F.  E.  A. 

Excessive  lap  reduces  the  rapidity  and  amount  of  move- 
ment of  the  valve  at  the  point  of  opening,  and  also  dimin- 
ishes the  range  through  which  the  engine  will  cut  off. 


Overtravel  of  Value — What  is  meant  by  overtravel  of  an 
engine  valve?  R.  L. 

The  overtravel  of  a  valve  is  the  distance  the  outside  edge 
of  the  valve  passes  by  the  inside  edge  of  the  port;  or  in 
other  words,  the  amount  of  movement  that  takes  place  in 
excess  of  the  movement  necessary  for  completely  uncovering 
the  port. 


Head  and  Back  Pressure  of  Refrigeration  System — What 
is  meant  by  the  head  pressure  and  the  back  pressure  of  an 
ammonia  compression  system  of  refrigeration?     H.  B.  C. 

The  head  pressure  in  an  ammonia  system  is  the  pressure 
at  which  the  gas  leaves  the  compressor.  The  back  pressure 
is  the  pressure  that  is  maintained  in  the  expansion  coils  and 
the  return  system  to  the  compressor. 


Operation  of  Injector — How  is  an  injector  enabled  to  force 
feed  water  into  a  boiler  and  overcome  the  same  or  a  greater 
pressure  than  the  pressure  of  steam  supplied  to  the 
injector?  C.  G.  T. 

The  steam  supplied  in  passing  from  the  high  pressure  in 
the  boiler  to  the  low  pressure  in  the  injector  chamber 
expands  suddenly,  and  part  of  its  heat  energy  is  converted 
into  energy  of  motion.  When  condensed  by  contact  with  the 
cool  water  the  steam  gives  up  part  of  its  heat  to  raise  the 
itemperature  of  the  water,  but  retains  enough  of  its  kinetic 
energy  to  carry  along  the  water  against  the  boiler  pressure. 


Isothermal  and  Adiabatic  Expansion — What  is  isothermal 
expansion  and  adiabatic  expansion?  W.  E.  L. 

When  a  gas  expands  it  performs  work.  If  expansion 
takes  place  at  a  constant  temperature  the  gas  is  said  to 
expand  isothermally,  and  in  order  to  have  a  constant  tem- 
perature during  expansion  it  is  necessary  to  supply  heat 
from  some  external  source  to  compensate  for  the  heat  con- 
verted into  work.  This  might  be  done  in  a  steam  engine 
oy  means  of  a  steam  jacket  around  the  working  cylinder. 

A  gas  expanding  in  a  non-conducting  cylinder  is  said  to 
expand  adiabatically;  that  is,  "no  heat  passing  through," 
ind  its  temperature  will  fall  during  the  expansion,  since  no 
heat  is  supplied  to  take  the  place  of  that  converted  into 
A'ork.  This  condition  is  probably  never  realized  in  practice, 
3ut  is  approximated  when  expansion  takes  place  suddenly, 
iS  there  is  then  little  time  for  conduction  of  heat. 


Equalizing  Cutoff  of  Corliss  Engine — How  is  the  same 
)oint  of  cutoff  obtained  for  opposite  ends  of  the  cylinder  of 
I  Corliss  engine?  C.  R.  T. 

!  Make  a  mark  on  the  crosshead  and  corresponding  marks 
'm  a  guide  when  the  piston  is  at  each  end  of  its  stroke,  and 
finother  mark  on  the  guide  to  indicate  whei-e  the  mark  on 


the  crosshead  will  stand  when  the  piston  is  at  one-quarter 
stroke  from  each  end  of  the  cylinder.  With  the  wristplate 
hooked  up  and  the  governor  blocked  to  the  average  running 
height,  place  the  piston  at  one-quarter  stroke  from  either 
end  and  adjust  the  length  of  the  governor  reach  rod  to  the 
valve  on  the  same  end,  so  the  valve  will  be  just  tripped  when 
one-fourth  stroke  is  reached.  Then  turn  the  engine  over 
slowly  and  observe  whether  cutoff  takes  place  as  the  piston 
is  brought  up  to  one-fourth  stroke  from  the  other  end  of  the 
cylinder.  If  cutoff  takes  place  too  early,  lengthen  or  shorten 
the  governor  reach  rod  to  the  valve  of  the  same  end  so  that 
it  will  not  take  place  untrl  after  one-fourth  stroke  or  if 
cutoff  was  found  to  take  place  too  late,  gradually  adjust  the 
length  of  the  reach  rod  so  the  valve  is  just  tripped  when  the 
piston  is  brought  up  to  one-fourth  stroke.  If  there  is  a 
single  reach  rod  from  the  governor  with  a  link  connection 
between  the  valves,  adjustment  should  first  be  made  of  the 
rod  that  has  direct  connection  with  the  governor.  When 
adjustments  are  made,  test  the  equality  of  cutoff  when  the 
governor  is  blocked  a  little  higher  and  also  when  blocked  a 
little  lower.  On  account  of  variation  of  angular  position  of 
the  governor  connections,  it  is  impossible  to  make  adjust- 
ment that  will  obtain  exact  equalization  for  all  positions  of 
the  governor,  but  when  made  for  any  particular  position, 
equalization  for  the  average  load  can  be  made  by  adjusting 
the  cutoff  of  one  end  of  the  cylinder  checked  by  indicator 
diagrams. 


Hcrsepower  Constant  of  Engine — What  is  the  horsepower 
constant  of  an  engine  having  a  cylinder  22 1  in.  in  diameter 
and  42-in,  stroke  with  piston  rod  3  in.  in  diameter  and 
running  85  r.p.m.  ?  W.  L.  G. 

The  horsepower  constant  for  each  end  of  the  cylinder  is 
the  number  of  indicated  horsepower  developed  by  1  lb.  mean 
effective  pressure,  and  therefore,  to  express  horsepower 
constant,  the  usual  formula 

PXLXAXN     ^ ,  _   .         IXLXAXN 


hp.  = 


becomes  hp.  e. 


33,000  '    " '" "  33,000 

By  substitution,  the  horsepower  constant  for  the  head  end 
of  a  221  X  42-in.  engine,  running  85  r.p.m.,  is  found  to  be 

42 
1  X  Y2  X  22a   X  22*  X  0.7854  X  85 

33,000 
=  3.584  hp.  per  Ib.m.e.p.  for  H  end. 

Allowing  for  a  3-in.  diameter  piston  rod,  the  horsepower 
constant  of  the  crank  end  is  found  to  be 


hp.  c.  = 


1  X 


hp.  c.  = 


X  l22i  X  22i)  -  (3  X  3) 


X   0.7854  X  85 


33,000 

=  3.52  hp.  per  Ib.m.e.p.  for  C  end. 

The  h.p.c.  for  use  with  the  average  of  the  m.e.p.'s  of  both 
ends  would  be,  3.584  -|-  3.52  =  7.104  hp.  per  lb.  average 
m.e.p.  of  both  ends. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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VoL  52,  No.  G 


Ex|MririuM'  in  l*owrr-l*lanl  ()|Mrali«»n* 

My  Kkkdkkuk  L.  Ray! 

Accidents  cannot  always  bi-  prcvcntod,  for  hidden  dofcct.M 
will  develop  to  the  breaking'  point  before  they  can  be 
detected.  Proper  inspeition,  howevei,  will  prevent  most 
accidents,  and  careful  planning'  for  the  future  will  eliminate 
i)0  per  cent  of  what  inspection  fails  to  find. 

The  cost  of  maintenance  work  can  be  lessened  by  doinj,' 
the  work  before  the  life  of  the  material  is  Kone;  but  a 
vrreat  cost  can  be  burdened  on  a  property  by  replacini; 
machinery  just  because  it  has  been  in  service  for  a  certain 
number  of  years.  We  are  justified  in  rejjlacinK  the  axles 
of  the  hijrh-speed  interurban  cars  after  they  have  been  in 
service  for  a  jjiven  number  of  miles,  for  we  know  by  ex- 
perience that  there  is  an  average  life  of  an  axle  beyond 
which  we  shouM  not  jO  because  of  the  danger  to  life  and 
property  if  they  should  break,  but  we  would  not  be  justi- 
fied in  replacing  all  the  tubes  of  a  boiler  just  becau.se  they 
have  been  in  service  twenty  years,  for  they  may  give  many 
more  years  of  service.  Even  if  one  should  give  way,  it 
seldom   results   in   more  than  the   loss  of  the  one  tube. 

The  renewal  of  a  few  rows  of  blading  in  a  turbine  at 
an  expense  of,  say,  $2,000  may  easily  prevent  an  accident  in 
which  perhaps  it  wi!l  ruin  all  of  the  blading  and  cost  many 
thousands  of  dollars,  with  possible  interruption  of  service. 

How  much  better  it  is  to  take  a  boiler  off  at  stated  in- 
tervals, thoroughly  testing,  cleaning  and  repairing  so  that 
when  it  goes  on  it  will  be  in  first-class  order,  than  to  keep 
operating  it  until  the  efficiency  drops  to  30  per  cent  or  a 
tube  splits  wide  open,  with  possible  loss  of  life  and  inter- 
ruption to  service. 

Belts  for  Ash  Handling 

There  have  been  many  installations  of  belts  for  the 
handling  of  ashes,  but  in  my  experience  every  installation 
has  been  a  failure.  One  that  I  have  in  mind  is  where 
there  were  sixteen  boilers.  A  system  of  24-in.  wide  belts 
was  put  in  to  deliver  the  ashes  to  an  elevator.  This  sys- 
tem consisted  of  five  different  belts,  four  of  them  i-unning 
parallel  with  the  boilers  and  delivering  to  a  cross-belt 
which  delivered  to  the  elevator.  This  system  was  oper- 
ated about  one  year,  then  discarded,  and  the  wheelbarrow 
used  in  its  place.  During  the  period  of  operation  about 
$7,000  worth  of  belts  were  used  with  about  30  per  cent 
efficiency  in  labor  while  operating  the  belts.  There  was 
excessive  maintenance  of  other  parts  in  the  few  months'  use 
of  this  system,  besides  the  belts,  so  that  all  together  it 
was  an  expensive  experiment. 

The  chief  trouble  with  the  system  was  to  keep  men  from 
pulling  hot  ashes  on  the  belt.  Many  methods  of  quench- 
ing the  ashes  were  tried,  but  in  spite  of  all  we  could  do 
by  threats  and  discharges,  the  men  would  burn  the  belts 
so  that  in  a  short  time  they  had  to  be  renewed.  While 
we  were  working  on  the  belts  or  machinery,  the  laborers 
would  be  idle,  waiting  for  the  system  to  start.  Sometimes 
the  basement  would  be  nearly  full  of  ashes,  and  then  it 
would  take  several  days  to  get  cleaned  up  again. 

On  account  of  the  small  capacity  of  the  ashpits  it  was 
necessary  to  use  two  crews,  night  and  day,  on  this  work, 
which  required  about  twenty-five  men.  After  the  belts 
were  taken  out  and  wheelbarrows  used,  we  decided  to  get 
moi'e  capacity  in  the  ashpits.  The  capacity  was  increased 
to  a  twenty-four-hour  run,  after  which  one  crew  of  nine 
men  took  care  of  all  the  ash  handling,  using  wheelbarrows, 
where  formerly  we  had  twenty-five  men  on  the  belt  system. 

Another  serious  trouble  here  was  the  burning  of  stoker 
dump  grates  because  of  the  shallow  ashpits  and  the  failure 
of  the  belt  conveyor.  As  the  capacity  of  the  ashpits  was 
increased  and  the  method  of  handling  ashes  made  more 
efficient,  this  trouble  disappeared. 

Engine  Crosshead  Failures 

Cast-iron  crossheads  on  engines  that  have  been  in  serv- 
ice for  fifteen  to  twenty  years  should  be  closely  watched, 
for  there  is  likely  to  be  a  failure  of  the  threads  in  the 
crossheads  where  the  piston  rod  screws  in. 


•From  a  paper  before  the  Central  Station  Electric  Association. 
fUnion  Traction  Company  of  Indiana. 


On  taking  charge  of  some  old  enginen,  I  have  found  con- 
ditions that  were  Htarllmg.  One  illustration  will  Huffice. 
On  an  engine  of  2(')-in.  diameter  cylinder  oiieruting  ut 
IM)  M).  .Hteam  pressure  we  found  the  threads  in  the  croHH- 
head  practically  broken  olf,  just  a  few  threads  holding,  ho 
I  hat  the  IfiiMl  shock  fnim  water  or  forcigt.  matter  would 
have  stripped  the  rod  out  of  the  crosshead,  with  the  re- 
sult that  we  would  have  had  a  seriouH  engine  wreck  and 
possibly  loss  of  life.  Piston  rfxls  should  be  screwed  out  of 
the  crosshead  often  enough  to  make  sure  that  they  are 
in    good   condition. 

Condenser  Suction  Pipe 

Long  lines  of  suction  piping  on  jet  condensers  often 
cause  considerable  trouble  with  the  pumps  attached  to  this 
line,  as  a  small  leak  of  air  into  this  line  will  cause  serious 
trouble.  I  have  had  two  systems  of  piping  that  were  the 
cause  of  much  trouble.  One  of  these  lines  was  a  20-in. 
riveted  sheet-iron  pipe  with  wrought-steel  flanges  partly 
under  ground  but  about  one-half  of  it  exposed  in  the 
basement  and  in  close  quarters.  To  this  line  four  marine- 
type  jet  condensers  were  connected.  As  soon  as  we  began 
to  have  trouble  with  the  condensers,  our  first  thought  was 
of  the  suction  line,  and  there  we  usually  found  the  trouble. 

In  another  plant  there  were  five  marine-type  jet  con- 
densers connected  on  to  an  underground  suction  line  made 
up  of  bell  and  spigot  pipe  with  lead-packed  joints.  We 
could  not  get  any  of  the  condensers  to  work  satisfactorially. 
Investigation  was  started,  and  before  we  completed  the 
work  we  had  dug  up,  calked  and  packed  every  joint  on 
this  pipe.  After  this  was  done  and  the  condensers  over- 
hauled they  would  pull  the  required  vacuum  without  any 
trouble. 

Our  method  of  discovering  the  leaks  was  to  put  in  a  blind 
tlange  as  close  to  the  source  of  water  supply  as  possible, 
and  by  having  a  water  connection  we  could  pump  up  about 
40  lb.  pressure  on  the  line  and  keep  on  making  these  tests 
until  everything  tested  tight.  The  suction  pipe  to  any 
kind  of  a  pump  should  be  tight,  but  where  it  is  used  for 
condenser  purposes  it  must  always  be  kept  very  tight.. 

Feed-Water  Treatment 

Water  for  boiler  purposes  should  be  as  pure  as  it  is 
possible  to  get  it;  in  fact,  distilled  water  would  be  best. 
Water  softeners,  either  hot  or  co'd  process,  will  give  water 
that  will  enable  a  plant  to  operate  satisfactorily,  even 
with  a  very  bad  water  before  treatment.  Care  must  be 
exercised  in  starting  a  softening  plant  where  the  boiler 
has  been  in  service  a  number  of  years  using  bad  water, 
for  every  time  the  water  is  started  in  too  soft  the  scale 
will  be  thrown  from  the  tubes  and  great  damage  done  by 
burning  them. 

As  an  illustration,  a  softening  system  had  been  operat- 
ing for  some  time,  using  a  certain  amount  of  lime  and 
soda  ash  to  take  care  of  a  creek  water.  It  happened  that 
it  rained  for  about  a  week,  with  the  result  that  the  hard- 
ness in  the  creek  was  reduced  considerably,  but  there  was 
no  change  in  the  amount  of  lime  and  soda  ash  used.  The 
water  was  therefore  made  very  soft  with  a  surplus  of  soda 
ash  going  into  the  boilers,  which  resulted  in  throwing  down 
much  scale  which  lodged  in  the  lower  tubes,  a  large 
number  of  which  were  burned  and  several  boilers  put  out 
of  commission,  interrupting  service. 

The  remedy  was  to  stop  the  treatment  for  several  days. 
The  tube  trouble  was  stopped.  Water-softening  systems 
are  like  everything  else  about  power  plants — they  must  be 
closely  watched  by  someone  experienced  in  their  opei'ation. 

Increasing  Capacity  of  Ashpits 

In  a  certain  plant  I  found  the  ashpits  under  a  chain- 
grate  stoker  with  capacity  for  only  about  four  hours'  run. 
Two  crews  of  men  were  needed  to  handle  coal  and  ashes, 
one  day  and  one  night,  working  ten-hour  shifts.  These 
ashpits  were  worked  over  so  that  the  capacity  was  in- 
creased to  a  thirteen-hour  run.  After  the  change  was 
made  a  crew  of  eight  men  and  a  foreman  did  all  the  work 
in  a  ten-hour  shift,  saving  the  wages  of  seven  men.  This 
is  a  case  where  the  saving  in  labor  paid  for  the  cost  of 
making   the  improvement   in   four  months'  operation. 
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Record  of  Large  Turbo-Generator 
Armature  Breakdowns* 

By  F.  D.  NEWBURY 

Manager   I'owei-    Kiigineiiiiis    ]  )ci)artiiutit,     WistiiiKliou.s.-    Electric    and    Manufactui  ing:   Cotnpany 


THE  following  statement  is  a  complete  record  of 
armature  breakdowns  that  have  occurred  in  West- 
inghouse  turbo-generators  of  15,000  kva.  or  larger 
polyphase  rating.  The  record  covers  every  turbo-generator 
of  this  size  that  had  been  placed  in  operation  up  to 
January,  1920,  by  this  company.  These  generators,  with- 
out exception,  are  mica  insulated,  with  mica  insulation 
between  the  strands  and  between  conductors  as  well  as 
between  coil  and  core. 

The  first  of  this  company's  generators  larger  than  10,000 
kva.  were  placed  in  operation  in  1913.  These  machines 
were  of  approximately  20,000  kva.  capacity,  two-pole  in 
the  case  of  25  cycles  and  four-pole  in  the  case  of  60  cycles. 
The  design  of  such  large  two-  and  four-pole  units  in  1911 
and  1912  was  highly  experimental,  and  while  these  units> 
met  the  standard  temperature-rise  guarantee  of  50  deg.  C. 
by  thermometer,  it  has  since  been  found  that  the  true  cop- 
per temperatures  of  the  strands  nearest  the  air  gap  at 
the  center  of  the  core  have  been  at  least  200  deg.  C.  rise 
in  some  cases.  Experience  has  shown  designers  how  to 
avoid  these  high  local  temperatures  to  a  considerable  de- 
gree (mainly  by  reduction  of  eddy-current  losses),  and  this 
is  mentioned  here  only  to  bring  out  the  significance  of  the 
record  of  trouble  due  to  heating. 

It  is  also  important  to  note  the  inclusive  and  representa- 
tive nature  of  the  record.  It  covers  all  generators  built 
of  a  given  size  and  type,  and  it  is  therefore  safe  to  draw 
general  conclusions  that  will  be  applicable  to  all  generators 
of  the  same  class. 

During  these  seven  years'  experience  there  have  been 
22  cases  of  major  armature  trouble  involving  12  different 
installations  or  designs  and  16  individual  units.  By  major 
armature  trouble  is  meant  trouble  serious  enough  to  result 
in  the  failure  of  one  or  more  armature  coils. 

The  classification  of  armature  failures  as  to  cause  is  in 
some  cases  a  difficult  matter.  The  events  leading  up  to 
the  trouble  may  be  unknown,  and  the  ev'dence  is  very  often 
burnt  up.  It  has  been  thouglit  best,  therefore,  to  separate 
these  cases  into  three  classes  as  follows:  (1)  Where  the 
manufacturer  has  accepted  responsibility;  (2)  where  the 
operating  company  has  accepted  responsibility;  (3)  where 
the  cause  is  unknown  or  in  dispute. 

1.  Eight  cases  were  chargeable  to  design,  workmanship 
or  other  cause  for  which  the  manufacturer  accepted  re- 
sponsibility. 

(a)  5  cases  (of  these  8)  were  caused  by  defects  in 
manufacture  that  developed   shortly  after   installation. 

(b)  3  cases  (of  these  8)  concerned  details  of  design 
that  led  to  failure  after  four  or  five  years'  operation. 
Two  of  these  cases  (in  one  design)  involved  high  local 
temperatures  caused  by  eddy  currents  in  the  top 
strands  of  the  coil. 

2.  Eleven  cases  were  chargeable  to  operating  hazards  for 
which  the  operating  company  accepted  the  responsibility. 

(a)  4  cases  (of  these  11)  were  caused  by  fire  origi- 
nating outside  of  the  armature  winding.  In  three  of 
these  cases  the  fire  started  in  the  cables  just  outside  of 
the  generator;  in  the  fourth  case  the  fire  started  in  a 
series  transformer  accidentally  open-circuited. 

(b)  4  cases  (of  these  11)  occurred  in  one  installation 
and  were  caused  by  abnormal  voltage  surges  that  caused 
the  outside  surfaces  of  the  insulation  to  catch  fire.  In 
addition  to  these  four  cases  that  resulted  in  coil  fail- 
ures, as  many  more  fires  started  that  were  put  out  be- 
fore such  damage  was  done.  This  trouble  disappeared 
after  the  generator  neutral  was  grounded. 

♦i„t7"'^J^  ^''*''^'l. '^  '"JS'"''.."".^^  discussion  of  a  paper.  "Classifica- 
tion of  Large  Steam  Turbo-Generator  Failures,"  bv  Philip  Torchio 
§n*'%Tin''  ^V^^  .^:';^F--  convention,  White  Sulphur  Springs,  .lune 
30,   1!)20.   and  publishe<i   m  Povur.  July   13,   page   7fi 


(c)  1  case  (of  these  11)  was  caused  by  ice  or  water 
carried  into  the  generator  from  the  air  washer. 

(d)  2  cases  (of  these  11)  were  caused  by  enforced 
operation  under  conditions  that  were  known  to  be  un- 
safe. One  case  involved  unsafe  overloads  and  the  other 
case  involved  continued  operation  after  it  was  known 
that  the  armature  needed  minor  repairs. 

3.  Ihree  cases  involved  unknown  causes  or  the  cause  was 
in  dispute.  In  two  of  these  cases  the  operating  company 
believed  armature-coil  heating  to  be  responsible. 

This  classification  of  armature  breakdowns  shows  that 
out  of  19  cases,  where  causes  were  agreed  to,  11  cases 
were  caused  by  operating  hazards  for  which  the  generator 
can  in  no  way  be  held  accountable.  The  majority  of  these 
cases  were  caused  by  fires  of  external  origin. 

If  all  of  the  cases  in  which  armature  heating  was  in- 
volved (even  by  suspicion)  are  grouped,  there  are  only  5 
cases  out  of  22  breakdowns.  Two  cases  (involving  one  of 
the  first  designs)  were  caused  by  design  proportions;  in 
two  others  temperature  was  not  the  primary  cause  of  break- 
down, but  the  operating  companies  believed  it  to  be  a  con- 
tributory cause;  and  in  the  fifth  case  enforced  overloading 
was  the  primary  cause. 

The  writer's  opinion,  based  on  a  careful  study  of  oper- 
ating experience  and  a  detailed  knowledge  of  internal  tem- 
peratures and  coil  and  insulation  design,  is  that  break- 
downs caused  by  armature  heating  are  in  reality  due  ta 
abnormal  local  temperatures  that  have  values  of  the  order 
of  several  hundred  degrees ;  and  that  temperatures  of  100 
deg.  or  150  deg.  ordinarily  discussed  in  connection  with 
guarantees  have  very  little  to  do  with  the  problem.  This 
statement,  of  course,  applies  only  to  windings  completely 
insulated  with  mica  within  the  slots. 

High-Voltage  M.^^chines  Reliable 

This  record  of  breakdowns  brings  to  the  surface  another 
fact  that  is  interesting  and  important  and  that,  is  i-eassur- 
ing  to  the  companies  operating  high-voltage  units.  If  the.se 
generators  be  classified  according  to  voltage,  it  is  found 
that  there  are  twice  as  many  generators  wound  for  11,000 
volts  or  higher  voltage  as  there  are  generators  wound  for 
lower  voltages.  But  these  twenty-two  cases  of  armature 
breakdown  are  equally  divided  between  these  two  voltage 
classes.  This  means  that  the  percentage  of  armature 
breakdowns  in  the  high-voltage  generators  under  discussion 
is  only  one-half  that  of  the  lower-voltage  machines.  This 
record  would  be  very  different  with  treated-cloth  insula- 
tion (in  large  high-voltage  generators)  that  is  subject  to 
cumulative  heating  on  account  of  dielectr'c  losses  inci'eas- 
ing  with  temperature;  or  with  partially  closed  armature 
slots,  still   used   by  some   European   designers. 

This  record  does  not  prove  that  high-voltage  generators 
are  necessarily  safer  or  less  subject  to  breakdown,  except 
in  so  far  as  breakdowns  myy  be  caused  by  voltage  surges 
that  are  independent  of  generator  voltage.  Obviously,  a 
10,000-volt  surge  would  be  dangerous  in  a  2,400-volt  gener- 
ator, but  would  be  harmless  in  a  13,000-volt  winding.  The 
record  does  prove  that  11,000-  and  13,000-volt  windings  are 
just  as  reliable  as  low-voltage  windings  and,  further,  that 
breakdowns  are  generally  caused  by  trouble  unrelated  to 
line  voltage. 

The  facts  brought  out  by  this  record  may  be  summarized 
as  follows: 

1.  The  majority  of  armature  breakdowns  are  caused  by 
operating  hazard  originating  outside  the  generator. 

2.  Armature  heating  in  armatures  completely  insulated 
with  mica  is  a  minor  cause  of  breakdown. 

3.  High-voltage  generators,  with  mica  insulation  and 
open  armature  slots,  are  as  reliable  and  probably  are  more 
reliable  than  large,  low-voltage  generators. 
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rian.><  for  tho  ditJiiUil  orjrniii/.ation  of  the  Fcdi-rnl  rower 
(.'ominission  woro  ajrropd  upon  at  a  nu'l•tiIl^;  of  the  commis- 
sion in  WashinKton  July  27.  The  eoinmission  will  be  com- 
posed of  the  followiiijr  subdivisions:  Kn>;:ineeriiij:,  accounl- 
injr.  statistical,  rejrulatory,  licensinjr,  lejral  and  operation. 
The  enjrineer  otiicer  is  to  be  in  immediate  charge  of  the 
enpineerinjr  division,  with  the  title  of  chief  cnjjineer  of 
the  commission.  Kor  purposes  of  administration  the  coun- 
try has  been  divided  into  five  districts. 

District  No.  1  will  have  its  headquarters  in  Washinprton 
and  will  consist  roughly  of  the  territory  east  of  the  eastern 
shore  of  Lake  Michigan,  the  Illinois-Indiana  boundary  and 
east  of  a  line  drawn  so  as  to  include  the  Ohio  River  basin 
and  proceeding  irreirularly  southward  to  the  Gulf  at  Mobile. 

District  No.  2  has  its  headquarters  at  St.  Paul  and  in- 
cludes that  territory  west  from  District  No.  1  to  midway 
in  the  Dakotas  and  north  of  Muscatine,  on  the  Mississippi, 
and   Sioux   City,  on  the  Missouri. 

District  No.  '.)  has  its  headquarters  at  St.  Louis.  It  in- 
cludes the  Mississippi  basin  south  of  District  No.  2,  and  all 
of  Kansas,  Missouri,  Arkansas,  Louisiana,  Texas,  and  por- 
tions of  Mississippi,  Nebraska  and  New  Mexico. 

District  No.  4  has  its  headquarters  at  Denver  and  in- 
cludes the  greater  part  of  the  states  of  Montana,  Wyoming, 
Utah  and  Colorado  and  parts  of  North  Dakota,  South 
Dakota,  Nebraska  and  New  Mexico. 

District  No.  5  has  its  headquarters  at  San  Francisco  and 
includes,  in  addition  to  the  Coast  States,  Idaho,  Nevada  and 
Arizona. 

Federal  Trade  Commission  Reports 
on  Cost  of  Mining  Coal 

The  sixth  report  of  the  Federal  Trade  Commission's  series 
on  the  cost  of  producing  coal  in  the  United  States,  covering 
the  States  of  Maryland,  West  Virginia  and  Virginia,  which 
produce  about  18  per  cent  of  the  total  annual  production  of 
bituminous  coal  in  the  United  States,  presents  information 
for  the  period  from  August,  1917,  to  December,  1918,  based 
on  monthly  cost  reports  filed  by  the  operators  on  forms 
prescribed  by  the  commission  and  covers  about  68  per  cent 
of  the  output  of  Maryland  during  1918,  89  per  cent  of  the 
output  of  West  Virginia  and  77  per  cent  of  that  of  Virginia. 
Information  is  also  presented  for  certain  districts  in  Mary- 
land and  West  Virginia  for  1916,  1917  and  1918,  based 
partly  on  the  information  obtained  by  the  commission's 
agents  dii-ectly  from  the  operators'  books  and  partly  on 
cost  sheets  submitted  by  the  operators.  This  latter  inform- 
ation covers  from  14  to  53  per  cent  of  the  total  output  for 
the  respective  districts  concerned. 

The  report  shows  that  wide  differences  existed  in  1918 
between  the  conditions  met  by  the  operators  in  the  fifteen 
mining  districts  of  Maryland,  West  Virginia  and  Virginia 
for  which  statistics  are  given,  and  is  of  particular  interest 
at  the  present  time  for  comparison  with  the  series  of 
monthly  bulletins  on  current  1920  costs,  which  are  being 
issued  by  the  commission.  The  basic  1918  figures  are  shown 
in  the  report  in  detail,  and  the  various  elemtents  comprising 
the  costs  of  operations  such  as  labor,  supplies,  general 
expenses,  as  well  as  sales  realization,  in  each  district  in 
1918  are  distributed  through  a  wide  range. 

In  1918  for  the  production  of  over  90,000,000  tons  mined 
in  these  three  states  by  the  541  operators  covered  by  the 
report,  the  average  annual  total  f.o.b.  mine  costs  as  revised 
by  the  commission  ranged,  by  districts,  from  $1.63 'to  $3.09, 
and  the  average  sales  realization  ranged  from  §2.45  to  $2.88 
per  ton  of  2,000  pounds.  In  Maryland  (which  is  a  single 
district  and  includes  also  the  Upper  Potomac,  Cumberland 
and  Piedmont  District  in  West  Virginia)  these  average 
costs  and  sales  realization  in  1918  were  $2.37  and  $2.82  re- 
spectively, resulting  in  a  margin  of  45c.  per  ton.  In  West 
Virginia  the  average  costs  in  1918,  by  districts,  ranged  from 
$1.63  to  $3.09  and  the  sales  realizations  from  $2.45  to  $2.88. 
If  the  Putnam  County  District  be  omitted,  which  had  the 


high  average  cost  of  $3.09  and  an  average  hbIoh  realization 
of  otdy  $2.70  per  ton,  th<'  range  of  average  coHts  for  the 
remaining  districts  of  West  Virginia  was  from  $1.G.'{  to 
.T2..')r)  per  ton,  and  the  range  of  margins  wuh  from  .'{'Jc.  to 
!»2c.  per  ton.  In  the  two  districts  of  Virginia  for  which 
figures  are  given,  the  average  costs  in  1918  ranged  from 
$1.93  to  $2.48,  the  sales  realizations  from  $2. .08  to  $2.81,  and 
the  margins  from  33c.  to  65c.  per  ton.  The  "margins,"  as 
elsewhere  explained,  are  not  the  same  as  "profit." 

The  labor  costs  of  the  71  operators  in  Maryland  and  in 
these  three  districts  of  West  Virginia  in  1918  were  from 
88  to  118  per  cent  higher,  and  the  total  f.o.b.  mine  costs  in 
1918  were  from  92  to  109  per  cent  higher,  than  those  in 
1916.  The  sales  realizations  in  1918  were  from  97  to  123 
per  cent  higher  than  those  in  191().  Of  the  amount  paid  for 
coal  by  the  purchaser,  based  on  each  dollar  of  sales  realiza- 
tions during  1916-18,  the  item  of  most  general  interest  is 
the  proportion  that  labor  received.  That  part  of  the  amount 
paid  by  the  purchaser  which  went  to  labor  varied  consider- 
ably from  district  to  district,  for  these  71  operators  in  most 
districts,  from  period  to  period.  It  was  highest  (64  cents 
out  of  each  dollar)  in  the  Upper  Potomac,  Cumberland  and 
Piedmont  Districts  of  Maryland  and  West  Virginia  during 
the  period  June-December,  1918,  and  lowest  (26  cents  out 
of  each  dollar)  in  the  Pocahontas  District  of  West  Virginia 
during  the  period  April-May,  1917. 

The  detailed  information  contained  in  this  report  supple- 
ments that  in  the  monthly  bulletins  which  the  commission 
is  issuing  at  the  present  time,  where  necessarily  averages 
only  can  be  used  in  comparisons.  The  report  further  fur- 
nishes a  safeguard  against  making  too  wide  generalizations 
from  the  averages  shown  in  the  monthly  bulletins. 

Welded  Boiler  Explodes 

At  11  a.m.  on  July  16,  a  small  boiler  of  the  firebox  type 
exploded  in  a  sawmill  near  McMinnville,  Tenn.,  killing  the 
fireman    and    a    laborer,    the    former    instantly,    and    badly 


FIG.   1. 


.SHOWING   LOCATION   OF   CRACK   AND 
CORRODED  AREA 


scalding  the  owner  and  two  others.  The  explosion  wasi 
especially  violent,  completely  demolishing  the  engine  andj 
mill  equipment,  and  occurred  without  warning. 

A  few  minutes  before  the  explosion  the  owner  noticed 
about  one  inch  of  w-ater  in  the  glass.  The  safety  valve 
was  popping  off,  and  the  gage  showed  125  lb.  The  owner 
instructed  the  fireman,  a  green  hand,  to  turn  off  the  in-j 
jector,  and  when  the  glass  stood  half  full,  he  turned  oi 
the  injector  himself.  Two  or  three  minutes  afterward 
the  explosion  occurred. 
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Fig.  1  shows  the  type  of  boiler,  the  heavy  irregular  line 
indicating  an  old  internal  crack  in  the  shell  almost  two 
feet  long.  Within  the  area  inclosed  by  the  dotted  line 
the  plates  and  staybolts  showed  evidence  of  having  been 
badly  corroded.  Only  four  inches  of  this  long  crack  was 
visible    from    the    outside,    and    this    portion    was    welded 


failure  could  not  have  been  at  the  crack,  actually  stating 
that  the  failure  of  the  sheet  at  this  point  would  have  re- 
lieved the  pressure  and  therefore  have  rendered  an  ex- 
plosion impossible.  Such  statements  point  to  the  necessity 
of  rigid  state  inspection  laws,  and  of  operation  of  boilers 
only  by  competent  men.     There  are  undoubtedly  hundreds 


FIG.   2.      THE  WELD  IN  WHICH  THE  METAL  WAS  ONLY  SPOTTED.     FIG.    3.     REMAINS  OP  FRONT   END 
BOX  END.  ARROW  INDICATES  LINE  OF  INITIAL  RUPTURES 


FIG.    4.     FIKE- 


jlectrically  about  a  year  ago  to  prevent  leakage.  In  weld- 
ing, metal  had  simply  been  "spotted"  over  the  crack,  adding 
tiothing  to  the  strength  of  the  sheet.  The  average  thick- 
less  of  the  sheet  over  the  entire  length  of  the  crack  was 
something  less  than  one-sixteenth  inch.  The  condition  of 
:he  sheet  at  this  point  may  be  seen  in  Fig.  2.  The  re- 
mainder of  the  metal  in  the  boiler  was  in  good  condition, 
md  the  crown  sheet  showed  no  evidence  of  low  water.  The 
fusible  plug  was  intact,  although  filled  with  shot  lead. 

The  initial  rupture  apparently  occurred  at  the  point 
where  the  repair  had  been  made  by  welding.  The  shell 
vas  torn  entirely  in  two,  and  the  two  halves  hurled  one 
lundred  feet  away  in  opposite  directions.  The  fracture 
'ollowed  the  girth  seam  nearest  the  crack,  but  the  violence 
)f  the  explosion  caused  the  shell  to  tear  in  several  other 
)laces,  and  as  part  of  the  metal,  including  the  steam  dome, 
:ould  not  be  found,  it  was  impossible  to  trace  exactly  the 
mtire  course  of  the  fracture. 

This  occurrence  demonstrates  the  extreme  hazard  in- 
rolved  in  operating  even  the  smaller-sized  boilers  without 
experienced  help  and  expert  inspection,  and  of  attempting 
)y  the  welding  process  a  repair  of  the  kind  described.  The 
)wner  of  the  plant  was  inclined  to  the  belief  that  the  initial 


of  boilers  in  daily  use  in  as  hazardous  condition  as  this 
one  was,  the  lives  of  the  workmen  and  the  safety  of  the 
equipment  hanging  by  a  very  slender  thread. 


Power  Index  Ready 


The  inaex  for  Power,  Vol.  51,  from  January  to  June,  1920, 
inclusive,  is  now  ready  for  distribution.  Following  the  usual 
practice,  this  index  will  not  be  sent  to  every  subscriber,  but 
will  be  mailed  to  any  subscriber  on  request,  free  of  chai-ge. 


A  corporation  for  the  development  of  a  power  plant  on 
Rock  Creek,  Missoula,  Mont.,  is  being  formed.  The  in- 
corporators are  Judge  F.  C.  Webster  and  John  and  Vincent 
Shaughnessy,  all  of  Missoula.  The  new  company  will  be 
incorporated  for  $500,000,  and  a  majority  of  this  amount 
is  to  be  spent  in  the  erection  of  a  hydro-electric  power 
plent  at  the  mouth  of  Rock  Creek,  east  of  Clinton.  Accord- 
ing to  Judge  Webster,  it  is  the  intention  of  the  new  com- 
pany to  erect  a  plant  that  will  generate  about  20,000  hp., 
the  greater  part  of  which  will  be  used  by  the  De  Smet 
irrigation  district  for  pumping  purposes.  "^ 
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The  present  nnvul  pronrnm  of  the  United  States  consi.st.s 
3f  two  new  cIn.sse.M  of  battleMhip.t  nnd  hattle  cruisers,  which 
will  i-oiupare  with  the  ships  of  the  type  of  the  "Tennessee" 
as  follows: 

T.vui.i;  I.    roMPAuisoN  OF  \i;\v  and  oid  ii.\tti.i;.shii'.s 

AND  CUnSKUS 
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I  .Miaili.-vcruil.fcH-l 
Ui-illn.  fi.-l 
Omri.  frt'l  ..  . 

nin|ilH<'i'ii'oiit,  tons. . 

DmhI,  kiioU   

M|mwi  Imllcry 
&$hnft  liorwrpowor 


\r»    Hull!.' 

f 'niiiwn* 

874 


TomirswT  Hllltl.■l.lll|l^ 

624  (>84 

97  105  90 

31  3}  31 

33,000  43.200  43,500 

21  23  35 

Twclvi'  14-111  KiiiiH  Twi'lvi'  l'-i'>  (tuim  Kight  16-in   k 

30,000        .  60.000  180,000 


The  new  battleships  are  to  be  electrically  driven,  and 
the  main  propellinjr  equipment  of  four  of  them — the  "Indi- 
ana," "Montana,"  "South  Dakota"  and  "North  Carolina" — 
wi'l  consist  of  two  Westinghouse  '28,000-kva.  turbine  gene- 
rators and  four  IS.OOO-hp.  Westinprhouse  propeller  motors. 
The  turbines  are  to  be  of  the  complete  expansion,  impulse- 
reaction  type  and  will  develop  their  full  rated  load  at 
265  lb.  steam  pressure,  50  dep.  superheat,  and  28J  in. 
vacuum.  Electric  power  will  be  generated  in  the  form  of 
three-phase  60-cycle,  5,000-volt  alternatinp:  current. 

The  statistics  of  the  new  battle  cruisers  given  in  the 
table  indicate  that  these  vessels  are  to  be  very  unusual 
in  many  respects,  but  their  most  remarkable  feature  is  the 
enormous  power  of  their  turbines — 180,000  hp.,  or  160,000 
kva.  These  figures  do  not,  however,  give  an  adequate  con- 
ception of  the  magnitude  of  this  power.  Not  only  is  it 
greater  than  that  of  any  ship  ever  designed — for  the  power 
of  the  British  cruiser  "Hood"  is  134,000  hp.  and  that  of 
the  "Leviathan"  90.000  hp. — but  it  is  greater  than  that 
used  by  most  cities  of  over  half  a  million  inhabitants. 
P'or  example,  the  combined  capacity  of  all  of  the  central- 
station  and  electric-railway  power  houses  of  Pittsburgh  is 
less  than  150,000  hp.;  of  Baltimore,  less  than  160,000  hp.; 
and  of  Philadelphia,  about  200,000  hp.  There  are,  in  fact, 
but  two  or  three  steam-power  plants  in  the  world  that 
have  greater  capacity  than  the  engine  rooms  of  these  battle 
cruisers  will  have,  so  that,  from  the  standpoint  of  power 
engineering  alone,  the  construction  of  these  vessels  will  con- 
stitute an  achievement  of  the  highest  order. 

Two  of  these  vessels,  the  "Ranger"  and  the  "Constella- 
tion," will  have  the  following  equipment:  Four  Westing- 
house  main  turbines  to  develop  49,750  brake  hp.  each,  with 
steam  at  265  lb.,  50  deg.  superheat,  and  28 J  in.  vacuum; 
four  40,000-kva.  Westinghouse  generators,  directly  con- 
nected to  these  turbines  and  generating  three-phase  51.3- 
cycle  5, 400- volt  alternating  current;  eight  wound-rotor 
Westinghouse  motors  (two  to  each  propeller),  which  are 
to  be  rated  at  22,500  hp.  each  and  will  be  the  largest  in 
the  vi'orld. 


Recent  Cermaii  Production  of 
Coal  and  Products 

The  Bureau  of  Foreign  and  Domestic  Commerce,  De- 
partment of  Commerce,  issues  the  following:  table  show- 
ing the  production  of  coal,  coke  and  briquets  in  Germany 
during  the  first  quarter  of  1920,  compared  with  the  pro- 
duction in  the  same  periods  in  1919  and  1913. 

January-  .Jariuao'-  .Jariuar\'- 

Products                        March,  1920*  Marrh.  191  "(t  March,  I9l3t 

Tons  Tons  Tons 

Anthracite 30,699,793  29.113,702  47,558,449 

Boft  coal 25.009,552  21.054,443  20.917,977 

toke          5.712.810  5,395,251    ■  7.991.860 

Anthracite  briquete 1,057.268  953,095  1,436,225 

Boft-coal  briquets 5,256,611  4,304,248  5,048.260 

*  Exclusive  of  Saar  district,  the  Pfalz,  and  .\Isace-Lorraine.  t  Inclusive  of 
Aleare-Lorraine.     t  Exclusive  of  .Alsace-Lorraine. 

In  the  first  quarter  of  1919  the  production  of  anthracite 
in  the  Saar  district  and  the  Pfalz  was  2,407,475  tons,  and 
of  coke  208,118  tons.  In  the  same  period  of  1913  the  pro- 
duction of  anthracite  in  Alsace-Lorraine,  the  Saar  district, 
and  the  Pfalz  was  4,397,744  tons,  and  of  coke  431,435  tons. 


riir  I'^rderated  Aiiirricaii  Kii^iiueriii^ 
Societies 

The  object  of  the  Federated  American  EnKincerinf;  So- 
cieties is  to  further  the  [lublic  welfare  wherever  technical 
knowledge  and  <'ngiiiecring  experience  are  involve<l  and  to 
consider  and  act  upon  niatt<Ms  of  coiiinion  concern  to  the 
engineering  anil   allied    technical   professions. 

The  organi/.ation  is  not  a  new  one,  but  will  be  a  HucceBsor' 
to  the  existing  Kiiginecring  (Council,  whose  work  will  be 
amplified  and  carried  out  on  a  much  more  extended  plan  an 
to  scope  and  membership. 

The  bH:<is  of  representation,  where  a  state  organizai 
exists  and  where  there  are  also  strong  local  organizati' 
and   affil'ations  as   provided   for   in   the  constitution,   pin 
the  State  (Council  or  organization  representative  of  the 
.'"ineers   and   allied   technologists    in   the   state   on   an   e(|:i-: 
plane  with  all  the  engineers  and  technologists  in  the  statr 
The  by-laws  provide  tiiat  "Any  society  or  organization  '.' 
the  engineering  or  allied  technical  professions  whose  c)ii<i 
object  is  the  advancement  of  the   knowledge   and    practif- 
of   engineering   or    the   application    of    allied    sciences    ; 
which  is  not  organized  for  commercial  purposes,  is  eligii 
for  membership." 

The  Federated  American  Engineering  Societies  will  func 
tion  through  the  American  Engineering  Council,  which  wi! 
meet  either  annually,  or  bi-annually,  as  it  will   deterni" 
This  American   Engineering   Council  will  consist  of  rej' 
sentatives  from  the  member  societies  on  the  basis  of  i 
representative  for  from  100  to  1,000  members  and  an  ai] 
tional  representative  for  each  adciitional  1,000  mem.l3er.s 
major  fraction  thereof.     From  this  body  of  representati 
will  be  formed  an  executive  board  of  thirty,  consisting 
six  officers  and  twenty-four  other  members  selected  in  pai 
from   the   national    societies   and    the    remainder   from    th 
local,  state   or  regional   organizations   or  affiliations.     T' 
plan   reported   by   the   committee    on    constitution    and    I 
laws    provided    that    the    representation    on    the    execut: 
board   should   be   based    on   the   ratio   of   the  total   numb 
of  members  in  the  national  societies  to  the  total  number 
members  in  the  local,  state  and  regional  organizations 
affiliations.     The   organizing  conference,  however,  chan;: 
this   to   the   ratio   of   the   number   of   i-epresentatives   fro. 
the  national  societies  to  the  number  of  representatives  fror 
the  local,   state   and   regional    organizations   or   affiliation- 
on  the  American  Engineering  Council.    This  executive  boa 
will  meet  monthly  or  as  often  as  may  be  found  to  be  neci 
sary   to    properly   transact    the   business    of   the    America: 
Engineering   Council.     There   will    be   an   executive   officei 
who  will  also  be  the  secretary  of  these  bodies  and  who  wii 
be  entrusted  with  carrying  out  their  instructions.  | 

The  Joint  Conference  Committee  is  unqualifiedly  of  th' 
opinion  that  an  opportunity  has  been  created  for  bringi: 
about  a  solidarity  of  the  engineering  and  allied  technii 
professions  that  has  never  heretofore  been  available,  a:. 
that  the  success  of  the  movement  will  depend  on  the  whole 
hearted  support  of  each  American  engineer  and  of  eac 
technologist,  who,  if  determined  that  this  movement  sha. 
succeed,  will  obviously  not  bother  with  the  details  or  th 
form  of  organization,  in  his  effort  to  secure  the  end  designet^ 


V 


Development   of   the   Bridge   River  power  site  near  Lflf 
locet,  Vancouver,  B.  C,  calling  for  an  eventual  expenditurf 
of  $30,000,000   is  in  its   initial   stages,  surveying   and  pre  • 
liminary  work  now  being  carried  on.     Plans  call  for  a  tui 
nel   a  mile   and  a   half  long   under   Mission   Mountain,  d!^ 
charging  into   Seaton  Lake,  six  miles  from   Lillooet.     Th 
fall  will  be  1,400  ft.,  and  it  is  estimated  that  400,000  hi 
can  be  developed. 


Collapse  of  a  retaining  wall  in  the  boiler  room  o 
Nokomis  flour  and  feed  mill  in  Minneapolis,  July  2( 
caused  the  death  of  one  employee  of  the  mill  and  seriou 
injury  of  another.  The  wall  gave  way  under  a  pressur 
of  200  tons  of  coal  against  it.  City  firemen  and  employee 
of  the  mill  worked  two  hours  frantically  digging  to  releas 
the  unfortunate  men. 
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The  Coal  Reconsignment  Evil 


^LL  responsible  operators  throughout  the  country  kave 
/-\  deplored  the  development  of  a  situation  that  has  made 
t  ^  it  possible  for  the  speculator  to  step  between  the  coal 
jroducer  and  the  consumer  and  to  load  on  prices  way  beyond 
;hose  prevailing  at  the  mines.  The  lamentable  lack  of 
)pen-top  car  supply,  existing  since  the  beginning  of  spring, 
preventing  the  operators  from  shipping  the  coal  required 
)y  the  Nation,  is  the  factor  that  has  paved  the  way  for 
;he  play  of  speculative  prices  wherever  they  have  appeared. 

One  factor  that  has  worked  to  the  advantage  of  coal 
nanipulators  in  this  emergency  has  been  the  practice  of 
;he  reconsignment  of  carloads  of  coal,  for  which  the  rail- 
roads are  responsible.  Under  this  practice  carloads  of 
!oal  obtained  by  speculators  at  a  low  price  have  been 
started  out  to  an  original  consignee,  later  on  the  specu- 
ator — in  the  meantime  having  obtained  a  better  price 
ilsewhere — causing  the  shipment  to  be  reconsigned  to 
mother  destination.  In  many  instances  carloads  of  coal 
n  this  way  have  been  reconsigned  two  and  three  times, 
vith  a  higher  price  tacked  on  at  each  point. 

The  bituminous-coal  producers  have  time  and  again  pro- 
;ested  against  this  practice  of  reconsigning  cars.  The 
)ption  of  resorting  to  its  use  has  been  entirely  with  the 
•ailroads.  On  July  12,  at  a  conference  of  bituminous 
iperators  in  Washington,  a  protest  against  reconsignment 
)f  coal  cars  was  voiced,  the  Interstate  Commission  being 
isked  to  limit  it  to  the  "greatest  possible  extent,  in  order 

0  eliminate  existing  abuses."  On  the  following  day  Chair- 
nan  E.  E.  Clark,  of  the  Interstate  Commerce  Commission, 
n  a  letter  to  Daniel  Willard,  head  of  the  Association  of 
Railway  Executives,  urged  that  the  railroads  bring  down 
he  reconsignment  of  cars  "to  the  unavoidable  minimum." 

Under  the  reconsignment  of  cars  coal  has  been  held  at 
iifferent  points  along  railroad  lines,  as  well  as  at  terminals, 
'or  days  at  a  time  during  the  coal-shortage  emergency, 
lepriving  consumers  of  a  supply  that  has  been  badly 
leeded.  Industrial  concerns,  public  utilities  and  other  con- 
sumers have  had  to  wait  for  coal  while  these  reconsigned 
shipments  were  standing  in  cars  upon  the  tracks. 

Although  the  speculators  have  been  able  to  obtain  only 

1  relatively  small  proportion  of  the  coal  output,  the  effect 
)f  their  activity  has  been  to  further  disrupt  a  situation 
hat  for  months  has  affected  the  nation's  coal  output.  With 
in  unprecedented  demand  everywhere,  many  bidders  have 
)een  willing  to  pay  whatever  price  was  necessary  in  the 
)pen  market  so   as   to  get  coal. 

Urges  Enforcement  of  Orders  Prohibiting 
Reassignment  of  Coal  Cars 

Suggestions  for  relieving  the  acute  coal  crisis  in  New 
ifork  State  and  New  York  City,  and  in  New  England  have 
)een  offered  to  the  Interstate  Commerce  Commission  and 
he  United  States  Shipping  Board  in  letters  addressed  to 
hose  bodies  by  Senator  William  M.  Calder,  of  New  York, 
hairman  of  the  special  Senate  Committee  on  Reconstruc- 
ion  and  Production.  The  suggestions  arose  out  of  informa- 
ion  received  by  the  committee  in  the  course  of  its  recent 
hearings. 

In  his  letter  to  the  Interstate  Commerce  Commission, 
Senator  Calder  says  in  effect  that  allegations  have  been 
fiade  that  priority  orders  issued  by  the  commission  in 
he  past  have  been  ineffective.  It  has  been  charged,  the 
^tter  says,  that  cars  diverted  to  the  coal  trade  by  recent 
'■riority  orders  are  held  in  transit  for  speculative  purposes, 
laking  most  urgent  the  enforcement  of  orders  by  the  com- 
lission  prohibiting  more  than  one  reassignment  of  coal 
ars.  Much  confusion  exists  in  the  public  mind  as  to  the 
urport  of  the  order  some  time  since  issued  by  the  com- 
lission,  requiring  shippers  to  secure  permits  for  the  export 
f  coal  according  to  information  given  to  the  Senate  com- 
littee.  Senator  Calder  calls  the  attention  of  the  Interstate 
ommerce  Commission  to  representations  that  he  has 
eceived  as  to  the  necessity  for  curtailing  shipments  of 
Jal  abroad  in  order  to  conserve  the  supply  of  cars  for 
ome?tic   needs.      It   has   been    pointed    out,    he    says,    that 


such  curtailment  "would  reduce  the  price  of  coal  in  this 
country,  would  relieve  the  domestic  shortage  of  coal  and 
would  release  cars  for  general  industry."  As  typical  of 
many  communications  received  by  the  committee,  he  en- 
closes a  copy  of  a  telegram  urging  restriction  on  exports 
received  by  the  Senate  committee  from  Louis  J.  Hill, 
chairman  of  the  Board,  Great  Northern  Railroad,  which 
reads  in  part: 

Regarding  exportation,  we  feel  conditions  require  this 
country's  needs  be  taken  care  of  before  coal  is  shipped  to 
foreign  countries.  If  it  were  possible  to  mine  a  surplus 
of  coal,  it  would  be  desirable  to  find  an  export  market, 
but  with  the  serious  shortage  in  practically  every  state,  the 
needs  of  this  country  should  be  adequately  taken  care  of 
before  exporting  coal.  We  feel  exorbitant  prices  being 
paid  by  agents  of  foreign  countries  for  export  coal  have 
had  an  unusual  effect  on  price  and  distribution  in  this 
country. 

In  conclusion  Senator  Calder  invited  members  of  the 
Interstate  Commerce  Commission  to  appear  before  his 
committee  with  a  view  to  clearing  up  issues  at  present 
in  doubt. 

To  the  Shipping  Board  Senator  Calder  points  out  that 
some  coastwise  shipping  is  reported  to  be  lying  idle  await- 
ing charter,  and  that  this  situation  is  accentuated  because 
the  present  cost  of  transporting  coal  to  New  England  by 
water  is  "some  two  dollars  greater  than  the  cost  of  all- 
rail  coal  transportation."  As  a  remedy  he  suggests  a 
reduction,  during  the  present  emergency,  in  water  coal 
rates  to  New  England,  in  place  of  the  increase  in  rates 
which  the  committee  has  been  advised  is  impending. 

Penalty  for  Holding  Cars 

Tangible  results  in  the  campaign  to  eliminate  the  specu- 
lator and  bring  down  excessive  prices  where  they  exist 
in  the  open  market,  are  already  in  evidence.  One  of  the 
immediate  developments  in  this  move  is  the  order  just 
issued  by  the  Interstate  Commerce  Commission  restricting; 
the  reconsignment  of  open-top  coal  cars. 

The  commission's  penalty  of  $10  a  day  on  loaded  ca  s 
held  beyond  48  hours  at  any  destination  is  expected  to 
stimulate  rapid  unloading  of  cars  and  in  that  way  release 
much-needed  equipment  now  in  the  hands  of  speculators. 

While  backing  the  Interstate  Commerce  Commission  s 
reconsignment  order,  the  bituminous-coal  operators  repre- 
sented in  the  National  Coal  Association,  embracing  two- 
thirds  of  yearly  output  of  soft  coal,  feel  that  the  prohibition 
against  the  practice  should  go  further,  so  as  to  make  it 
apply  to  shipments  to  tidewater,  either  for  export  trade 
or  transshipment  by  vesssel  to  American  seaboard  ports. 
Means  to  bring  this  about  are  being  considered  by  the  com- 
mittee of  soft-coal  operators  engaged  in  export  trade  ap- 
pointed by  Col.  D.  B.  Wentz,  president  of  the  National 
Coal  Association,  last  week. 

Coal  Exportation  for  1920 

Figures  gathered  by  the  Geological  Survey  indicate  that 
the  total  amount  of  coal  dumped  at  tidewater  for  the  first 
six  months  of  1920  has  approximated  23,000,000  tons.  Of 
this  amount,  approximately  5,000,000  tons  was  destined 
for  coastwise  shipment  to  New  England.  Of  the  remainder, 
approximately  10,000,000  tons  was  exported  across  the 
Atlantic.  The  remainder,  approximately  8,000,000  tons, 
was  used  for  bunker  coal.  In  view  of  the  fact  that  trans- 
atlantic shipping  was  considerably  higher  in  1918  and 
probably  in  1919,  than  it  is  at  present,  this  figure  of 
8,000,000  tons  for  bunker  coal  cannot  be  materially  greater 
than  it  has  been  in  the  past. 

The  Geological  Survey,  under  date  of  July  26,  1920,  fur- 
ther states  that  for  the  first  six  months  of  this  year  we 
have  exported  to  Canada  a  total  of  4,595,000  tons.  There 
was  a  total  export  for  the  same  period  of  1919  of  5,700,000 
tons,  in  1918  of  7,740,000  tons,  and  in  1917  of  6,400,000 
tons.  It  is  interesting  to  note  that  these  figures  are  com- 
piled from  the  Canadian  import  figures,  and  they  are 
undoubtedly  very  nearly  correct. 
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KM'oKTKus  a.vzi'TTionn  or  fok- 

KUl.N  MAUKKTS.  I'.y  l.li.ycl  It  MorrlM.  Ili-- 
ni'iiiih  Ktllloi-  of  till-  .liiiir/cfiii  KxportM, 
Srw  York  t'lly.  fK.lh.  fi  x  !'  In  ;  8i'H  piiK'-". 
ITkv   »10. 

The  ol>JiH-t  of  tills  liook  1«  to  fiirnl«h  a 
rrfiTrnci-  K>il'l<'  <■>  ImportH  iiiul  i-x|i<>rl».  In- 
iluHtrli-H.  xhlpiiltiK,  banklnif.  lu-oiliict.-),  cll- 
inatlo  ami  otliiT  IkcniI  conilllloiiH  of  foi-i'lK" 
maiKils.  .\  lianilv  anil  valual>l<'  ftalui'i.  of 
the  air.inn.niinl  of  tlu>  \v.>ik  Is  that  all 
the  >'onini('i'<-lal  anil  liuliiMtrlal  .statlsticH  and 
wclKlit!*  anil  nicaaurcii  have  ln'on  i-onvirliMl 
Into  tlu>  -VnuTloan  sysli-nis  Tlu>  count  rlos 
of  the  world  havo  hfi'n  crouiuvl  In  alplia- 
iH-tloa)  oriliT  liy  cimtliu-nts  anil  otlirr  major 
Kconrai  lilcal  i11v1hIoi\.s  so  that  adjoining 
nmrkols  arr  found  toKi-tl>i>r.  Hitail.'d  In- 
forntatlon  Is  Rivrn  undiT  oaoh  couiMry  upon 
niva.  population.  oomnuTco.  iiroduotloii.  In- 
dustries, railroads.  ti-l<'K:ra|>lis.  tfU'pliones. 
ir.ohfy.  wi'lKhta.  nu-asurrs,  coninu'rcial  lan- 
RUaKO.  loi-al  ndvortluiiiK  niodia.  princliml 
shipplnc  routis,  customs  tariffs,  consular 
rojTulations  and  consular  representatives, 
cable  rates,  mail  time,  postal  rates  and  reK- 
ulations.  respectinK  i  arcel  post,  money 
orders  and  reply  coupons.  Tables  showinK 
the  value  of  foreiRn  trade  over  a  number  of 
"ears  are  Kiven  for  each  country.  The 
value  of  imports  and  exports  by  commodi- 
ties and  countries  and  value  of  its  imports 
from  and  expbrts  to  the  United  Stales  for 
ten  or  more  vears  are  also  Kiven.  In  the 
hook  are  included  a  numlier  of  charts,  a 
map  of  the  world,  a  map  of  New  Kurope 
and   line  maps  of  each   of  the  markets. 


Personals 


Earl  M.  Anderson,  of  Carlinville.  III.,  has 
heen  made  assistant  electrical  engineer  of 
the  power  house  of  the  Standard  Oil  Co., 
at    Schoper.    111. 

K  A.  Palienney  of  Golden.  Col.,  has  been 
elected  chairman  of  the  Rocky  Mountain 
Geoirraphic  Section  of  the  Xational  Electric 
Light   Association. 

Kdward  AV.  Harry  has  resigned  as  elec- 
trical engineer  for  the  Xational  Tube  Co.. 
to  become  chief  electrical  engineer  with  the 
Pittsburgh   Steel   Co.,   at   Monessen,   Pa. 

Movd  Hei'Iev.  electrical  engineer  with  the 
California  Railroad  Commission,  has  left 
the  commission  to  take  up  the  work  of  rate 
research  engineer  with  San  Joaquin  Light 
and   Power  Corporation. 

T  I>.  Ramin  has  resigned  from  the  St. 
Paul  Gas  Light  Co..  where  he  was  general 
superintendent  of  the  electrical  division,  to 
become  connected  with  the  Pennsylvania- 
Ohio  Electric  Co.,   Youngstown,   Ohio. 

Roy  M.  Green,  vrofessor  of  highway  engi- 
neering at  the  Agricultural  and  Mechanical 
College  of  Texas,  has  resigned  that  position 
to  become  president  and  manager  of  the 
AVestern  Laboratories  at  Lincoln,  Nebraska. 

K.  E.  Leason  has  assumed  the  duties  of 
advertising  manager  of  the  B.  F.  Sturtevant 
Co  Boston,  Mass.  Mr.  Leason  has  been 
connected  with  this  company  for  ten  years 
and  is  well  qualified  to  fill  his  new  position. 

W.  J.  Kaup  has  resigned  his  i)osition  as 
chief  engineer  with  the  Crucible  Steel  Co. 
of  \merica.  and  will  devote  his  time  to 
consulting  work  entirely.  Mr.  Kaup  was 
formerly  with  the  Westinghouse  Electric 
and  Manufacturing  Co. 

Prof  M.  E.  Cooley.  dean  of  the  engineer- 
ing Department  of  the  University  of  Michi- 
gan was  elected  president  of  the  National 
Society  for  the  Promotion  of  Engineering 
Educa'tion  at  a  recent  convention  held  by 
the    society    at    Ann    Arbor,    Mich. 

WilUam  Tietze  has  severed  his  connec- 
tion with  the  Citizens  Heat,  Light  and 
Power  Co..  of  Canby.  Minn.,  and  has  as- 
sumed the  position  of  chief  engineer  of  the 
B  F  Nelson  Manufacturing  <-0..  paper 
manufacturers,    of    Minneapolis,   Minn. 

O.  AI.  Booher.  who  for  the  last  twelve 
years  has  been  manager  of  sales  for  the 
Indiana  Railways  and  Light  Co..  Kokomo, 
Ind  has  resigned  to  become  general  man- 
ager of  the  Kokomo  Brick  Co.  Mr  Booher 
was  very  active  in  committee  work  or  the 
Indiana   Electric   Light    Association. 


(,  <i.  lllBrlilu.  for  Ibe  IllNt  three  yelirH 
uilverUMliiK  inanuKer  of  the  11.  K.  Sturle- 
viinl  Co  llyile  Park,  lloHton.  and  prcvloUM 
III  Ihiil  for  live  yeiu-M  tnaniiKer  of  the  '"hl- 
liik'o  olllce  of  the  Miime  company.  hiiM  re- 
hIkiiiiI  to  becotni-  advert ImIhk  miinaKer  of 
Ihe  (iraloii  Ai  Knlk'ht  MiuiufiieturlnK  Co, 
of  WoreeHler.  MasH.  Mr.  IMcelow  Iiuh  hiid 
a  wide  ixperleiiee  In  technlcjil  work  which 
will   (luallfy    him    for    thiH    new    Meld 

T.  II.  Aniolil  ban  reHlKned  im  chief  elec- 
trician of  the  MlnliiK  Department  of  the 
.'\rl7.ona  Copper  Co.,  Ltd.,  with  hi  uiUpiarterM 
at  Moreiicl,  Ariz.,  to  accept  the  poNlllon  of 
electrical  euKlneer  for  the  SouthwiMlern 
Porlland  Cement  Co.,  of  lOl  Pasi.,  Tex.,  and 
Vletorvllle.  Cal.  .Mr.  Arnold  graduated  In 
electrical  engineering  at  the  Pennsylvania 
State  College  In  the  class  of  lUnri  and  has 
had  a  wide  experlenei>  In  the  appllcalloii  of 
electric  power  to  minluK  and  Inilustrlal  en- 
terprises. 

M.  O.  LrlKhtoii  and   Major  C.  T.  Clienro'. 

members  of  the  American  Society  of  Civil 
lOnglneers,  and  .\.  C.  Ollpliant,  associate 
members  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Insti- 
tute of  Electrical  Engineers,  have  formed  a 
copartnership  under  the  name  of  M.  O. 
Leighton  &  Co.,  with  odlces  at  70"  Tenth 
St.,  Washington,  U.  C.  for  the  purpose  of 
engaging  in  general  engineering  practice 
and  industrial  representation  before  the 
I''ederal  dep.-irtments.  Mr.  Leighton  and 
Major  Chenery  will  continue  for  the  time 
being  as  chairman  and  secretary  respec- 
tively of  the  National  Public  Works  Depart- 
ment Associ.ition.  while  Mr.  Leighton  and 
Mr  Olipliant  will  continue  service  in  the 
Washington  Otlice  of  Engineering  Council 
pending  the  displacement  of  that  body  by 
the  Federated  American  Engineering  Socie- 
ties. 

C'i>I.  Edward  B.  Ellicott.  Cliemical  War- 
fare Service.  U.  S.  A.,  has  received  honor- 
able, discharge  after  two  and  one-half 
years'  service  and  has  become  associated 
with  A.  M.  Castle  &  Co.,  iron  and  steel 
merchants,  Chicago,  as  chief  engineer.  In 
addition  to  being  in  charge  of  the  erection 
of  the  new  plant  of  A.  M.  Castle  &  Co..  of 
Washington,  at  Seattle,  and  also  the  addi- 
tional buildings  to  be  erected  in  Chicago 
he  will  be  engaged  in  the  operating  and 
manufacturing  activities  of  the  company 
and  its  associated  interests.  Previous  to 
entering  the  service  Colonel  Ellicott  was 
city  electrician  of  Chicago  for  eight  years, 
and  chief  electrical  engineer  of  the  sanitary 
district  of  Chicago  for  eleven  years,  devel- 
oping the  hydro-electric  power  plant. 
During  a  leave  of  absence  from  Chicago, 
granted  at  the  request  of  the  Exposition 
officials  he  became  the  chief  mechanical 
and  electrical  engineer  of  the  Louisana 
Purchase    Exposition    at    St.    Louis. 


I\lll^bl.     Erie,     ViiunKNiown;    C.     I.     i     i.t;. 

N.      V.      C.-W..     Cleveland;     C.     C.      \- i. 

Southern.   WiiahlnKton,   l>.  C.  ;  lyc<f   NNH     '    p. 
Mo,     Plie.,     HI      I,<.uIm;    .1      E      Debh.     M 
Detroit;    J.    T      W     .leiinlnKM.     K.    .1      a     i,. 
.lollet  ;    II.    I     Id-nJanilM.   S     I'lic,    .><aii    i 
i'Ihcii.     and     1'',    C.     Huffman.     ('.     &     .N 
Chicago, 

Tlir  Ainrrlrun   AimorliUloii  nf   Knclii.  .  • 
An      IndUHtrlal      Department      has     f..- 
bei-n    authorl/.ed    by    the    Hoard    of    \<< 
of  the  .'issiK-latlon.      .Steps  are  under 
organize    this   department    and    l.-ike   n 
sideratlon    of    the    problems    of    ine<) 
eleclrlciil   and   chemical   enKlneers    In 
trial    work.      A.    M,    Cornell,    cbjif    .i  i 

of    the     I'ettllione    &    .Mulllken    Co..    <• 
c.-igo.     will     Hiipirvise     Ibe    actlvllleH 
ileparlnunt    until    Huch    lime    as    tin 
warrant    the  itiijloyiiiinl   of  a  full-tlm 
secretary 

The     (onimlllfe     on     llir      RerlanKlflratlon 
and     ('ompriiiuitloii    of     KuKlnrrm     b.i-     v<i'> 
mitled    a    report    lo    Eliglneerliig   Cou' 
a     standard     classification     of     grad  - 
engineering  service,   with   a   lentallv. 
iile    of    slatidaril    rates    of    compens:.'  ■, 

each   of   the    propoaed    grades.      The   :••  I 

classiflcatlon    and    the    corresimnding  I 

ule    of    compensation    tentatively    su;  I 

are     as     follows:        Junior     Aid,     $1 
»l.."i60;    Aid.    $1,680    to    $2.4<l(l  ;    Seni. 
t2..')0(l  to  $3.2411;  Junior  Assistant   lOn; 
$1.6211  to  $2..">8IP  ;   Assistant   Engineer.    >J,,' 
to  $4,140;  Senior  Assistant    ICngineer.   $4.:'..' 
to    $r).7B0  ;     Engineer.     $."i,940     and     upwanl 
Chief   Engineer.    $8,10fi   and    upward. 

The    ,\HHOci»llon    of    Iron    and    Kteel    Ele< 
trioal     EnBlneerB     will     hold     its     fourtieiii 
annual     convention     in     the     Hotel     Penr]H> 
vania.   New   York   City.  Sept.   20  to  24.      Tl 
following   tentative   program   of  papers   wi 
be    presented     during    the    convention: 
Condensed  History  of  Ore  and  Coal  Loadiiu 
and   Unloading  Machinery,"   W.  K.   Monro. 
"The     Reversing     Electric     Mill     Considen 
from    the    Standpoint    of    Tonnage,"     K      A 
Paulv  ;   "Power  Transmission   for  Industrie 
Plants."   D.   M.    Petty:    "Centralized  Turbii 
Generating   Stations   for   Steel   Mills."    T.    1 
Keating ;    "Some   Considerations   in   the   Ti. 
termination    of    Auxiliary    Drives."    Gord.. 
Fox  :     "Report     of     EU-ctrical    Develoiim< n 
Committee  for   1920."   E.    S,   Jefferies.   c'lan 
man  ;   "Relation  of  Standardization   in   El'< 
trical   Equipment  to  Safety,"   Waller  Grw  i 
wood;    "Report    of    Electric    Furnace    Com 
mittee    for    1920."    E.    T.    Moore,    chairman; 
"Standardization  Committee  Report,"  W.  T. 
Snvder.    chairman  :    Practical    Education    of 
Steel    Mill    Electricians,"    Educational   Com- 
mittee ;   'Underground   Transmission,"   A.   L 
Freret  ;    "Current   Limit   Reactance."    R.   H 
Keil. 


The    American    Association    of    Engineers 

has  iKissed  the  20,000  membership  mark. 
The  association  for  some  time  has  had  the 
largest  organization  of  engineers  in  the 
world. 

The  Montana  Assenil>ly  of  the  American 
Association  of  Engineers  elected  Williarn  J. 
McMahon  of  Rutte  as  president.  Mr.  Mc- 
Mahon  is  chief  mining  engineer  for  several 
mining  corporations  owned  by  the  Anaconda 
Comjiany  C  A.  Bowden,  chief  draftsman 
of  the  Anaconda  Copper  Mining  Company 
of  Butte,  was  elected  secretary.  He  is  also 
secretary   of   the    Butte   Chapter 

At  the  Pan-Paoiflo  Scientific  Congress  to 
be  held  in  Honolulu,  Hawaii.  fre".i  Aug,  2 
to  Aug.  20,  the  Chicago  Chapt?r  of  the 
American  Association  of  Engineers  will  be 
represented  bv  Miss  Florence  King,  a  con- 
■sulting  engineer  and  patent  attorney  ot 
Chicago,  who  is  the  only  certified  womati 
member  of  the  American  Association  of 
Engineers.  Miss  King  is  sailing  at  once 
for  Honolulu  and  will  attend  all  the  ses- 
sions of  the  congress. 

The  Kxecutive  Committee  of  The  Ameri- 
can Association  of  Engineers  has  selected 
to  constitute  the  National  Railroad  Council 
of  \  \  E.,  sixteen  railroad  professional 
engineers.  They  are:  George  W  Hand. 
C  &  N.  W..  Chicago,  chairman  :  W.  W .  K. 
Sparrow.  C.  M.  &  St.  P..  Chicago:  W. 
Ivans  C.  &  A..  Chicago:  K^  B.  Latt.mer, 
C  B  &  Q..  Chicago;  W.  C.  Bolin.  B.  &  O.. 
Chicago;  F.  C.  Shepherd,  B&  M  Boston  : 
S.  H.  Brenaman.  Penn^  Pittsburgh  .  A.  H^ 
Utter.    C.    B.    &    Q.    W  •    Lincoln  :    Harold 


Miscellaneous  News 


The  National  Exposition  of  Cliemiral  In- 
dustries, which  will  he  held  at  the  Grand 
Central  Palace.  New  York.  Sept.  20-25,  will 
have  for  the  first  time  a  Fuel  Economy 
Section. 

It  Is  Planned  to  Begin  Work  at  an  early 
date  on  a  power  development  oji  the  Colo- 
rado River,  north  of  Flagstaff,  which  will 
supply,  among  other  services,  four  hotel* 
to  be"  built  and  .'500,000  acres  of  irrigation 
effected  by  the  power  development. 

The  Federal  Power  Commission  at  a  re- 
cent meeting  planned  to  form  a  National 
Organization  composed  of  the  following  sub- 
divisions: Engineering,  accounting,  statis- 
tical regulating,  licensing,  legal  and  opera- 
tion The  country  has  been  divided  into  five 
districts  as  follows:  No.  1,  Washington: 
No  2.  St.  Paul;  No.  3.  St.  Louis;  No.  4. 
Denver;  No.  5.  San  Francisco.  Branch 
offices   will   be    maintained    in   each    city. 


The  Chicago  Pneumatic  Tool  Co.,  of  New 

York  and  Chicago,  announces  that  jts  puD- 
licity  department  has  moved  t?  tjie  Chicapo 
Pneumatic  Building.  6  East  44th  St..  New 
York  City. 

The  IWohawk-Edison  Co.  and  the  Adiron- 
dacli  Electric  Power  Corp.  have  been  con, 
solidated  into  the  Adirondack  Power  ana 
Light  Corp..  in  conformity  '"'•th  "rders  ol 
the  Public  Service  Commission  of  New  \otk 


New  Construction 


PROPOSED     WORK 

Mass.,  Worc«>8t<"r — H.  W.  Trulson.  35 
Berksmans  St..  will  soon  award  the  con- 
tract for  a  2  story,  90  x  115  ft.  garage  in- 
cluding a  steam  lieating  system  on  Pleasant 
St.  About  $150,000.  E.  T.  Chapin,  340 
Main  St.,  Archt. 

X.  Y.,  BnfTalo — The  Bureau  of  Water 
Supply  is  in  the  market  for  thirteen.  3 
phase.   2,300   volt   switchboard   panels. 

X.  T.,  Buffalo — The  Bureau  of  Water 
Supply  is  in  the  market  for  1  multistage 
centrifugal  type  pump  to  have  a  250  gal. 
per  min.  capacity  with  a  10  ft.  suction  head 
capable  of  discharging  against  head  of  700 
feet. 

X.  Y.,  Slarcy — The  State  Hospital  Comn.. 
Capitol.  Albany,  will  receive  bids  until 
August  25  for  a  pumping  station,  filtration 
plant,  etc..  for  the  Utica  State  Hospital 
here.     E.  S.   Elwood.  Secy.      Xoted  July  13. 

V.  Y.,  New  York  —  The  L'nited  Zinc 
Smelting  Corp..  233  Bway..  is  in  the  market 
for  2  boilers.  250  kw.  direct  connected  unit 
for  generating  two  100  hp.  motors  for 
fans,  two  20  hp.  kiln  motors,  three  20  hp. 
elevator  motors,  two  5  hp.  gas  producer 
motors,  etc.     J.  W.  Murry.  Engr. 

X.  Y.,  Syracuse — The  Common  Council 
plans  to  build  a  pumping  station  and  storm 
sewer.  About  $100,000.  H.  C.  Allen,  City 
Hall,  Engr. 

X'.  3..  Camden — The  Victor  Talking  Ma- 
chine Co.,  Front  and  Cooper  Sts..  will  soon 
award  contract  for  a  1  story.  60  x  69  ft. 
boiler  house.  Ballinger  &  Perrot.  17th  and 
Arch    Sts..    Philadelphia,    Pa.,   Engrs. 

X.  J.,  West  Orange — The  Thomas  A. 
Edison  Co..  Lakeside  Ave.,  will  receive  bids 
about  August  25  for  an  addition  to  its 
plant  and  about  September  1  for  equipment 
for  same.  About  $80,000.  Lockwood  Green 
&  Co.,  101  Park  Ave.,  New  York  City, 
Engrs. 

Pa..  Bakerstown  —  The  Pittsburgh  Cut 
Flower  Co.  had  plans  prepared  for  a  1  story. 
57  X  72  ft.  boiler  house.  About  $75,000. 
Charles  Bickel,  May  Bldg.,,  Pittsburgh. 
Archt. 

Pa...  iloKeesport: — The  McKetsport  Hos- 
pital plans  to  build  a  3  story  power  build- 
ing, dormitorv.  nurses  home,  etc.  About 
$250,000.  S.  F.  Heckert.  Bessemer  Bldg.. 
Pittsburgh.   Archt. 

Pa.,  Philadelphia — Berger  Mfg.  Co..  16th 
and  Washington  Sts..  is  in  the  market  for 
a  power  saw  table. 

Pa.,  Philadelphia — The  Germantown  Y. 
M.  C.  A..  5849  Germantown  St..  will  have 
plans  prepared  for  a  Y.  M.  C.  .\.  building 
including  a  steam  heating  system  on 
Haines  and  Germantown  Sts.  About 
$400,000.  Martin  &  Kirkpatrick,  130  South 
15th   St..  Archts. 

X.  C,  Asheville — The  Asheville  Power 
&  Light  Co.  plans  to  remodel  and  enlarge 
its  power  plant.  About  $100,000.  John  D. 
Caldwell,    Supt. 

Oa„  Savannah — The  Bd.  Educ.  plains  to 
build  a  2  storv.  152  x  158  ft.  school,  $500,- 
000  and  a  3  story.  148  x  224  ft.  school,  $1.- 
000.000.  here.  A  low  pressure  steam  heat- 
ing system  with  electrically  operated  venti- 
lating system  will  be  installed  in  each. 
William  B.  Ittner.  Bd..  Educ.  Bldg..  St. 
Louis,   Mo.,   Archt. 

La.,  Lauderdale — S.  J.  Matz,  Asst.  Mgr. 
of  the  Salsburg  Refining  Co.,  Ltd..  plans  to 
install  4  boilers. 

O.,  Cleveland — The  .A.mer.  Turpentine  Co.. 
136  Engineers  Bldg.,  plans  to  build  a  1 
storv.  24  X  40  ft.  boiler  house  and  a  3  storv. 
10ft  X  180  ft.  factory  along  the  Beltline  Ry.. 
here.  Two  300  hp.  boilers  will  be  in- 
stalled in  same.  About  $200,000.  H.  D. 
Tremmel,   Secy. 

O.,  Cleveland  —  The  Gongwer  Syndicate, 
c/o  W.  S.  Longee,  .^rcht..  500  Marshall  Bldg.. 
plans    to    bui'.d    a    10    storv.    50    x    100    ft. 


office  building  including  a  steam  heating 
system  on  East  3rd  St.  and  Lakeside  Ave. 
About    $500,000. 

O..  Cleveland — Nathan  Kritzer.  10514 
Massie  Avenue,  is  in  the  market  for  one 
2  hp.,  a.c.  60  cycle,  220  volt  electric  motor. 

C.  Cleveland  Heights  ( Warrensville  P. 
O.) — The  Bd.  Educ...  Lee  Rd..  is  having 
plans  prepared  for  a  3  story  school,  includ- 
ing a  steam  heating  system  on  Taylor  Rd. 
About  $500,000.  E.  K.  Bryan.  Clk.  F.  C. 
Warner.    Hippodrome    Annex    Bldg..    Archt. 

O..  Cleveland  Heights  (Warrensville  P. 
O.) — The  Bd.  Educ,  Lee  Rd.,  plans  to  build 
a  5»  x  67  ft.  heating  plant  for  Public  School 
on  Lee  Rd.  Three  200  hp.  boilers,  overhead 
conveyer  system,  stokers.  3  turntables,  ash- 
pit and  blower  system  will  be  installed  in 
same.  About  $100,000.  E.  K.  Bryan,  Clk. 
L.  A.  Quayle.  1455  West  98th  St..  Cleveland, 
Engr. 

O..  Linden  (Columbus  P.  O.) — The  Bd. 
Educ.  will  receive  bids  until  August  20  for 
the  construction  of  a  grade  school  includ- 
ing a  steam  heating  system.  E.  B.  McFad- 
din.  Clk.  D.  Ruhil  &  Son,  New  Trust  Natl. 
Bank  Bldg,,  Archt. 

O.,  Oxford — The  city  is  in  the  market  for 
new  electrically  driven  centrifugal  pumps 
in  connection  with  the  proposed  hydraulic 
development  here.  About  $100,000.'  L.  A. 
Boulay  Co.,  1250  Nicholas  Bldg.,  Toledo. 
Engr. 

O.,  Springfield — Clark  County  nad  plans 
prepared  for  a  3  story,  court  house  includ- 
ing a  steam  heating  system.  About  $245.- 
000.  W.  K.  Shilling.  Fox  Hollow  Farm, 
Archt.  and  Engr. 

Ind..  Evansville — J.  E.  Pridmore.  Archt., 
38  South  Dearborn  St.,  Chicago,  will  soon 
award  the  contract  for  a  6  story.  144  x  148 
ft.  hotel  and  theatre  building  including  a 
steam  heating  system  for  the  Standard 
Evansville  Realty  Co. 

Jlich.,  Detroit  —  The  General  Forgings 
Corp.,  c/o  J.  D.  Edwards.  54  Lafavette 
Blvd..  plans  to  build  a  3-story.  65  x  210 
ft.  drop  forging  shop.  Plans  include  a 
steam  heating  plant. 


Mich.,  Detroit  —  Smith.  Hinchman  & 
Grylls.  Archts.  and  Engrs..  710  ^Vashington 
Arcade,  will  soon  award  the  contract  for 
a  2  story.  60  x  117  ft.  factory  including  a 
steam  heating  system  and  motors  for 
power  on  Hart  Ave.,  for  the  Zenith  Car- 
burettor Co.     About  $70,000. 

ni.,  Chicago — The  West  Disinfectant  Co., 
2637  Cottage  Grove  Ave.,  is  in  the  market 
for  miscellaneous  equipment  including  an 
electric   winch   with   a    12   hp.    motor. 

III.,  Granite  City — The  Bd.  Educ.  is  hav- 
ing plans  prepared  for  a  3  story  school  in- 
cluding a  low  pressure  steam  heating  sys- 
tem. About  $2  80,000.  William  B.  Ittner. 
Bd.   Educ.  Bldg..   St.  Louis.   Mo..   Archt. 


Wis.,  Campbellsport — The  WHiite  House 
Milk  Products  Co..  West  Bend,  is  having 
plans  prepared  for  a  1  story.  50  x  100  ft. 
condensed  milk  plant.  Two  150  hp.  tubular 
boilers  will  be  installed  in  same.  M.  Tull- 
gren  &  Sons.  425  East  Water  St..  Mil- 
waukee. Archts. 

Wis.,  Cedarburg — Fred  Schuette,  City 
Clk..  will  receive  bids  until  August  2  4  for 
one  air  compressor,  one  300  g.p.m.  motor 
driven  centrifugal  pump,  and  one  60  hp..  2 
phase.  60  cycle.  440  volt  motor,  a  20  x  26  ft. 
pumping  station,  etc.  About  $200,000.  W. 
G.  Kirchoffer.  3  Vroman  B'ock.  Madison. 
Engr. 

Wis.,  Cudali.v — The  Worthington  Pump  & 
Machinery  Co.  will  soon  award  the  con- 
tract for  a  3  story.  60  x  170  ft.  pattern 
shop.  Electric  motors  will  be  installed  in 
same. 

Wis.,  Milwaukee — The  Park  Bd..  City 
Hall,  received  bids  for  the  furnishing  of 
new  heating  boilers  for  the  Mitchell  Park 
Conservatory,  from  the  General  Heating  & 
Ventilating  Co..  198  Milwaukee  St..  one  at 
$5,700,    $5,100   and    $6,860. 

Wis.,  Racine — The  Bd.  Educ.  City  Hall, 
is  having  preliminary  plans  prepared  for 
a  3  story  junior  high  school  including  a 
steam  heating  system.  .About  $400,000.  E. 
B.   Funston   Co..   Robinson    Block.   Archt. 


la.,  Des  .Moines — The  State  Bd.  of  Comrs., 
Capitol  Bldg.,  plans  to  build  a  3  and  4 
story.  190  x  200  ft.  power  plant.  .\bout 
$200,000.  Canfield  Eng.  Co.,  Flynn  Bldg.. 
Engr. 

Kan.,  Arcadia — The  city  is  in  the  market 
for  pumps  and  equipment  including  an  air 
lift,  centrifugal  i)umps.  etc.  in  connection 
with  the  proposed  waterworks  system.  W. 
B.  Rollins  Kng.  Co..  Ry.  Exch.  Bldg.  Kan- 
sas  City,   Mo.    Engr. 

Kan.,  Minneola — The  City  Clk.  will  soon 
award  the  contract  for  all  labor  and  ma- 
terial necessary  for  the  construction  of  a 
water  works  system  including  two  100 
g.p.m.  deep  well  pumps  and  motors,  pump 
houses,  etc  W.  B.  Rollins  Eng.  Co.,  Rv. 
Exch.  Bldg.,  Kansas  City,  Mo..  Consult. 
Engr. 

N.  D„  Hankinson — G.  W.  Rennex,  City 
Aud.,  will  soon  award  the  contract  for  two 
500  gal.  fire  pumps.  2  deep  well  pumps,  etc. 
About  $50,000.  Dakota  Eng.  &  Constr.  Co.. 
Valley  City.  Engr. 

S.  D..  .Mitchell — Rapp  &  Rapp.  Archts.. 
190  Xorth  State  St..  Chicago,  will  receive 
bids  until  August  15  for  a  3  story.  150  x 
180  ft.  auditorium  including  a  steam  heat- 
ing system,  for  the  city.     About  $500,000. 

Mo.,  Poplar  Bluff — The  city  is  in  the  mar- 
ket for  1  auxiliary  pump  and  boiler  acces- 
sories.    W.  T.  Morris,  c  o  Bd.  of  Pub.  Wks. 

Mo.,  St.  Louis — The  city  plans  to  build 
a  power  house  addition  to  the  Koch  Hos- 
pital. An  additional  boiler  and  generator 
will  be  installed  in  same.  About  $23,000. 
L.  R.  Bowen.  City  Hall,  Engr. 

Ark.,  .Cotter — The  Dixie  Power  Co.,  Little 
Rock,  plans  to  build  a  dam  across  the 
White  River  to  generate  electrical  power. 
Henry   A.   Allen,   Chicago,    111,,   Engr. 

Ark.,  Fort  Smith — The  St.  Edwards  Hos- 
pital Bd..  North  15th  and  A  Sts..  is  having 
plans  prepared  for  a  4  storv.  70  x  128  ft. 
hospital  including  a  hot  water  heating  svs- 
tem.  About  $250,000.  Hedrick  &  Huff  in- 
terstate Bldg..  Kansas  Cltv.  Mo..  Engrs.  A 
Klingensmith.  Rowland,  Okla.,  Archt. 

Col.,  Denver — The  School  Bd.  will  re- 
ceive bids  until  Sept.  15  for  a  2  storv.  125 
X  3aO  ft.  junior  high  school.  Electric  motors 
will  be  installed  in  same.  About  $420,000. 
W.  N.  Bowman,  Central  Savings  Bank 
Bldg.,  Archt. 

A.Tiz..  ,Bouse — R  M.  Stene  &  Associates 
plan  to  build  a  dam  across  the  'U'illiam 
River  for  power  and  irrigation  purposes. 

.4riz..  Phoenix — Carrick  &  Mangham  have 
made  an  agreement  with  the  Salt  River 
Valley  Water  Users'  Association  to  install 
pumps,  build  drainage  irrigation  ditches  and 
steam  plant  to  generate  5.000  kw.  electri- 
cal energj'.     G.  W.  Sturtevant,  Engr. 

Ariz.,  Phoenix — The  Landowners  are  hav- 
ing plans  prepared  for  the  installation  of 
350  second  ft.,  electrically  operated  pumping 
plant,  individual  pumping  units,  etc..  cost 
$800,000.  ultimate  cost.  $4,000,000.  Reed 
&  Baker.  519  Fleming  Block.  Engrs. 

.\riz..  Phoenix — The  Paradise  Verde  Irri- 
gation Dist.  plans  to  build  a  power  plant 
along  the  Verde  River  here  in  order  to 
utilize  the  waters  of  the  River  for  power 
and  irrigation  inirposes.  Cost,  from  $16.- 
000.000  to   $20,000,000. 

B.  C,  Trail — The  Consolidated  Mining  & 
Smelting  Co.  of  (Canada  plans  to  install 
three  200  hp..  550  volt  motors  direct  con- 
nected to  three  3  stage  centrifugal  pumps 
with  a  capacity  of  5.50  gal.  per  min.  and 
designed  to  pump  against  a  head  of  337 
ft.  rating  1.500  r.p.m.  in  the  main  pumping 
station  on  the  banks  of  the  Columbia  River 
here  ;  a  relay  station  having  2  pumps  simi- 
lar to  those  in  the  main  pumphouse  ;  a  1.200 
k.v.a.  synchronous  motor  generator  set. 
2.200  volt  motor  and  a  200  volt  generator  in 
the  additions  to   its  copper  plant. 

Ont„  .'Icton — H.  A.  Cox,  Chn.  of  the  Wa- 
ter Bd..  will  soon  award  the  contract  for 
furnishing  and  installing  two  iTSO  Imp.  gal. 
per  min.  pumps  direct  connected  to  220 
volt.  25  cycle.  3  phase,  a.c.  electric  motors 
and  motor  driven  centrifugal  pumps,  for 
the  town.  About  $16,000.  E.  .\  James  Co.. 
36   Toronto   St..   Toronto.    Ener 
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oiii..  Kual  View— Thp  Town  Coiinrll  votod 
!..'!. lino  ImiiiiIn  III  InHliill  nrw  witliT-iiiiiInn, 
|iuiii|ilnK  iMurhlni'ry.  i-lc.  I'liltrriton  & 
llryiii-,    lit  S|iiirkN  St..  Oiiawii,   Kiikin 

Ont.,  K«rl<>r — Thr  ICxi'ti-r  I'ri'unirry  Co 
I'luiih  III  liiillil  an  iiilrlllloii  to  IIh  iiliiiil  and 
In  III  thi-  iiiiirki-l  for  iniiohlnrry  iinil  oqulp- 
iiinil    for  Mumf. 

Oiil.,  Kiiriltvlrli — Tho  rnloimyers  pinn  iin 
I'li'ollon  AiiKiiHt  17  to  voti-  on  JIO.OOO  hnnilH 
lo  provlili-  for  tlu-  Inntallatlon  of  a  hyrtro- 
rlcoirli-  IIkIiiIiik  and  power  dlxlrihiition 
Hystem. 

Out..  Ilaiiillton— Tht'  lUl.  Rduc.  plans  to 
laiilil  ;i  J  .sidiy  si-liDol  InoUiillnR  a  vacuum 
.SI. 'am  luMtliiK  .lyHtein.  About  JU'B.OilO. 
llray.son    Urow.   Clyde   UldK..   Archt. 

Ont..  Iliiiniltitn — Tho  Steel  Works  of 
Canada.  Harvi'V  I^^ine,  will  soon  rereivr 
bid.x  for  a  1  and  2  .story  .steel  plant  and 
foundry  ineltidinK  a  steam  heatine  system. 
Al'out    J.100.000. 

Out..  Tnruiito^The  city  plans  an  elec- 
tion in  January  to  vote  on  $8,000,00(1  bonds 
to  build  a  waterworks  system  in  the  east- 
ern .section  of  the  city  to  include  intakes. 
Iiumphouse.  Alters.  hlKh  and  low  pressure 
pumps,  reservoirs  capable  of  handling:  100.- 
nOO.OOO  Kal.     R.  C.  Harris,  City  Engr. 


rONTRACTS      AWARDED 

Me..  Itriiiiswick  —  Howdoin  College  has 
awarded  the  contract  for  remodelinfr  the 
beating  and  lightinR  plant,  to  Blackstone 
*  .'^mith.  l»5  Middle  St..  Portland,  at 
SL'.S.OOO. 

Mawi..  Ilolyoke— The  Holyoke  Water 
Power  Co.  has  awarded  the  contract  for  the 
installation  of  turbine  wheels  in  the  pro- 
posed plant  $.')il.on(i  and  in  the  proposed 
addition  to  i)lant.  $70,000.  to  James  Leffel  & 
Co..  Springfield,  O. 

MaxN..  Holyoke — The  Holyoke  Water 
Power  Co.  has  awarded  the  contract  for 
the  installation  of  generators  which  will 
be  used  to  supply  additional  electric  cur- 
rent, to  the  General  Electric  Co.,  387  Main 
St. 

Mass..  Springfield — The  Wallace  Realty 
Trust  Co..  39:;  Main  St.,  has  awarded  the 
contract  for  altering  boiler  house  and 
garage,  to  E.  J.  Finney,  Inc..  .374  Main  St.. 
at    $26,500. 

Conn.,  Bridgeport — H.  X.  McCathron.  72 
Knowlton  St..  will  build  a  1  story.  GO  x  220 
ft.  forgo  building  including  boilers,  etc..  on 
Cross  St.  .\bout  $20,000.  Work  will  be 
done   by  day   labor. 

Pa.,  Kssingt«n — The  Westinghouse  Elec- 
tric &  Mfg.  Co..  has  awarded  the  contract 
for  a  1  .story.  120  x  200  ft.  foundry  building 
including  a  steam  heating  svstefn.  to  the 
-Vustin  Co..  Bulletin  BIdg..  Philadelphia. 

O..  rievelund  —  The  Anshi  Reth  Tephito 
Congregation.  Uifil.i  Grantwood  .\ve..  has 
awarded  the  contract  for  a  2  story.  l.'jO  x 
240  ft.  synagogue  including  a  steam  heating 
system  on  East  10,5th  St.  and  Havden  Ave. 
to  the  Edwards  Eng.  Co..  HijipodVome  An- 
nex   Cldg..   at    $500,0011.      Xoted   Jan.    20. 

O..  Cleveland — The  Bd.  Educ.  East  6th 
St.  and  Rockwell  Ave.,  has  awarded  the 
contract  for  the  installation  of  a  steam 
heating  system  in  school  building,  including 
two  boilers,  etc..  to  John  W.  Danforth.  70 
Ellicott    St..    Buffalo.    N.    Y. 

O..  Columbus — The  Bd.  Educ.  has  award- 
ed the  contract  tor  installing  a  heating  and 


ventllatlnR  nynlem  in  the  proponed  2  story. 
100  X  l!t(l  fl  Mchool  on  Sulllvant  Av<' .  I.TB.- 
;ms  Mild  2  Niory.  120  x  200  fl  Hchool  on 
Taylor  Av.- .  $:ih,.IH2.  to  llufriiiiin  H  Wolfe, 
tiliil    North     IIJKli    iSt 

MIeii.,  Curo — Cooper  &  Stifller  huH  award- 
ed the  contract  for  a  1  Htory,  75  x  Ho  ft. 
KiiraKe  and  HiileHroom  IneludliiK  a  Mieam 
heating  syHt.ni.  etc..  lo  the  O.  W  JenklnH 
*  Co..  38H  Dearborn  St  .  Cblrago.  at  1:16.- 
000. 


Mlrh..  Detroit  —  The  Hd  of  Water 
Comm..  232  Jefferson  Ave..  haH  awarded 
contract  fur  a  1  story,  ".to  x  120  ft.  machine 
sho|>  lo  Martin  *  Krausman  Co..  747  (iar- 
land  Ave.  at  $21,180.  Motors  will  be  In- 
stalled  In   same. 

MIoli..  Detroit— The  Wood  Hydraulic 
Hoist  &  Body  Co..  1789  Hartwick  Ave.,  has 
awarded  the  contract  for  a  2  story,  140  x 
400  ft.  factory  including  a  steam"  heatiuRr 
system  and  electric  power,  to  William 
Reynolds,   .320   Lightner  Bldg. 

III..  ChlrnKo — The  Chicago  Junction  Rv. 
Co..  38  .South  nenlston  St.,  has  awarded  the 
contract  for  an  addition  to  the  boiler  room 
and  the  installation  of  two  I. 10  hp.  high 
pressure  boilers,  compressor  room,  air  com- 
pressor, etc..  to  E.  W.  Sproul  Co  .  2001  West 
39th   St..   at   $80,000. 

ni.,  Chicago — David  L«vi  &  Co..  West 
40th  St.  and  Packers  Ave.,  has  awarded  the 
contract  for  a  3  story.  11.";  x  170  ft.  packing 
plant  Including  a  steam  heating  system  on 
West  39th  St.  and  Emerald  Ave.,  to  Jacob 
Rodatz.  Rookery  BIdg..  at  $350,000. 

III.,  Knnknkee — The  W.  Terman  Produce 
Co.  has  awarded  the  contract  for  a  2  story. 
48  X  15  ft.  factory  and  warehouse  including 
a  steam  heating  system,  on  15th  St.  and  the 
New  York  Central  tracks,  to  the  Dehrens 
Constr.  Co..  1732  North  Western  Ave.,  at 
$60,000. 

Wis.,  Roberts — The  Bd.  Educ.  has  award- 
ed the  contract  for  installing  a  heating  and 
plumbing  system  in  the  proposed  2  story, 
62  x  69  ft.  addition  to  high  school,  to  the 
New  Richmond  Heating  &  Plumbing  Co., 
New  Richmond,   at  $17,400. 

la.,  Davenport  —  C.  A.  Koester.  c/o 
Davenport  Roofing  Co.,  has  awarded  the 
contract  for  a  3  story.  65  x  150  ft.  garage  in- 
cluding storage  tanks  and  pumps  on  Front 
St.,  to  the  H.  Horst  Co.,  Brumder  BIdg.. 
Milwaukee  and   Rock   Island,   at   $150,000. 

Minn.,  Minneapolis — The  Bemis  Bros.  Bag 
^o..  604  South  4th  St..  has  awarded  the  con- 
t.'act  for  the  installation  of  a  steam  heating 
system  in  the  proposed  7  story.  65  x  150 
ft.  addition  to  its  factory  at  600  4th  St..  S.. 
to  the  Hankee  Heating  Co..  922  2nd  Ave..  S. 

Minn.,  St.  Paul— The  Bd.  Educ.  City 
Hall,  has  awarded  contract  for  a  heating 
system  in  the  proposed  3  story.  64  x  96  ft. 
school  addition  on  LaFond  and  Avon  Sts.. 
to  the  Hankee  Htg.  Co..  925  Merchants 
Natl.  Bk.  BIdg.,  at  $14,108.     Noted  July  27. 

Kan.,  Geneseo — The  Missouri  Pacific  Ry. 
Co..  Ry.  Exch.  BIdg..  St.  Louis.  Mo.,  has 
awarded  the  contract  for  a  new  water  serv- 
ice system  including  a  pump  house,  steel 
tank,  distributing  system,  engine  and  pump 
here  to  Joseph  E.  Nelson  <^-  Sons.  3240 
South    Michigan   Blvd..   Chicago.    111. 

Kan.,  Hutchinson  — -  The  Missouri  Pacific 
Ry.  Co.,  Ry.  Exch.  BIdg.,  St.  Louis.  Mo.. 
has  awarded  the  "ontract  for  a  new  water 
system  including  pump  house,  steel  tank, 
distributing   system,   engine   and   pump   here 


lo    JoHcih    K.    NelBon    «i    SonH,    3240    Souili 
MlelilKiin    Itlvrl  ,  ChlcaRO,  111. 

KiMi  .  Krniirlli  — The  MlHHoiirl  I'aciric  l:\ 
<".  Ity  Exch  lUdK,  SI  LoulH,  Mo.  hii. 
award..!  tli.-  .•onlra.l  for  a  n.w  water  wrv- 
.••■  HyKt.in  In.'liiilInK  a  i.iiiiiji  h.aiHe.  Mt.-el 
ank,  iliHtrlluitliiK  ByMleiii.  engine  anil  pumii 
her.-  to  JoH.-t>h  B.  NelMori  &  Hoiih  .  3240 
South    MichlKan    Blvd..  Chicago,    III. 

Khii.,  I.y.ini.  -  Til.-  MiMHOurl  I'noifi.'  Ily 
<  «.  Hy.  Exch  rndK  .  St.  LouiH.  Mo..  haM 
awar.l.-.l  th..  .-nntract  for  :i  n.-w  w:it.-r  Herv- 
c-  syHt.-in  Inclu.ling  a  pump  holm.-.  Mt.-el 
ank,  .listriliiitlng  HyHt.-m,  engine  aii.l  pump 
h.r.-  to  J.m.-ph  K  N.-Ihou  &  Sons,  3240 
.South   .Michigan    Blvd.,  Chicago.    III. 

Kiiii..  .Miller— The  MlHMOuri  Pacific  Ry. 
'  o  .  It.v_  Kxch.  BIdg.,  St.  Louis,  Mo.,  has 
awar.l.-d  the  contract  for  a  new  water  Herv- 
ic-  system  including  a  pump  houw-.  steel 
lank,  diHtrihutlng  .sysLm.  engine  and  pump 
b.n-  to  Jo».-ph  E.  ,V.-lBon  &  Sons.  3240 
South   Michigan    Blvd..  Chicago.   111. 

Kan.,  Ne«I— The  MisHourl  Pacific  Rv  Co., 
Ry.  Exch.  BIdg..  St.  Louis.  Mo.,  has  award- 
i-d  till-  contract  for  a  new  water  service 
system  including  a  pump  house,  steel  tank 
distributing  system,  .nginc  and  pump  here 
lo  Jo.seph  E.  .Velson  &  Sons,  3240  South 
Michigan    Blvd..   Chicago.   III. 


Kan.,  Ottawa — The  Mis.souri  Pacific  Ry. 
Co..  Ry.  Exch.  BIdg.,  St.  Louis.  Mo.,  has 
awarded  the  contract  for  a  new  water  .serv- 
ice including  a  pump  house,  steel  tank,  dis- 
tributing system,  engine  and  pump  here  to 
Joseph  E.  Nelson  &  Sons,  3240  South  Michi- 
gan  Blvd..   Chicago,   III. 

Wye,  Salt  Creek — The  Midwest  Refining 
Co..  1st  Natl.  Bank.,  Denver.  Col.,  will  build 
a  2  story.  70  x  114  ft.  hotel  including  a 
refrigerating  plant.  About  $125,000.  Work 
will   be   done   by  day  labor. 

Mo..  St.  Louis — The  David  Rankin  Junior 
School.  4431  Finney  St..  has  awarded  the 
contract  for  a  1  story  power  plant,  to  the 
J.  Stewart  &  Co..   Boatmans  Bank  BIdg..  at 

$150,000. 

Mo.,  St.  I>oui8 — The  Landes  Machine  Co.. 
407  Gano  St.,  will  b«ild  a  1  story  boiler 
and  machine  shop  at  4929-31  North  2nd  St. 
.About  $6,000.  Work  will  be  done  by  day 
labor. 

Mo.,  St,  Louis — The  Schulz  Belting  Co.. 
4th  and  Boston  Sts..  has  awarded  the  con- 
tract for  a  1  story.  25  x  50  ft.  factory  and 
boiler  room  on  South  4th  St.,  to  the  Dryden 
Dver  Constr.  Co..  816  Olive  St.  About 
$6,000. 

Mo.,  St.  Louis — J.  A  Wetmore.  Supervis- 
ing Archt..  Treasury  Dept..  Washington.  D. 
C.  has  awarded  contract  for  a  boiler  plant 
at  the  Marine  Hospital  here,  to  William 
Wilbv  Selma.  Ala.,  at  $4,000.  Noted 
July   27. 

Ont.,  Kitchener — The  Dominion  Tire  & 
Rubber  Co..  140  Strange  St..  has  awarded 
the  contract  for  a  60  x  100  ft.  rubber  fac- 
tory, power  house  and  sub-station  on  King 
St.,"  to  the  Caswell  Constr.  Co.,  53  Welling- 
ton St..   E..   Toronto,  at  $85,000. 
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The  Federal  Water-Power  Commission 


Sec.  of  the  Interior 
JUDGE  JOHN  BARTON  PAYNE 

Newton  D.  Baker,  John  Barton  Payne 
and  Edwin  T.  Meredith,  respectively  Sec- 
retaries of  War,  Interior  and  Agriculture, 
make  up  the  Federal  Water-Power  Com- 
mission as  provided  in  the  recently  enacted 
Water  Power  Bill.  The  Commission  will 
issue  fifty-year  licenses  for  power  projects 
and  transmission  lines  and  will  pass  upon 
the  scheme  of  development  of  power  sites, 
plans  and  specifications  of  the  works, 
upon  certain  features  of  maintenance  and 
operation  and  will  have  jurisdiction  over 
the  regulation  of  rates  and  service  when- 
ever the  state  has  no  agency  to  look  after 
such  regulation. 

The  work  will  include  thorough  investi- 
gation and  collection  of  data  jjertaining 
to  the  utilization  of  the  water  resources  of 


any  region  where  plans  for  development 
are  contemplated.  The  Commission  will 
also  investigate  and  compile  a  report  on 
the  water-fKJwer  industry  as  a  whole  and 
its  relation  to  other  industries  and  to  inter 
state  and  foreign  commerce. 

The  bill  provides  for  an  investigation 
and  report  on  the  Great  Falls  power  proj 
ect  on  the  Potomac  above  Washington, 
and  reports  on  all  projects  on  navigable 
streams  in  which  it  appears  that  construc- 
tion of  suitable  structures  for  unimpeded 
navigation  cannot  be  undertaken  by  the 
applicants  for  license. 

The  respyonsibility  for  much  of  the  de- 
tailed administration  of  the  Water  Power 
Bill  will  rest  with  Oscar  C.  Merrill,  for- 
merly chief  engineer  of  the  Forest  Service^ 


Sec.  of  Agriculture 
EDWIN  T.  MEREDITH 

who  has  been  appointed  Elxecutive  Sec- 
retary to  theSCommission,  and  theengineer- 
ing  surveys  will  be  placed  in  the  hands  of 
Lieut.  Col.  William  Kelly,  who  was  ap- 
pointed by  President  Wilson  as  engineer 
officer  of  the  Commission. 

It  is  difficult  to  estimate  the  vast  ben- 
efits of  the  proper  development  of  our 
sixty  million  available  horsepower.  Only 
by  profier  development  of  these  resources 
can  the  industrial  life  of  the  country  reach 
its  maximum.  Each  year  the  fuel  situa- 
tion is  becoming  more  acute  owing  to 
strikes,  transpyortation  difficulties,  specu- 
lation, etc.,  but  with  development  of  our 
water-power  resources  a  vast  amount  of 
coal  will  be  conserved  or  rendered  avail- 
able for  other  work. 
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The  Clauses  of  Trouhlc*  in  Steaiii-Tiirhiiie 
Liihricalioii  and  I  he  Ki^inedy 

By  1..  E.  STROTHMAN 

VIr.'     I'ri'Mldvtit    mill     ('.iiiiral     .MiinuKi-r,    tlie    lUchiinlHon-l'liinlx    t'luiipaiiy 


Mr.  Strothmuii  drscribi-H  the  ordinary  cirnilutiiig  HyHtciii 
uxcd  for  the  lubrication  of  u  Htruni  liirhiuf.  1I«-  poinlH 
out  sonir  of  the  troubles  inherent  in  this  8iiii|»!e  system 
antl  discusses  the  reasons  for  these  troubles.  Tlie  various 
steps  in  the  development  of  improved  systems  are  trured 
and  their  faults  and  virtues  are  discussed. 


IN  THE  early 
days  of  the 
steam  turbini' 
almost  unsurmoiint- 
able  d  i  111  c  u  1 1  i  e  3 
were  experienced 
with  lubrication- 
largely  due  to  the 
kind  of  oil  then 
used,     which     was 

not  suitable  for  this  severe  service.  Today  the  larger 
sizes  of  steam  turbines  are  equipped  by  the  manu- 
facturer with  an  effective  circulating  oiling  system, 
which  can  be  relied  upon  to  supply  an  adequate  quan- 
tity of  oil  to  each  bearing. 

For  the  improvement  that  has  been  made  in  lubrica- 
tion, great  credit  is  due  to  both  the  leading  manufac- 
turers of  steam  turbines  and  the  manufacturers  of 
high-grade  lubricating  oils.  The  Vnanufacturers  of' 
steam-turbine  oil  have  carefully  studied  the  require- 
ments of  the  service  and  have  consistently  followed  the 
subject,  through  their  technical  departments,  and  from 
data  secured  in  the  field  on  the  service  obtained  from 
the  oil  have  succeeded  in  producing  the  very  best  oil 
for  the  conditions. 

Fig.  1  shows  graphically  the  oil-circulating  system  of 
a  steam  turbine.     Oil  is  supplied  under  pressure  to  the 
middle  of  each  bearing,  flowing  out  at  the  ends  and  re- 
turning by  gravity  to  the  oil  reservoir  B  in  the  base  of 
the  turbine  unit.     A  rotary  pump  A,  driven  from  the 
main  spindle  of  the  turbine  or  from  an  extensioA  of 
the  governor  shaft,  takes  the  oil  from  the  reservoir  B 
and  forces  it  through  oil  cooler  C.    A  part  of  the  oil  is 
used  in  the  oil-relay  system  for  governing  the  turbine, 
and  the  remainder  is  reduced  in  pressure  by  a  reducing 
valve  and  is  delivered  through  pipes  D  to  the  various 
bearings.    A  relief  valve  L  bypasses  any  excess  oil  back 
into  reservoir  B.     The  steam-turbine  unit,  shown,  ha.s 
four  main  beariiigs,  E,  F,  G  and  H,  and  a  thrust  bear- 
ing.    The  oil, 
after  passing 
through     the 
bearing,      re- 
turns by  grav- 
ity     through 
return  pipe  J 
and     through 
the     screen 
strainer  K  to 
the  reservoir. 
The     turbine 
is  equipped 
with  an  auxil- 
iary oil  lamp 
which  is  used 
when  starting 
and    stopping 

the  turbine  in  p^Q  i     ^  typical,  self-contaixed  oil-circulating  ststem.  on 

case  of  emer-  steam-turbine  vynr 


gency.  In  pointing 
out  the  various 
causes  of  trouble 
in  steam-turbine 
luiirication,  it  will 
be  taken  for 
granted  that  a  suit- 
able    high-grade, 

pure  mineral  oil  is 

used.  The  troubles 
that  would  ensue  ironi  using  a  poor  grade  or  an  unsuit- 
able oil  would  be  i:.r  more  serious. 

In  the  circulating  oiling  system  of  all  steam  turbines 
water  finds  its  way  into  the  oil  in  spite  of  the  precau- 
tions taken  by  manufacturers  in  the  construction  of 
packing  glands  M  and  A^  (Fig.  1)  which  are  variously 
fitted  with  carbon  packing  rings  held  against  the  shaft 
by  springs,  labyrinth  packing  or  water  seals  and  water 
throwers  introduced  between  packing  glands  M  and  N 
and  bearings  E  and  F.  Some  water  also  gets  into  the 
oil  when  the  turbine  is  at  rest,  owing  to  condensation 
of  moisture  in  the  air  when  it  comes  in  contact  with 
the  cool  metal  surfaces  of  the  oiling  system.  Occa- 
sionally, small  leaks  develop  in  the  oil  cooler,  permitting 
water,  which  is  usually  supplied  under  pressure,  to  get 
into  the  oil.  As  shown  in  Fig.  1,  the  bearing  shells  are 
sometimes  made  hollow  and  cooled  by  circulating  water 
through  them,  in  which  case  there  is  an  additional  pos- 
sibility of  the  bearing  shells  leaking  and  allowing  water 
to  enter  the  oiling  sy.stem. 

A  drain  valve  P  is  provided  in  the  bottom  of  the  oil 
reservoir  for  drawing  off  any  water  in  the  system,  but 
this  drain  connection  is  effective  only  when  the  turbine 
unit  has  been  shut  down  and  sufficient  time  allowed  for 
the  water  to  separate  from  the  oil  and  settle  to  the 
bottom. 

A  steam  turbine  is  one  of  the  few  power  units  which 
is  operated  continuously,  and  the  oil  in  the  lubricating 
system,  owing  to  its  rapid  circulation    (from  9  to  40 

times  per 
hour,  depend- 
ing upon  the 
size  and  make 
of  the  tur- 
bine) and  con- 
stant contact 
with  hot  bear- 
ings, air  and 
moisture,  re- 
ceives  the 
most  severe 
service  to 
which  lubri- 
cating oil  is 
subjected.  On 
account  of 
these  severe 
conditions 
even  the  best 
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turbine  oils  will,  in  time,  emulsify,  oxidize  and  break 
down  with  the  formation  of  sludge  and  a  low  degree  of 
acidity,  unless  means  are  provided  to  remove  moisture, 
air,  sludge  and  other  foreign  matter  as  soon  as  they 
appear,  thereby  constantly  maintaining  the  oil  in  its 
original  pure  state,  which  results  in  its  giving  good 
service  indefinitely. 

Rapid  Circulation  of  Oil 

Owing  to  the  limited  holding  capacity  of  the  turbine 
oil  reservoir  and  the  rapidity  with  which  the  oil  is 
circulated,  it  does  not  have  time  to  separate  from  mois- 
ture, air  or  other  foreign  matter  picked  up  during  its 
circulation,  and  as  the  same  oil  must  perform  its  duty 
many  thousands  of  times,  it  is  evident  that  it  must  re- 
ceive care  in  order  to  prolong  its  life  and  enable  it  to  do 
its  work  properly.  In  a  closed,  continuous,  circulating 
system,  it  is  impossible  to  know  from  the  outside  the 
condition  of  the  oil  and  whether  water  or  other  impuri- 
ties are  present.  Even  if  samples  of  oil  are  taken  from 
the  system  at  frequent  intervals  and  analyzed,  the 
result  would  show  only  an  approximation  of  the  average 
condition  of  all  the  oil  in  the  system.  Any  moisture  in 
the  oiling  system  is  thoroughly  churned  up  with  the  oil 
by  the  rapid  circulation,  and  an  emulsion  of  water  and 
oil  is  formed. 

Oxidation  of  the  Oil 

The  oil  in  circulation  always  contains  more  or  less  air 
and,  furthermore,  is  exposed  to  the  atmosphere  in  the 
bearings.  In  addition  to  coming  in  contact  with  air 
the  oil  at  the  same  time  comes  in  contact  with  the 
heated  surfaces  of  the  bearings.  Bearings  become 
heated  from  a  number  of  causes,  such  as  the  heat  gener- 
ated due  to  friction,  which  may  become  excessive  if  a 
heavy  oil  is  used;  also  the  heat  transmitted  from  the 
steam  in  the  turbine  cylinder,  etc.  This  combination  of 
air  and  heat  causes  the  oil  to  become  oxidized,  and  a 
brownish  or  chocolate  colored  sediment  is  produced, 
most  of  which  remains  in  suspension  in  the  circulating 
system.  Furthermore,  the  presence  of  air  where  the 
oil  is  so  rapidly  circulated  as  in  a  steam-turbine  oiling 
system  also  results  in  an  emulsion  composed  of  air 
and  oil. 

How  AN  Emulsion  Is  Formed 

An  emulsion  is  a  mixture  of  liquids  insoluble  in  one 
another  where  one  is  suspended  in  the  other  in  the  form 
of  minute  globules  or  a  mixture  in  which  solid  particles 
of  air  are  suspended  in  a  liquid.  In  an  oiling  system  in 
which  the  oil  is  rapidly  circulated,  an  emulsion  is  easily 
formed  on  account  of  the  mixture  of  the  oil  with  either 
air  or  moisture,  which  reduces  the  lubricating  proper- 
ties of  the  oil  and  results  in  poor  lubrication  and  the 
accompanying  rise  in  temperature.  One  of  the  most 
common  causes  of  trouble  with  steam-turbine  lubrica- 
tion is  due  to  this  emulsion  of  the  oil  with  moi-sture  or 
air,  particularly  if  impurities  (either  solids  or  the 
products  of  oxidation)  are  present.  The  emulsion  takes 
up  dirt,  particles  of  metal,  products  of  oxidation  and 
other  foreign  substances  and  holds  them  in  suspension 
so  that  they  cannot  precipitate.  Furthermore,  a  coat- 
ing is  deposited  on  the  surface  of  the  oil  cooler  medium, 
the  rate  of  heat  transfer  from  the  oil  to  the  cooling 
water  is  reduced,  and  an  undue  rise  in  the  temperature 
of  the  oil  results. 

The  products  of  oxidation,  solids  and  other  foreign 
substances  which  would  ordinarily  settle  to  the  bottom 


if  the  oil  were  not  so  rapidly  circulated,  are  commonly 
called  "sludge,"  or  "muck,"  and  necessitate  the  cleaning 
of  the  oiling  system  of  the  turbine.  The  presence  of  this 
sludge,  or  muck,  in  the  oil  also  reduces  its  lubricating 
value  and  is  a  frequent  source  of  lubrication  trouble. 
Solid  impurities  consist  of  such  substances  as  core  sand, 
iron  chips  and  filings,  rust,  wood  splinters,  cotton  waste, 
etc.,  which  are  generally  found  in  a  new  turbine.  It  is 
evident  that  these  substances  must  not  be  allowed  to 
come  in  contact  with  the  bearing  surfaces  because  im- 
m.ediate  abrasion  would  result.  Furthermore,  the  full 
supply  of  oil  to  the  bearings  would  be  interfered  with 
if  these  solids  became  lodged  in  the  passages  conducting 
oil  to  and  from  the  bearings. 

Breakdown  of  Oil  May  Be  Caused  by 
Electrochemical  Action 

The  materials  of  which  the  various  parts  of  a  steam- 
turbine  circulating  system  are  composed,  such  as  steel, 
iron,  zinc,  copper,  etc.,  are  of  decidedly  different  poten- 
tiality and  electrochemical  action  may  take  place,  causing 
the  oil  to  break  down.  It  has  been  found  that  these 
chemical  and  physical  changes  produce  an  acid  condi- 
tion in  the  oil  which  will  in  time  corrode  the  metallic 
parts  of  the  turbine  and  eventually  impair  the  smooth, 
clean  bearing  surfaces. 

The  moving  parts  of  the  governor  in  most  steam 
turbines  are  lubricated  with  the  same  oil  as  used  on  the 
bearings,  and  in  cases  where  the  oil  is  in  bad  condition, 
the  regulation  of  the  turbine  is  affected  owing  to  the 
governor  not  being  able  to  move  freely.  In  order  to 
overcome  this  dif!iculty,  force-feed  lubricators  have  been 
installed  on  many  steam  turbines  to  effectively  lubricate 
(he  governor. 

Methods  That  Have  Been  Tried  to  Overcome 
THE  Difficulty 

The  combination  of  an  effective  circulating  oiling 
system  with  the  very  best  oil  for  the  service  is  respon- 
sible for  the  greatest  improvement  in  the  lubrication 
of  the  steam  turbine.  However,  owing  to  the  fact  that 
moisture  and  other  foreign  substances  enter  the  oiling 
system  and  become  mixed  with  the  oil,  it  was  found  that 
some  means  would  have  to  be  provided  to  remove  the 
foreign  substances  in  order  to  keep  the  oil  in  proper  con- 
dition. A  number  of  methods  for  overcoming  the  diffi- 
culty were  tried,  and  the  following  shows  how,  step  by 
step,  the  successful  solution  of  the  problem  was  finally 
arrived  at. 

The  first  method  tried  was  to  add  make-up  oil.  To 
make  up  for  the  amount  lost  by  evaporation  and  leakage, 
oil  was  added  occasionally,  but  it  was  found  that  even 
when  the  amount  of  new  oil  added  was  very  small,  a 
dark-colored  deposit  was  thrown  down,  due  to  the  action 
of  the  old  oil  on  the  new,  and  that  all  the  oil  in  the 
system  would  in  a  short  time  become  very  dark  in  color, 
with  a  considerable  increase  in  acidity. 

The  viscosity  of  the  oil  in  the  system  was  also 
increased  as  the  new  oil  was  of  the  same  average  visco- 
sity as  the  oil  originally  put  into  the  system,  while  the 
oil  which  was  lo.st,  owing  to  evaporation,  consisted  of  the 
lighter  parts  of  relatively  low  viscosity.  This  method 
does  not  overcome  the  results  of  rapid  circulation  nor 
provide  for  the  removal  of  moisture,  the  products  of 
oxidation  or  the  accumulation  of  impurities,  and  eventu- 
ally the  turbine  has  to  be  shut  down  and  the  entire 
quantity  of  oil  replaced  by  new. 
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To  avoid  tho  tniublo.s  duo  to  simply  adding  make-up 
oil,  "swct'tiMiiujr"  was  rivsorted  to.  Thi.s  consisted  in 
withdrawing  from  the  turhine-oil  reservoir  a  certain 
amount  of  oil  periodically,  dej)ending  upon  the  severity 
of  the  service,  and  adding  enough  new  oil  to  replace 
the  amount  withdrawn  and  that  lost  by  evaporation  and 
leakage.  This  method  was  found  but  little  more  effec- 
tive than  the  first  method,  as  it  was  only  a  (lue.stion  of 
time  before  the  whole  charge  of  oil  was  unfit  for  use. 

These  two  methods  contain  no  provision  for  filtering 
the  oil  in  order  to  keep  it  in  good  condition.  "Batch 
filtration"  was  tried  and  found  to  be  a  pronounced 
improvement  as  the  whole  charge  of  oil  in  the  system 
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FIG.  2.     COXTIXUOrS  BYPASS  TURBIXii-OIL.  FILTERING 
SYSTEM 


is  withdrawn  and  filtered  before  being  used  again,  the 
turbine  in  the  meantime  having  been  filled  with  a  charge 
of  clean  oil.  There  are  several  serious  objections  to 
"batch  filtration,"  however;  namely,  it  requires  the  unit 
to  be  shut  down  while  withdrawing  the  dirty  oil  and  re- 
filling with  clean  oil;  also,  as  the  oil  is  not  withdrawn 
until  it  becomes  unfit  for  use,  the  turbine  is  compelled  to 
run  for  a  large  part  of  the  time  on  oil  that  is  not  in  proper 
condition,  and  furthermore,  it  is  dependent  -upon  the 
judgment  of  the  operator  who  decides  when  the  oil 
should  be  withdrawn  and  filtered. 

Continuous  filtration  was  next  tried.  In  this  method 
the  entire  volume  of  oil  is  filtered  each  time  it  is 
pumped  by  the  oil  pump  of  the  circulating  system.  This 
method  is  veiy  effective  and,  for  very  small  turbines 
where  only  a  small  quantity  of  oil  is  circulated,  is  the 
best  method.     For  larger  turbines,  however,   the   ex- 


pense of  the  necessary  filter,  filter  oil  pump  and  pijiing 
makes  this  method  undesirable.  Another  objection  iH 
the  great  amount  of  space  occupied  by  the  filter  and  itii 
accessories. 

Thk  Rkmkdy  kor  Trouble  in  Steam  Turbine 
Lubrication 

The  experience  gained  with  the  methods  described 
resulted  in  the  development  of  the  "continuous  bypass" 
oil-filtering  .system,  which  maintains  the  lubricating  oil 
in  its  original  pure  state  by  continuously  bypa.ssing  a 
part  (from  10  to  20  per  cent)  of  the  oil  contained  in 
the  turbine  oil  reservoir;  removing  any  moisture,  air, 
solid  impurities,  emulsion,  products  of  oxidation  and 
any  other  impurities  that  impair  the  lubricating  value 
of  the  oil,  and  returning  ths  purified  oil  to  the  self- 
contained  oiling  system  of  the  turbine.  To  filter  the 
entire  volume  of  oil  each  time  it  is  pumped  by  the  oil 
pump  of  the  turbine  circulating  system  would  necessi- 
tate using  very  much  larger  sizes  of  filter,  filter  oil 
pump,  and  piping,  which  would  materially  increase  the 
cost  of  the  equipment.  This  additional  expen.se  is  not 
warranted,  as  equally  good  results  are  obtained  with 
the  continuous  bypass  system.  Steam  turbines  equipped 
with  these  systems  have  been  in  operation  for  a  number 
of  years,  and  the  operating  records  show  that  the  orig- 
inal oil  was  still  being  used,  only  enough  having  been 
added  to  replace  the  amount  lost  by  evaporation  and 
leakage,  also  that  regulation  was  all  that  could  be  de- 
sired, indicating  that  the  governor  was  being  properly 
lubricated. 

The  continuous  bypass  oil-filtering  system'  shown 
diagrammatically  in  Fig.  2,  is  extremely  simple.  It  con- 
sists of  a  sight  overflow  through  which  the  oil  in  the 
turbine  reservoir  flows  by  gravity  to  an  oil  filter  which 
removes  moisture  and  other  foreign  matter,  and  a  filter 
oil  pump  which  returns  the  clean  oil  to  the  turbine 
reservoir.  The  sight  overflow  is  vented  to  prevent 
siphoning,  and  when  being  connected  to  the  turbine,  the 
level  of  its  overflow  pipe  is  set  to  correspond  with  the 
desired  level  of  oil  in  the  turbine  reservoir,  which  level 
is  thereafter  automatically  maintained  at  all  times.  This 
arrangement  assures  that  the  turbine-oil  reservoir  w411 
always  be  full  to  the  proper  level  as  the  quantity  of 
dirty  oil  overflowing  to  the  filter  is  balanced  by  the 
amount  of  clean  oil  delivered  to  the  turbine  reservoir  by 
the  filter  oil  pump.  An  accidental  stoppage  of  the  filter 
oil  pump  cannot  in  any  way  jeopardize  the  continuous 
operation  of  the  turbine,  as  accidental  draining  of  the 
turbine-oil  reservoir  is  not  possible  with  the  vented 
sight  overflow. 

This  system  is  the  best  insurance  against  lubrication 
troubles.  In  addition  to  its  keeping  the  oil  in  proper 
condition,  less  work  is  required  of  each  gallon  of  oil 
because  the  volume  in  use  is  increased  by  the  additional 
quantity  in  the  filter.  Furthermore,  this  system  makes 
it  possible  to  use  the  oil  over  and  over  again  indefinitely, 
thus  the  cost  becomes  an  investment  rather  than  an 
expense. 


If  a  bearing  on  a  new  machine  persists  in  heating 
and  the  operator  is  satisfied  that  the  oil  used  is  not  too 
light  or  too  heavy,  then  the  bearing  raay  be  out  of  line, 
or  designed  with  insuflficient  clearance.  Overheating 
may  also  result  when  the  clearance  is  too  great  and 
trouble  may  follow  because  the  bearing  has  high  and 
low  spots  upon  its  surface. 
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Utah  Coals  and  the  Fuel  Supply  of  Salt  Lake  City 


By  OSBORN  MONNETT 


This  article  is  taken  from  the  smoke-abatement  report  of  the 
Bureau  of  Mines,  made  as  a  result  of  its  work  in  co-opera- 
tion with  Salt  Lake  City  and  the  University  of  Utah.  Pub- 
lished with  permisssion  of  the  Director,  Bureau  of  Mines. 


IN  CONNECTION  with  a  smoke-abatement  investiga- 
tion, a  fuel  survey  of  Salt  Lake  City  was  made  to 
determine  the  amount  of  coal  burned  in  the  city,  the 
amount  burned  by  different  classes  of  fuel  users,  the 
source  of  the  coal  and  its  characteristics. 

The  total  amount  burned  in  the  city  was  arrived  at 
in  a  preliminary  manner  by  finding  from  the  railroads 
entering  the  city  the  tonnage  of  commercial  coal  hauled 
into    the    city,    and 
adding  to  this  total 
railroad  coal  burned 
within  the  city.   This 
amount      gives      the 
grand    total    of    all 
coal  consumed  in  the 
city  and  a  figure  to 

check  a'jainst  when  determining  the  amount  burned 
by  the  various  classes  of  fuel  consumers.  The 
amount  of  coal  used  by  the  different  classes  of  fuel 
consumers  except  for  residence  and  domestic  use 
was  obtained  by  means  of  questionnaires  sent  to  all  coal 
consumers.  The  information  obtained  was  tabulated  un- 
der the  following  heads:  Apartment  houses,  business 
houses,  churches,  cleaning  and  dyeing  establishments, 
dairies,  creameries,  hotels,  hospitals,  industrial  boiler 
plants,  laundries,  office  buildings,  central  heating  plants, 
public  building-s,  schools,  residences  and  locomotives. 

The  coal  consumed  by  residences  was  determined  by 
a  house  to  house  canvass  made  by  the  Boy  Scouts.  This 
canvass  also  included  a  tabulation  of  domestic  heating 
and  cooking  equipment.  The  coal  consumed  was  dis- 
tributed over  the  entire  year  by  months.  All  of  the  in- 
f  0  rmation 
con  cerning 
coal  consump- 
tion excepting 
in  residences 
was  supplied 
by  months.  In 
order  to  dis- 
tribute the 
residence 
consumption 
by  months,  it 
was  necessary 
to  make  some 
calculations. 
The  coal  used 
by  plants 
which  have  a 
heating  load 
only  was  dis- 
tributed by 
p  e  r  c  e  ntage 
for  each 
month  and  it 
was  assumed 
that  the  resi- 
dences which 
use  coal  prin- 
cipally for 
heating  would 


use     fuel     in 


the  same  ratio,  so  the  residence  coal  was  distributed 
throughout  the  year  in  the  same  ratio  as  that  used 
by  strictly  heating  plants.  The  fuel  oil  consumed  in 
Salt  Lake  City  is  a  very  minor  quantity  "and  amounted 
during  the  year  of  our  survey  to  only  1,927,560  gallons. 
The  coke  consumed  in  the  city  was  also  determined. 
This  was  a  very  small  amount — 3,470  tons  for  residence 
purposes  and  about  8,000  tons  burned  at  the  plant  of  the 

Utah  Gas  and  Coke 

Co.,    the    remainder 
of  the  coke  produced 
being  shipped  out  of 
the  city.   The  source 
of  the  coal  supplying 
the  city  coal  market 
was     obtained     by 
questionnaires  sent    to  all  the  coal  operators  who  supply 
coal  to  that  market.     The  coals  were  classified  as  to  the 
particular   locality  from   which   they   came.    The   coals 
in   the   same  locality  have   about   the   same   character- 
istics.     Those    classed    as    the    Carbon    and    Emery 
County   coals  are   from  the  group  of  mines   in   south- 
western    Carbon     and     northwestern     Emery     County. 
The   Spring   Canyon   coals   include  all   those   mined   in 
Spring  Canyon.     The  Carbon  County  coals  include  all 
coals  mined   in   Carbon   County  with  the  exception   of 
those  separately  classed.     The  Grand  County  coals  are 
those   mined   in   Grand    County.      The    Wyoming   coals 
were  all  grouped  into  one  class. 

The  characteristics  of  Utah  coals  was  determined 
from  a  series  of  samples  taken  from  railway  cars 
and  storage  piles  in  yards  of  retail  dealers.    This  gave 

the  character- 
istic of  the 
coal  as  deliv- 
ered and  used 
in  Salt  Lake 
City.  The 
samples 
taken  were 
sent  to  the 
Pittsburgh 
laboratory  of 
the  Bureau 
for  analysis. 
Utah  coals 
show  a 
marked  con- 
trast to  the 
general  run 
of  Western 
coals.  The  re- 
sults of  our 
analyses  show 
them  to  be 
low  in  mois- 
ture, low  in 
ash,  with  a 
high  B.t.u. 
value.  Their 
most  p  r  0- 
SALT  LAKE  CITY  ON  A  SMOKY  DAY  nounced  char- 


The  need  for  smoke-abatement  study  is  obvious. 


acteristics 
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IIP  n  hiph  penontnRP  "f  vulatilr  matlcr  and  an 
oxtipmely  low  sulphur  coiitpiit.  Thpso  charncteristirs 
mako  a  roal  that  is  oa-^ilv  burned  ii\  all  typos  of  fur- 
naces. The  hijrh  volatile  content  produces  a  coal  that 
is  easily  ipnitcd.  one  that  burns  freely  with  a  minimum 
production  of  clinker. 

From  the  smoke  standpoint  the  most  pronounced 
characteristic  of  Utj\h  coal  is  the  volatile  content.  In 
general  the  hiphor  the  volatile  matter  in  the  coal  the 
more  smoky  its  performance.  This  is  because  of  the 
difficulty  of  supplying  sutficienf  air  or  oxypon  to  burn 
the  volatile  matter  before  it  distills  away  from  the 
lire  and  passes  otT  through  the  boiler  in  the  form  of 
unconsumed  carbon.  Our  experiments  show  that  the 
standard  methods  of  handlinjr  hijrh-volatile  coal  as  devel- 
oped in  cities  of  the  Middle  West  are  sufficient  to  burn 
the  Utah  coal  smokelessly;  that  is,  the  headroom  flame 
travel  and  other  requirements  for  a  successful  furnace 
will  satisfactorily  handle  coals  on  Salt  Lake  market. 

Possible  sources  of  anthracite  available  in  Salt  Lake 
City  are:  Pennsylvania  anthracite,  which,  of  course, 
is  prohibitive  in  price;  Colorado  anthracite  from  Crested 
Butte,  which  is  eliminated  because  of  producing  less 
than  20,000  tons  per  year  and  having  abundant  market 
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COAL    CONSUMPTION    OF    RAILROADS 

in  Denver;  Routt  County  anthracite;  the  proposed 
anthracite  from  Marble,  Col.,  and  a  limited  anthracite 
deposited  at  New  Harmony,  near  Cedar  City,  Utah,  in 
the  southern  part  of  the  state.  The  latter  three  consti- 
tute the  only  source  from  which  there  is  even  a  faint 
possibility  of  getting  a  supp'y  of  anthracite. 

Engineers  have  spent  considerable  time  examining 
the  Routt  County  region  for  available  anthracite  and 
have  reported  adversely  on  this  region  because  of  the 
unreliability  of  the  deposits  in  regard  to  continuity. 
Anthracite  from  this  region,  even  if  found  in  good 
quantitj-  and  of  good  quality,  would  have  a  prohibitive 
haul  through  Denver  until  such  time  as  additional 
railroad  facilities  are  provided  through  northern  Utah. 


Glenwood  Springs  (Marble  Region,  Col.)  coal  is  situ 
ated  about  four  miles  from  the  Marble  Glcnwoo<l 
Springs  R.R.,  and  samples  analyze  as  of  a  fair  grade 
of  anthracite.  Mining  intere.«tH  have  regarded  this 
deposit  as  inaccessible  by  ordinary  means  of  transport.-', 
lion,  which,  coupled  with  the  fear  that  the  defmsit  wou'd 
prove   unreliable    in   extent,   has    retarded   development. 
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COAL  CONSr.MPTlO.V  OK  INDUSTRIAL  POWER  AND  LARGE 
HEATING    PLANT.S 

From  information  available  there  seems  to  be  a  fairly 
large  acreage  available  with  seam  pitch  of  about  60  deg., 
and  there  would  be  about  600  or  800  ft.  of  ground 
available  above  the  level  at  which  the  coal  would  be 
intersected  by  a  feasible  tunnel.  In  the  proposed 
development  of  this  property  it  is  planned  to  bring 
the  coal  to  the  mouth  of  the  tunnel  by  ordinary  mining 
methods  and  thence  over  a  very  high,  rough  country 
by  three  to  four  miles  of  aerial  tramway. 

Assuming  that  the  coal  is  dependable  anthracite  of 
good  quality  and  abundant  tonnage,  the  proposition 
would  not  offer  an  immediate  solution  of  Salt  Lake's 
fuel  problem;  with  a  pitch  of  60  3eg.  it  would  take 
extensive  development  before  sufficient  ground  could  be 
opened  to  give  a  thousand  tons  per  day,  while  this 
amount  of  tonnage  transported  over  an  aerial  tramway 
would  offer  problems,  especially  in  the  winter  season, 
which,  to  say  the  least,  would  be  difficult  in  the  extreme. 

Briquets  and  Coke 

(a)  Briquets — Prepared  fuel  in  the  shape  of  briquets 
would  offer  a  solution  of  the  domestic  problem  if  manu- 
factured under  proper  conditions.  Some  Western  coals, 
including  lignites,  have  been  prepared  in  briquet  form 
by  driving  off  the  moisture  and  part  of  the  volatile  mat- 
ter and  producing  a  fuel  that  is  smokeless  for  domestic 
purposes. 

Briquetting  has  not  as  yet  come  into  extensive  use 
in  the  United  States.  The  possibility  of  smokeless 
briquets  for  the  Salt  Lake  market  is  one  that  should 
be  considered  only  as  a  future  possibility.  Any  process 
of  briquet  making  with  native  coals  that  would  include 
a  partial  carbonization,  might  more  advantageously  use 
coking  methods,  which  would  recover  a  larger  percent- 
age of  byproducts. 

(b)  High-temperature  Coke — An  attractive  solution 
of  the  domestic  smoke  problem  is  to  be  found  in  the 
burning    of    coke.      The    manufacture    of    coke    for 
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residence  purposes  would  not  only  be  a  means  of  elimi- 
nating the  domestic  smoke  nuisance,  but  would  also  be 
a  step  in  the  conservation  of  natural  resources.  The 
time  is  not  yet  ripe  for  the  use  of  coke  in  industrial 
plants,  although  it  seems  likely  that  in  the  course  of  a 
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COAL,  CONSUMPTION  OF  RESIDENCES 

few  decades  no  coal  will  be  burned  before  carbonization 
and  recovering  of  the  valuable  byproducts. 

Coking  processes  fall  into  two  general  classes — high- 
temperature  processes  and  low-temperature  processes. 
In  the  first  class,  coal  is  carbonized  at  a  temperature 
of  from  900  to  1,200  deg.  C,  producing  a  coke  with 
very  low-volatile  content  which  is  correspondingly 
difficult  to  ignite.  The  low-temperature  process  now 
being  given  considerable  attention  by  engineers  pro- 
poses to  carbonize  coal  at  temperatures  of  450  to  600 
deg.  C.  and  produce  a  coke  with  higher  volatile  con- 
tent and  one  that  can  be  more  readily  ignited. 

To  supply  the  present  needs  of  Salt  Lake  City  210,000 
tons  of  coke  would  have  to  be  produced  annually.  This 
would  necessitate  the  carbonization  of  about  350,000 
tons  of  coal  and  would  produce  nearly  4,000,000,000 
cu.ft.  gas,  3,500,000  gal.  tar  and  4,000  tons  ammonium 
sulphate.  There  are  about  15,000  tons  of  gas  coke 
available  yearly  In  Salt  Lake  City,  most  of  which  is 
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COAL  CONSUMPTION  OF  SMALL  HEATING  PLANTS 

shipped  out  of  the  state.  A  small  number  of  residents 
have  burned  this  coke  for  years  with  satisfactory 
results.  Steps  should  be  taken  to  bring  about  the  con- 
sumption of  all  this  coke  in  Salt  Lake  City. 

(c)      Low-Temperature   Coke — During  the  last   ten 
years  increasing  attention  has  been  given  to  the  pos- 


sibilities of  low-temperature  carbonization.  A  low- 
temperature  coke  is  one  containing  sufficient  volatile 
matter  to  make  a  fuel  that  ignites  and  burns  readily. 
When  coal  is  carbonized  at  temperatures  of  450  to 
600  deg.  C,  coke  and  byproducts  differing  in  nature 
and  amount  from  those  produced  by  the  high-tempera- 
ture process  are  obtained.  The  coke  still  contains 
from  8  to  16  per  cent  of  volatile  matter  and  is  more 
suitable  for  domestic  use.  It  ignites  readily,  somewhat 
similar  to  semi-bituminous  coal,  burning  without  smoke. 
The  smoke-producing  constituents  have  been  decom- 
posed and  driven  off  during  the  carbonization  process. 
The  tar  produced  in  such  a  process  is  a  thin  fluid 
better  called  an  oil.  It  is  produced  in  twice  the  quantity 
given  in  high-temperature  carbonization.  It  contains 
considerable  quantities  of  motor  fuel,  burning  and  lubri- 
cating oils,  a  small  amount  of  pitch  and  20  to  40  per 
cent  cresols  and  other  phenols.  The  gas  is  produced 
in  smaller  amount,  but  is  of  high  calorific  value.     One 
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ton  of  coal  carbonized  at  a  temperature  of  about  450 
to  600  deg.  C.  will  give  1,300  to  1,500  lb.  of  coke, 
2,000  to  7,000  cu.ft.  of  gas,  20  to  30  gal.  of  tar  and 
2  to   8   lb.   of  ammonium  sulphate. 

(d)  Disposal  of  Byproducts — Disposal  of  the  gas 
produced  offers  the  most  difficult  problem  in  the  oper- 
ation of  a  high-temperature  carbonizing  plant  at  Salt 
Lake  City.  Tar  and  ammonia  can  be  sold  at  points 
some  distance  away.  Gas  must  be  consumed  as  soon 
as  produced  and  sold  in  or  near  the  city. 

As  before  shown,  a  plant  of  sufficient  size  to  supply 
a  high-temperature  coke  to  domestic  consumers  in  the 
city  would  produce  nearly  4,000,000,000  cu.ft.  of  gas. 
Salt  Lake  City  uses  at  present  about  420,000,000  cu.ft.  of 
gas,  or  about  one-tenth  of  the  amount  produced  by  a 
plant  of  the  size  mentioned.  Part  of  this  gas  might 
be  used  in  carbonizing  the  coal,  but  disposal  of  the 
remainder  would  be  a  difficult  matter,  necessitating  the 
selling  of  the  gas  at  a  low  rate  for  industrial  and 
domestic  purposes  and  holding  down  the  production  of 
coke  for  many  years  while  the  demand  for  gas  was 
being  built  up. 

Low-temperature  carbonization  produces  about  one- 
third  as  much  gas,  practically  all  of  which  can  be  used 
in  the  carbonization  process  itself.  In  this  respect 
low-temperature  carbonization  seems  the  more  feasible. 
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Electric  Wehliiig  Machines — Direet-Currenl 
Constanl-Current  Ty])es 

V\  iriiip  Dia^rnms  \rr  Civrii  of  Various  Typrs  of  So-C.alird  (loiiHlaiil-diirrrnt  Wridinp  Marhinen, 

uiitl  the  Oprratioii  of  t\\v  [MarliincH  i.s  Kxplaincd     (loiiipariHons  are 

Made  of  the  Different  IMelliodM  of  Control 

By  L.  W.  WEBB 

Ma.otrr  Elrclildan.   United   States   Navy    Yard,   Norfolk,   Virginia 


IN  ORDER  to  do  away  with  the  re.sistance  Icsses 
nece.s.sarv  with  (ho  constant-potential  type  of  weld- 
inp  m.nchine.s  and  provide  sinple-operator  set.s  as 
efficient  and  as  lipht  as  possible  consistent  with  reliable 
operation,  etc.,  there  have  been  developed  various  equip- 
ments of  the  so-called  "con.stant -current  types."  A 
diagram  of  a  United  States  Light  and  Heat  Co.'s  arc- 
weldinp  converter  is  shown  in  Fijr.  1.  This  type  of 
machine  combines  in  a  single  structure  the  functions 
of  a  motor  and  generator.  Conversion  of  direct  cur- 
rent from  120-volt  supply  to  a  lower  voltage  suitable  for 
the  arc  is  accompanied  by  small  losses  and  therefore 
has  a  high  efficiency  fn.m  the  standpoint  of  power  input 
to  energy  delivered  at  the  arc.  This  efficiency,  of 
course,  is  obtained  when  machines  are  used  upon  ex- 
isting 120-volt  direct-current  installations.  When  it  is 
necessary  to  supply  a  separate  motor-generator  set  to 
obtain  120-volt  current  for  the  operation  of  one  or 
more  machines,  then  the  combined  efficiency  of  the 
whole  is  not  as  good  as  that  of  the  motor-generator 
type,  which  can  have  its  motor  designed  to  operate 
from  any  existing  circuit. 

The  reactance  coil  is  constructed  to  have  two  in- 
dependent windings  so  they  can  be  connected  in  series 
to  give  high  reactance  on  low  welding  currents  and  in 
parallel  to  give  low  reactance  on  high  welding  currents. 
This  equipment  has  the  disadvantage  of  requiring 
special    120-volt   direct    current   and   also,    unless   the 


FIG.  1.     DIAGRAM  OF  ARC-WELDING  CONVERTER 

circuit  is  insulated  from  the  ground,  there  is  always 
the  danger  of  a  ground  coming  on  one  side  of  the  line 
or  other  separate  circuits  or  devices,  causing  a  short- 
circuit  of  a  part  of  the  armature.  Or  possibly  one  side 
of  the  line  had  a  ground  on  it  before  the  machine  was 
connected,  and  upon  attempting  to  connect  for  opera- 
tion caused  a  short-circuit  when  grounding  to  the  work. 


However,  where  the  work  can   be  insulated  from  the 
ground  this  disadvantage  does  not  exist. 

As  seen  from  Fig.  1,  six  poles  are  provided,  but  four 
of  them  are  .so  wound  as  to  produce  a  magnetic  flux  in 
the  horizontal  axis,  constituting,  therefore,  a  bipolar 
field.  The  main  poles  are  provided  with  two  windings, 
one  a  shunt   winding  connected  across  the  source  of 


Reactance 


Work 


FIG.    2      ROTARY-BALANCER  SET  CONNECTIONS 

supply,  and  a  series  winding  in  two  parts  connected 
between  brushes  3  and  4  and  a  common  terminal. 
The  series  winding  is  so  arranged  that  more  or  less 
turns  of  these  coils  may  be  introduced  or  withdravra 
from  the  circuit  by  a  control  switch.  The  current 
supplied  to  the  welding  circuit  is  furnished  in  equal 
portions  by  brushes  3  and  4.  This  current  passes 
through  the  series  winding  and  unites  at  a  common 
point  on  the  control  switch,  thence  through  the  react- 
ance, the  welding  arc,  and  back  to  the  negative  line 
connected  to  brush  2.  The  voltage  existing  across 
brushes  3  and  4  and  brush  2  depends  upon  the  direction 
and  degree  of  excitation  of  the  two  main  poles.  On 
open-circuit  this  voltage  is  approximately  60,  which  is 
automatically  reduced  to  an  arc  voltage  of  20  by  the 
action  of  the  current  flowing  through  the  differentially 
wound  series  windings.  The  coils  constituting  the  arm- 
ature winding  of  this  converter  are  placed  in  slots  ap- 
proximately 120  deg.  apart  and  are  effective  in  either 
the  two-pole  or  the  four  pole  field.  The  current  sup- 
plied through  the  complete  armature  winding  from 
brushes  1  and  2  and  operating  in  the  bipolar  field  on 
the  horizontal  axis  forms  the  motor  function.  The 
current  supplied  to  the  welding  circuit  from  portions 
of  the  armature  vdnding  through  brushes  3  and  4  and 
brush  2  results  from  the  generator  action  and  depends 
for  its  final  value  upon  the  direction  and  magnitude  of 
the  right-angle  components  of  the  flux  produced  in 
poles  10  and  13  on  the  vertical  axis  of  the  armature. 
Control  of  this   machine  is   simple,    and   adjustments 
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of  the  various  current  values  are  easy  to  obtain.  It  is 
very  compact,  and  for  this  reason  can  be  taken  in  places 
where  an  ordinary  motor-generator  type  of  machine 
could  not  be  placed. 

Fig.  2  is  a  wiring  diagram  of  the  General  Electric 
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FIG.   3.     ARC-WELDING   MOTOR-GENERATOR  SET 

CONNECTIONS,   HAVING  CONTACTOR  TO 

SHORT-CIRCUIT   RESISTANCE 


Co.'s  rotary  balancer  set.  This  set  operates  with  an 
external  reactance  having .  a  fixed  value  for  all  cur- 
rents. As  can  be  seen  from  the  diagram,  this  is  a 
motor-generator  type  of  machine,  but  owing  to  the 
way  in  which  it  is  opera- 


No  external  reactance  is  supplied  since  the  necessary 
reactance  is  provided  in  the  design  of  the  .series-field 
winding  ?.nd  the  magnetic  circuit  of  the  armature.  The 
design  of  the  machine  is  such  that  while  the  arc  is 
flexible  it  cannot  be  drawn  out  too  far,  or  to  such  a 
point  where  dependable  welding  cannot  be  done.  Thra 
over-all  efficiency  of  this  machine  is  approximately  65 
per  cent  at  normal  output.  Also  the  motor  may  be  de- 
signed for  use  on  any  circuit  available  and  the  welding 
operation  is  entirely  separate  and  distinct,  electrically, 
from  the  power  supply.  When  these  machines  are 
driven  by  alternating-current  motors  it  is  necessary  to 
provide  a  separate  exciter  to  take  care  of  the  shunt- 
field  winding,  but  when  they  are  driven  by  direct-cur- 
rent motors  this  is  unnecessary. 

The  wiring  diagram.  Fig.  4,  is  for  another  type  of 
equipment  having  a  separately  excited  shunt-field  wind- 
ing and  a  differentially  wound  series  field ;  the  latter 
causes  the  open-circuit  voltage  to  be  reduced  from  ap- 
proximately 65  to  20  volts  at  the  arc  under  normal 
welding  conditions.  This  equipment  is  built  by  the 
Lincoln  Electric  Co.  Adjustments  are  made  by  rheo- 
.static  control  of  the  shunt  field  and  also  by  shunting 
part  of  the  current  around  the  series  field.    An  external 

reactance  or  stabilizer  is 


ted  it  offers  certain  ad- 
vantages in  being  light, 
compact  and  easily  port- 
able. This  equipment  is 
also  capable  of  wide  vari- 
ations in  the  welding-cur- 
rent control,  and  these 
adjustments  are  easily 
made  by  the  shunt-field 
rheostats,  and  a  dial 
switch,  the  latter  varying 
the  number  of  series-field 
turns  on  the  generator. 
The  set  is  self-regulating 
to  an  extent  that  the 
short-circuited  current  at 
the    moment    of    striking 

the  arc  does  not  exceed  25  to  40  per  cent  above 
normal.  Its  disadvantages,  however,  are  that  its 
use  is  limited  to  one  certain  voltage,  120,  also  that  it  is 
necessary  to  ground  the  positive  side  of  the  line  to  the 
work.  As  regards  insulating  the  work  and  the  effi- 
ciency of  the  set,  the  same  may  be  said  as  for  the  afore- 
mentioned type. 

A  wiring  diagram  for  a  C  &  C  Electric  and  Manu- 
facturing Co.'s  motor-generator  is  given  in  Fig.  3.  This 
type  of  machine  consists  essentially  of  a  generator 
with  a  differentially  wound  series  field  and  separately 
excited  shunt  field.  The  machine  is  designed  .so  that 
the  welding  current  flowing  through  this  differentially 
wound  series  field  opposes  the  ampere  turns  of  the 
separately  excited  shunt  field,  which  reduces  the  no-load 
voltage  from  approximately  60  to  a  value  sufficient  to 
maintain  the  arc  at  approximately  20  volts.  Current 
ranges  varying  from  80  to  200  amperes  can  be  obtained, 
and  proper  voltage  automatically  maintained  at  the  arc 
for  welding  within  the  foregoing  limits.  Welding-cur- 
rent adjustments  are  made  by  regulating  the  separately 
excited  field  and  also  by  shunting  a  part  of  the  current 
around  the  differentially  wound  series  field.  There  is 
supplied  a  resistance  in  series  with  the  welding  circuit 
which  is  automatically  cut  in  at  the  moment  the  arc  is 
struck  and  short-circuited  when  the  electrode  is  raised. 


Series-Tield  ShunHnq  Resishfnce 


furnished  which  enables 
the  operator  to  maintain 
a  stable  arc  easily.  Cur- 
rents varying  from  80  to 
200  amperes  can  be  ob- 
tained by  adjustments  of 
the  separately  excited 
field  and  .shunting  of  the 
series  field  to  maintain 
the  current  as  set  practi- 
cally constant  during  the 
welding  operation.  The 
over-all  efficiency  of  these 
machines  is  approxi- 
mately 48  per  cent,  and 
as  the  motor  can  be  de- 
signed for  operation  from 
any  circuit  the  set  is  more  efficient  than  the  con- 
stant-potential machine.  At  the  moment  of  striking 
the  arc  the  action  of  the  differentially  wound  series 
field  is  such   that  the  short-circuited  current   is   held 
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WELDING  EQUIPMENT  HAVING  DIFFERENTIALLT 
CONNECTED   SERIES-FIELD  "WINDINGS 


i.       WELDING    EQITIPMENT    HAVING    TWO    DISTINCT 
SHUNT  WINDINGS   AND  SEPARATE   EXCITER 


down  to  about  140  per  cent  of  normal,  no  external 
resistance  being  required.  The  only  overload  pro- 
tection necessary  is  fuses  on  the  motor  circuit.  When 
driven  by  alternating-current  motor  the  machine  re- 
quires a  separate  exciter. 
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A  wiririR  diHRram  of  the  Siemund-Wenzel  Electric 
Weldinpr  Co.'s  niotor-penenitor  is  that  Riven  in  Fipr.  5. 
Two  separate  and  distinct  types  of  shiinl-field  windings 
are  used,  one  excited  from  a  separate  exciting  circuit 
and  the  other  self-exciting  from  the  generator  arma- 
ture. The  separately  excited  field  can  be  adjusted  so 
that  when  the  machine  is  short-circuited  at  the  instant 
of  striking  the  arc  it  gives  certain  definite  current 
values  which  determine  the  welding  current,  and  as  the 
electrode  i'^  lifted  the  additional  excitation  produced  on 
the  self-exc;ted  field  provides  regulation  for  the  welding 
current.  These  machines  are  provided  with  external 
reactance  wound  in  two  circuits,  and  for  the  lower 
welding  currents  of  75  amperes  and  less  the  reactances 
are  connected  in  series,  thus  giving  high  reactance 
values;  and  on  the  higher  current  values  these  react- 
ances are  paralleled,  thus  materially  decreasing  the  total 
amount  of  reactance  in  the  welding  circuit. 

The  over-all  efficiency  is  approximately  60  per  cent. 
A  separate  exciter  is  necessary  when  the  machine  is 
driven  by  alternating-current  motors,  but  is  not  re- 
quired when  driven  by  direct-current  motors.  The  con- 
trol, however,  is  not  very  simple,  as  proper  operation 
depends  upon  the  correct  setting  of  two  separate  field 
rheostats,  either  one  of  which  being  incorrectly  set 
would  make  the  welding  operation  somewhat  unstable. 
This,  of  course,  would  not  apply  if  operators  had  been 
properly  instructed  or  were  experienced. 

Fig.  6,  which  is  a  diagram  of  a  Burke  Electric  Co.'s 
welding  motor-generator,  is  somewhat  similar  to  that 
in  Fig.  5,  the  main  difference  being  that  in  the  latter 
there  is  supplied  a  differential  series  winding  on  a  part 
of  each  pole,  which  is  used  as  a  compensating  winding 
and  which  acts  to  oppose  the  shunt  fields  and  maintain 
proper  arc  voltage.  The  separately  excited  field  is  ad- 
justed so  that  when  the  electrode  is  short-circuited  on 
the  work  proper  welding  current  will  flow,  and  as  the 
electrode  is  lifted  the  adjustment  on  the  self-excited 
field  is  so  made  that  the  generator  armature  voltage 
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FIG.    6.       ^\-ELDI^•C^    GENERATOR    HAVIXG    TWO    SHtTNT 
WIXDIXGS  AND  A  DIFFERENTIAL,  SERIES  WINDING 


will  maintain  proper  welding  current  with  20  volts  at 
the  arc.  The  over-all  efficiency  of  these  sets  is  approx- 
imately 63  per  cent.  The  motor  can  be  designed  for 
any  voltage  or  frequency,  and  if  direct  current  is  used 
an  additional  exciter  is  unnecessary.  Welding  adjust- 
ments, however,  as  in  Fig.  5,  are  somewhat  difficult  to 
make,  as  they  depend  upon  the  adjustment  of  two 
separate  field  rheostats,  either  one  of  which  being  im- 
properly adjusted  would  make  the  welding  somewhat 
unstable. 

The  wiring  diagram,  Fig.  7,  is  for  a  Westinghouse 
Electric    and    Manufacturing    Co.'s    machine    and    has 


some  unusual  connections.  It  is  essentially  a  four-polo 
machine  with  four  interpoles.  On  poles  1  and  .'1  there 
are  shunt  windings  connected  in  series  through  a  fixed 
resistance  A  and  a  variable  resistance  B  across  an  ex- 
ternal exciter.  Poles  2  and  4  have  differentially  wound 
series  fields,  and  paralleled  shunt  windings  connected 
in  aeries  with  a  fixed  resistance  X  and  acro.ss  the  gen- 
erator armature.  The  fixed  resistances  X  and  V  arc 
directly  connected  across  the  exciter  circuit,  and  their 
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common  connection  goes  to  the  positive  side  of  the 
generator  circuit.  When  the  generator  is  operating 
under  no  load — that  is,  with  the  welding  circuit  open — 
and  also  during  normal  welding  conditions,  the  current 
through  the  self-excited  shunt  field  is  obtained  from 
the  generator.  During  these  periods  the  parallel  shunt 
field  is  assisting  the  separately  excited  shunt  field.  At 
the  instant  the  arc  is  struck  the  current  for  the  sepa- 
rately excited  shunt  field  comes  from  the  exciter 
through  the  fixed  resistance  Y  to  the  work,  through  the 
generator's  series  windings  through  the  shunt  wind- 
ings 2  and  4,  in  the  reverse  direction,  and  back  to  the 
negative  terminal  of  the  exciter.  From  this  it  is  seen 
that  when  the  machine  is  short-circuited  at  the  irstant 
of  striking  the  arc  the  excitation  of  fields  2  and  4 
immediately  drops  to  zero  and  reverses  momentarily, 
so  that  the  current  then  flowing  is  that  due  to  the 
amount  of  excitation  furnished  by  the  separately  ex- 
cited fields  minus  the  bucking  effect  of  the  reverse  cur- 
rent in  the  multiple  shunt  fields  and  the  current  flow- 
ing through  the  differentially  wound  series  fields.  When 
the  electrode  is  lifted  and  welding  started,  the  ex- 
citation then  furnished  to  the  self-excited  fields  by  the 
generator  provides  an  amount  just  sufficient  to  main- 
tain current  under  proper  welding  conditions  of  20 
volts  at  the  arc. 

The  different  welding  currents  are  obtained  by  a 
variable  rheostat  B  in  the  separately  excited  field,  and 
welding-current  changes  can  be  obtained  variable  be- 
tween 50  and  200  amperes.  There  is  a  fixed  reactance 
supplied  in  the  external  circuit,  which  also  helps  to 
hold  down  the  short-circuited  current  at  the  instant  of 
striking  the  arc,  as  well  as  stabilizing  the  arc.  On 
machines,  whether  driven  by  direct-  or  alternating- 
current  motors,  it  is  necessary  that  a  separate  exciter 
be  furnished  to  provide  the  special  control  shown  by  the 
wiring  diagram.  These  exciters  normally  supply  about 
125-volt  direct  current  and  are  compound-wound. 

The  machine  is  adapted  for  portable  welding  use 
and  has  an  over-all  efficiency  of  approximately  53  per 
cent.  One  point,  however,  which  should  be  mentioned 
is  the  fact  that  if  either  one  of  the  resistances  X  or  Y 
becomes  open,  burned  out,  etc.,  and  is  repaired  by  the 
ordinary  repair  man  he  would  very  likely  change  their 


I 


August  17,  1920 


POWER 


253 


resistance  values  without  giving  it  mucJi  tiiought — 
in  order  to  make  rapid  repairs,  as  is  ordinarily  done, 
without  ordering  new  resistances  from  the  factory. 
This  means  that  the  entire  machine-welding  character- 
istics would  be  changed,  and  with  the  chance  of  damage 
to  the  whole  equipment. 

Regulation  of  the  United  States  Light  and  Heat 
Corp.  motor-generator,  schematic  wiring  diagram.  Fig. 
8,  unlike  those  described  in  the  foregoing,  is  obtained 
without  the  use  of  any  separate  exciter  and  is  termed 
the  "variable-voltage  self-regulating  welding  type," 
rather  than  the  so-called  "constant-current  type,"  al- 
though it  is  capable  of  supplying  current  ranges  from 
80  to  200  amperes  under  welding  conditions  similar  to 
the  other  type  described.  The  windings  on  this  ma- 
chine consist  of  a  self-exciting  shunt  winding,  which 
magnetizes  the  field  poles  to  a  low  point  of  satu- 
ration. 

The  action  of  the  light  cumulative-compound  winding 
upon  the  field  flux  results  in  maintaining  a  stable  cur- 
rent under  welding  conditions  as  set  by  the  adjust- 
ments of  the  shunt-field  rheostat  and  the  series  shunt 
around  the  compound  winding.  At  the  instant  the 
electrode  is  shorted  the  current  flowing  is  due  to  the 
flux  produced  by  the  compound  winding  and  the  small 
amount  of  flux  set  up  by  the  shunt  field,  produced  by 
the  low  voltage  across  the  generator  armature.  As  the 
electrode  is  lifted  the  shunt-field  current  increases, 
which  provides  proper  values  of  flux  for  the  welding 
current  desired.  Variations  of  welding  currents  are 
obtained  by  adjusting  the  shunt-field  rheostat  and  the 
shunt  across  the  series-field  winding.  Separate  and 
external  reactances  furnished  in  these  circuits  enable 
the  operator  to  maintain  a  steady  arc.  Owing  to  its  not 
being  necessary  to  have  any  separate  exciter  with  this 
machine,  it  is  simple  and  eificient  in  its  operation.  The 
open-circuit  voltage  is  approximately  60  volts,  and  the 
over-all  efficiency  is  approximately  60  per  cent. 

Regulation  of  the  General  Electric  Co.'s  motor-genera- 
tor, Fig.  9,  is  similar  to  that  in  Fig.  8  and  is  also  ob- 
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tained  without  the  use  of  any  separate  exciter,  whether 
driven  by  direct- current  or  by  alternating-current 
motors.  This  machine  is  termed  the  "constant-energy 
self-excited  type,"  rather  than  the  "constant-current 
type,"  although  it  is  capable  of  supplying  current 
ranges  from  75  to  200  amperes  under  welding  con- 
ditions. As  can  be  seen  from  the  wiring  diagram,  this 
m.achine  has  shunt  windings  on  four  poles  connected 
to  one  side  of  the  line  through  a  variable  rheostat  and 
to  a  special  third  brush  on  the  commutator,  so  set  as 


to  supply  voltage  for  the  shunt-field  excitation  re- 
quired for  the  various  welding  currents.  On  two  of 
these  poles  there  are  series  windings  connected  in  par- 
allel, with  taps  also  connected  in  parallel.  The  number 
of  series  turns  is  controlled  by  a  dial  switch,  thus  pro- 
viding the  means  for  obtaining  various  welding  cur- 
rents in  combination  with  the  rheostat  adjustments  of 
the  self-excited  field.  The  open-circuit  voltage  of  this 
machine  is  approximately  60  volts,  which  automatically 
drops  to  20  volts  while  welding  is  being  done.     An  ex- 
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ternal  reactance  of  the  fixed  type  is  provided  which 
assists  to  hold  down  the  short-circuit  current  at  the 
instant  of  striking  the  arc  and  also  provides  a  sufficient 
amount  of  reactance  for  stable  conditions  during  weld- 
ing. The  maximum  short-circuited  current  is  approx- 
imately 250  amperes.  This  machine  has  an  over-all 
efficiency  of  approximately  53  per  cent. 

(In  the  previous  article  constant-voltage  ivelding 
equipments  were  treated  of.  The  next  article  will  he  a 
general  discussion  of  ivelding  machines  and  the  react- 
ance values  that  are  required  in  the  circuit  in  order  to  do 
good  welding.) 

Injury  from  Engine  in  Power  House 

Pumping  machinery,  inclosed  in  an  iron  house  at  the 
Little  Pirate  Oil  and  Gas  Co.,  Kansas,  which  was 
operated  and  taken  care  of  by  an  employee,  was  allowed 
to  run  for  a  short  time  when  he  left  the  plant  to  attend 
to  another  task.  The  home  of  his  family  was  within 
one  hundred  feet  of  the  power  house,  and  while  he  was 
absent,  his  son,  12  years  old,  accompanied  by  an- 
other younger  son,  entered  the  power  house  to  shut 
off"  the  engine.  The  latter  went  so  close  to  the  ma- 
chinery that  he  was  caught  in  a  belt  and  suffered 
injuries  which  resulted  in  his  death.  The  children  had 
been  repeatedly  warned  by  employees  of  the  danger 
of  close  approach  to  the  plant  and  directed  to  keep 
away  from  it. 

Suit  for  damages  was  brought  against  the  company 
by  the  father  of  the  child,  and  the  decision  of  the  court 
was  to  the  effect  that  "if  there  was  any  want  of  care 
in  the  premises,  it  was  chargeable  to  the  plaintiffs 
themselves.  They  had  control  and  management  of  the 
power  plant  and  also  the  care  and  control  of  their 
children.  The  defendant  could  not  be  expected  to  super- 
sede the  plaintiffs  in  the  direction  and  guardianship  of 
the  children,  and  neither  can  it  be  held  responsible  to 
them  for  their  own  inattention  nor  lack  of  care." 
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Large  quantities  of  tvatcr  are  used  for  boiler 
feeding,  but  in  many  instances  it  is  necessary  to 
treat  it  chemically.  This  is  especially  true  of  the 
Mahoning  River  tvatcr,  and  large  treating 
systems  have  been  iniitalled  in  several  of  the  roll- 
ing mills  in  the  Yoiingstotvn  district. 


WATER  FOR  feeding  boilers  is  an  important 
factor  in  steel-mill  operation.  The  two  big 
plants  of  the  Republic  Iron  and  Steel  Co.,  and 
the  Youngstown  Sheet  and  Tube  Co.  are  located  on  the 
Mahoning  River,  into  which  the  sewage  from  the  City 
of  Youngstown  and  wastes  from  all  manufacturing 
plants  between  that  city  and  Warren,  Ohio,  are  dis- 
charged. The  impurities  so  introduced,  in  addition  to 
the  normal  hardened  condition  of  the  water,  make 
it  undesirable  for  boiler  feed  without  treatment. 
Analyses  of  the  riverwater 
before  softening  and  pre- 
cipitation with  analyses  of 
the  water  after  being  sof- 
tened are  shown  in  the  ac- 
companying table.  The 
softened  water  shows  the 
absence  of  the  sulphates, 
chlorides  and  nitrates  of 
lime,  iron  and  magnesia, 
and  also  that  the  total  of 
the  residual  lime  as  cal- 
cium carbonate  and  the 
residual  magnesia  as  mag- 
nesium hydroxide  is  less 
than  two  grains  per  gallon. 
A  plant  capable  of  treat- 
ing 300,000  gal.  of  water 
per  hour,  or  7,200,000  gal. 
per  24  hours,  and  laid  out 
so  that  a  25  per  cent  exten- 
sion can  be  made  increasing 
the  treating  capacity  to 
375,000  gal.  of  water  per 
hour,  or  9,000,000  gal.  per 
24  hours,  is  in  operation 
at  the  Republic  works,  and 
one  with  a  capacity  of  5,- 
000,000  gal.  of  water  per 
day  at  the  Youngstown 
plant.   Water  softening  is 


FIG.    1.     MIXING    AND    SETTLING    TANKS 


the  chemical  removal  of  soluble  impurities  that  makes 
water  hard,  but  in  order  to  determine  the  proper  chemi- 
cals and  the  amount,  the  water  must  be  analyzed  to  as- 
certain the  impurities.  Before  soluble  impurities  can  be 
taken  from  water,  they  must  be  made  insoluble  so  that 
they  can  be  removed  by  sedimentation  and  filtration. 
To  soften  water,  it  is  necessary  to  remove  both  its  tem- 
porary and  its  permanent  hardness.  The  temporary 
hardness  is  cau.sed  by  the  carbonates  of  lime,  lagnesia 
and  iron,  which  are  held  in  solution  as  bicarbonates.  The 
permanent  hardness  is  caused  by  the  sulphates,  chlorides 
and  nitrates  of  lime,  magnesia  and  iron. 

Generally,  but  two  reagents  are  required  for  water 
purification.  What  makes  the  difficulty  is  the  fact  that 
the  impurities  in  the  water  are  small  and  are  frequently 
made  up  of  several  substances,  each  of  them  differing 
in  the  time  and  quantity  of  reagents  required  for  reac- 
tion. Lime  and  soda  ash  are  the  reagents  usually 
employed,   but   these   are   frequently    supplemented   by 

other  reagents  in  order 
to  obtain  the  best  results. 
When  feed  water  contain- 
ing soluble  hardening  sub- 
stances is  introduced  into 
a  steam  boiler,  the  impur- 
ities are  eventually  forced 
out  of  solution  and  are  de- 
posited either  as  a  sludge 
or  as  a  scale,  so  familiar 
to  steam  engineers.  It  is 
known  that  a  clean  boiler 
will  evaporate  more  water 
per  pound  of  coal  than  one 
that  is  coated  with  scale. 
The  presence  of  scale  also 
causes  overheating,  and 
an  overheated  boiler  plate 
is  more  readily  attacked 
by  corrosive  agents  than 
one  that  has  not  been  over- 
he  a  ted  and  weakened. 
Furthermore,  in  the  mod- 
ern power  plant  the  boilers 
are  operated  up  to  around 
250  per  cent  of  rating,  and 
at  the  higher  rate  of  evap- 
oration the  amount  of  con- 
centration of  impurities 
in  the  water  in  the  boiler 
increases.  At  the  Republic 
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Works  the  intermittent  type  of  purifier  was  installed, 
because  the  water  of  the  Mahoning  River  could  be 
treated  in  fixed  volumes  and  a  water  obtained  that  is 
uniformly  softened  regardless  of  variation  of  the  condi- 
tion of  the  river. 

In  the  intermittent  system  definite  quantities  of  water 
are  treated   all  the  time,  the  exact  quantities  of  the 


FIG.    2.      OPERATING    BOARD    FOR    CONTROLLING    MIXING 
AND  SETTLING  TANKS 

reagents  required  being  weighed  out  so  that  each  tank 
of  water  is  properly  treated. 

The  reaction  tanks  are  filled  alternately  with  water. 
While  the  tank  is  filling,  the  reagents  are  introduced 
and  mixed  with  the  water  by  means  of  a  stirring 
apparatus.  After  the  tank  is  filled,  the  stirring  is 
stopped  and  the  water  becomes  static.  This  allows  the 
precipitate  to  settle.     The  softened  water  is  taken  out 

MAHONING  Rn'ER  WATER— RAW  AND  TREATED 
Grains  per  U.  S.  Gallon 

Raw  Treated  Raw  Treated  Raw  Treated 

Volatile  and  org.  matter...      1.15         0.65  0.95  0.75  1.05  0.65 

Silica..... 0.45         0.45  0.75  0.75  0.75  0  45 

Oxides  of  iron  and  alum..  .      trace        trace  tiace  trace  trace  trace 

Calcium  carbonate 2.43         0.86  2.80  0.60  3.20  0.80 

Calcium  sulphate 11.32          ....  5.03          3.94 

Magnesium  sulphate 4.86          3.84          2.88  .. 

Magncfium  hydro.xide 0.48  ....  0.17  ....  0  23 

Sodium  carbonate..     2.78  ....  2.12  2  00 

Sodium  sulphate 0.53  18.46  4.40  15.05  0.85  8  95 

Sodium  chloride 9.40  10.22  2.45  2.57  2.22  2.34 

Sodium  nitiate ....  trace  trace  0.17  0.17 

Sodium  hydro.\ide 0.94  ....  1.36          0  64 

Manganese  carbonate 0.08         ...  ....  ].  . . .  .... 

Totalsolids 30.22  34  86  20.22       23.37  15.11  16  23 

Suspended  matter 0.65  trace         0 .  45  filtered  out  1.45  trace 

Free  carbonic  acid 0.25  none         none         none  0.25  none 

Inerusting  solids 19.14  1.81  12.42         1.52  10.82  I   48 

Non-crusting  solids 9.93  32.40         6.85       21.10  3.24  14.10 

near  the  surface,  where  it  is  cleanest  and  carries  the 
least  floating  sludge,  by  means  of  a  float  arrangement 
and  is  then  discharged  to  the  filter  bed. 

There  are  eight  steel  reaction  and  settling  tanks  at 
each  of  the  two  plants  mentioned,  those  at  the  Republic 
plant  being  37  ft.  in  diameter  and  35  ft.  high,  arranged 
in  two  parallel  rows  with  four  tanks  per  row.  Fig.  1 
shows  the  mixing  and  settling  tanks  that  are  used  for 
filtering  the  boiler-feed  water  at  the  main  plant  of  the 
Youngstown  Company.  Fig.  2  shows  the  operating 
board  for  operating  the  mixing  and  settling  tank,  on 
which  is  mounted  the  control  handle.     At  the  ends  of 

\  the  control  board  there  are  open  mercury  gages   for 
indicating  the  height  of  water  in  the  tank.     These  are 

[  shown  in  Fig,  3.     A  recording  thermometer  placed  in 


the  center  of  the  board  records  the  temperature  of 
the  water. 

A  view  of  the  soda  ash  and  lime-mixing  tanks  is 
shown  in  Fig.  4.  The  stirring  apparatus  is  driven  by 
means  of  belts  that  run  through  the  floor  to  a  shafting 
that  is  motor-driven,  a  friction  clutch  on  each  tank  per- 
mitting of  starting  and  stopping  each  one  independently 
of  the  other.  The  charges  of  reagents  are  weighed  out 
and  dumped  in  the  reagent  mixing  tank,  whence  the 
charge  is  pumped  into  either  one  of  the  reaction  tanks 
by  means  of  motor-driven  centrifugal  pumps  in  a  pit 
helow  the  floor  of  the  mixing  tank. 

The  lime  is  slacked  ready  to  be  introduced  into  the 
reaction  and  settling  tanks  when  the  filling  of  the  tank 
begins.  As  soon  as  the  filling  begins,  the  charge  of 
lime  is  pumped  into  the  tank  and  the  stirring  apparatus 
is  started  and  is  kept  in  operation  during  the  period 
of  filtering.  When  the  tank  is  full,  a  charge  of  ferrous 
sulphate  is  introduced,  and  after  a  lapse  of  about  ten 
minutes  a  sample  ■  of  water  is  taken  for  testing  the 
correctness  of  the  lime  treatment  and  the  ferrous 
sulphate. 

After  the  introduction  and  mixing  of  the  ferrous  sul- 
phate, a  charge  of  soda  ash  is  put  in  and  stirring  is 
continued  for  about  fifteen  minutes.  Then  the  water 
is  allowed  to  stand  for  reaction  and  settling.  One-half 
hour  after  stirring  is  stopped,  a  sample  of  the  fully 
treated  water  is  drawn  for  testing.  At  the  end  of  the 
settling  period  the  water  is  delivered  to  the  filters  as 
required.  The  filters  are  equipped  with  individual  air- 
washed  systems,  consisting  of  brass  laterals  drilled  for 
the  uniform  distribution  of  air.  This  piping  is  placed 
above  the  strainer  piping  in  the  filter  bed.  The  filter 
removes  the  crystalline  precipitate  that  is  too  fine  to 
settle  and  guards  against  the  possibilities  of  dirty  water 
from  the  settling  tanks  getting  into  the  boiler-feed 
system. 

When  I  left  the  rolling  mills,  I  was  more  impressed 
with  their  bigness  than  I  had  ever  been  before.     The 


FIG.  3.  FRONT  VIEW  OF  THE  OPERATING  BOARD 
SHOWING  MERCURY  GAGES  AT  EACH  END 

sizes  of  some  of  the  units,  both  engines  and  motors, 
were  impressive,  as  was  also  the  area  covered  by  the 
mills  as  a  whole.  It  was  not  possible  to  obtain  permis- 
sion to  go  through  many  of  the  steel  mills  such  as 
those  in  the  Pittsburgh  and  Cleveland  districts,  but 
enough  large  mills  were  accessible  to  enable  me  to  obtain 
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BinKle-phase  wattmeter  is  the  wattH  required  to  make 
the  noe<iU'  deMecl  from  zero  to  full  Hcale,  and  cquaJH 
the  .scale  raiiKt'  divided  by  poteiitial-lranHformer  ratio 
multiplied  by  current-lrau.sformer  ratio,  when  trans- 
fonners  are  u.sed.  liy  chcckiiiK  the  calibratiritf  watts 
of  the  switchboard  wattmeter  with  the  portable  watt- 
meter, the  accuracy  of  the  former  may  be  determined. 
Suppose  that  the  single-phase  system  shown  in  Fig. 
1  is  a  circuit  of  100  amperes  and  2,200  volts.  The 
potential  transformer  has  a  ratio  of  20:  1  (2,200  to  110 
volts)  and  the  current  transformer  ratio  is  20:  1  (100 
to  5  amperes).  The  watts  of  the  circuit  would  be  2,200 
multiplied  by  100,  or  220  kilowatts,  but  as  a  220-kilowatt 
.scale  would  have  rather  an  uneven  ending,  a  200- 
kilowatt  scale  would  probably  be  marked  on  the  instru- 
ment.    Therefore,  full-scale  calibrating  watts  would  be 


200^00 
20  X  20 


=  500  watta 
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sufficient  data  and  illustrations  to  convey  to  the  reader 
an  idea  of  the  general  process  of  making  steel  and  also 
of  the  types  of  machines  and  equipment  used  in  its 
manufacture. 

Checking  Single-Phase  Wattmeters 

By  H.  C.  Yeaton 
Like  all  switchboard  instruments,  a  single-phase 
indicating  wattmeter  should  be  checked  frequently  to 
ascertain  that  it  is  indicating  correctly.  The  wattmeter 
can  be  checked  with  a  portable  single-phase  instrument, 
and  the  accompanying  diagrams  of  connections  and 
instructions  explain,  in   general  the  procedure: 


If  the  pointer  of  the  switchboard  instrument  read 
150  kilowatts,  then  the  calibrating  watts  for  this  point 
would  be 

150,000 


20X20 


=  375  watts 


Smqie-Phase 
vitchboorrf  Wnffmefet 


load 

FIG.  1.    CONNECTION  FOR  CHECKINC 

WATTMETER    IN    POWER 

CIRCUIT 


Porfdble 
Sinqle-Phnse 
Wdttmefer 


FIG.  2.    CONNECTIONS  FOR  CHECKIN' 

WATTMETER  ON  VARTABI.E 

LOAD 


Connect  the  single-phase  portable  wattmeter  in  the 
circuit  as  shown  in  Fig.  1,  the  current  terminals  of 
the  portable  wattmeter  being  connected  in  series  with 
the  current  terminals  of  the  switchboard  instrument, 
and  the  potential  terminals  of  the  portable  instrument 
being  connected  across  the  potential  circuit.  The  scale 
of  switchboard  indicating  wattmeter  is  usually  marked 
in  primarj-  watts — that  is,  the  actual  watts  or  kilo- 
watts of  the  circuit — and  is  equal  to  the  primary 
amperes  multiplied  by  primary  volts.  This  scale  is 
marked  so  that  it  can  be  easily  read,  and  it  generally 
ends  in  an  even  number.     The  calibrating  watts  of  a 


Therefore,  if  the  pointer  of  the  switchboard  wattmeter 
indicated   150  kilowatts,   it  would  mean  that  only  375 
watts  were  actually  impressed  on  the  instrument  itself, 
and  the  portable  wattmeter,  also  being  connected  on  the 
secondary  of  the  transformers,  would  indicate  375  watts 
if  the  switchboard  wattmeter  was  indicating  correctly. 
The   foregoing    method   of    checking    a    single-phase 
wattmeter  compares  only  one  point  on  the  scale,  as  it 
would   not   be   convenient   to   vary   the   primary    load, 
which  would  probably  be  a  feeder  circuit.     For  general 
checking,  this  method  would  be  suf- 
ficient to  obtain  the  approximate  ac- 
curacy of  a  wattmeter. 

If  it  is  desired  to  check  more  than 
one  point  on  the  wattmeter  scale, 
short-circuit  the  current  transformer 
and  disconnect  the  instrument  from 
the  circuit.  Then  connect  the  instru- 
ment on  a  single-phase  circuit,  usinp 
a  variable  load,  so  that  different  read- 
ings on  the  scale  may  be  obtained, 
as  in  Fig.  2.  For  the  switchboard 
meter  the  calibrating  watts  of  any 
reading  is  determined  as  in  the  fore- 
going method,  and  by  varying  the 
load,  any  point  on  the  instrument's 
scale  can  be  checked  with  the  port- 
able meter. 

Suppose  that  it  is  required  to 
check  the  previous  instrument  at  the 
points  50,  100,  150  and  200  kilowatts. 
Connect  the  instrument  on  a  5-am- 
pere  110-volt  circuit,  as  shown  in  Fig.  2.  The  cali- 
brating watts  of  any  particular  reading  =  Scale  read- 
ings -^  Potential-transformer  ratio  (20)  X  Current- 
transformer  ratio  (20).  Substituting  the  readings 
50,000,  100,000,  150,000  and  200,000  watts  and  dividing 
by  the  product  of  transformer  ratios  we  obtain : 

.Switchboard    Wattmeter     Calibrating   Watts       Portable   Test 


Scale  Reading. 

Kilowatts 

50 

100 
150 

200 

Other  readings 

of  Switchboard      Wattmetei-  Readings, 
Wattmeter                         Watts 
125                                   125 
250                                      250 
375                                      375 
500                                        500 

of  the  switchboard  wattmeter  can  be 

checked  in  like  manner. 
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Excessive  Diesel  Piston  Clearance 

It  is  generally  assumed  that  the  piston  and  cylinder 
wall  clearance  of  Diesel  engines  should  range  from 
0.006  to  0.010  in.  Before  the  wear  exceeds  0.015  in., 
or  approximately  j;'.  in.,  it  is  time  to  rebore  the  cylinder 
and  install  a  new  piston  or  insert  a  new  liner.  If  the 
engine  is  to  carry  full  load  with  fair  economy,  0.010-in. 
clearance  is  too  great,  although  it  is  possible  for  a 
Diesel  to  have  a  far  greater  clearance  and  still  carry 


Scale:  500lbs.»  I  in. 
M.E.P.  86.5  lbs. per  Sq.In. 
Max.Pres.445ibS  per  Scj.ln. 


FIG.    1.      FUrj.    LO.\n    WHKX    NEW 

a  fair  percentage  of  its  rated  load.  The  fuel  consump- 
tion, in  such  event,  will  show  a  decided  increase. 

Fig.  1  is  an  indicator  card  from  a  three-cylinder 
Diesel  taken  in  1912  while  the  engine  was  carrying  full 
load.  The  speed  was  164  r.p.m.  and  the  injection  air 
pressure  averaged  70  atmospheres,  or  1,050  lb.  gage. 
The  fuel  consumption  per  brake  horsepower  was  com- 
puted to  be  0.425  lb. 

In  Fig.  2  is  s.hown  a  diagram  from  the  engine  after 
five  years  of  operation  followed  by  a  two-year  period  of 
idleness.  At  the  time  this  diagram  was  taken  the  engine 
had  been  re-erected  in  another  locality.  It  was  carrying 
120  kw.  with  the  injection  pressure  at  80  atmospheres 
and  the  speed  at  145  r.p.m.  The  drop  from  the  no-load 
speed  of  164  r.p.m.  was  due  to  the  load  being  more  than 
the  engine  could  carry  while  maintaining  its  speed.  In 
other  words,  120  kw.  was  more  than  the  engine's 
capacity    in    its    worn    condition.      On    calipering   the 


taken  from  No.  3  cylinder  while  the  indicator  rigging 
was  connected  to  No.  -2  piston,  shows  the  decided  rise 
in  pressure  at  the  point  of  fuel-valve  opening  c. 

An  interestng  feature  was  the  ability  of  the  engine 
to  carry  a  greater  load  with  an  increase  in  the  injection 
air  pressure.  With  95  atmospheres,  or  1,410  lb.  gage, 
the  engine  was  able  to  carry  150  kw.  at  166  r.p.m.  Since 
with  120  kw.  and  80  atmospheres,  the  governor  was 
at  its  lowest  point,  the  ability  to  carry  150  kw.  with 
95  atmospheres  was  not  due  to  an  increase  in  the  fuel 
charges.  In  fact,  the  governor  rose  to  its  normal  posi-' 
tion  when  the  higher  injection  pressure  was  used. 
Fig.  4  is  a  diagram  taken  when  the  engine  was  operat- 
ing under  these  conditions.  Employing  lower  pressures 
it  was  found  that  the  engine's  capacity  followed  the 
pressure  changes. 

Relief  by  Raising  Injection   Pressure 

In  the  operation  of  this  unit  the  piston  clearance  was 
so  great  that  a  major  part  of  the  cylinder  charge  of 
air  escaped  along  the  piston  as  the  latter  moved  out- 
ward on  the  compression  stroke.  The  amount  of  air 
contained  in  the  combustion  space  was  insufficient  to 
thoroughly  consume  the  fuel  charge  without  the  as- 
sistance of  the  injection  air.  Since  the  weight  of  the 
injection  air  entering  the  cylinder  during  a  given  inter- 
val of  time  varies  with  the  air  pressure,  it  is  apparent 
that  a  higher  pressure  enables  the  fuel  to  be  more 
thoroughly  consumed.  This  is,  to  all  intents,  a  case  of 
surcharging. 

Such  procedure  is  not  to  be  recommended  for  ordinary 
operation,  but  in  plants  where  the  equipment  is  old 
and  the  peak  load  is  somewhat  greater  than  the  engines 
can  carry,  raising  the  injection  pressure  to  around  80 
atmospheres  will  afford  a  temporary  relief.  Care  must 
be  exercised  to  prevent  an  increase  that  will  cause  the 
fuel  valve  to  wedge  open.  Adjustment  of  the  needle- 
valve  spring  will  usually  eliminate  this  danger.  It 
should  be  understood  that  very  high  air  pressures  will 
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DISTORTED    CARD 
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piston  and  cylinder,  the  clearance  was  found  to  range 
from  J  in.  to  A  in. 

Comparing  Figs.  1  and  2,  the  combustion  lines  (i-c 
are  found  to  be  entirely  different.  In  Fig.  1  the  fuel 
was  burned  at  constant  pressure,  while  in  Fig.  2  the 
pressure  during  combustion,  a  to  c,  apparently  follows 
an  isothermal  line.  The  explanation  is  found  in  the 
excessive  piston  clearance,  which  allowed  the  gaa  to 
escape  almost  as  rapidly  as  the  combustion  took  place. 

It  was  at  first  assumed  that  the  inertia  of  the  indi- 
cator piston  was  responsible  for  the  sharp  peak  at  a. 
However,  this  point  was  due  to  the  high  injection  air 
employed.  The  atomizer  was  of  a  design  that  allowed 
a  considerable  air  charge  to  blow  into  the  cylinder 
before  the  oil  charge  was  picked  up  by  the  air  current. 
The  pressure  in  the  cylinder  at  the  end  of  the  compres- 
sion stroke  then  received  quite  an  increase  when  the 
needle  valve  opened.     Fig.  3,  which  is  a  distorted  card 


seriously  affect  the  exhaust  valves  and  will  impair  the 
cylinder  lubrication.  This  is  due  to  the  fact  that  con- 
siderable after-burning,  or  combustion  during  expan- 
sion, occurs  at  such  times,  resulting  in  high  exhaust 
temperatures. 


When  the  supply  of  oil  to  a  bearing  is  interrupted, 
overheating  will  prove  serious  and  rapid.  The  supply 
of  oil  may  be  cut  off  because  a  feed  pipe  has  become 
plugged  or  through  the  oil  reservoir  running  dry, 
broken  ring  oilers,  glazed  felt  pads  or  pads  which  have 
fallen  away  from  the  journal.  Dirt  entering  the  bearing 
with  the  oil  or  from  outside  sources  usually  results  in 
overheating.  The  more  abrasive  materials  cause  heat- 
ing because  they  roughen  the  journal  and  bearing,  but 
the  softer  materials  are  usually  found  to  have  plugged 
the  oil  grooves  and  cut  off  the  oil  flow. 


268 


POWER 


Vol.  52,  No.  7 


Steam-Engine  Operation  and  Maintenance 
Lnhriealion  and  Oil  Pumps 


By  H.  HAMKENS 

t'oiiH\illliiK     ICnKlii>''-r.     Ncwion.     .Ni'W    .IiTHi-y 


WITH  wet  steam  no  ..-npine  can  run  satisfac- 
torily for  any  length  of  time,  as  the  water  will 
be  .^senarated  from  the  steam  in  the  cylinder 
and  carry  off  the  lubricant.  A  good  deal  of  trouble 
in  this  respect  is  caused  through  insufficient  covering 
of   the   steam   pipe.      It    is    unreasonable   to   let   steam 
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FIG.    1.      PERFORATED   PLATE    IX    PROFESSOR    SWEET'S 
SEPARATOR 


condense  in  the  pipe  and  the  condensate  destroy  the 
lubrication  in  tlje  cylinder.  The.  fuel  required  to  make 
the  steam  condensed  in  the  pipe  is  a  total  waste.  To 
cover  a  steam  pipe  efficiently  is  an  expense  incurred 
but  once,  but  the  loss  through  condensation  in  the  pipe 
is  continuous  and  may  sum  up  to  a  good-sized  figure 
in  the  coui'se  of  time.  Since  about  2J  hp.-hr.  are  lost 
per  100  sq.ft.  of  bare  pipe  through  radiation,  which  is 
equivalent  to  57  ft,  in  length  of  6-in.  pipe,  the  loss 
per  year  would  amount  to  between  15  and  20  tons  of 
coal,  the  price  of  which  would  more  than  pay  for  the 
covering. 

Some  condensation  in  the  steam  pipe  is  unavoidable, 
even  with  the  best  kind  of  covering.  To  keep  it  from 
entering  the  cylinder,  it  must  be  separated  from  the 
steam.  A  change  in  direction  combined  with  a  reduc- 
tion in  velocity  will  effectually  separate  water  from 
the  steam  in  which  it  is  entrained.  A  simple  con- 
trivance, or  steam  separator,  made  of  some  pipe  and 
fittings,  will  in  many  cases  answer  the  purpose.  There 
are,  of  course,  many  varieties  of  steam  separators 
manufactured,  for  which  some  wonderful  claims  are 
made,  but  a  home-made  one  like  that  mentioned 
above  may  be  just  as  effective  provided  the  body  has 
ample  capacitj'.     One  of  the  most  effective  separators 


wa.s  originated  by  Professor  Sweet,  who  as  the  designer 
of  high-speed  engines  learned  by  experience  that  the 
best  p'ace  to  separate  water  from  the  steam  is  in  the 
steam  pipe  near  the  engine,  but  not  in  the  cylinder. 
His  separator  is  practically  the  same  as  the  one  shown 
in  the  sketch,  except  that  it  has  a  perforated  plate 
inserted  with  lips  projecting  on  one  side  pointing  down- 
ward, as  shown  in  Fig.  1.  The  object  of  the  lips  is  to 
catch  the  drops  of  water  and  let  them  drip  to  the  bot- 
tom. The  so-called  receiver  separators,  which  have 
a  large  space  for  the  separation  and  accumulation  of 
water,  are  far  more  effective  than  the  smaller  kind, 
which  depend  on  the  impinging  of  the  steam  on  con 
rugated  surfaces.  No  large  accumulation  of  water  in 
the  separator  must  be  permitted,  for  which  purpose 
the  latter  should  be  connected  to  a  trap. 

From  the  primitive  tallow  cup  and  the  periodical 
fifteen  or  thirty  minutes'  oiling,  which  were  in  use 
and  practiced  some  thirty  years  ago,  engines  have 
graduated  into  a  new  class,  with  oil  pumps,  self-oilers 
and  highly  satisfactory  oiling  and  filtering  systems. 
The  joy  of  the  cub  engineer  to  chase  round  with  a 
long-spouted  can  and  squirt  oil  into  this  oil  hole  or  that, 


FIG.    2.      SECTION   OF   DISPLACEMENT   LUBRICATOR 

leaving  a  trail  of  oil  on  the  floor  or  having  the  spout 
of  his  can  nipped  off  in  the  endeavor  to  lubricate  the 
link  block  on  a  reversing  engine,  has  departed.  We 
see  fancy  oilstands  with  beautifully  polished  copper  oil 
cans  exhibited  in  an  engine  room,  as  an  ornament,  but 
the  cans  are  hardly  ever  used. 

The  first  advance  in  lubrication  was  the  introduction 
of  sight-feed  cylinder  lubricators,   which   rest  on  the 
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principle  of  displacing  small  quantities  of  oil  by  con- 
densed steam  in  an  oil  reservoir  from  which  it  is  fed 
dropwise  and  visibly  into  the  steam  pipe.  The  opera- 
tion is  made  clear  in  Fig.  2,  which  shows  a  general 
arrangement  and  sectional  view  of  a  sight-feed  lubri- 
cator. The  action  of  the  lubricator  is  as  follows: 
Steam  enters  through  a  small  pipe  screwed  into  ihe 
steam  pipe  a  few  feet  above  the  engine;  the  steam 
entering  this  pipe  is  condensed  and  the  water  led  to 
the  bottom  of  the  reservoir  underneath  the  oil,  which 
is  raised  and  discharged  through  the  small  vertical  pipe 
and  sight  feed  into  the  steam  pipe  right  over  the 
throttle.  The  admission  of  steam  and  water  and  the 
discharge  of  oil  are  controlled  by  valves ;  the  lubricator 
can  be  filled  and  drained  through  suitable  openings. 
The  sight  feed  shows  the  drops  of  oil  on  their  way  to 
the  steam  pipe. 

All  kinds  of  combinations  and  variations  of  designs 
have  been  incorporated  in  these  sight-feed  lubricators, 
but  the  principle  is  the  same  in  all  of  them.  The  oil 
can  be  injected  at  any  place  in  the  steam  pipe,  steam 
chest  or  cylinder  where  it  is  most  desirable,  but  to 
become  effective  for  lubrication  it  must  be  taken  up  and 
thoroughly  diffused  by  the  steam.  In  many  cases  the 
oil  pipe  is  simply  screwed  in  and  the  oil  runs  dovra  the 
pipe  or  wall  of  the  steam  chest  without  lubricating 
effect.  This  of  course  is  a  waste  of  the  lubricant  and 
will  lead  to  trouble;  tbe  oil  pipe  must  enter  at  least 


trouble  of  this  kind,  mechanically  operated  devices  in 
the  form  of  force-feed  oil  pumps  have  come  into  use. 
They  consist  of  an  oil  tank  in  which  are  immersed  one 
or  more  plunger  pumps  driven  by  eccentrics  or  racks 
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FIG.    5.      HAND    OIL    PUMP    ON    STEAM-ENGINE    CYLINDER 


and  pinions,  as  shown  below  in  Fig.  3.  In  the  eccentric- 
actuated  pumps  the  plunger  moves  slowly,  the  eccentric 
is  driven  by  means  of  a  ratchet  wheel  and  lever  placed 
on  the  outside  of  the  tank,  the  lift  of  each  pump  if 
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SIGHT-FEED    OIL     PUMP     DRIVEN     BY 
RATCHET    WHEEL 


FIG.  4.     SECTION  OF  A  SIGHT-FEED 
OIL    PUMP 


two    inches,    and    its    end    should    point    downward    to 
mix  the  oil  freely  with  the  steam. 

Displacement  lubricators  are  not  positive.  There  is 
a  possibility  of  impurities  such  as  scale  and  sediment 
being  carried  along  with  the  steam,  clogging  the  pipes 
and   putting   the   lubricator   out   of   order.      To   avoid 


regulated  by  stops.     A  ratchet  wheel  is  likely  to  become 
noisy  at  high  speeds. 

The  other  kind  of  oil  pumps,  in  which  the  upper  part 
of  the  plunger  is  provided  with  a  number  of  teeth 
which  are  engaged  by  a  small  pinion,  is  well  adapted 
for  high  speeds.     There  is  no  lost  motion  to  be  taken 
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lip,  and  thf  p'un  :cr  mjikea  a  double  stroke  for  every 
revolution  of  the  cnsrinc.  All  the  workinjf  part.>«  are 
runninsr  in  oil;  tlie  we;  r  on  them  is  therefore  neRllKible. 
On  thi.s  pump  the  strokes  of  all  the  pluntrers  are  simul- 
taneously rhiiMKed  by  shortenin^r  or  lenjrtheninjr  the 
adjustable  lever,  while  the  quantity  of  the  oil  delivered 
is  rcKulated  by  a  bypass.  The  latter  is  a  jfi't'Jit  <-"on- 
venienre  for  the  engineer  since  it  enables  him,  if  neces- 
sary, to  change  the  feed  to  the  cylinder  and  other 
lubricated  parts  from  a  drop  to  a  flood  of  oil.  This 
feature  is  lacking  in  the  displacement  lubricator,  which 
is  therefore  as  a  rule  supplemented  by  a  hand  oil  pump 
by  means  of  which  a  considerable  quantity  of  oil  can 
be  discharged  into  the  steam  chest  or  cylinder  in  ca.se 
of  emergency,  as  shown  in  Fig.  5.  Lubricators  or  oil 
pumps  for  engines  up  to  100  hp.  are  generally  provided 
with  but  one  feed,  but  those  for  larger  engines  should 
have  a  number  of  feeds  according  to  the  size  of  the 
cylinders.  On  compound  engines  each  cylinder  should 
have  a  suitable  lubricator  or  sight-feed  oil  pump. 

Rarely  is  any  attempt  made  to  reclaim  the  cylinder 
oil  carried  off  by  the  exhaust;  it  may  be  considered  as 
a  total  loss.  To  reduce  this  expense,  engineers  and 
managers  are  tempted  to  use  inferior  grades  of  cylin- 
der oil  or  reduce  the  amount  used  to  the  lowest  possible 
limit.  It  is  questionable  if  efforts  in  this  direction  can 
be  recommended,  since  they  may  result  in  permanent 
and  cctly  injury  to  the  engine.  There  is  no  sure  indi- 
cation ihat  a  cylinder  is  sufficiently  lubricated,  except 
the  smoothness  with  which  the  piston  is  working  and 
the  appearance  of  the  cylinder  bore  when  the  back  head 
is  removed;  neither  can  a  deficiency  in  the  supply  of 
the  lubricant  be  detected  until  piston  and  valves  begin 
to  groan  and  work  hard,  when  on  inspection  they 
may  be  found  to  be  dry  and  perhaps  scored.  The  idea 
of  cutting  down  the  oil  supply  by  reducing  the  number 
of  drops  per  minute  until  the  engine  shows  distress  is 
certainly  wrong,  as  is  also  the  substitution  of  a  high- 
priced  lubricant  by  a  cheaper  article,  unless  the  lubri- 
cating qualities  of  the  latter  have  been  demonstrated 
or  its  composition  found  to  be  of  equal  merit. 

Dragline  Cable>v  ay  Excavator 

Rehandling  Coal 

At  the  plant  of  the  Indianapolis  Light  and  Heat  Co. 
a  dragline  cableway  excavator,  designed  originally  for 
the  handling  of  sand  and  gravel,  was  brought  into 
emergency  use  to  supplement  the  coal-handling  facili- 


FIG.  1.  CABLEWAY  AND  COAL-STORAGE  PIT 


FIG.  2.  SHOWING  AVKHAGE  LOAD  KOH  BUCKET 

ties,  the  recent  shortage  making  it  necessary  to  draw 
upon  storage  more  heavily  than  usual.  The  coal  is 
stored  in  a  concrete  pit  having  a  capacity  of  approx- 
imately 30,000  tons.  The  pit  is  100  ft.  wide,  300  ft. 
long  and  25  ft.  deep.  A  railroad  track  running  through 
the  center  on  a  level  with  the  top  of  the  pit  is  supported 
by  a  concrete  trestle,  and  the  coal  is  dumped  into  the 
pit  directly  from  the  hopper-bottomed  cars. 

Ordinarily,  the  coal  in  the  pit  is  held  as  a  reserve 
supply,  and  under  normal  conditions  the  coal  for  the 
stokers  is  unloaded  directly  from  hopper  cars  to  a  con- 
veyor system  supplying  the  bunkers.  Gondola  cars  are 
unloaded  by  a  locomotive  crane.  When  necessary  to 
draw  on  the  reserve  supply  in  the  pit,  the  coal  is  loaded 
into  railroad  cars  by  the  locomotive  crane,  and  again  by 
the  same  means  the  coal  is  unloaded  from  the  cars  to 
the  conveyor  system  supplying  the  stokers,  thereby 
requiring  a  double  handling  of  the  coal. 

During  the  recent  coal  shortage  the  company  found  it 
necessary  to  draw  heavily  on  the  reserve,  and  the 
locomotive  crane  was  unable  to  load  and  unload  the  coal 
fast  enough  to  supply  the  demand.  In  view  of  this 
the  company  decided  to  increase  the  handling  capacity 
by  using  a  3-cu.yd.  Sauerman  dragline  cableway  excava- 
tor which  has  been  employed  for  cleaning  out  the  intake 
channel  in  the  creek.  The  cableway  was  installed  over 
one  side  of  the  coal  pit  to  handle  the  coal  direct  from 
the  pit  to  a  hopper  on  the  roof  of  the  power  house 
immediately  over  the  coal  bunkers. 

An  ordinary  81  x  10-in.  double-drum  steam  engine  is 
used  to  operate  the  cableway.  The  engine  shed  is  shown 
behind  the  locomotive  crane  in  Fig.  1,  and  the  bucket  is 
traveling  along  on  its  aerial  cable  over  the  pit.  A 
street  runs  along  the  outer  end  of  the  pit  and  here 
the  main  cable  is  anchored  to  upright  posts  set  in  the 
ground  along  the  w&ll  of  the  pit.  By  means  of  a  bridle 
hitch  the  digging  angle  is  easily  changed.  The  total 
span  of  the  cableway  is  550  ft.,  and  the  top  of  the  hopper 
shown  on  the  roof  of  the  building  is  150  ft.  above  the 
ground  level.  In  di^jring  from  the  center  of  the  pit, 
the  operator  states  he  is  abla  to  make  four  trips  in  nine 
minutes,  handling  three-quarters  of  a  ton  on  each  trip. 

From  the  hopper  on  the  roof  the  coal  passes  by 
gravity  directly  to  a  crusher  and  is  then  delivered  to  the 
bunkers  supplying  the  stokers.  The  floor  of  the  pit  is 
level,  and  the  bucket  fills  easily  and  almost  within  its 
own  length.     Fig.  2  shows  the  bucket  loaded. 

By  means  of  the  augmented  supply  furnished  by  the 
cableway  the  company  has  been  able  to  give  continuous 
service. 
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The  Indicator  Was  Faulty 

By  G.  H.  Crawford 

After  a  run  of  several  years,  a  two-stage  air  com- 
pressor was  not  giving  satisfactory  results,  so  it  was 
decided  to  take  indicator  diagrams  to  locate  the  trouble. 
Fig.  1  was  obtained  from  the  crank-end  low-pres- 
sure cylinder.  Diagnosis  was  made  that  a  discharge 
valve  was  leaking  badly.   On  examination  this  was  found 


apart  and  cleaned.  None  of  them  was  found  broken. 
The  machine  was  then  re-assembled,  and  still  the 
same  low-pressure  diagrams  (as  Fig.  2)  were  obtained. 
The  investigators  were  rather  at  their  wits'  end. 


FIG.    1.      CRANK   END— LOW   PRESSURE    80-LB.    SPRING 

to  be  the  case.  One  blade  from  one  of  the  feather  valves 
was  missing.  The  valve  was  repaired  and  replaced  and 
the  supply  of  air  materially  increased. 

The  investigators  then  proceeded  to  take  another  set 
of  diagrams  and  were  astonished  to  obtain  Fig.  2.  The 
same  type  was  also  obtained  from  the  head  end  of  low- 


FIG.    4.      CRANK   END— LOW   PRESSURE    60-LB.    SPRING 

On  checking  over  the  indicator  it  was  found  that 
the  setscrew  that  tightens  the  top  ball  of  the  exposed 
spring  was  not  screwed  down  tight  on  the  ball,  owing 
to  a  crossed  thread.  Consequently,  there  was  lo.st 
motion   in  the  indicator  piston  rod. 

On  Fig.  2  a  line  through  BE  would  represent  the 
atmospheric  line,  AF  being  fictitious,   due  to  the  lost 


FIG.  2.     CRANK  END — LOW  PRESSURE  gO-LB.  SPRING 

pressure  cylinder.  Much  thinking  failed  to  result  in  a 
satisfactory  analysis  of  this  diagram.  If  the  curve  AB 
had  continued  its  sharp  rise  to  a  pressure  corresponding 
to  CD,  it  would  have  been  supposed  that  the  discharge 
valves    were    leaking    badly,    which    also    might    have 


FIG.    5.      CRANK   END — LOW   PRESSURE    16-LB.    SPRING 
WITH   UNLOADER 

motion  in  the  indicator  piston  rod.  Similarly,  line  JK 
on  Fig.  3  was  fictitious,  and  this  should  have  given 
the  hint  as  to  the  trouble.  If  the  high-pressure  diagram 
discharge  line  had  been  scaled,  it  would  have  shown  130 
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FIG.    3.      CRANK  END — HIGH  PRESSURE   80-LB.   SPRING 

accounted  for  the  queer  re-expansion  curve  DEF;  but 
why   the  abrupt  change   at   5? 

It  was  decided  to  take  a  high-pressure  diagram.  Fig. 
3.     From  inspection  this  seemed  normal. 

A  leaky  piston  would  have  given  lean  compression 
curves  on  both  head-end  and  crank-end  cards.  Leaky 
suction  valves  would  also  have  given  lean  compression 
curves  and  tended  to  give  a  square  heel  to  the  cards. 

Finally,  the  back  head  of  the  low-pressure  cylinder 
was  removed  and  a  thorough  inspection  made.  Nothing 
vvas   found   out   of  order.     All  the  valves   were   taken 


FIG.  6. 


CRANK  END — LOW  PRESSURE   16-LB.   SPRING 
WITHOUT  UNLOADER 


lb.  discharge  pressure,  whereas  the  high-pressure  gage 
read  about  75  lb. 

Another  indicator  was  then  used  and  Fig.  4  obtained, 
which  from  inspection  is  good.  The  reduction  of  the 
suction  line  below  atmospheric  pressure  is  due  to  an 
unloader  with  too  small  lift.  Figs.  5  and  6  were  taken 
with  a  16-lb.  spring  with  and  without  the  unloader. 
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S;ilt-\S  ;ih*r  L<>aka>;(>  in  (loinlniser 

By   C.   E.   OVKKKNl) 

Recently,  n  verj'  intereatinjr  problem  was  put  up  to 
us  by  a  customer.  In  a  system  iiivolvinjr  n  condenaer 
and  auxiliaries,  includinp  our  hotwcll  pump,  the  cu.s- 
tonioi  claimed,  alter  the  unit  had  run  for  some  time, 
that  we  had  furnished  a  pump  of  inferior  metal — in 
fact,  as  he  expressed  it,  one  made  of  sand,  putty  and 
jrUie.  He  supplied  a  samiile  of  the  metal  from  the 
water  passages  of  the  pump  and  the  sample  surely  fitted 
his  description,  as  the  pieces  submitted  looking  like 
burnt  niolding  sand,  baked  tojrether  in  cakes  about 
A  in  thick.  The  specimens  were  very  brittle,  almost 
crumblinp  to  dust  uiwn  handling. 

An  indirect  investigation  was  started,  and  upon  find- 
ing out  that  the  pump  was  all  right  when  it  left  the 
factory,  as  regards  test,  inspection  and  material,  an 
analysis  of  the  specimens  submitted  was  ordered.  The 
chemist  reported  that  the  pieces  submitted  had  evidently 
been  treated  with  some  acid  or  similar  liquid  and  the 
analysis  was  as  follows:  Iron  oxide,  65;  graphite,  26; 
silicon,  9. 

From  the  chemist's  explanation  that  the  pieces  had 
evidently  been  eaten  with  an  acid,  we  realized  what  had 
taken  place.  We  asked  the  customer  if  he  had  had  any 
trouble  with  his  unit  and  he  said,  "No,  none  outside  of 
a  few  leaks  in  the  condenser."  Upon  being  told  that 
the  Fait  water  leaked  past  the  tubes  into  the  condensate 
and  thence  into  the  pump  and  caused  the  corrosion  of 
the  cast  iron,  he  wanted  to  know  why,  if  this  was  the 
case,  the  cast  iron  in  all  the  accessories,  including  the 
boiler  sheet,  was  not  eaten  also? 

High  Velocity  Favors  Corrosion 

He  was  informed  that  salt  water  will  attack  cast  iron 
at  ordinary  temperatures  and  if  the  water  is  in  violent 
action,  or  moving  with  a  high  velocity,  the  part  eaten 
into  will  be  w^ashed  away,  thus  exposing  a  new  sui-face 
of  metal  for  the  salt  water  to  attack,  the  action  continu- 
ing indefinitely.  In  the  condenser  itself  the  water 
is  not  traveling  at  a  very  high  velocity.  As  a  conse- 
quence, the  salt  water  at  first  eats  into  the  iron,  forming 
a  thin  layer  of  a  mixture  which  acts  as  an  insulator  to 
the  further  action  of  the  water.  When  condenser  shells 
are  opened  up  it  is  frequently  found,  especially  around 
the  nozzles,  that  the  metal,  where  exposed  to  the  action 
of  the  water,  has  become  quite  soft  and  can  be  scraped 
off  with  a  knife.  This  action,  owing  to  the  low  velocity 
of  the  water,  is  not  carried  on  to  any  destructive  extent, 
it  seemingly  eating  in  to  a  certain  depth  and  then  it  is 
not  carried  any  further. 

In  the  boilers  we  have  a  different  condition.  Here  the 
high  temperatures  cause  the  salt  in  the  water  to  be 
thrown  down  as  a  scale  and  precipitate,  which  is  later 
removed  upon  blowing  out  the  boiler.  Thus  the  iron 
in  the  boilers  is  not  affected  by  salt  in  the  feed  water. 

In  the  case  of  the  hotwell  pump  we  have  a  fine  com- 
bination for  the  destructive  action  to  be  carried  on.  The 
higher  temperature  of  the  condensate,  together  with 
the  high  vacuum  and  the  high  velocity  of  the  same 
through  the  water  passages,  helps  to  make  a  continuous 
eating  away  of  the  metal  possible.  The  warm  solution 
and  the  high  vacuum  cause  the  fluid  to  act  at  an 
increased  rate  and  the  high  velocity  causes  the  residue 
to  be  carried  away  thus  continuously  exposing  a  new 
surface  of  iron  for  the  solution  to  attack. 

It  seems  to  be  the  consensus  of  opinion  that  a  very 


snuill  (|uantity  of  salt  in  water  will  Htarl  a  dcHtroyin^' 
action.  One  case  was  cited  where  the  supply  water  was 
taken  from  a  well  and  was  suppo.sed  to  be  fresh  and 
free  from  salt,  there  not  being  enough  salt  in  the  water 
to  be  detected  by  tasting.  The  cast  iron,  however,  was 
attacked,  and  upon  analysis  the  water  was  found  to 
contain  a  small  (juanlity  of  salt. 

Most   concerns   employing   condenser   units    in    their 
e.stablishments   have,   at   one   time   or  another,   experi 
enced    this   difficulty,   and    they   have    found    it   advan 
tageous  to  keep  a  sharp  lookout   for  salt   in   the  con 
densate.     At  the  slightest  detection  of  salt  they  imme- 
diately open  up  the  condenser,  and  if  only  a  ifew  tuln-s 
are  leaking  they  plug  up  the  ends  so  that  the  circulating' 
water  cannot  enter  the  leaking  tubes  and  put  the  con 
denser  back  in  operation.     At  .some  future  date,  when 
there  are  enough  condemned  tubes  to  warrant  the  ex 
pen.se,   the   condenser   is   cut   out   and   the   leaky   tubes 
replaced    with    new    ones.      They    find    that    attending 
immediately  to  this  trouble  saves  them  enormous  repair 
and  replacement  bills. 

If  True,  We  Are  Glad 
To  Know  It 

.   (From  Petroleum  Magazine) 

Why  this  twaddle  as  to  the  imperialistic  designs  of 
Britain  on  the  oil  fields  of  the  world?  We're  all  after 
them.  If  Downing  Street  is  more  active,  more  keen  than 
Pennsylvania  Avenue,  it's  not  the  fault  of  this  industry. 
Conquest  by  capital  is  no  less  complete  than  that  by 
armed  conflict,  and  if  Washington  is  content  to  sit  idly 
while  London  grabs  available  oil  supplies,  it's  our  duty 
not  to  yell  at  the  lion  but  to  tweak  the  eagle. 

But  in  all  truth  there  is  no  such  thing  now  as  British 
control  of  the  oil  business.  It  is  unlikely  she  ever  will 
dominate  it.  The  petroleum  industry  is  peculiarly  that 
of  the  people  of  the  United  States.  This  country's 
production  is  82  per  cent  of  that  of  the  world. 

We  have  acquired  control  of  as  many  acres,  if  not 
more,  the  world  over,  as  has  Great  Britain.  Those  who 
see  otherwise  are  myopic  or  fanatic.  American  capital 
has  bought  most  of  the  potential  fields  of  South  America, 
than  which  there  is  none  more  pregnant  of  possibilities. 
We  control  three-fourths  of  the  oil  output  of  Mexico, 
which  land  yields  16  per  cent  of  the  world's  production. 
The  fields  of  Wyoming  are  likely  to  fill  the  gap  between 
supply  and  demand  in  this  land.  The  monetary  interests 
of  this  country  also  are  active  in  Rumania. 

English  capital,  it  is  true,  eagerly  scans  the  oil  lands 
of  Baku  and  Batum,  of  Persia  and  Mesopotamia,  but 
Britain  as  trustee,  under  the  league  of  nations,  has  for- 
bidden development  of  the  latter  countries  until  they 
shall  have  re-established  themselves.  Russ  Reds  hold 
the  others. 

Production  of  the  United  States,  Mexico  and  British 
countries  are  shown  by  the  following  table: 

1918  %  1917  % 

World    production 514.729.354  ....  506.702.902  .... 

I'nited    Slates 355.927,716  69.15  335,315.601  66.17 

Mexico    63,828,327  12.40  55,292,770  10.91 

British  cou;--tries; 

India     8.000.000  1.55  8,078.843  1.59 

Trir>idad     2.082.068  .40  1,599,455          .32 

Eg>-pt     2.079,750  .40  1,008.750          .20 

Canada     304.741  .06  205,332         .04 

Total    12.466.559        2.41        10.982.380        2.15 

Persia    7.200.000       a.40  6.856.063        1.35 

Pish,  tush — forget  the  lion's  roar  and  make  the  eagle 
scratch  a  bit. 
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Encouraging  Lse  of 
Pulverized  Rhode  Island  Coal 

AMONG  those  familiar  with  its  history  the  mention 
.  of  Rhode  Island  coal  creates  suspicion.  Known 
since  1760,  first  mined  probably  in  1768  and  many  times 
since  mined,  it  has  failed,  and  failed  and  failed  again. 
Company  after  company  has  tried  to  exploit  it,  stock 
jobbers  have  come  and  gone,  but  the  supply  of  the  coal 
is  little  more  than  when  British  soldiers  tried  to  keep 
warm  with  it  in  Revolutionary  days. 

Such  is  the  history  of  Rhode  Island  coal.  Yet, 
whether  or  not  it  is  a  will-o'-the-wisp,  men  still  chase 
after  it.  In  fact,  one  of  Poiver's  editors  was  a  member 
of  a  party  that  has  the  last  few  days  been  chasing  it. 
But  more  about  that  later. 

Rhode  Island  coal  is  classed  as  an  anthracite.  In  color 
it  is  more  of  a  dark  gray  than  the  lustrous  black  of 
Pennsylvania  anthracite.  Its  fixed  carbon  content  is 
very  high,  samples  frequently  showing  more  than  ninety 
per  cent  and  seldom  less  than  fifty-five  per  cent.  The 
coal  is  so  graphitic  that  it  is  mined  for  this  product 
and  the  mines  are  called  graphite  mines.  The  ash 
averages  twenty-three  per  cent  and  the  moisture  six- 
teen per  cent.  When  reading  these  figures,  it  must  be 
borne  in  mind  that  the  character  and  quality  of  the 
coal  vary  widely.  The  coal  is  very  heavy;  Pennsyl- 
vania anthracite  has  from  thirty  to  forty  cubic  feet 
per  short  ton,  whereas  much  of  the  Rhode  Island  coal 
has  a  volume  of  but  twenty-five  to  thirty  cubic  feet 
per  ton. 

So  much  for  the  character  of  the  coal. 

Other  than  the  vicissitudes  of  mining,  the  chief  db- 
stacle  to  the  use  of  the  fuel  is  the  difficulty  of  getting 
it  to  burn.  Unless  a  recently  tried  method  of  burning 
it  develops  into  success,  it  may  be  said  that  there  has 
been  little  success  in  burning  it  for  commercial  steam- 
making  purposes,  at  least,  notwithstanding  that  the 
Taunton  Copper  Company  is  said  to  have  used  it  for 
twenty  years.  But  when  pulverized  and  fed  to  a  fur- 
nace in  that  form,  it  seems  to  warrant  expectations  of 
a  favorable  kind. 

A  party  of  engineers  were  invited  by  the  Fuller  Engi- 
neering Company  to  witness  the  combustion  of  Rhode 
Island  coal  under  a  water-tube  boiler  equipped  with  a 
dutch  oven,  in  the  plant  of  the  AUentown  Portland 
Cement  Company,  Evansville,  Pennsylvania.  The  coal 
was  pulverized,  eighty-five  per  cent  passing  through  a 
two  hundred  mesh  screen.  Though  a  boiler  test  was  not 
made,  an  excellent  fire  was  produced,  the  color  in  the 
furnace  being  dazzling  white,  the  coal  was  practically 
fully  ignited  within  twenty  inches  from  the  tip  of  the 
vertical  burner.  Though  the  temperature  of  the  fur- 
nace was  high,  approximately  2,600  degrees,  it  was 
evident  that  the  fuel  was  capable  of  producing  a  tem- 
perature much  higher  than  given.  As  the  period  over 
which  the  fuel  was  burned  was  too  short,  and  because 
no  test  of  long  duration  made  data  available,  it  is 
not  possible  to  form  a  worthy   conclusion   as   to  the 


commercial  success  of  burning  the  coal  in  this  form. 
But  the  character  of  the  fire  and  the  ease  of  controlling 
it  make  even  the  most  critical  feel  optimistic. 

Frankly,  we  are  from  Missouri.  We  are  indeed  opti- 
mistic about  the  commercial  success  of  burning  it  by 
the  pulverized  method,  but  granting  that  the  method 
of  burning  it  has  been  found,  can  the  coal  compete  with 
Pennsylvania  anthracite  and  various  bituminous  coals? 
The  seams  in  most  places  lie  at  steep  angles  and,  we 
understand,  pinch  out  suddenly  from  the  full  thickness 
of  the  seam  to  little  or  nothing,  the  seam  picking  up 
again  and  continuing  on  until  pinched  out  again.  The 
seams,  many  of  them,  though  many  feet  in  thickness, 
lie  deep  in  the  earth.  Can  it  be  successfully  mined  in 
sufficient  quantities  to  satisfy  prospective  users  of  great 
quantities  of  it,  and  made  to  pay  favorable  dividends? 
Some  of  those  now  mining  it  say  it  can.  The  owners 
and  engineers  in  one  of  the  greatest  industrial  and  coal- 
consuming  areas  on  earth,  under  whose  very  cellars 
this  coal  lies,  are  anxious  for  the  mining  companies  to 
prove  it. 

The  Providence  Engineering  Society  is  considerably 
interested  and  was  instrumental  in  bringing  together 
the  parties  who  recently  burned  the  coal  in  pulverized 
form  at  Evansville,  Pennsylvania. 

The  Integral  Economizer 

INTEREST  in  various  forms  of  economizers  has  been 
heightened  by  recent  increases  in  coal  prices  and  by 
the  probability  that  they  will  never  return  to  pre-war 
levels.  It  used  to  be  said  that  economizers  showed  an 
ultimate  saving  when  coal  cost  more  than  five  dollars 
a  ton.  Even  with  increased  cost  of  economizers  this 
statement  is  quite  generally  true  today  in  large  plants. 

There  are  many  forms  of  economizer  available — the 
standard  cast-iron  economizer,  the  steel  tube  economizer 
and  the  integral  economizer.  The  last-named  form  has 
been  tried  out  in  many  plants  and  has  certain  distinct 
advantages  over  other  forms.  The  integral  economizer 
consists  of  a  section  built  in  the  boiler  setting  itself 
and  usually  as  part  of  the  boiler.  It  receives  the  cold 
boiler  feed  and  heats  this  water  as  it  passes  up  the 
tubes  by  gases  that  have  already  passed  over  the  active 
boiler  surfaces  and  are  on  their  way  to  the  chimney. 
Usually,  this  is  arranged  for  counter-current  operation. 
Such  surface  is  truly  economizer  surface  as  distin- 
guished from  surface  obtained  by  increasing  the  tube 
height  of  a  water-tube  boiler,  for  there  is  a  greater 
temperature  difference  between  gas  and  water  in  the 
first  case.  The.se  integral  economizers  consist  generally 
of  an  additional  boiler  element  comprising  one  or 
more  drums  and  sets  of  tubes  exactly  as  in  the  other 
parts  of  the  boiler  itself. 

The  integral  economizer  has  the  advantage  of  low 
unit  cost  compared  with  standard  cast-iron  economizers. 
It  takes  up  small  floor  space  and  requires  no  greater 
headroom  than  the  boiler  itself.  Its  heating  surface 
is  usually  made  about  one-quarter  of  the  boiler  heating 
surface,  and  as  the  temperature  differences  are  large 
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over  the  whole  of  tliis  siirfnco,  it  corresponds  relatively 
to  the  n.osl  effective  portion  of  a  standard  economizer. 
Its  draft  lo.ss  is  al.so  low  an  compared  with  a  standard 
cast-iron  economizer. 

The  principal  disadvaiitajre  of  this  economizer  is  the 
unknown  factor  of  internal  corrosion.  When  conden- 
sate from  surface  conden.'fers  and  distilled  water  are 
used  for  boiler  feed,  there  have  been  cases  of  severe 
internal  corrosion.  In  new  installations  provision  is 
beinp  made  to  remove  the  oxyjren  from  the  enterinj? 
feed  water  and  thus  prevent  this  corrosion  from  taking 
place.  There  should  be  no  trouble  from  e-xternal  corro- 
sion for  the  temperature  of  the  leavinjr  pases  is  sufli- 
ciently  hiph  to  prevent  it.  This  hiph  temperature  of 
leaviuR  jja.ses  indicates  that  the  integral  economizer,  on 
account  of  its  limited  size,  does  not  recover  all  the  heat 
that  a  standard  economizer  might.  In  many  cases, 
however,  the  lower  investment  and  relatively  greater 
savings  per  square  foot  of  surface  may  warrant  the  in- 
stallation of  an  integral  economizer  where  the  full 
standard  economizer  is  out  of  the  question. 

Power  Factor 

Versus  Reactive  Watts 

IN  A  direct-current  circuit  a  wattmeter  not  only 
measures  the  component  of  the  power  that  actually 
does  the  work  but  also  that  which  is  used  to  magnetize 
the  circuit.  As  a  result  the  total  volts  times  amperes 
supplied  to  the  load  is  accounted  for  on  the  wattmeter. 
However,  in  an  alternating-current  circuit  the  compo- 
nent of  power  only  that  does  actual  work  is  registered 
by  the  wattmeter.  The  magnetizing  power  is  first 
supplied  by  the  generator  to  the  load  and  then  by  the 
load  back  to  the  generator ;  consequently  is  not  recorded 
on  the  wattmeter  but  only  circulates  around  in  the 
system,  loading  up  the  equipment  without  being  ac- 
counted for  in  any  way.  Tt  may  be  considered  as  being 
one  instant  added  to  the  wattmeter  reading  and  the  next 
in.stant  subtracted  from  this  reading.  For  a  given  con- 
nected load  on  the  system  the  magnetizing  component 
is  practically  constant,  where  the  power  component 
varies  as  the  work  done.  It  is  when  the  magnetizing 
component  becomes  equal  to  or  greater  than  about  sixty 
per  cent  of  the  power  component  that  the  power  factor 
of  the  circuit  approaches  values  that  are  objectionably 
low. 

A  polyphase  wattmeter  may  be  so  connected  into  a 
two-  or  three-phase  circuit  as  to  measure  this  magnetis- 
ing component  and,  when  measured,  is  known  as  the 
reactive  component  or  reactive  watts.  Since  the  mag- 
netizing watts  is  the  objectionable  part  of  any  alternat- 
ing-current load,  and  also  since  this  quantity  is  some- 
thing that  is  concrete  and  can  be  measured  easily, 
whereas  the  power  factor  of  an  unbalanced  polyphase 
circuit  cannot,  why  not  measure  the  reactive  watts  and 
not  the  power  factor? 

Knowing  the  true  watts  of  the  circuit  and  also  the 
reactive  watts  the  power  factor  or  volt-amperes,  if  either 
are  required,  can  be  determined.  Where  a  cutsomer  is 
to  be  penalized  for  low  power  factor,  if  this  is  applied 
in  the  form  of  a  charge  for  reactive  watts  it  will  be  for 
something  that  he  can  read  from  his  own  meter  and 
not  a  value  that  is  figured  in  about  as  many  ways  as 
there  are  penalty  clauses.  What  the  reactive  watts  are 
can  be  explained  much  more  easily  than  power  factor, 
and  the  problem  of  metering  is  greatly  simplified.    The 


most  serious  objection  that  can  be  raised  against  meas- 
uring the  reactive  watts  with  a  wattmeter  is  that  when 
harmonics  are  pre.sent  in  the  circuit  there  will  be  an 
error  in  the  reading,  but  this  is  ho  small  in  most  com- 
mercial circuits  as  to  be  of  little  consecjuence.  However, 
a  high  degree  of  accuracy  in  measuring  either  power 
factor  or  reactive  watts  is  not  as  e.ssential  as  in  measur- 
ing the  watts.  Past  experience  has  shown  that  if  these 
values  can  be  determined  within  a  few  per  cent  they  will 
be  .satisfactory  for  all  practical  purpo.ses. 

The  fact  that  power  factor  is  a  term  u.sed  since  the 
introduction  of  alternating  current  is  no  reason  why  it 
should  continue  to  be  used.  T<ike  many  other  things  it 
may  have  .served  its  usefulness  and  may  have  to  give 
way  to  some  other  factor  that  will  more  adequately 
meet  the  present  development  in  the  electrical  indu.stry. 
The  factor  that  mo.st  readily  meets  all  the  needs  is 
reactive  watts,  and  this  has  the  support  of  many  emi- 
nent electrical  engineers. 


There  are  three  kinds  of  boiler  efficiency:  First, 
the  standard  of  performance  which  good  design,  con- 
scientious firing  and  the  best  of  maintenance  would 
make  po.ssible ;  .second,  that  efl^ciency  which  the  operator 
thinks  he  is  getting,  and  third,  the  actual  facts,  namely, 
the  true  operating  performance  as  judged  by  the  pounds 
of  steam  per  pound  of  total  coal  consumption.  All  too 
often  the  second  of  these — the  operator's  belief — is 
ba.sed  on  the  makers'  statement  of  what  the  plant  should 
do.  This  is  no  time  for  continuing  upon  either  of  the.se 
bases.  What  is  needed  is  to  get  down  to  facts  and  .°ee 
where  we  stand. 


Attorney  General  Palmer  and  C.  S.  Allen,  Secretary 
of  the  Coal  Trade  Association,  New  York,  issued  a 
joint  statement  July  27  in  which  the  view  was  expressed 
that  appointment  by  the  Attorney  General  of  a  commit- 
tee to  decide  on  a  fair  margin  of  profit  for  producers 
and  dealers  in  bituminous  coal,  beyond  which  prosecu- 
tions under  the  Lever  Act  will  follow,  is  expected  to 
"have  a  deterrent  effect  upon  those  who  are  now  taking 
excessive  profits."  How  many  of  them  will  be  in  jail 
two  months  from  now? 


The  first  convention  of  the  National  Board  of  Boiler 
and  Pressure  Vessel  Inspectors  will  be  held  shortly.  No 
state,  city  or  other  political  division  should  fail  to  send 
the  man  who  is  legally  responsible  for  the  enforcement 
of  its  boiler  laws.  He  will  bring  back  the  experience 
of  others  in  administering  the  law  and  in  searching 
nut  defects,  which  may  mean  the  saving  of  many  times 
his  expenses,  and  he  will  become  part  of  a  national  or- 
ganization to  prevent  a  class  of  accidents  the  prevent- 
able number  of  which  has  been  a  national  disgrace  for 
many  years. 


There  was,  it  is  likely,  justification  for  some  of  the 
suspicion  with  which  cold  storage  was  regarded  some 
years  ago,  and  for  the  legislation  restricting  that  indus- 
try. But  the  world  war  seems  to  have  wiped  the  slate 
clean  and  to  have  left  the  industry  unshackeled.  Cold 
storage  was  of  vital  importance  in  winning  the  war. 
It  is  capable  of  as  much  in  time  of  peace.  The  right 
kind  of  legislation  will  do  as  much  good  for  the  indus- 
try as  for  the  public. 
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Carelessness  in  Refrigerating  Plants 

Coming  intimfitely  in  contact  with  a  number  oT 
refrigerating  engineers  in  various  parts  of  the  country, 
I  can  truthfully  say  that  most  of  them  are  careful  men, 
but  I  have  found  some  of  these  same  engineers  making 
mistakes,  sometimes  with  disastrous  results — not  from 
carelessness,  but  rather  from  thoughtlessness. 

As  an  example,  assume  that  Jones  has  read  an  article 
the  previous  evening  on  heat  transfer  or  some  other 
interesting  engineering  subject;  he  might  perform  his 
daily  duties  in  the  engine  room  to  perfection,  but  at  the 
same  time  might  also  be  going  over  in  his  mind  the  dif- 
ferent points  he  read  of  the  evening  before.  He  goes 
about  his  various  duties,  such  as  starting  up  the  com- 
pressors, pumps,  adjusting  expansion  valves,  etc., 
through  force  of  habit.  What  to  do  and  what  not  to 
do  comes  to  him  without  serious  thought  on  his  part, 
owing  to  his  having  done  the  same  things  many  times 
before.  Here  is  where  some  trouble  might  creep  in 
when  a  person  is  doing  one  thing  and  thinking  about 
another. 

To  illustrate  this  point,  I  remember  an  instance  last 
winter  in  a  plant  I  was  visiting.  The  engineer  had 
pumped  all  the  ammonia  out  of  a  cold  storage  house  to 
do  some  repair  work  and  regasketing  of  the  coils,  and 
had  stored  the  ammonia  in  the  condenser  and  liquid 
receiver.  The  temperature  outside  was  about  8  deg.  F., 
and  in  the  engine  room  it  was  about  75  deg.  The 
receiver  full  of  liquid  became  an  evaporator  and 
naturally  frosted  all  over  and  caused  considerable  drip- 
ping of  water  on  the  floor.  This  was  objectionable,  and 
to  remedy  this  he  shut  off  the  liquid  and  gas  relief 
valves  between  receiver  and  condenser.  We  all  know 
what  the  result  should  be  with  a  liquid  receiver,  with- 
out a  safety  valve  on  it,  full  of  8  deg.  below  zero 
ammonia  in  a  75-deg.  engine  room,  but  fortunately  this 
did  not  happen.  The  gage  glass  burst  instead.  The 
engineer  knew  what  the  trouble  was  instantly  and, 
realizing  what  he  had  done,  hastened  to  open  the  valves 
on  the  receiver.     Nothing  further  happened. 

This  was  a  plain  case  of  thoughtlessness.  A  careless 
man,  as  a  rule,  is  a  lazy  man  and  would  not  have  taken 
the  trouble  to  climb  a  ladder  to  the  top  of  the  receiver 
to  close  the  valves,  as  this  engineer  did.  The  receiver 
in  question  was  an  old  one,  made  of  extra-heavy  16-in. 
pipe,  18  ft.  long.  It  stood  upright  in  a  corner  of  the 
engine  room  and  was  not  equipped  with  a  safety  valve. 
It  is  easy  to  imagine  what  damage  to  life  and  property 
would  have  been  done  if  this  receiver  had  burst.  It 
probably  would  have  killed  or  injured  the  entire  refrig 
crating  crew. 


Another  case  of  thoughtlessness:  The  valve  stem  on 
the  main  suction  line,  an  angle  stop  valve,  began  to  leak, 
and  the  engineer  climbed  up  on  the  steam  line  to  tighten 
it  with  a  24-in.  wrench.  The  valve  was  five  feet  above 
the  steam  line  and  near  the  engine-room  wall.  On  this 
wall  was  a  receptacle  and  lamp  to  light  the  upper  part 
of  the  engine  room.  The  engineer  placed  the  wrench  on 
the  stuffing-box  nut  of  the  valve,  braced  himself  as  well 
as  he  could,  leaned  out  and  gave  the  wrench  a  hard 
jerk.  The  nut  was  not  so  tight  as  he  thought  it  was  and 
the  handle  of  the  wrench  when  it  came  down  broke  the 
electric  light  globe  and  the  engineer  received  a  shock 
of  220  volts,  tumbled  off  the  steam  line,  and  on  his  way 
down  grasped  the  one-inch  liquid  ammonia  line  from 
receiver  to  expansion  valve,  and  of  course  it  broke, 
letting  the  whole  charge  of  ammonia  go  into  the  engine 
room. 

The  engineer  barely  escaped  with  his  life^  suffer- 
ing a  sprained  ankle  and  several  bruised  ribs,  caused 
by  hitting  the  engine-room  floor. 

The  following  incident  should  be  classed  as  careless- 
ness : 

The  oiler  in  an  engine  room  was  scrubbing  the 
engine-room  floor  with  a  l4-in.  hose.  As  he  was  in  a 
hurry  he  had  plenty  of  pressure  on  the  hose  so  he 
could  quickly  wash  down.  Alongside  the  flywheel  was 
a  piece  of  12  x  12-in.  pine  block,  about  two  feet  long, 
used  as  a  fulcrum  when  jacking  the  engine  off  center. 
In  playing  the  hose  around  the  pillow  block  he  struck 
the  block  square  in  the  center  with  the  high-pressure 
stream  and  it  tumbled  into  the  moving  flywheel.  There 
was  a  roar  and  a  bang  and  the  engine  room  was  full  of 
steam. 

The  oiler  beat  a  hasty  retreat  out  into  the 
street.  The  enginer  was  up  in  one  of  the  cold  storage 
rooms,  but  the  fireman  had  presence  of  mind  enough  to 
shut  off  the  steam  line  on  the  boiler  header.  I  happened 
to  come  into  the  engine  room  about  the  time  the  escap- 
ing steam  had  stopped,  and  we  were  able  to  see  what 
was  wrong.  The  block  of  wood  which  was  washed 
into  the  flyheel  made  a  revolution  or  two  with  the  wheel, 
then  was  forced  out  and  up  at  an  angle  so  that  it 
struck  the  valve  wheel  on  the  main  steam  line  to  the 
engine,  which  was  on  a  line  with  the  edge  of  the  fly- 
wheel, breaking  the  valve  stem  and  stuffing  box  off 
the  bonnet  of  the  valve  just  inside  of  the  bolts  holding 
the  bonnet  to  the  body  of  the  valve. 

This  piece  of  carelessness  caused  a  shutdown  of  about 
six  hours  until  a  piece  of  boiler  plate  could  be  drilled 
and  fitted  into  place  of  the  bonnet,  as  a  temporary  repair. 

Chicago,  111.  C.  E.  Anderson. 
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A  Tenting  novice  Thai  ('.an  \\v  (larriod 
in  llie  Vest  Pockel 

Numei'oiis  eiiuipments  (or  fuse  testing  have  nppofired 
from  time  to  time  in  I'oirrr  and  no  doubt  have  proved 
their  value  to  those  who  desi>rned  them.  Most  of  these 
devices  derive  their  power  direct  from  the  plant  cur- 
rent supply  through  a  lamp  or  bank  of  lamps  and  are 


BATTERY    FLASHLIGHT    TESTING    DEVICE 

a  fixed  or  stationary  part  of  the  plant  equipment, 
which  decreases  their  value  to  a  considerable  extent. 
I  have  designed,  and  used  to  advantage,  a  testing  de- 
vice that  can  be  carried  in  the  vest  pocket.  This  out- 
fit may  be  used  to  test  fuses,  open-circuiis,  short-circuits 
or  grounds — in  fact,  for  locating  almost  any  trouble 
found  in  the  everyday  work  of  the  electrical  department 
of  an  industrial  plant. 

As  indicated  in  the  figure,  the  fuse-testing  apparatus 
is  made  up  from  an  ordinary  pocket  flashlight.  To 
the  top  of  the  flashlight  case,  after  taking  out  the 
flash  switch,  I  soldered  a  terminal,  as  shown  to  the 
right.  On  the  opposite  side  I  drilled  a  hole  and  in- 
serted another  terminal.  The  left-hand  terminal  is 
insulated  from  the  case  and  held  in  place  by  two 
nuts.  This  terminal  comes  in  contact  with  the  flash- 
light-battery terminal. 

In  the  figure  the  equipment  is  shown  used  to  test  a 
cartridge  fuse.  By  bringing  a  lead  out  r^rom  the 
right-hand  terminal,  tests  can  be  made  with  the  battery 
case  in  the  pocket. 

Chadwick,  N.  Y.  John  Grant. 

Proposed  Setting  of  Return-Tubular 
Boilers 

In  the  July  6  issue  of  Pmcer,  page  28,  is  a  contribu- 
tion by  M.  Riewerts,  "Proposed  Setting  for  Return- 
Tabular  Boilers,"  in  which  he  suggests  a  change  from 
the  present  installation  of  38  in.  from  the  grates  to 
the  boiler  shell  to  60  in.  and  gives  a  sketch  of  the 
proposed  settings  of  two  units,  etc.    Neither  the  natural 


rirafl  of  the  plant  nor  the  boiler  efliciency  nor  the  evapo- 
ration is  mentioned,  and  it  is  not  stated  whether 
forced-  or  natural-draft  furnaccH  or  stokers  have  been 
or  are  to  be  used  after  (he  change  in  the  setting  has 
been  made. 

If  forced  draft  is  used,  the  higher  setting  will  l)e 
necessary  to  protect  the  boiler  shell,  and  particularly 
the  belt-line  seam,  from  the  blow-pipe  effect  produced 
by  forced  draft.  If  natural  draft  is  used,  there  will 
be  no  appreciable  advantage  in  the  higher  installation, 
because  in  either  case  the  gases  will  stratify,  the  hydro- 
gen rising  to  the  top  along  the  sides  of  the  boilers 
and  passing  rearward.  The  heavier,  air-mixed  strata 
will  pass  rearward  under  conditions  that  do  not  produce 
the  much  desired  results  of  approximately  perfect  com- 
bustion of  furnace  gases,  unless  a  great  excess  of  air 
above  that  nece.ssary  to  produce  combustion  is  admitted 
to  the  furnace. 

A  wall  such  as  showm  by  the  cross  section  AB,  pro 
vided  with  ports  or  openings,  was  installed  under  some 
boilers  in  Chicago  about  twenty-five  years  ago,  but 
they  were  short-lived  and  inefficient  and  were  soon  dis- 
continued, as  was  also  the  inverted  arch  back  of  the 
bridge  wall.  I  have  frequently  removed  the  wall  AB 
for  cause,  and  also  the  inverted  arch  found  in  many 
boiler  settings  during  my  ten  years'  experience  in 
Chicago. 

Experience  has  demonstrated  that  the  wall  AB,  if 
needed  at  all,  is  not  correctly  located,  as  it  does  not  pro- 
tect the  boiler  shell  or  the  belt-line  seam.  It  does  not 
render  eflficient  aid  in  eliminating  smoke  or  in  assist- 
ing in  the  proper  combustion  of  the  furnace  gases. 
There  is  too  much  talk  about  burning  smoke.  If  the 
mixture  of  air  and  gas  is  correctly  controlled,  in  proper 
proportion,    in    front    of    the    bridge    wall    and    when 
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passing  rearward  to  the  combustion  chamber,  the  com- 
bustion of  hydrogen  will  be  completed,  the  use  of  large 
volumes  of  surplus  air  will  be  avoided,  the  smoke  prob- 
lem will  be  solved  and  economy  of  fuel  will  result.  These . 
conditions  can  be  successfully  and  economically  pro- 
duced when  the  boiler  is  located  but  36  in.  above  the  j 
grate,  and  no  greater  space  is  required. 
Buffalo,  N.  Y.  Thomas  E.  Martin. 
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Water  Hammer  in  Elevator 
Pressure  Lines 

The  Royal  Poinciana  Hotel  at  Palm  Beach,  Fla.,  is 
the  largest  wooden  structure  in  the  world,  and  the  ele- 
vators are  located  at  the  heavy  traffic  points,  some  of 
them  as  much  as  fifteen  hundred  feet  from  the  pumps. 
The  report  I  got  when  I  went  there  was  that  the  hydrau- 


POSITION  OF  AIR  VALVE   OX  SUCTION  LINE 

lie  lines  were  always  noisy  and  during  the  rush  before 
the  Washington's  Birthday  ball  an  almost  continuous 
water  hammer  was  the  rule.  The  repair  man  on  the 
elevators  said  that  he  used  to  take  the  pumps  apart  a 
number  of  times  each  season,  thinking  that  the  pistons 
were  loose. 

The  pressure  is  furnished  by  20  and  14  x  18-in.  du- 
plex pumps  with  a  12-in.  suction  and  a  10-in.  discharge 
pipe.  When  I  started  up  last  fall,  we  first  put  a  service 
elevator  to  work  and  it  went  along  fine,  but  as  the  help 
began  to  come  in  by  the  trainload,  we  had  to  start  up 
several  other  service  cars,  and  then  the  noise  began  and 
could  be  heard  all  over  the  lower  floors  of  the  building. 
The  pumps  acted  as  if  the  pistons  were  loose,  and  as  the 
main  line  ran  under  my  office,  I  gave  the  matter  a  lot 
of  thought. 

On  the  suction  of  one  of  the  pumps  was  an  old  ar- 
rangement for  putting  compressed  air  into  the  system. 
It  was  not  in  use  and  was  shut  off  at  the  discharge  line. 
A  leak  developed  in  this  old  air  pipe  and  that  night  the 
pump  lost  its  suction  and  would  not  pick  up  the  water 
again  with  the  discharge  pressure  on  the  upper  valve 
deck.  The  operator  shut  it  down  and  put  on  another 
pump.  In  the  morning  I  tried  the  pump  against  no  pres- 
sure and  found  the  leak  when  water  squirted  out  of  the 
rusted  pipe.  As  it  was  on  the  suction  line,  I  could  not 
account  for  the  pressure  unless  the  valves  on  the  dis- 
charge leaked.  It  was  only  1-in.  pipe  so  I  disconnected 
it  at  the  discharge  and  plugged  it  both  ways.  Upon 
starting  the  pump  again,  water  squirted  out,  keeping  in 
step  with  the  pump  reversals.  Then  it  dawned  on  me 
what  was  the  matter  with  the  elevator  system. 

The  suction  tank  was  50  ft.  from  the  pumps,  and 
when  a  number  of  cars  started  at  once  and  lowered  the 
pressure,  the  pumps  would  start  and  pull  away  from  the 
water,  as  it  takes  time  to  start  a  body  of  water  flowing ; 
and  when  it  did  catch  up  to  the  piston,  there  was  a 
knock,  and  this  jar  was  passed  through  the  piston  to  the 
moving  water  on  the  discharge  side. 

An  air  chamber  on  each  suction  pipe,  with  the  run  of 
water  directed  into  the  air  chambers  and  a  supply  of  air 
kept  in  the  chambers,  would  be  the  proper  thing  in  this 


case.  This  is  how  we  arranged  it.  I  found  an  old  1-in. 
outlet  valve  that  had  been  removed  from  an  ice-plant 
skim  tank.  It  had  a  float  that  would  open  the  valve  when 
the  water  reached  a  certain  height.  We  removed  the 
float  and  put  on  a  five-pound  weight  W,  and  then  con- 
nected the  valve  in  the  suction  lines  as  shown.  The  op- 
eration is  as  follows: 

When  the  pump  starts  and  the  piston  pulls  away  from 
the  water,  it  creates  a  vacuum  stronger  than  necessary 
for  the  low  lift;  then  the  atmospheric  pressure  over- 
comes the  weight  and  opens  the  valve  V,  and  air  rushes 
into  the  suction  pipe;  this  air  acts  as  a  cushion  and 
stops  all  noise.  The  weight  W  will  keep  the  valve  closed 
during  the  time  that  the  pump  is  running  steadily,  as  it 
is  proportioned  so  that  the  vacuum  required  to  keep  the 
capacity  rate  flowing  through  the  suction  pipe  to  the 
pump  will  not  open  it. 

On  the  other  pumps  we  put  even  a  more  simple  air- 
cushion  arrangement.  We  punched  six  holes  in  the 
suction  pipes  with  a  prick  punch  and  tapped  them  g-in. 
iron  pipe  size.  Then  we  took  i-in  angle  valves  and  filed 
ofl'  the  threads  on  the  stems  so  that  they  were  free  to 
move  up  and  down.  We  had  to  break  off  the  handles 
leaving  the  hub  on  the  stem  so  as  to  make  the  stem  of 
the  right  weight  to  lift  at  excessive  vacuum  and  stay 
closed  at  ordinary  running.  The  pumps  ran  quietly 
throughout  the  season,  starting  and  stopping  with  the 
demand,  and  the  air  pulled  in  kept  the  proper  cushion 
in  the  pressure  tanks  that  were  situated  at  the  elevator 
groups. 

The  same  principle  was  applied  to  a  house  pump  that 
was  quite  noisy  during  the  rush  between  9  and  11  a.m. 

Palm  Beach,  Fla.  John  H.  Ryan. 


Reinforcing  a  Broken  Stuffing 
Box  Gland 

The  sketch  shows  the  steam  and  air  cylinders  of  an 
air  compressor,  the  stuffing-box  gland  of  which  broke 
about  eight  months  ago,  on  the  steam  end,  as  indicated. 


BROKEN   GLAND   AND   REINFORCING    PLATE 

An  emergency  repair  job  consisted  of  placing  a  piece 
of  iron  plate  .4  over  the  broken  gland.  Of  course  longer 
studs  had  to  be  made,  but  the  makeshift  worked  all  right 
in  keeping  the  gland  in  place.  W.  F.  Johnson. 

Howes  Cave,  N.  J. 
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Karly  Hso  of  Fiiol  Oil 

Over  forty  ycura  ago,  in  the  City  of  Detroit,  D.  H. 
Biirrell  &  Co..  of  Little  FalKs,  N.  Y..  installed  a  third 
factory  for  cuttinK  hoops.  It  was  reporto<l  to  the  home 
ofike  that  the  factory  was  losinj?  one  hundred  dollars 
per  day.  The  fuel  ii.sed  under  the  boilers  was  elm  hark 
and  refuse  from  the  h(X)p  making.  I  was  sent  out  there, 
and  on  the  way  I  decided  to  use  crude  oil  for  fuel. 
This  was  done  by  sprinkling  the  wet  shavings  from 
the  elm  hoops  with  crude  oil  and  shoveling  the  shavings 
into  the  furnace  as  usual.  By  this  method  steam  was 
kept  up  and  the  mill  was  kept  running  to  capacity, 
turning  the  loss  to  a  profit. 

Our  success  in  burning  oil  brought  us  trouble,  how- 
ever, in  the  shape  of  protests  from  insurance  men  on 
account  of  its  fire  risk,  so  we  began  making  a  pipe  and 
tank  system,  also  a  good  burner.  The  factory  taxed 
Captain  Tard  to  keep  it  supplied  with  logs,  and  in  after 
years  it  cut  up  all  the  available  timber.    The  heat  from 
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the  burners  quickly  made  ash  of  the  bai'k  and  refuse, 
which  paid  the  running  expenses  and  kept  the  yard 
clean.  The  ashes  from  the  furnace  were  sold  to  soap 
makers  at  a  clear  profit. 

I  reported  our  success  to  officials  of  the  Standard  Oil 
Co.  at  Cleveland,  and  they  offered  to  assist  in  procuring 
the  best  and  cheapest  oil.  At  my  request  the  barrels 
for  the  Detroit  mill  were  branded  "Fuel  Oil,"  which 
was  proposed  as  a  trade  mark.  I  advertised  the  oil  in 
trade  papers  and  by  means  of  circulars,  and  this  pub- 
licity gave  an  impetus  to  liquid  fuel  because  of  the 
success  of  fuel  oil  over  coal  or  wood  in  meeting  the  con- 
ditions at  our  plant. 

The  burner  that  w^as  adopted  is  shown  in  the  illus- 
tration and  was  known  as  the  Burrell  Liquid  Fuel 
Burner  with  Naylor  Improvements.  Mr.  Burrell,  who 
was  interested  in  various  enterprises  and  did  much  in 
the  development  of  this  burner,  died  about  a  year  ago. 
The  main  features  of  the  burner  were  that,  ownng  to 
its  heating  and  super-heating  chambers,  it  readily  de- 
composed the  steam  and  thoroughly  vaporized  the  oil, 
and  the  regulation  of  the  steam  and  oil  vapor  was  within 
the  nozzle;  the  admission  of  air  could  be  regulated  to 
the  requirement  of  the  oil  and  steam,  so  as  to  give  an 
intense  flame.  There  is  in  the  Little  Falls  office  of  the 
company  one  of  these  old  burners,  and  I  believe  the 
original  patents  are  still  preserved. 

In  1862  I  had  a  model  working  power  plant  consisting 
of  a  steam  boiler  piped  to  a  turbine,  the  steam  being 
generated  by  a  common  naphtha  burner.  Liquid  fuel 
was  successfuUly  used,  but  that  is  another  story. 

Arlington,  N.  J.  James  Naylob. 


UnHteady  Kiiginc  Speed 

I  have  a  friend  who  had  a  pain  in  his  left  knee 
cured  by  having  an  infected  tooth  pulled,  but  I  had  no 
idea  that  such  a  wide  separation  between  cause  and 
effect  could  fake  place  in  the  realm  of  mechanics,  and  in 
my  own  plant  at  that.  A  few  days  ago  I  thought  I  could 
detect  a  slight  wave  effect  in  the  noi.ses  and  hum  of  my 
15  X  18-in.,  200  r.p.ni.  engine,  that  is  eciuipped  with  an 
inertia  governor  and  is  directly  connected  to  a  150-kw. 
a.c.  generator.  After  a  little  study  I  concluded  that  the 
governor  was  hunting  slightly.  By  noon  the  hunting  was  a 
little  more  pronounced,  and  I  took  a  look  over  the  gov- 
ernor to  see  if  the  gag  element  was  at  fault,  but  it  was 
all  right.  I  then  became  a  little  puzzled,  for  thi.s  was  a 
new  behavior  for  a  governor  that  had  had  a  most  per- 
fect record  for  over  eight  years.  During  the  afternoon 
run  the  wave  effect  increased  and  I  observed  that  the 
ammeter  hand  was  swinging  slightly  and  in  step  with 
the  engine  noises.  Another  search  that  night  revealed 
everything  as  being  all  right,  but  the  next  day  the 
hunting  increased  until  it  amounted  to  30  amperes  on 
the  switchboard  and  could  be  detected  all  over  the  yard 
in  the  engine  exhaust. 

I  was  greatly  puzzled  and  decided  to  take  down  the 
governor  arm  that  night,  having  visions  of  a  broken 
roller  or  some  such  thing  about  the  suspension  pin. 
Then  I  happened  to  stumble  into  the  trouble.  This  unit 
drives  21  induction  motors  ranging  from  5-  to  40-hp. 
capacity.  In  the  afternoon  I  was  called  to  the  mill  to 
change  the  leads  and  reverse  one  of  these  motors. 

Traced  to  Loose  Fan  Belt 

Close  by  the  one  I  was  working  on  was  a  40-hp.  motor 
driving  a  large  fan,  and  as  I  worked  I  noticed  that  the 
hum  of  this  motor  had  a  decided  swinging  rise  and 
fall,  apparently  in  step  with  the  hunting  of  the  engine 
governor.  I  next  noticed  that  the  long  belt  connecting 
this  motor  with  the  fan  was  flapping  its  upper  or  slack 
side  up  and  down,  instead  of  running  in  waves  as  slack 
belts  often  do.  This  flapping  of  the  belt,  rise  and  fall 
in  the  hum  of  the  motor  and  the  hunting  of  the  gov- 
ernor were  all  evidently  in  step.  I  took  this  to  be  the 
effect  of  the  governor's  hunting. 

Then  the  thought  occurred  to  me  that  perhaps  the  order 
was  the  other  way  about,  and  that  it  might  be  possible 
that  this  belt  was  alternately  grabbing  and  letting  go 
on  the  pulley  as  it  flopped  and  that  this  was  com- 
municated back  to  the  engine  in  the  nature  of  a  surge 
because  the  motor  load  would  be  on  and  off  in  impulses, 
as  if  a  clutch  were  being  thrown  in  and  out. 

I  grabbed  a  bar  of  belt  dressing  and  touched  it  to  the 
belt.  Presto!  The  flopping  stopped  and  the  motor 
hummed  in  a  beautiful  even  note.  I  almost  ran  to  the 
power  house  and  behold,  all  was  serene  once  more  and 
apparently  no  huntmg. 

I  moved  the  motor  back  on  its  base  sufficiently  to 
tighten  the  belt,  and  now  my  supposed  governor  trouble 
has  disappeared.  The  cause  of  the  trouble  was  due  to 
a  new  belt  that  had  been  put  on  the  fan  motor,  and  its 
gradual  stretching  accounted  for  the  slow  and  steady 
development  of  the  hunting  effect  on  the  governor. 
Some  unusual  coincidence  between  time,  weight  and 
force  in  the  belt  on  the  motor  and  the  inertia  bar  and 
weights  in  the  governor  must  have  been  struck,  so  that, 
being  in  step  with  each  other,  the  belt  was  able  to  keep 
a  sensitive  governor  swinging.  R.  MANLY  Orr. 

Vancouver,  B.  C,  Canada. 
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Blown  Fuse  Caused  Voltage  To  Be 
Unbalanced 

In  an  electrical  pumping  station  the  transformers  are 
arranged  as  shown  in  the  figure.  The  current  used  is 
transmitted  at  25,000  volts  three-phase  and  is  trans- 
formed at  the  station  to  2,300  volts  by  means  of  a  bank 
of  four  single-phase  transformers.     The  scheme  of  oper- 
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ABC 

To  Swifchboard 

SCHEMATIC    DIAGRAM    OF    TRANSFORMER    CONNECTIONS 

ation  calls  for  three  transformers  to  be  in  service  at 
one  time,  bein^  connected  in  closed  delta,  vv^ith  the  fourth 
one  as  a  spare  unit.  This  spare  unit  is  interchanged 
vs^ith  the  other  three  at  stated  intervals.  At  the  time 
referred  to  transformers  Nos.  2,  3  and  4  vi'ere  in  service, 
with  No.  1  cut  out.  All  units  were  protected  by  high- 
potential  fuses  as  shown. 

A  severe  electrical  storm  caused  the  switch  at  the 
main  power  house  to  trip,  and  at  the  same  time  the  fuse 
was  blown,  as  shown  in  the  figure.  This,  however,  was 
not  known  until  later.  After  service  was  restored,  I 
tried  all  three  phases  for  voltage,  and  as  they  balanced, 
I  started  up  the  motor-driven  pump.  Just  before  reach- 
ing full  speed,  a  matter  of  two  or  three  seconds,  the 
automatic  circuit  breaker  on  the  motor  circuit  tripped. 
Investigation  showed  the  cause  of  the  trouble  to  be  a 
blown  fuse.  I  tested  each  phase  for  voltage  again  and> 
found  that  they  exactly  balanced.  However,  when  the 
fuse  was  restored,  starting  conditions  became  normal. 

Ordinarily,  a  blow  fuse  on  a  three-phase  circuit  is  in- 
dicated by  an  unbalancing  of  the  phases,  but,  in  this 
particular  scheme  of  connections  the  blowing  of  the  fuse 
was  not  known  until  I  attempted  to  start  up.  The 
unbalanced  condition  of  the  phases  caused  the  motor  to 
draw  excessive  current,  which  tripped  the  circuit 
breaker.  The  fact  that  the  circuit  breaker  was  con- 
trolled by  a  time-limit  relay  accounted  for  the  motor 
nearly  reaching  full  speed  before  the  breaker  opened. 

Pittsburgh,  Pa.  M.  A.  ANDERSON. 

[With  the  fuse  blown  as  shown  in  the  figure,  trans- 
former No.  2  was  cut  out  of  circuit,  leaving  Nos.  3  and 
4  connected  opened  delta,  w^iich,  either  under  balanced- 
load  or  no-toad  conditions,   should   give   practically  a 


balanced  voltage.  However,  the  two  transformers  will 
have  only  58  per  cent  of  the  normal  capacity  of  three 
units,  consequently  when  the  motor  was  started  a  very 
heavy  overload  was  thrown  on  the  two  transformers. 
This  accounts  for  the  circuit  breaker  opening  when  the 
motor  was  started,  rather  than  an  unbalancing  of  the 
voltage. — Editor.] 

Leaky  Valves  Cause  Shutdown 

A  large  power  plant  in  this  vicinity  was  obliged  to 
shut  down  for  a  short  time,  owing  to  leaky  pump  and 
check  valves  in  the  boiler-feed  pumps  and  discharge 
lines.  The  plant  has  nine  water-tube  boilers  of  6,000 
boiler-horsepower,  supplied  with  water  by  three  pumps, 
two  of  which  are  single-acting  and  the  third  a  turbine. 
The  turbine  will  supply  the  boilers  when  they  are 
worked  at  the  highest  rating,  but  it  requires  the  two 
single-acting  pumps  to  supply  them  when  the  turbine 
is  down.  The  three  pumps  are  connected  to  one  suction 
line  from  an  open  heater;  the  discharge  lines  are  con- 
nected to  the  feed  line  by  two  laterals  close  together. 

At  the  time  of  the  trouble  the  turbine  pump  was 
feeding  the  boilers  and  the  load  was  about  normal. 
When  the  load  was  changed,  with  a  consequent  demand 
for  more  steam,  the  low-water  alarms  on  three  of  the 
boilers  began  to  blow.  The  water  tender  opened  the 
bypass  valves  on  these  boilers,  which  reduced  the  supply 
from  the  other  boilers,  causing  the  water  in  them  to 
go  low.  The  engineer  ordered  the  fires  drawn  and  shut 
the  plant  down.  The  two  single-acting  pumps  were  then 
started,  steam  raised  again,  and  the  engines  started 
They  had  run  about  fifteen  minutes  when  the  low-watev 
alarms  began  to  blow  again.  Then  the  plant  was  shut 
down  a  second  time  for  low  water. 

It  was  found  that  the  two  check  valves  on  the  dis- 
charge lines  of  the  single-acting  pumps  were  leaking 
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and  the  turbine  was  pumping  the  water  back  to  itself, 
and  that  when  the  single-acting  pumps  were  working, 
the  check  valve  on  the  turbine  was  caught  up,  letting 
the  water  go  back  to  the  suction  line.  After  closing 
the  gate  valves  on  the  discharge  lines  from  the  single- 
acting  pumps,  the  turbine  was  started  and  supplied  the 
boilers  without  trouble.  C.  J.  Miller. 

North  Tonawanda,  N.  Y. 
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Power  Failure  (laiiHed  Aeeideiit 

Some  time  ajfo  I  witiie.'<.'<i'(i  a  ciiriou.s  incident;  nl- 
thouKh  no  one  was  injured,  it  resulted  in  a  heavj'  re- 
pair bill.  A  lar}?e  i)unii>intr  station  was  beinK  operated 
on  central-station  enerjry  by  means  of  a  transmission 
line  several  miles  Iodk:.  The  pumpin^r  station  was 
located  at  the  foot  of  a  steep  hill,  and  the  centrifutrid 
pumps  discharged  into  a  3G-in.  line  which  went  directly 
over  the  hill  at  an  altitude  of  250  ft.  At  the  time  of 
the  accident  but  one  pump  was  in  operation,  it  bein^ 
driven  by  an  induction  motor  having  a  wound  rotor; 
the  normal  speed  was  under  900  r.p.m. 

An  incident  at  the  power  house  was  the  cause  of  the 
switch  controllinjr  the  power  to  the  pumping  station 
beinp  opened,  which  of  course  suddenly  cut  off  the 
power  to  the  pump.  The  sudden  stoppage  of  the  motor 
and  pump  caused  a  high-pressure  surge  in  the  pipe  line, 
on  the  suction  side  of  the  pump,  of  sufficient  force  to 
cause  a  rupture  of  the  pipe  line  a  few  hundred  yards 
from  the  pumping  station.  Instantly,  the  centrifugal 
pump  was  transformed  into  a  turbine  operating  with 
a  wide-open  valve,  neither  load  nor  governor  to  con- 
trol the  speed,  and  a  head  of  250  ft. ;  a  very  high  speed 
was  the   immediate   result. 

As  soon  as  the  pipe  line  emptied  itself  (a  matter  of 
a  few  seconds),  the  pump  and  motor  stopped.  An  in- 
vestigation showed  that  the  coil  ends  of  the  wound  rotor 
had  lifted  (owing  to  centrifugal  force  developed  by  the 
enormous  speed)  and  had  cut  into  all  the  stator  coils, 
resulting  in  a  new  winding  being  necessary. 

When  the  rotor  was  rewound,  extra-strong  bands 
were  placed  on  the  coil  ends  and  a  check  valve  was 
placed  in  the  pipe  line  to  prevent  a  repetition  of  such  an 
occurrence.  There  was  no  way  of  telling  how  fast  the 
unit  rotated,  but  the  engineer  on  duty  estimated  the 
speed  at  3,000  r.p.m.  Of  course  the  direction  of  rota- 
tion while  running  as  a  turbine  was  the  opposite  of 
that  while  operating  as  a  pump.  Pieces  of  the  winding 
were  thrown  out  with  sufficient  force  to  penetrate  a 
i-in.  wire-inserted  window  glass. 

Pittsburgh,  Pa.  M.  A.  Anderson. 

Boiler  Inspection  Reveals  Careless 
Operation 

Some  time  ago  I  was  called  upon  to  inspect  some 
boilers  at  a  sawmill  plant,  and  on  my  way  from  the 
railroad  station  to  the  mill  I  was  informed  that  one 
of  the  boilers  had  exploded  the  previous  morning. 
Naturally,  I  had  visions  of  boilers  scattered  all  over 
the  mill  yard,  for  there  were  five  in  all,  and  they  had 
the  reputation  of  being  questionable  characters. 

Arriving  at  the  plant,  I  was  met  by  the  superin- 
tendent and  was  told  that  the  boilers  were  ready  for 
inspection  and  that  the  manhole  frame  of  No.  4  boiler 
was  broken.  I  surmised  at  once  that  this  was  the 
explosion  referred  to  by  my  informant.  Proceeding  to 
inspect  the  boilers,  I  began  with  the  one  having  the 
broken  manhole  frame.  This  reinforcement  w'as  made 
of  cast  steel  and  was  single-riveted  to  the  shell.  I 
found  it  split  in  three  places  through  the  rivet  holes. 

Looking  over  the  top  of  the  boilers  and  wondering 
what  could  have  caused  the  manhole  frame  to  break 
and  why  the  sheet  did  not  rupture  at  the  same  time  if 
the  boiler  had  been  operating  under  normal  conditions 
and  pressure,  I  saw  that  the  safety  valve  was  missing 
and  that  a  three-inch  plug  was  screwed  in  its  place. 


I'rom  the  attendants  it  was  learned  that  several  weekn 
previously  the  safely  valve  had  been  taken  ofT  and  sent 
away  for  repairs.  Having  no  extra  valve,  they  simply 
stopped  up  the  opening  with  the  plug,  and  no  thought 
was  given  to  the  po.ssible  danger  of  oper>»ting  the  boiler 
without  a  safety  valve. 

About  this  time  I  began  using  a  little  plain  language 
to  show  these  men  what  a  chance  the/  were  taking 
through  such  carelessness.  During  the  conversation  I 
was  able  to  get  a  few  facts  about  the  manipulation  of 
the  plant  that  showed  both  carelessness  and  incom- 
petency. 

It  appeared  to  be  customary,  after  shutting  dowm 
at  night,  to  cut  out  three  boilers,  and  the  remaining 
two  were  fired,  to  supply  steam  for  the  dry  kiln.  It 
was  the  night  attendants'  duty  to  raise  the  steam 
pressure  on  the  idle  boilers  and  cut  them  in  ready  for 
service  in  the  morning. 

Through  neglect,  and  probably  quite  often,  the  night 
attendants  found  them.selves  with  hardly  enough  time 
left  in  which  to  rai.se  the  steam  pressure  on  the  idle 
boilers  and  get  them  cut  in  for  service  ready  for 
the  day  crew.  Then  the  seemingly  impossible  was 
accomplished  by  opening  the  main  steam  valves  on  the 
idle  boilers,  allowing  the  pressure  from  the  other  boilers 
to  rush  in  and  finally  become  equalized,  the  attendants 
thus  evading  a  much-deserved  reprimand. 

After  getting  this  information,  together  with  the 
fact  that  the  boiler  with  the  broken  reinforcement  was 
one  of  those  cut  out  each  night,  it  did  not  take  long 
to  surmise  that  a  water-hammer  had  broken  the  manhole 
frame.  The  attendant  being  at  the  main  stop  valve  at 
the  time  was  able  to  shut  off  the  higher  pressure 
immediately,  thus  no  more  damage  was  done. 

At  another  time  I  was  summoned  to  inspect  three 
boilers  in  a  plant  that  had  just  changed  hands.  Two 
of  the  boilers  were  retum-tubulars,  the  third  being 
a  dry-back  Scotch  marine. 

Getting  into  the  combustion  chamber  of  the  last- 
named  boiler,  I  noticed  that  the  ashes  were  quite  wet. 
In  looking  about  to  ascertain  where  this  moisture  came 
from,  I  found  that  the  arch  overhead  protecting  that 
part  of  the  back  head  above  the  water  line  from  the 
flames  had  practically  all  fallen  away.  Upon  closer 
examination  of  this  part  of  the  head  numerous  little 
cracks  were  found  extending  out  from  the  rivets  attach- 
ing the  braces  to  the  head,  which  had  been  caused  by 
overheating. 

I  recommended  that  the  brace  rivets  be  cut  out  and  the 
head  be  straightened  (for  it  was  slightly  bulged  in 
between  the  brace  rivets)  and  that  a  reinforcing  plate 
be  applied  to  the  affected  area  on  the  outside  of  the 
head  and  fastened  by  patch  bolts,  the  brace  rivets  to 
extend  through  the  reinforcing  plate,  thus  making  a 
neat  and  substantial  job. 

Now,  as  all  conscientious  and  careful  engineers  know, 
one  of  the  first  things  to  do  in  taking  charge  of  a 
strange  plant  is  to  find  out,  as  far  as  possible  and 
as  soon  as  possible,  the  condition  of  all  apparatus 
under  their  care,  for  a  little  attention  at  the  proper 
time  may  prevent  painful  accidents  and  expensive  repair 
bills. 

In  conclusion  I  might  say  that  such  cases  as  related 
are  quite  numerous,  and  almost  without  exception  would 
not  have  happened  if  a  little  more  care  had  been  exer- 
cised by  both  the  management  and  the  operatives. 

Chattanooga,  Tenn.  P.  E.  Terroy. 


August  17,  1920 


POWER 


271 


QUIRIES 
OF  GENERAL 
INTEREST 


Cement  for  Faced  Steam  Joints — How  is  a  good  cement 
made  for  faced  steam  joints?  W.  L.  D. 

Take  equal  parts  of  powdered  graphite,  red  lead  and 
white  lead  and  mix  them  thoroughly  with  boiled  linseed  oil 
to  the  consistency  of  a  thick  paste. 


Higher  Economy  for  Greater  Speed  of  Engine — What 
effect  has  relative  speed  in  the  economy  of  a  reciprocating 
steam  engine?  B.  M. 

For  the  same  initial  pressure  and  point  of  cutoff,  the 
weight  of  steam  used  per  indicated  horsepower  per  hour  is 
somewhat  reduced  as  the  speed  of  rotation  is  increased, 
probably  due  to  the  reduced  loss  by  cylinder  condensation 
at  higher  speeds. 


Advantage  of  Using  Steam  With  Reduction  of  Pressure — 

What  is  the  advantage  of  generating  steam  at  high  pi-essure 
for  supplying  an  engine  with  the  steam  reduced  in  pressure 
by  passing  it  through  a  pressure  reducing  valve? 

F.  N.  G. 
The  initial  pressure  on  the  engine  may  be  kept  more 
nearly  constant  and  generation  of  steam  at  the  higher 
pressure  is  equivalent  to  increasing  the  volume  of  the  steam 
space  of  the  boiler.  Wire  drawing  of  the  steam,  by  reduc- 
ing the  pressure,  is  a  means  of  converting  the  steam  to  a 
dryer  condition  at  the  lower  pressure.  But  unless  the  steam 
supplied  by  the  boiler  is  perfectly  dry,  or  very  nearly  so, 
there  can  be  no  superheating. 


Setting  Valve  from  One  Dead  Center — How  can  a  plain 
D  slide  valve  be  set  without  turning  over  the  engine  ? 

R.  M.  G. 

First  set  the  valve  to  give  the  same  maximum  port  open- 
ing on  the  two  ends  of  the  cylinder.  For  this  purpose, 
loosen  the  eccentric  on  the  shaft  and  turn  it  around  until  it 
gives  the  maximum  port  opening  on  first  one  end  of  the 
valve  and  then  on  the  other.  If  the  maximum  port  openings 
are  not  equal,  they  ai-e  to  be  made  so  by  changing  the  length 
of  the  valve  stem  by  one-half  of  the  difference  in  the  max- 
imum port  openings.  The  engine  is  now  to  be  put  on  a  dead 
center  and  the  eccentric  is  to  be  turned  on  the  shaft  and 
set  to  such  a  position  as  to  give  the  valve  the  proper  lead. 
This  adjusts  the  angle  of  advance  of  the  eccentric  and  will 
give  equal  leads  at  the  two  ends  of  the  cylinder. 


Starting  and  Stopping  Boiler  Test — For  making  an 
evaporative  test  of  a  boiler,  how  are  identical  conditions  of 
firing  and  water  level  obtained  for  starting  and  stopping 
the  test?  C.  T. 

For  a  hand  fired  test,  the  fires  should  be  cleaned  imme- 
diately preceding  the  test  and  the  final  clean  out  so  timed 
as  to  be  completed  just  before  the  end  of  the  run.  With 
mechanical  stokers  the  conditions  under  which  the  test  is 
to  be  run  should  be  established  at  least  30  minutes  before 
starting  the  test,  and  the  same  conditions  should  be  estab- 
lished at  least  30  minutes  prior  to  the  close  of  the  test.  The 
water  level  marked  on  the  gage  glass  at  the  beginning 
should  be  the  same  at  the  end  of  the  test,  in  each  instance 
with  closed  fire  and  ash  pit  doors,  to  obviate  discrepancies 
of  water  surface  from  circulation  of  the  boiler  due  to  a 
I  difference  of  cooling  effect  of  air  admitted. 


Dry  Saturated  and  Superheated  Steam — What  is  the 
difference  between  dry  saturated  steam  and  superheated 
steam?  W.  L.  G. 

Steam  is  said  to  be  saturated  when  it  is  at  the  evaporation 
temperature  corresponding  with  its  pressure.  When  steam 
is  formed  in  a  boiler  and  rises  from  the  surface  of  the 
water  it  is  saturated  and  remains  saturated  as  long  as  it  is 
in  contact  with  the  water.  Its  condition  is  said  to  be  "dry 
saturated"  when  the  steam  contains  no  particles  of  un- 
evaporated  water.  Steam  is  said  to  be  superheated  when 
its  temperature  is  higher  than  the  temperature  of  evapora- 
tion corresponding  with  the  pressure.  Superheating  must 
be  performed  by  adding  heat  to  the  steam  after  it  has  been 
removed  from  contact  with  the  water  in  the  boiler  and  pro- 
viding for  increase  of  its  volume  without  a  corresponding 
increase  of  pressure;  or  saturated  steam  may  be  converted 
to  a  superheated  condition  at  a  lower  pressure  by  wire- 
drawing, when  the  heat  contained  per  pound  of  the  steam 
at  the  higher  pressure  is  more  than  the  amount  of  heat 
required  for  the  condition  of  dry  saturated  steam  at  the 
lower  pressui'e. 


Decreasing  Voltage  and  Frequency  on  Induction  Motors. — 

The  statement  has  been  made  that  if  the  voltage  and  fre- 
quency are  reduced  on  an  induction  motor,  as  by  reducing 
the  speed  of  the  alternator  supplying  the  power,  the  mag- 
netizing current  remains  constant.  If  this  was  absolutely 
correct,  when  the  voltage  and  frequency  reached  zero  the 
magnetizing  cui-rent  would  still  be  of  normal  value,  which 
is  impossible.  Where  is  the  error  in  the  foregoing  state- 
ment? A.  E.  M. 

At  no-load  in  an  induction  motor,  operating  on  normal 
voltage  and  frequency,  the  magnetizing  current  is  prac- 
tically equal  to  the  voltage  divided  by  the  impedance  of  the 
motor  circuit.  This  impedance  is  made  up  of  two  right- 
angle  components:  one,  the  ohmic  resistance  of  the  stator 
winding  and  the  other  the  inductive  reactance  of  the  wind- 
ing. At  normal  voltage  and  frequency,  the  inductive 
reactance  is  so  high  compared  to  the  ohmic  resistance  that 
the  latter  can  be  for  all  practical  purpose  neglected.  There- 
fore if  the  voltage  and  frequency  are  reduced,  within 
reasonable  limits,  say  10  per  cent,  the  inductive  reactance 
are  reduced  in  a  like  proportion,  and  since  the  ohmic  resist- 
ance is  practically  negligible,  the  magnetizing  cun-ent  will 
remain  nearly  constant.  However,  when  the  voltage  and 
frequency  are  reduced  by  say  90  per  cent  of  normal,  then 
the  inductive  reactance  is  also  small,  approaching  the  value 
of  or  less  than  the  ohmic  resistance  of  the  winding,  conse- 
quently the  latter  has  a  very  marked  effect  upon  the  mag- 
netizing current,  causing  it  to  decrease  as  the  voltage  and 
frequency  decrease.  It  is  therefore  evident  that  the  state- 
ment in  the  question  is  not  absolutely  true.  When  the 
reduction  in  voltage  and  frequency  from  normal  is  only  a 
few  per  cent,  the  decrease  in  the  magnetizing  current  is 
very  small  and  may  be  neglected  but,  as  the  lower  limits 
are  approached,  the  magnetizing  current  begins  to  decrease 
rapidly. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
—Editor.] 
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The  foUovving  nnswer.s  to  rociiicst.**  for  iiiterpretatioiiH 
of  the  Boiler  Code  hiive  been  prepared  b.v  the  Holier 
Code  Committee  and  approved  by  the  Council  of  the 
American  Society  of  Mc<.'haiiical  Knjrineers.  The  for- 
mal inquiry  and  reply  are  given  tojrether  with  explana- 
tory refort'iices  to  the  code  and  illustrations  where 
necessary  for  a  better  understanding  of  the  interpreta- 
tions as  issued. 

disc  No.  299 — Inquiry:  In  usinpr  Par.  212  to  determine 
the  nmxiniuni  allowable  internal  working  pressure  that  may 
be  allowetl  on  a  sUiybolU'd  surface  untler  tbe  Code  Rules 
it  is  stated  that  the  weakening  effect  produced  by  drilling 
the  staybolt  holes  must  be  considered.    Cylindrical  surfaces 
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CASE  299. 


EXAMPLE  OF  CTLIXDRICAL   SURFACE  WITH 
STAYBOLT  HOLES 


of  the  character  referred  to  in  this  paragraph  usually  con- 
tain a  riveted  joint  that  weakens  the  structure  more  than 
does  the  drilling  of  staybolt  holes.  Should  not  the  weak- 
ening effect  of  such  joints  be  considered  in  the  applying  of 

Par.  212? 

Par.  212  provides  that  the  maximum  allowable  working  pressure 
shall  be  computed  as  in  the  case  of  a  cylindrical  shell,  making 
allowance  for  the  weakening  effect  of  the  holes  for  staybolts.  To 
this  may  be  added  the  smaller  cf  the  pressures  secured  by  the 
formula  for  stayed  surfaces  (using  70  for  the  value  of  C  in 
the  formula)  or  the  pressure  corresponding  to  the  streligth  of  the 
stays.  In  the  illustration  the  code  requires  the  strength  of  the 
outer  cylindrical  shell  to  be  figured  only  with  allowance  for  the 
weakening  effect  of  the  staybolt  holes,  making  no  provision  for  a 
case  where  the  riveted  joint  shown  has  a  lower  strength  than 
that  of  the  plate  between  the  staybolt  holes. 

Reply:  It  is  the  opinion  of  the  committee  that  where 
the  curved  staybolted  surface  referred  to  in  Par.  212  con- 
tains a  riveted  longitudinal  joint,  or  other  construction 
except  handholes,  and  the  strength  of  the  surface  through 
such  joint  or  other  construction  is  less  than  through  any 
'ine  of  staybolt  holes  in  the  same  direction,  the  weakening 


effect  of  the  joint  or  other  conatruction,  inntcad  of  that 
produced  by  the  drilling  of  staybolt  holes,  is  to  be  consid- 
ered in  making  the  calculations  for  pressure  by  this  para- 
jfraph. 

Case  No.  301 — Intiuiry:  Is  it  the  intent  of  the  Boiler  Code 
under  Par.  182  that  the  back  pitch  of  tubes  and  rivets  on 
drums  which  have  a  relatively  hi^h  ratio  of  shell  thick- 
ness to  diameter  of  drum  shall  be  measured  on  the  inside 
surface,  the  outside  surface,  or  the  median  line  of  the  shell? 

Pai'.  182  deflnc.M  the  buck  pitch  us  the  diHtance  between  any 
two    adjacent    row«    of    rivi-ts    nii-u»ured    at    rlglil    unKlca    to    tin- 

direction  of  the  Joint.     The  minimum  back  pitch  If  j   Is  4  or  less 

shall  be  2D.     If   j-  Is  over   4,  the  back  pitch  shall  be  2D  -|-   0.1 

(P  —  in)  wliere  P  Is  tlie  pitch  In  the  outer  row  when  a  rivet 
In  the  Inner  row  come.s  midway  between  two  rivets  In  the  outer 
row  ;  and  the  pitch  In  the  outer  row  minuH  that  In  the  Inner  row 
where  two  rivet.s  In  the  Inner  row  come  between  two  in  the  Outer 
row,  and  D  Is  the  diameter  of  the  rivet  holes. 

Reply:  It  is  the  opinion  of  the  committee  that  in  meas- 
uring the  back  pitch  of  tube  holes  or  rivets  the  measure- 
ments should  be  made  on  the  flat  plate  before  rolling,  so 
that  in  checking  up  these  measurements  after  construction 
the  result  would  correspond  to  the  dimensions  on  the  median 
line,  or  the  mean  of  the  measurements  on  the  outside  and 
inside  surfaces. 

Case  No.  302— Inquiry:  Is  it  the  intent  of  Par.  278  of  the 
Boiler  Code,  which  requires  a  full-sized  direct  connection  to 
the  boiler  for  each  safety  valve,  that  the  exact  meaning  of 
this  term  shall  be  applied  to  small  brass  pop  safety  valves 
with  male  inlet  connections?  It  is  impossible  to  maintain 
the  nominal  threads  on  the  inlet  of  these  valves  if  the  inlet 
opening  is  maintained  full-sized  in  a  male  connection. 


■  A'SE  302.  SECTION  OP  MALE  THREAD  COXXECTIOX  FOR 
SMALL  SAFETY  VALVE 

Reply:  It  is  the  opinion  of  the  committee  that  the  rule 
given  in  Par.  278  of  the  code  applies  to  the  connection  lead- 
ing to  the  safety  valve  and  not  to  the  safety  valve  itself. 
There  need  not  be  a  full-sized  opening  through  the  valve 
itself,  as  the  stamping  of  the  capacity  thereon  by  the 
manufacturer  indicates  in  any  case  what  is  actually  guaran- 
teed for  the  valve  by  the  maker. 

Under  the  requirements  of  Par.  278  the  rating  of  a  safety  valve 
is  limited  to  the  size  of  the  opening  at  D  in  the  illustration.  It  is 
desirable  that  the  threads  on  the  small  male-threaded  connections 
should  conform  to  the  nominal  pipe  threads  for  the  rated  size. 
If  such  thread  size  is  used  and  the  opening  at  D  is  made  the  full 
diameter  of  the  valve,  theie  appears  to  be  a  question  as  to 
whether  there  will  be  enough  metal  under  the  threads. 

Assuming,  for  example,  a  2-in.  valve,  the  diameter  at  the  bot- 
tom of  the  Briggs  standard  thread  is  given  as  2.201  in.,  and  if 
the  opening  at  D  is  made  the  full  2  in.  diameter  the  thickness  or 
metal  under  the  thread  will  be  0.10  in.  The  area  of  the  metal 
cross-section,  then,  would  be  0.628  sq.in.,  and  with  250  lb.  per 
sq.in.  pressure  under  the  2-in.  valve  disc  the  stress  in  the  con- 
nection would  be  1,250  lb.  per  sq.in.  This  would  seem  to  be  a 
reasonable  working  stress  for  good  brass  castings,  and  some 
manufacturers  so  consider  it.  The  standard  internal  diameter  for 
extra-strong  wrought-iron  pipe  is  1.93   in.     Using  this  dimension 
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for  the  diameter  at  D  gives  a  metal  cross-section  of  0.85  sq.in. 
and  a  stress  of  924  lb.  per  sq.in.  One  manufacturer's  standard 
for  such  valves  calls  for  a  diameter  at  entrance  of  1.77  in.,  which 
results  in  a  metal  area  of  1.35  sq.in.  and  a  stress  of  only  655  lb. 
per  sq.in. 

From  the  consideration  of  area  at  inlet  to  the  valve,  the  full 
2  in.  diameter  would  give  3.14  sq.in.,  the  1.93  in.  diameter,  2.93 
sq.in.,  and  the  1.77  in.  diameter  2. -16  sq.in.  The  area  through 
the  seat  for  a  2-in.  valve  with  a  45-deg.  seat  is  0.44  sq.in.  for  a 
0.10-in.  lift  and  0.89  sq.in.  for  a  lift  of  one-tenth  of  the  valve 
diameter.  It  would  tlius  appear  that  with  as  small  an  entrance 
diameter  as  1.77  in.  the  valve  might  safely  be  rated  at  2  in.  This 
would  avoid  the  akwardness  of  bastard  size  ratings  and  at  the 
same  time  avoid  any  question  as  to  the  strength  of  the  con- 
struction. 

Case  No.  303 — Inquiry:  Is  it  the  intent  of  the  Boiler  Code 
Committee  in  its  references  to  commercial  lap-welded  pipe 
in  Case  No.  218  that  the  weld  therein  may  be  considered 
as  conforming  to  the  i-equirements  for  welded  joints  in 
Par.  186  of  the  Boiler  Code? 

Case  No.  218  refers  to  the  use  of  open-hearth,  extra-heavy  lap- 
welded  steel  pipes  as  headers  and  manifolds  of  superheaters.  The 
reply  in  this  case  holds  that  such  parts  must  be  made  from  ma- 
terial which,  in  its  initial  form  of  plate  or  skelp,  conforms  to  one 
or  the  other  of  the  specifications .  for  wrought  steel,  or  they 
may  be  made  of  cast  steel  of  Class  B  grade. 

Par.  186  provides  28,500  lb.  per  sq.in.  as  the  ultimate  strength 
of  a  joint  welded  by  forging  with  steel  plates  having  a  range  in 
tensile  strength  of  from  45,000  to  55,000  lb.  per  sq.in. 

Reply:  For  calculations  of  the  maximum  allowable  work- 
ing pressures  to  be  permitted  in  open-hearth  lap-welded 
pipe  used  in  connection  with  boilers,  it  is  the  opinion  of  the 
committee  that  the  weld  may  be  assumed'  as  meeting  the 
requirements  of  Par.  186. 

Case  No.  304 — Inquiry:  What  amount  of  cooling  and 
shrinking  under  pressure  is  necessary  in  the  driving  of 
rivets  under  the  requirements  of  Par.  256  of  the  Boiler 
Code?  Is  it  consistent  with  the  intent  of  this  paragraph 
to  release  the  pressure  while  the  rivet  shows  any  degree  of 
heat  redness  in  color? 

Par.  256  requires  that  rivets  shall  be  machine  driven  wherever 
possible,  wit*^  sufficient  piessure  to  fill  the  rivet  holes,  and  shall 
be  allowed  to   cool  and   shrink  under   pressure. 

Reply:  It  is  the  opinion  of  the  committee  that  the  pres- 
sure should  be  maintained  upon  the  rivet  after  it  is  driven 
until  no  part  of  the  head  shows  red  in  daylight. 

Case  No.  306 — Inquiry:  Is  it  the  intent  of  Par.  20  that  the 
minimum  thicknesses  of  tube  sheets  there  specified  for  hori- 
zontal return-tubular  boilers  is  applicable  also  to  vertical 
fire-tube  boilers  and  to  locomotive-type  boilers? 

Par.  20.  The  minimum  thickness  of  tube  sheets  for  horizontal 
return-tubular  boilers  shall  be  as  follows :  When  the  diameter  of 
the  tube  sheet  is  4  2  in.  or  under,  i  in.  ;  over  4  2  in.  to  54  in.,  /^  in.  ; 
over  54  in.  to  72  in.,  i  in.  ;  and  over  72  in.   ,%  in. 

Reply:  It  is  the  opinion  of  the  committee  that  while  this 
paragraph  refers  specifically  to  horizontal  return-tubular 
boilers,  it  is  equally  applicable  to  boilers  of  the  vertical 
fire-tube  and  of  the  locomotive  types,  and  its  application  to 
these  two  latter  types  is  recommended  by  the  committee. 

Tensile  Properties  of  Boiler  Plate  at 
Elevated  Temperatures* 

At  the  request  of  a  committee  of  the  Engineering  Divi- 
sion, National  Research  Council,  a  study  of  the  properties 
of  boiler  plate  at  various  temperatures  up  to  about  900 
deg.  F.  has  been  instigated.  This  paper  is  a  report  of  pre- 
liminary tests  made  on  i-in.  open-hearth  boiler  plate  of 
marine  and  firebox  grades. 

Special  apparatus  was  designed  to  caiTy  the  extension 
measuring  apparatus  so  that  the  indicating  devices  might 
be  outside  a  tubular  electric  heater  which  surrounded  the 
specimen  while  under  test.  The  measured  length  of  the 
specimen  was  2  in.,  and  its  temperature  was  measured  by 
a,  thermocouple  inserted  in  a  small  hole  drilled  in  the  fillet. 

The  curves  in  Fig.  1  show  the  results  of  tests  on  firebox- 
grade  steel  at  temperatures  from  70  deg.  F.  to  870  deg.  F., 
and  those  in  Fig.  2  show  the  results  from  marine-grade 
steel  under  similar  conditions.  The  curves  are  the  average 
of  three  determinations  at  each  of  the  pick-points.  The 
values  for  reduction  of  area  were  obtained  from  measure- 
ment of  the  minimum  width  and  thickness  of  the  fractured 
section   and   are  not  identical   with  values   that  would   be 


obtained  by  the  use  of  a  planimeter,  owing  to  a  decided 
necking  in  both  width  and  thickness  in  rectangular  speci- 
mens. 

The  increase  in  temperature  results  in  distinct  changes 
in  the  properties,  namely:  (a)  The  tensile  strength  first 
decreases,  reaching  a  minimum  at  about  200  deg.  F.,  then 
increases  to  a  maximum  at  about  550  deg.  F.,  after  which 
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FIG.    1.      RESULTS   OF   TESTS   OF  FIREBOX-GRADE   BOILER 
PLATE    AT   VARIOUS    TEMPERATURES 

a  final  decrease  occurs;  (b)  the  percentage  elongation  in 
2  in.  decreases  slowly  to  about  200  deg.  F.,  then  rapidly  to 
a  minimum  at  470  deg.  F.,  after  which  it  increases;  (c)  the 
reduction  in  area  closely  follows  the  curve  for  elongation, 
but  has  its  minimum  at  slightly  higher  temperature;  (d) 
the  proportional  limit  increases  slightly  to  a  maximum  at 
about  400  deg.  F.  for  firebox  steel  and  between  200   and 
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FIG.    2.      RESULTS    OP   TESTS    OF   MARINE    BOILER    PLATE 
AT    VARIOUS    TEMPERATURES 

300  deg.  F.  for  marine  steel.  It  is  noted  that  for  firebox 
steel  the  increase  is  greater  and  the  decrease  takes  place 
more  sharply  than  for  marine-grade  plate.  The  higher  tem- 
perature for  the  maximum  value  of  the  proportional  limit 
with  firebox  steel  is  credited  to  che  greater  mechanical  work 
received  by  these  samples. 


•Abstract  of  a  paper  by  H.  J.  French,  Chief,  Heat-Treatment 
Section,  Division  Metallurgy,  United  States  Bureau  of  Standards, 
presented  before  the  American  Institute  of  Mining  and  Metal- 
lurgical  Engineers. 


Fifteen  coal  operators  and  brokers  were  recently  arrested 
at  Knoxville,  Tenn.,  on  charges  of  profiteering,  and  will 
be  prosecuted  under  the  Lever  Act.  Between  fifty  and  sixty 
■more,  it  was  learned,  are  to  be  arrested  charged  with  the 
same  offense. 
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Operation  o(  u  Dii'hel  Motor  Ship 

The  folluwini;  record  of  the  Motor  ship  "Selene,"  covering 
II  period  of  one  year,  wiiiih  a|)peure(l  in  Thv  Eiiyincer, 
London,  siioiiid  be  of  inti'iest. 

The  "Selene"  has  the  followinjj  dimensions:  Deud-weiuht 
capacity,  S.HIO  tons;  jrross  tonna^re,  3,738  tons;  length,  357 
ft.  G  in.;  breadth.  46  ft.  3  in.;  depth,  27  ft.  7  in.;  draft 
(forward),  121  ft.  4  in.;  draft  (aft),  24  ft.  0  in.;  propelling 
power,  2, 200  i.hp. 

The  "Selene"  left  SinK"pore  on  Oct.  5,  1918,  for  coast- 
ing ports.  In  these  ports  no  particular  work  was  exe- 
cuted, but,  as  usual,  when  a  vessel  is  loading;  or  discharging 
cargo  various  work  had  to  be  done,  such  as  cleaning 
filters,  fooling  pump  examined,  and  air  compressor  valves 
to  be  cleaned,  etc. 

This  ship  arrived  back  in  Singapore  on  Nov.  9,  and  then 
made  a  voyage  to  Australia,  experiencing  no  trouble  and 
arriving  on  Dec.  29.  Work  carried  out  during  the  ship's 
Ftay  in  port  consisted  of  examining  ami  grinding  in  air 
compressor  valves  and  overhauling  cooling  water  pumps. 

During  the  voyage  from  Adelaide  to  Balik  Papan  the 
starboard  motor  was  stopped  for  i  hour  for  renewing  a 
joint  on  the  exhaust-valve  box. 

The  vesi^el  arrived  at  Balik  Papan  without  any  further 
trouble,  and  while  the  ship  was  in  port  the  exhaust  valves 
of  the  starboard  motor  were  taken  adrift  and  ground  in, 
and  also  some  small  repairs  were  carried  out. 

Voyage  Balik  Papan  to  Singapore — When  at  Singapore 
the  following  work  was  executed:  Fuel  rollers  seen  and 
adjusted,  some  telescopic  piping  and  stop  valves  seen  to, 
and  all  bolts  on  main  motors  tried. 

Voyage  Singapore  to  Bordeaux — Work  in  latter  port  con- 
sisted of  cleaning  fuel  filters,  interchanging  air-compressor 
._  valves,  inspecting  lubrication,  LP.,  H.P.,  and  air-compressor 
■*■     nistons    opened    up,    the    rings    renewed,    and    all    grooves 
''■-'  trued  up. 

-'        All  crosshead,  crank  bearings,  and  main  shaft  bearings 
fitted,  and  fuel  valve  needles  repacked. 

Voyage  Bordeaux  to  Abadan — The  ship  left  the  latter  port 
on  April  17,  when  the  port  motor  was  stopped  for  13  hours 
for  air  compressor;  and  on  April  19  the  starboard  motor 
was  stopped  for  two  hours  for  interchanging  an  exhaust 
valve. 

The  vessel  arrived  in  Port  Said  on  April  29  and  reported 
"all  well,"  and  then  proceeded  to  Abadan,  where  she 
arrived  May  18  without  having  experienced  any  trouble. 

On  arrival  at  Abadan  the  suction  and  delivery  valves, 
air  compressors,  main  and  auxiliary  motors  were  opened 
up  and  cleaned. 

Fuel  and  lubricating  oil  filters  were  also  cleaned  and  two 
exhaust  valves  changed. 

The  "Selene"  then  left  for  Colombo  and  then  round  to 
the  coast  ports,  eventually  arriving  at  Singapore  for  her 
periodical  docking  on  June  26.  During  this  overhaul  the 
following  incidents  were  noticed: 

All  bearings  and  crankpins  opened  up  for  inspection  of 
the  crankshafts,  and  after  careful  inspection  were  found  to 
be  in  good  condition. 

The  starboard  shaft  was  worn  down  0.7  mm.  over  all 
bearings,  and  the  usual  wearing  toward  the  middle  bearings 
was  not  noticeable  in  this  case. 

The  port  shaft  was  worn  down  1  mm.  in  the  No.  1  bearing, 
0.8  mm.  to  the  middle  bearing,  and  0.6  mm.  in  the  No.  8 
bearing.  All  journals  were  bearing  very  nicely,  and  no 
sign  of  salt-water  being  mixed  with  the  lubricating-oil  was 
noticeable. 

All  bearings  and  crankpin  brasses  were  adjusted. 
Two  pistons  were  taken  out  for  examination  and  found 
in  good  condition;  as  the  other  pistons  were  not  leaking, 
they  were  left  untouched. 

Further  to  this,  the  usual  repairs  were  done  when  vessel 
was  in  dry  dock.  The  ship  left  dock  on  July  13  for  two 
coast  voyages  and  turned  back  to  Singapore  on  July  19 
without  experiencing  any  trouble. 

Work  executed  during  stay  in  port  was:  Repacked 
some  fuel-valve  needles,  renewed  two  piston  bolts,  and  se- 
cured cooling  water  pump  straps,  etc. 


W'SMcl  li'fl  port  for  Sue/  on  July  23. 

On  July  2.0  both  inotorH  were  stopped  for  J  hour  for  ex- 
nminatiun  of  crankHhaft,  and  on  Aug.  1  both  motorH  wero 
stoj)pcd  succi'ssivc'ly  for  4  liour  to  cxainiiie  bottom-ends, 
aiKJ  also  on  Aug.  10  the  slarboaid  motor  wuh  again  stopped 
for  3  hours  for  broken  slippi-r  guide  bolt. 

Without  any  further  difficulties  vessel  arrived  at  Suez 
on  Aug.  lo.  During  shi])'s  stay  in  port  discharge  of  cargo 
the  following  work  was  done:  L.P.  and  LP.  air-compressor 
1  ings  renewed,  valves  and  air-compressors  cleaned  and 
ground  in,  fuel  filters  and  mud  boxes  cleaned,  etc. 

Vessel  passed  through  the  Suez  Canal  and  left  Port  Said 
for  Hull  on  Aug.  27. 

The  port  motor  was  stopped  on  Sept.  2  for  I  hour  for 
fastening  up  piston  bolts  on  No.  5  cylinder,  and  also  on 
Sept.  12  for  2  hours  for  renewing  two  broken-off  piston  bolts. 

The  vessel  arrived  without  further  accidents  at  Hull  on 
Sept.  12,  when  practically  no  repairs  were  found  necessary. 

Having  given  this  information  The  Engineer  makes  the 
following  comments: 

It  would  be  possible  to  gather  quite  a  disconcerting  im- 
pression from  this  report  by  laying  stress  upon  the  fact 
that  in  a  series  of  trips  covering  some  50,700  nautical  miles 
eight  stoppages  are  recorded,  and  it  is  necessary  to  analyze 
these  carefully  before  coming  to  any  conclusion.  The  caus- 
es of  the  stoppages  are  given  as  follows: 

En^ne 

(1)  !  hr To  renew  joint  on  exhaust  valve  box Staiboard 

(2)  I J  hr  Foi  air  compressor    Port 

(3)  2  hr  To  exchange  exhaust  valve Starboard 

(4)  i  hr.  To  examine  crank  shaft Both 

(5)  30  niin  To  examine  bottom  ends Starboard 

20  Hiin   .  .       To  examine  bottom  ends     Port 

(6)  3  hr        .        For  broken  slipper  guide  bolt Starboard 

(7)  )  hr.       .       To  tighten  piston  bolts         Port 

(83)  2  hr To  leiiew  two  broken  piston  bolts Port 

We  much  regret,  says  The  Engineer,  that  we  have  to  ' 
admit  that  we  have  not  been  able  to  obtain  such  full  explana- 
tory notes  on  all  these  stoppages  as  to  appraise  them  justly, 
and  a  good  deal  must  be  left  to  surmise.  We  can  say,  how- 
ever, that  Nos.  1,  3  and  6  need  not  have  caused  stoppage  of 
the  engine  at  all  if  it  had  been  thought  necessary  to  keep 
it  running,  as  the  particular  cylinder  affected  could  have 
been  cut  off  without  interfering  with  the  working  of  the 
other  five.  In  No.  6  the  slipper-guide  bolt  was  connected 
with  the  water  service  and  on  that  account  would  have 
necessitated  either  the  stopping  of  the  engine  or  the  cutting 
out  of  the  cylinder.  Nos.  2,  7,  and  8  were  perhaps  the  most 
disabling  casualties  and  probably  called  for  the  immediate 
stoppage  of  one  engine,  whereas  it  is  important  to  note 
that  only  one  engine  had  to  be  stopped  at  a  time,  and  all 
the  other  stoppages  were  of  such  a  nature  that  not  only 
could  the  trouble  be  rectified  in  a  short  time,  but  the  en- 
gineer could  to  z.  very  large  extent  choose  his  ovra  time  for 
the  stop  to  suit  the  bridge.  It  is  only  the  stop  which  puts 
the  ship  completely  out  of  control  and  which  occurs  wthout 
notice  to  or  consultation  with  the  bridge  that  causes  real 
anxiety. 

Cold-Storage  Insulation  Efficiency 

While  many  factors,  such  as  resistance  to  moisture, 
inflammability,  strength,  durability,  etc.,  must  be  con- 
sidered in  choosing  an  insulating  material,  the  material 
must  of  necessity  be  a  good  insulator  and  the  measurement 
of  its  thermal  conductivity  is,  therefore,  the  matter  of  most 
importance.  The  Bureau  of  Standards  has  used  for  several 
years  a  satisfactory  apparatus  for  measuring  thermal  con- 
ductivity.  The  results  obtained  have  been  assembled  and 
a  standardized  form  of  apparatus  suitable  for  general  use ' 
has  been  designed.  The  American  Society  of  Refrigerating 
Engineers  has  taken  an  active  interest  in  this  work,  so 
that  a  standard  apparatus  may  be  available,  the  use  of 
which  will  eliminate  disputes  due  to  differences  resulting 
from  the  employment  of  unsuitable  testing  methods. 

The  results  of  the  bureau's  work  will  be  published  in  a 
forthcoming  number  of  the  Journal  of  the  American  Society 
of  Refrigerating  Engineers,  will  be  issued  as  a  Bureau  of 
Standards  scientific  paper,  and  abstracted  in  Power. 
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"Aquitania"  Now  an  Oil  Burner 

After  having  been  off  the  transatlantic  route  for  eight 
months,  the  Cunard  steamship  "Aquitania"  sailed  from 
Liverpool,  July  17,  for  New  York.  The  liner  has  been  com- 
pletely refitted  and  converted  into  an  oil  burner  and  on  her 
return  voyage  established  a  new  speed  record. 

The  "Aquitania"  had  just  completed  three  round  voyages 
between  England  and  America  when  the  war  broke  out. 
Eapidly  converted  into  an  armed  merchant  cruiser,  carrying 
si.x-inch  guns,  she  left  the  Mersey  on  Aug.  8,  1914,  for  patrol 
duties.  Later  on  in  the  war  she  served  as  a  hospital  ship, 
and  then  again  in  the  spring  of  1918  she  was  employed  as 
a  transport,  rushing  American  troops  to  Europe. 

The  168  furnaces  of  the  21  boilers  of  the  "Aquitania" 
have  been  changed  from  coal  burning  to  oil  burning.  In 
a  ship  like  the  "Aquitania,"  assuming  that  the  28  fires  are 
cleaned  every  watch,  approximately  8,000  hp.  is  lost  evei-y 
four  hours,  due  to  the  drop  in  steam  pressure  during  the 
cleaning  period. 

With  oil-fired  boilers  there  is  no  such  loss  incurred,  as 
the  oil  can  be  supplied  continuously  to  the  burners,  and 
the  furnace  temperature  maintained  so  that  a  constant  steam 
pressure  can  be  kept  up,  which  will  improve  the  speed  of 
the  vessel. 

As  the  temperature  of  the  boilers  is  maintained  at  a 
constant  figure,  the  bill  for  boiler  repairs  will  be  con- 
siderably reduced.  There  will  be  no  ashes  to  remove,  and 
consequently  no  dust  and  inconvenience  to  passengers  from 
that  source. 

Location  of  Fuel  Tanks 

In  this  ship,  with  a  beam  of  97  ft.,  with  three  large 
double-ended  boilers  arranged  abreast,  there  remains  a 
space  of  about  18  ft.,  amidships,  gradually  reducing  to  6 
ft.  at  the  forward  end  of  the  boiler  space,  which  formed 
the  coal  bunker  on  each  side,  and  in  this  space,  extending 
the  full  length  of  the  boiler  space,  a  matter  of  369  ft.,  the 
oil  is  carried.  These  side  tanks  do  not  form  one  continu- 
ous group  on  each  side,  but  are  broken  into  two  groups, 
port  and  starboard,  by  Frahm's  anti-rolling  tanks,  which 
take  up  32  ft.  of  the  length.  In  addition  to  these  side 
bunkers,  large  athwartship  bunkers,  arranged  forward  of 
No.  1  boiler  room,  between  Nos.  1  and  2,  and  between  Nos. 
2  and  3,  have  also  been  made  suitable  for  oil  carrying. 
The  large  storage  capacity  in  these  side  tanks  and  cross- 
bunker  tanks,  however,  did  not  prove  sufficient  to  enable  the 
ship  to  perform  the  double  trip  without  requiring  replenish- 
ing, so  that  six  of  the  double-bottom  tanks  have  been  made 
suitable  for  oil,  to  enable  the  7,600  tons  of  oil  required  to 
be  shipped  at  New  York.  Of  the  total  quantity,  5,200  tons 
will  be  carried  in  the  fore  and  aft  side  bunkers,  1,900  tons 
in  the  athwartship  gross  bunkers,  and  700  tons  in  the 
double-bottom  tanks.  All  the  storage  tanks,  including  the 
six  double-bottom  tanks,  -will  be  used  solely  for  oil,  no 
water  ballast  connections  being  provided. 

To  make  the  coal  bunkers  suitable  for  cai-rying  oil,  a 
large  amount  of  structural  steel  work  was  necessary.  For 
instance,  all  the  bunker  bulkheads  have  been  specially 
stiffened,  so  that  deformation  will  not  occur  with  the 
wei<?-ht  of  oil  pressing  against  them. 

All  the  plate  joints  have  been  specially  treated,  the  gen- 
eral practice  adopted  being  to  fit  stout  double-riveted 
joggled  plate  straps  over  each  plate  landing,  making  a 
thoroughly  oil-tight  joint.  Special  attention  has  been  given 
to  plating  and  riveting  of  all  steam-pipe  trunks  and  pas- 
sages where  these  penetrate  the  cross  bunkers. 

Transverse  wash  bulkheads  have  been  fitted  in  all  the 
side  bunkers,  and  suitable  wash  bulkheads  have  also  been 
constructed  in  the  cross-bunker  tanks  to  insure  that  oil  is 
not  in  any  way  affected  by  the  movement  of  the  ship. 

For  the  full  length  of  the  side  bunkers  and  also  around 
the  cross  bunkers,  gutterways  have  been  constructed  to 
catch  any  oil  that  may  find  its  way  outside  the  tanks 
through  leaky  joints.  In  communication  with  these  gutter- 
ways  are  bilge  wells  in  each  boiler  room  from  which  the 
oil  bilge-'^ell  pumps  draw. 

In    the    cross-bunker    storage    tanks    forward    of   boiler 


rooms  Nos.  1,  2  and  3,  four  settling  tanks  have  been  con- 
structed, each  being  of  60  tons  capacity.  In  No.  4  boiler 
room  two  settling  tanks  of  similar  capacity  each  have  been 
incorporated  in  the  side  bunkers,  one  port  and  one  star- 
board. 

In  this  ship  there  are  four  boiler  rooms,  the  three 
forward  ones  each  containing  six  double-ended  boilers,  and 
the  after  one  three  double-ended  boilers.  Two  settling  tanks 
are  provided  for  each  group  of  three  boilers. 

In  certain  parts  of  the  boiler  rooms  the  side  bunkers  over- 
hang the  wing  boilers,  and  to  insure  that  there  will  be 
no  chance  of  oil  dripping  on  the  hot  boiler  tops,  special 
screen  plates  have  been  fitted  in  the  way  of  these  overhang- 
ing parts,  so  that  any  oil  that  may  leak  through  will  be 
directed  to  the  oil  gutter  below. 

Electric  Welding  Employed 

In  addition  to  the  special  riveting  that  has  been  adopted 
to  insure  oil-tight  joints  on  all  the  tanks,  electric  welding 
has  also  been  largely  employed,  with  the  result  that  a 
thoroughly  sound  and  substantial  tank  construction  has 
been  made.  The  oil  fuel  is  burned  under  the  "White" 
low-pressure  mechanical  system,  which  has  proved  efficient 
and  reliable  on  existing  oil-burning  vessels. 

The  pumping  and  heating  plant  consists  of  a  complete 
installation  in  duplicate  for  each  group  of  three  boilers; 
that  is,  in  the  large  boiler  rooms  each  containing  six  boil- 
ers there  are  four  sets  of  pumping  and  heating  plants, 
while  in  the  small  boiler  rooms  there  are  two  sets.  This 
insures  that  only  under  very  exceptional  circumstances  will 
the  supply  of  fuel  to  the  burners  be  interfered  with  through 
any  fault  of  the  pumping  plant. 

For  the  full  length  of  the  boiler  rooms  two  8-in.  suction 
and  filling  mains  are  provided,  one  port  and  one  starboard. 
In  each  boiler  room  these  mains  are  cross-connected,  and 
in  addition  suitable  shutoff  valves  are  provided,  so  that 
the  system  in  one  boiler  room  can  be  isolated  from  any 
other  boiler  room. 

Special  attention  has  also  been  given  to  the  bunkering 
arrangements,  so  as  to  insure  that  the  minimum  of  time 
will  be  required  to  bunker  the  vessel.  Each  boiler  room  is 
provided  with  two  8-in.  filling  pipes  from  the  working  deck, 
one  port  and  one  starboard.  These  pipes  communicate  with 
the  suction  mains. 

Special  filling  compartments  have  been  arranged  on  "E" 
deck,  where  the  connections  for  coupling  to  the  tank  steamer 
or  shore  hose  are  fitted.  These  compartments  are  separate 
from  adjoining  accommodation,  so  that  should  any  oil 
escape  from  the  save-all  trays  which  are  fitted  under  the 
valves  and  strainers,  the  oil  will  not  be  free  to  spread  over 
the  deck. 

On  each  side  of  the  ship  there  are  four  connections  for 
bunkering  purposes.  Should  the  connections  on  one  side 
of  the  ship  be  in  use  at  one  time,  it  would  be  possible  to 
bunker  the  vessel  in  about  six  hours. 

No  Possibilities  of  Overfilling 

Special  precautions  have  been  taken  to  eliminate  all  pos- 
sibility of  overfilling  the  tanks.  A  special  arrangement  of 
air  and  overflow  pipes  has  been  installed,  by  means  of 
which,  should  any  tank  be  inadvertently  overfilled,  the  oil 
will  overflow  into  one  of  the  storage  tanks  specially  ar- 
ranged for  this  purpose.  An  overflow  storage  tank  is  pro- 
vided in  each  group  of  tanks  in  each  boiler  room,  port  and 
starboard. 

With  the  arrangement  of  overflow  pipes  and  tanks,  a 
sequence  of  tank-falling  must  be  adhered  to.  These  over- 
flow ccnnectior.3,  however,  arc  fitted  or.ly  as  a  safeguard 
should  the  other  means  provided  for  ascertaining  the  quan- 
tity of  oil  in  the  tanks  fail. 

Each  storage  tank  is  provided  with  a  Pneumercator  gage. 
By  means  of  these  gages  the  depth  of  oil  and  the  quantity 
in  the  tanks  can  be  noted  at  any  time.  It  is  usual  to  fill 
the  tanks  to  95  per  cent  of  their  capacity,  and  this  quan- 
tity is  indicated  on  each  Pneumercator  gage.  In  addition 
to  these  gages,  electric  float  alarms  are  fitted,  so  that  when 
the  95  per  cent  capacity  level  is  reached  a  bell  rings.  No 
sounding  pipes  are  fitted  in  any  of  the  oil  tanVs 
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To  insure  that  the  oil  will  run  freely  from  the  tanks  in 
cold  wciithor,  or  \vh»n  heavy  oil  is  beinvc  used,  heating'  coils 
are  litUil  in  ail  the  side-bunker  tanks  and  in  the  double- 
bottom  tanks,  but  not  in  the  cross  bunker  tanks,  where  il 
is  considered  the  heatin^r  of  the  adjacent  boiler  rooms  ren- 
ders heatin^r  coils  unnecessary. 

From  the  storajro  tanks  the  oil  is  pumped  by  larjrc  verti- 
cal direct-actinj;  pumps  to  the  settlintr  tanks.  Two  of 
these  transfer  pumps  are  fitted  in  eadi  boiler  room,  those 
in  No.  -J  room  beinj;  of  70  tons  per  hour  capacity  each,  and 
those  in  the  other  boiler  rooms  of  100  tons  per  hour 
capacity  each.  The  capacity  of  each  settlinjj  tank  is  such 
as  to  insure  sixteen  hours'  supply  for  three  double-ended 
boilers,  so  that  about  fifteen  hours  will  be  allowed  for  the 
settlinK  of  the  oil  in  one  tank  while  the  other  tank  is  in 
use.  To  facilitate  separation  of  water  from  the  oil,  heat- 
inp  coils  are  fitted  in  these  tanks.  Pneumercator  Katies 
and  electric  float  alarms  are  also  fitted  to  the  settlinjj: 
tanks.  The  removal  of  the  settled  water  from  the  tanks 
is  done  by  the  transfer  pumps,  which  have  special  con- 
nections for  this  purpose,  so  arranged  that  it  will  not  be 
possible  for  the  pumps  to  draw  oil  from  the  settling  tanks 
and  discharge  it  overboard. 

From  the  settling  tanks  the  oil-pressure  pumps  take  their 
supply  through  suction  strainers,  discharging  through  the 
heaters  and  discharge  filters  to  the  burners  in  the  fur- 
naces. A  ring  main  is  fitted  in  each  boiler  room  to  which 
each  pumping  unit  is  connected.  An  emergency  connec- 
tion is  also  made  to  this  ring  main  so  that  the  pressure 
pumps  can  draw  directly  from  the  oil-storage  tanks.  Spe- 
cial attention  has  been  given  to  the  fire-extinguishing  ar- 
rangement in  the  boiler  room. 

With  a  view  to  speedy  detection  of  oil  on  the  double- 
bottom  tank  tops,  a  special  skeleton  arrangement  of  stoke- 
hold flooring  has  been  fitted.  Broad  working  gangways 
have  been  fitted  in  front  of  the  furnaces,  but  these  gang- 
ways are  kept  well  clear  of  the  bulkheads,  leaving  an  open 
space  to  view  the  tank  top  and  oil  gutters.  No  wood  has 
been  used  in  the  construction  of  the  flooring. 

Special  gas-exhausting  nozzles  and  pipes  with  connections 
to  the  oil-suction  mains  have  been  fitted  to  remove  danger- 
ous gases  from  the  storage  tanks  before  these  are  entered 
for  inspection. 

Cleaning  and  Putting  Vehicle-Type 
Lead-Acid  Battery  in  Service 

The  following  is  an  abstract  from  Circular  No.  92,  "Oper- 
ation and  Care  of  Vehicle-Type  Batteries,"  issued  by  the 
United  Staies  Bureau  of  Standards,  Washington,  D.  C.  This 
circular  contains  93  pages  and  treats  of  both  lead-acid  and 
nickel-iron  types  of  batteries.  In  addition  to  the  instruction 
for  the  care  and  operation  of  different  batteries  a  number 
of  forms  for  use  in  keeping  record  of  battery  performance 
and  maintenance  records  are  given.  Copies  of  this  circular 
can  be  obtained  at  30  cents  each  by  addressing  Superintend- 
ent of  Documents,  Government  Printing  Office,  Washing- 
ton, D.  C. 

Deposit  of  Sediment  Accumulates 

During  the  normal  operation  of  a  cell  there  is  a  constant 
vwear  of  the  plates,  which  causes  a  deposit  or  sediment  to 
settle  in  the  bottom  of  the  jar.  A  space,  usually  referred 
to  as  the  "mud  space,"  having  considerable  capacity,  is  pro- 
vided for  the  sediment. 

The  rate  at  which  the  sediment  accumulates  depends  to 
a  great  extent  upon  the  care  which  the  battery  receives  in 
charging.  If  charging  is  carried  on  at  such  a  rate  as  to 
cause  violent  gassing,  the  gas  coming  through  the  pores  of 
the  positive  plate  will  tend  to  dislodge  the  active  material, 
causing  it  to  be  deposited  in  the  bottom  of  the  jar.  This 
condition  is  frequently  referred  to  as  "shedding  of  active 
material,"  and  very  materially  shortens  the  life  of  the 
plate.  This  is  one  of  the  reasons  why  the  charging  current 
is  reduced,  when  the  battery  begins  to  gas  freely  to  a  lower 
value  called  the  "finishing  rate."  If  a  battery  is  regularly 
undercharged,  the  sulphate  that  remains  unreduced  on  the 


negative  plate  will  gradually  accumulate  and  finally  be 
washed  away  and  deposited  in  the  bottom  of  the  jar.  This 
is  one  of  the  rea.soii.s  for  giving  a  battcTy  a  regular  equaliz- 
ing charge  in  order  to  completely  reduce  the  sulphate.  If  a 
cell  is  neglected  and  cleaning  is  delayed  until  the  sediment 
accumulates  sufficiently  to  reach  the  bottom  of  the  plates, 
the  wear  will  be  increased  on  account  of  the  local  action 
caused  by  short-circuits  through  the  sediment,  and  the  cell 
will  be  discharged.  Indications  of  this  condition  are  low 
open-circuit  voltage  and  low  specific  gravity. 

To  Determine  Necessity  for  Cleaning 

As  the  nature  of  the  service  requirements  of  a  battery 
varies  considerably,  it  is  difficult  to  state  definitely  any 
means  by  which  the  necessity  for  cleaning  may  be  de- 
termine<l.  The  best  method  of  determining  the  condition 
of  a  battery  appears  to  be  a  bench  discharge  test  at  normal 
rate,  after  an  ecjualizing  charge,  with  voltage  readings  of 
all  cells  in  the  battery.  If,  on  such  a  test,  any  cell  is  found 
to  be  much  below  the  others  in  capacity  and  the  capacity 
of  that  coll  cannot  be  restored  by  an  overcharge,  it  should 
be  removed  and  inspected  for  short-circuits  or  other  trouble. 
This  should  be  done  after,  say,  150  cycles  of  normal  opera- 
tion. Some  types  of  cells  are  provided  with  extra-high  ribs, 
which  allow  the  accumulation  of  sediment  during  the  entire 
life  of  the  plates,  thus  eliminating  the  necessity  of  cleaning 
on  this  account. 

SULPHATION   OF   LEAD   BATTERIES 

Whenever  a  battery  is  discharging,  lead  sulphate  (PbSO.) 
is  formed  on  both  the  positive  and  negative  plates.  After 
a  normal  discharge  the  sulphate  is  finely  crystalline  and  of 
such  a  nature  that  it  is  easily  reduced  by  the  current  flowing 
through  the  battery  on  charge.  If  charging  is  neglected  and 
the  battery  allowed  to  stand  in  a  discharged  state,  the 
crystalline  condition  of  the  sulphate  gradually  changes, 
filling  the  pores  of  the  plate-,  and  eventually  making  the 
active  material  dense  and  hard,  which  prolongs  the  time 
required  for  a  charge.  It  is  this  latter  condition  which  is 
often  referred  to  when  a  battery  is  spoken  of  as  "sulphated." 

Sulphation  in  this  sense  is  always  the  result  of  some  sort 
of  abuse,  as  (a)  standing  discharged  for  some  time,  (b) 
neglecting  evidence  of  trouble,  (c)  replacing  loss  of  water 
by  electrolyte,  and  (d)  regular  undercharging.  A  single 
cell  in  a  tray  may  become  sulphated  by  drying  out  as  the 
result  of  failure  to  replace  lost  electrolyte  or  failure  to  re- 
place a  broken  jar  or  by  an  internal  short-circuit.  During 
an  equalizing  charge  where  the  specific  gravity  has  reached 
a  maximum  in  each  cell,  it  indicates  that  all  of  the  sul- 
phate in  the  plates  has  been  reduced.  It  is  the  negative 
plates  generally  which  require  a  prolonged  charge  to  re- 
duce the  sulphate.  The  active  material  of  this  plate  is  of 
a  light  color  and  hard  and  dense  when  in  the  discharged 
condition.  The  life  of  these  plates,  however,  is  shortened  by 
sulphation. 

Giving  Battery  Equalizing  Charge 

Once  a  week  a  lead  battery  which  is  used  for  operating  a 
truck  or  tractor  is  to  be  given  an  overcharge  known  as  an 
"equalizing  charge."  For  this  the  daily  charge  is  to  be 
continued  from  the  normal  end  at  a  rate  equal  to  approxi- 
mately one-half  the  value  of  the  finishing  rate  until  all 
cells  are  gassing  freely  and  uniformly  and  until  three  con- 
secutive readings  of  the  specific  gravity  and  voltage  taken 
at  half-hour  intervals  show  no  increase.  If  a  battery  shows 
a  temperature  exceeding  43  deg.  C.  (110  deg.  F.),  it  should 
be  cut  off  immediately  and  allowed  to  cool. 

One  a  month  the  voltage  and  gravity  readings  of  each 
cell  should  be  recorded.  These  will  ser\'e  as  an  indica- 
tion of  trouble  within  the  cells  such  as  sulphation  or  leak- 
age, if  there  is  a  progressive  change  of  the  gravity  readings. 

The  gravity  of  the  individual  cells  should  be  adjusted  to 
the  proper  value  when  the  battery  is  first  put  in  sei'vice  or 
when  it  has  been  necessary  to  add  electrolyte  to  any  cell  to 
replace  that  which  has  been  spilled  or  otherwise  lost.  This 
should  be  done  at  the  end  of  the  equalizing  charge.  If  the 
gravity  of  the  cell  is  too  high,  a  portion  of  the  electrolyte 
may  be  withdrawn  with  the  hydrometer  syringe  and  re- 
placed by  distilled  water.     Similarly,  the  gravity  may  be 
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increased  by  replacing  the  portion  drawn  off  by  electrolyte. 
Before  considering  the  adjustment  complete,  the  equalizing 
charge  should  be  continued  to  mix  the  electrolyte  of  the  cell. 
The  final  value  is  shown  by  several  consecutive  constant 
readings  at  fifteen-minute  intervals.  The  gravity  should  be 
adjusted  to  within  five  points,  corrected  for  temperature,  of 
the  proper  value. 

Evidence  of  Plate  Sulphation 

Some  of  the  evidences  of  sulphation  are  (a)  continued 
low  specific  gravity,  (b)  continued  low  open-circuit  voltage, 
(c)  loss  of  capacity,  (d)  inability  to  take  normal  charge  on 
account  of  increase  of  internal  resistance,  and  (e)  light 
color  of  positive  and  negative  plates.  The  loss  of  capacity 
due  to  sulphation  must  not  be  confused  with  the  natural 
loss  of  capacity  during  the  life  of  the  battery. 

Whenever  any  of  the  foregoing  evidences  seem  to  be 
present  it  is  well  to  give  the  battery  an  equalizing  charge 
and  then  a  continuous  discharge  at  the  normal  rate  down 
to  1,70  volts»per  cell.  If  it  does  not  give  rated  capacity,  as 
in  cases  of  stubborn  sulphation,  empty  out  the  electrolyte 
and  fill  the  cells  with  water  (distilled  water  preferred)  and 
then  charge  in  the  usual  manner.  At  the  end  of  this  charge 
read  the  specific  gravity  of*  each  cell  and  the  temperature 
of  the  pilot  cell.  Continue  the  charge  at  one-half  the  fin- 
ishing rate,  or  as  nearly  this  as  possible.  Read  and  record 
the  specific  gravity  of  each  cell  at  regular  intervals  of,  say, 
four  to  six  hours.  The  charge  at  this  rate  is  to  be  con- 
tinued until  the  specific  gravity  of  each  cell  has  been  con- 
stant for  a  period  of  at  least  twelve  hours.  The  level  of  the 
electrolyte  is  to  be  maintained  constant  by  the  addition  of 
water  after  the  readings.  If  the  water  is  added  before  the 
readings  it  will  not  be  properly  mixed  with  the  electrolyte 
and  ^alse  readings  will  be  obtained.  Hydrometer  readings 
are  to  be  corrected  for  temperature.  Should  the  specific 
gravity  of  any  cell  rise  above  1,300,  draw  out  electrolyte 
to  the  top  of  the  plates  and  replace  by  water.  If  the 
gravity  is  deficient,  electrolyte  should  be  added.  The  bat- 
tery cannot  be  considered  as  completely  restored  until  the 
specific  gravity  of  all  cells  has  remained  constant  for  a 
period  of  at  least  twelve  hours  of  continuous  charging  at 
one-half  the  finishing  rate.  The  temperature  must  not  be 
allowed  to  exceed  43  deg.  C.  (110  deg.  F.).  If  necessary,  the 
currents  must  be  reduced  or  temporarily  cut  off.  When  a 
single  cell  of  a  tray  is  found  to  be  sulphated  it  should  be 
removed  and  treated  separately. 

If  the  battery  ig  found  to  be  sulphated,  but  with  the  sedi- 
ment below  the  bottom  of  the'  plates,  it  should  be  treated  in 
accordance  with  the  foregoing  instructions  before  cleaning. 
If  the  sediment  has  been  allowed  to  reach  the  bottom  of 
thfc  plates  the  battery  will  be  sulphated  and  should  be 
cleaned  before  receiving  treatment  for  sulphation. 

The  wood  separators  are  to  be  renewed  completely,  and 
while  many  of  the  rubber  separators  may  be  used  again  it 
is  well  to  provide  about  25  per  cent  new  ones. 

Inspection  of  Trays 

The  trays  should  be  examined  to  .determine  their  suit- 
ability for  further  use.  If  found  to  be  in  good  condition 
they  should  be  washed  out  with  water,  to  which  soda  has 
been  added  to  counteract  the  effect  of  the  acid.  When 
thoroughly  dry  they  should  be  painted  with  two  coats  of 
acid-resisting  paint. 

If  the  active  material  of  the  negative  plates  is  swollen  it 
must  be  pressed  back  into  position  before  it  is  allowed  to 
dry.  A  smooth  board  of  suitable  thickness  is  to  be  placed 
between  each  pair  of  plates  and  the  whole  group  squeezed 
between  smooth  boards  in  a  vise.  Any  loose  particles  ad- 
hering to  the  positive  plates  can  be  removed  by  means  of  s 

j   smooth  piece  of  wood,  or  paddle.     Do  not  wash  the  plates. 

I  All  sediment  is  to  be  washed  out  of  the  jars.  The  jars  are 
to  be  filled  with  electrolyte  of  specific  gravity  1,2.'50  to  one- 
half  inch  above  the  top   of  the   plates.     If  the  battery  is 

I   sulphated,  water  is  to  be  used  instead  of  electrolyte. 

After  the  cells  have  been  placed  in  the  trays,  and  the  old 

j  connectors   pressed   into   position,  the   battery  is   to   stand 

1  for  several  hours  (some  manufacturers  recommend  as  long 
as  ten  hours),  after  which  it  is  to  be  put  on  charge  at  the 

I  finishing   i-ate.     At   the   end   of   about   fifteen   minutes   the 


voltage  of  each  cell  is  to  be  read  and  recorded.  This  is  to 
insure  that  the  cells  are  connected  right  as  to  polarity.  Any 
cell  indicating  less  than  two  volts  is  probably  connected 
backward  and  should  be  examined.  The  cells  are  now  to  be 
reconnected,  if  the  battery  is  not  sulphated,  and  after  an 
equalizing  charge-it  will  be  ready  for  service.  A  sulphated 
battery  should  be  restored  before  reconnecting  the  cells 
permanently. 

Universal  Craftsmen  Council  of 
Engineers  Meet  at  Springfield 

The  eighteenth  annual  convention  of  the  Universal  Crafts- 
men Council  of  Engineers  was  held  at  Springfield,  Mass., 
during  the  week  beginning  Monday,  Aug.  6.  The  Bridge- 
way  Hotel  was  the  headquarters,  and  in  the  Municipal 
Auditorium,  a  short  distance  away,  the  meetings  of  the 
delegates  and  the  exhibit  of  the  supplymen  were  held. 

The  lower  floor  of  the  auditorium  was  tastefully  arranged 
in  booths  for  the  display  of  power  plant  equipment  and 
engine-room  supplies.  The  uniformity  of  decoration  and 
the  general  color  scheme  of  white  and  light  green  was  most 
pleasing  to  the  eye.  There  were  105  firms  represented  and 
the  exhibit  was  liberally  patronized  during  the  week. 

The  several  sessions  of  the  engineers  were  held  in  the 
Mahogany  Hall  of  the  auditorium.  There  were  present  102 
delegates,  representing  190  votes.  It  proved  a  busy  week 
for  the  delegates  in  disposing  of  the  accumulated  business 
of  the  past  year,  and  many  important  resolutions  were 
adopted  toward  the  building  up  of  the  organization,  spe- 
cial interest  being  manifested  in  the  educational  features  of 
the  local  councils  during  the  coming  year. 

The  Universal  Craftsmen  Council  of  Engineers  was  organ- 
ized in  Cleveland,  Ohio,  on  Sept.  14,  1903,  with  four  coun- 
cils, located  respectively  in  Chicago,  Cleveland,  Detroit  and 
Rochester,  with  a  combined  membership  of  248.  At  pres- 
ent there  are  fifty-six  councils  with  an  approximate  mem- 
bership of  9,500.  In  the  past  four  years  there  has  been  an 
increase  of  40  per  cent  in  the  membership  it  is  claimed. 

In  the  early  part  of  the  week  all  of  the  past  grand 
worthy  chiefs  assembled  and  formed  a  Past  Grand  Worthy 
Chiefs'  Association.  0.  N.  Pomeroy,  of  Chicago,  the  first 
worthy  chief  of  the  grand  body,  was  made  president  of  the 
new  association. 

The  ladies  present  numbered  upward  of  sixty,  and  on 
Friday  afternoon,  permission  having  been  given  by  the  main 
body,  the  ladies  convened  and  formed  what  will  be  known 
as  the  Ladies'  Grand  Council  of  the  Universal  Craftsmen 
Council  of  Engineers.  Mi's.  Joseph  Nichols  was  chosen 
president;  Mrs.  David  McGregor,  vice-president,  and  Mrs. 
James   Bunce,   secretary-treasurer. 

On  Tuesday  morning  the  opening  exercises  were  held. 
Walter  H.  Damon,  chairman  of  the  convention  committee, 
was  the  master  of  ceremonies,  and  after  a  brief  address 
Introduced  Mayor  Arthur  A.  Adams,  who  cordially  wel- 
comed the  visitors  to  the  city.  Worthy  Chief  Frank  Con- 
royd  responded  and  thanked  the  mayor  for  his  warm  wel- 
come. Raymond  T.  Wilber,  Convention  Secretary  of  the 
Chamber  of  Commerce,  told  the  audience  that  the  Cham- 
ber of  commerce  was  at  its  disposal,  and  it  was  the  wish 
of  that  body  that  the  stay  of  the  visitors  would  be  so 
enjoyable  that  they  would  all  be  glad  to  come  again. 

On  Thursday  afternoon  there  was  a  steambort  excursion 
to  P^orrest  Park,  where  an  appetizing  clambake  was  served; 
fully  400  guests  were  seated  at  the  tables.  During  the  day 
outdoor  sports  of  various  kinds  were  enjoyed,  with  prizes 
for  the  winners.  The  festivities  ended  with  a  baseball 
game  between  the  Engineers  and  Supplymen. 

On  Friday  evening  in  the  Concert  Hall  of  the  auditorium 
an  entertainment  was  given.  There  was  an  organ  recital 
with  several  enjoyable  numbers  furnished  by  Bob  Jones, 
France  Packing  Co.;  Louis  Serre,  Jenkins  Bros.;  Jack 
Armour  of  Power,  and  others. 

During  the  week  there  wei'e  theater  parties,  auto  rides, 
shopping  trips  and  visitr  to  places  of  interest  in  the  city. 

The  grand  officers  elected  were:  Frank  Conroyd,  past 
worthy  chief,  Chicago;  Andrew  Benner,  worthy  chief, 
Columbus:  W.  G.  Warfield,  assistant  chief,  Newark,  N.  J.; 
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Thonia.s  II.  Jones,  Hi'iTolnry,  Wii.shinpton,  P.  C;  .John 
O'Hrifii,  trensuror,  (■hil•a^r«;  llt-nry  W.  Hurlon,  warden, 
('U'v»'lanil ;  V.  H.  Kariy,  i-h.-iplain,  Milwnukei-;  Janu-.s  M. 
i'atton,  Knoiii.  BiilTali).  Tiu>  three  trustees  comprise  (}.  ('. 
lirown,  chairman,  I'itt.sburjrh,  Pn.;  W.  W.  Law,  Princeton, 
X.  .1.;  J.   W.    May,    Hraniion,   ('anada. 

Frank  Conroyii,  retiring  chief,  was  the  recipient  of  A 
.silver  .service  and  Walter  11.  Damon  received  a  travelinR 
liixK  in  token  for  his  excellent  work  as  chairman  of  the 
convention  committee.  Progressive  Council,  No.  12,  of 
Newark,  N.  J.,  presented  the  frrand  body  a  service  bajj  fo'" 
carrying  the  paraphernalia  of  the  orjranization. 

Precedinjr  the  installation  of  officers  on  Friday  afternoon 
I'leniorial  services  were  conducted  for  the  brothers  who  had 
passed  away  during  the  year.  Chaplain  P.  H.  Early 
officiated. 

Toronto,  Canada,  was  selected  as  the  next  convention  city 
in  August,  1921. 

Seattle  Considers  Means  to  Relieve 


Power  Shortage 


In  the  discussion  of  means  of  relieving  Seattle  of  its 
power  shortage  and  of  insuring  continued  power  supply  at 
lowest  practicable  cost,  J.  D.  Ross,  superintendent  of  light- 
ing for  the  city,  urges  the  speedy  drilling  of  a  tunnel  at 
Cedar  Falls.  This  tunnel,  if  drilled,  will  be  11  ft.  diameter 
by  8,500  ft.  long. 

This  course  is  urged  as  an  alternative  for  the  use  of 
steam-driven  electric  generators.  The  Pacific  Coast  Coal 
Co.  is  said  to  have  presented  the  City  Council  with  an 
estimate  for  powdered  coal  for  the  Lake  Union  steam  sta- 
tion to  take  the  place  of  the  Cedar  River  tunnel.  Mr.  Ross 
says  that  the  above  coal  company  gives  an  estimate  of 
$640,000  to  equip  only  57  per  cent  of  the  steam  boilers, 
which  would  mean  a  cost  of  over  51,000,000  to  equip  the 
entire  plant.  They  estimate  that  on  $1,000,000  worth  of 
coal  they  could  save  $200,000  a  year  over  the  cost  of  oil 
which  would  leave  $800,000  to  add  to  the  first  cost  of 
$640,000,  or  a  total  of  $1,440,000  during  the  first  year. 
While  the  tunnel  would  cost  $1,100,000  and  be  a  perpetual 
asset,  the  million  dollars  worth  of  coal  on  the  other  hand 
would  be  a  dead  loss  and  would  soon  have  to  be  repeated. 
W^hen  Skagit  power  comes  in  all  coal  machinery  would  lie 
idle  and  would  mean  useless  overhead  charge. 

Powdered  coal  delivers  most  of  its  ash  to  the  smoke- 
stacks. Last  year  alone  90,000  tons  of  coal  or  1,800  car- 
loads would  have  been  required  at  Lake  Union,  giving  11,- 
250  tons  of  ash  most  of  which  would  deluge  the  residences 
for  a  mile  around. 

For  conditions  at  Seattle  Mr.  Ross  thinks  that  powdered 
coal  is  a  doubtful  experiment.  The  Stone  &  Webster  Co. 
tried  to  make  it  a  success  at  its  Western  Avenue  plant, 
he  contends,  but  nas  not  succeeded  so  far,  and  went  to  stoker 
feed  at  its  largest  plant  at  Georgetown. 

The  coal  company  on  the  same  day  they  gave  this  esti- 
mate predicted  a  20  per  cent  raise  in  coal  if  the  new  freight 
rates  go  into  effect. 

Governor  Hart  has  just  issued  a  warning  that  all  cars 
available  will  be  taken  to  the  eastern  and  middle  states. 

Mill  refuse  is  not  available  at  any  price  for  more  than 
one-third  of  Seattle's  needs,  and  even  if  it  w-ere  available  is 
dependent  on  whether  a  few  lumber  mills  run  or  close 
down.  There  are  63,000  customers  and  service  must  be  de- 
pendable. 

Fuel  equipment  cannot  be  bought  and  installed  as  quickly 
as  the  tunnel  can  be  built  as  machinery  is  hard  to  get.  On 
the  other  hand,  the  tunnel  requires  only  labor  and  concrete 
both  easy  to  get  locally. 

The  builders  of  the  Elizabeth  tunnel  in  California  esti- 
mate that  this  tunnel  at  Cedar  Falls  could  be  built  in  four 
months  actual  working  time  by  opening  several  adits.  Ac- 
cording to  Mr.  Ross,  several  well-known  contractors  are 
willing  to  take  the  job  at  $100  per  ft.  of  tunnel.  All  ma- 
chinery would  be  ready  for  50,000  hp.  without  additional 
work.  This  summer  not  more  than  2,000-hp.  capacity  is  avail- 
able at  Cedar  Falls  and  present  equipment  delivers  only 
about  15,000  hp.  during  the  winter  months. 


Slil|)|»in<<;  Hoard  TontraetH 
for  Fii<*l  Oil 

The  Unite*!  StaloH  Shipping  Board  announces  that  it 
ha8  entered  into  a  contract  with  the  Standard  Oil  Co.  of 
New  Jersey  for  supplying  fuel  oil  to  Shipping  Board  Hhipn 
as  follows:  New  York,  9,:!00,000  bbl.  at  $2.:iO  per  bid. 
terminal  delivery  and  $2.40  barge  rielivery;  Baltimore, 
1,500,000  bbl.  at  $2.27i  per  bbl.  terminal  «lelivery  and  $2.:!7i 
barge  delivery;  Norfolk,  3,475,000  bbl.  at  $2.60  per  bbl. 
terminal  delivery  and  $2.70  l)arge  rielivery;  Charleston, 
400,000  bbl.  at  $2.15  terminal  delivery;  New  Orleans 
(Baton  Rouge),  1,150,000  bbl.  at  $1.90  per  bbl.  terminal 
delivery  and  $2.05  barge  delivery.  The  following  awards 
on  bids  for  supplying  fuel  oil  have  been  made:  Atlantic 
Refining  Company,  Philadelphia,  Pa.,  3,000,000  bbl.  of  C 
grade  fuel  oil  at  $2.30  per  bbl.  terminal  delivery  and  $2.38i 
barge  delivery,  Philadelphia,  Pa.,  deliveries  to  be  made 
during  the  calendar  year  1921;  Gulf  Refining  Company, 
Pittsburgh,  Pa.,  125,000  bbl.  of  C  grade  fuel  oil  at  $2.10 
per  bbl.  terminal  delivery  and  $2.20  barge  delivery  at  Port 
Arthur,  Tex.,  deliveries  to  be  made  over  a  period  of  six 
months  beginning  Oct.  1,  1920;  Midco-Mexico  Company, 
Tulsa,  Okla.,  4,900,000  to  7,000,000  bbl.  of  C  grade  fuel  oil 
at  $1.10  per  bbl.  terminal  delivery  for  the  first  year  and 
$1.25  for  the  next  two  succeeding  years  at  New  Orleans, 
deliveries  to  start  on  or  about  Jan.  1,  1921. 

Water  Power  Commission 
Holds  Hearings 

Carrying  out  its  policy  to  hear  criticisms  of  regulations 
to  be  used  in  administering  the  Water  Power  Act,  the 
Federal  Power  Commission  on  Aug.  12  listened  to  the 
views  of  those  interested  in  the  form  of  permit  which  will 
be  used  in  making  applications  for  power  sites.  The  day 
following,  representatives  of  banks  and  bond  houses  were 
heard  on  the  regulation*  which  have  a  bearing  on  the 
financial  aspects  of  the  law. 

The  Great  Falls  water  power  project,  on  the  Potomac,  is 
to  be  the  subject  of  a  hearing  before  the  Power  Commis- 
sion on  Aug.  24.  All  railroads  entering  Washington  have 
been  invited  to  send  representatives  to  the  hearing.  All 
large  consumers  of  power  in  Washington  and  throughout 
the  Great  Falls  area  will  be  represented  at  the  hearing. 
The  Commissioners  of  the  District  of  Columbia  and  the 
public  utilities  commissioners  of  Virginia  and  of  Mary- 
land also  are  expected  to  be  in  attendance. 

Major  L.  W.  Call,  of  the  Judge  Advocate  General's  oflSce, 
has  been  transferred  to  the  Federal  Power  Commission  and 
will  serve  as  its  chief  counsel. 


Domestic  exports  of  electrical  machinery  and  appliances 
from  the  United  States  by  countries  during  May,  1920, 
as  shown  by  the  monthly  report  of  the  Department  of 
Commerce,  Bureau  of  Foreign  and  Domestic  Commerce, 
are  as  follows:  Batteries  valued  at  $676,624;  carbons 
valued  at  $129,546;  dynamos  and  generators  valued  at  $549,- 
251;  fans  valued  at  $152,100;  arc -lamps  valued  at  $38.17; 
incandescent  lamps  (carbon  filament)  valued  at  $55.66, 
(metal  filament)  valued  at  $343,843;  magnetoes  and  spark 
plugs,  etc.,  valued  at  $360,317;  meters  and  measuring  in- 
struments valued  at  $288,021;  rheostats  and  controllers 
valued  at  $433.65;  switches  and  accessories  valued  at  $269,- 
794;  telegraph  apparatus  valued  at  $41,752;  telephones 
valued  at  $414,838;  transformers  valued  at  $319,992,  and 
other  electrical  apparatus   valued  at  $2,869,808. 


The  Swiss  Standards  Association  in  a  communication  to 
various  national  engineering  standardizing  bodies  proposes 
the  standardization  of  widths  across  flats  on  nuts  and  bolt 
heads.  The  proposal  covers  the  range  of  J  in.  (6  mm.), 
3  in.  (80  mm.)  diameter  of  bolts.  Standardizing  bodies 
of  America,  Belgium,  England,  France,  Germany,  Holland 
and  Sweden  received  copies  of  the  communication.  The 
American  Engineering  Standards  Committee  has  requested 
the  American  Society  of  Mechanical  Engineers  and  the 
Society  of  Automotive  Engineers  to  act  as  joint  sponsors. 
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Sidelights  on  the  Coal  Situation 

As  a  part  of  their  campaign  for  better  car  supply  to 
overcome  the  existing  shortage  in  soft  coal,  bituminous 
operators  in  the  National  Coal  Association  have  urged  the 
Interstate  Commerce  Commission  to  takg  drastic  steps  to 
regulate  the  distribution  of  open  top  car  equipment  to 
small  country  "wagon"  mines,  hundreds  of  which  have 
sprung  into  activity  during  the  coal  shortage  emergency. 
It  is  roughly  estimated  that  there  are  upwards  of  3,000 
mines  of  this  character  throughout  the  bituminous  coal 
fields. 

These  so-called  "wagon"  mines,  which  are  a  considerable 
factor  at  this  time  in  the  speculative  field,  are  located  from 
one -half  mile  to  5  miles  away  from  a  railway  switch,  and 
have  to  haul  their  output  by  wagon  or  motor  truck  to  the 
tracks.  The  mines,  having  only  a  small  tonnage,  draw  upon 
the  railroads  ['Aa.i\y  for  equipment,  tying  up  cars  at  the 
switches  because  of  their  necessarily  slow  method  of  load- 
ing coal.  Hui^eds  of  cars  which  are  needed  to  overcome 
the  shortage  w  equipment  in  movements  from  the  soft 
coal  fields  where  facilities  exist  for  quick  loading  and 
expeditious  haiwHing  of  the  output,  are  in  this  way  tied  up. 


drop  below  the  1919  level  for  the  first  time  this  year.  The 
total  output,  including  lignite  and  coal  coked  at  the  mine, 
is  estimated  at  9,357,000  net  tons,  a  decrease  when  com- 
pared with  the  latest  pre-strike  week,  of  1,523,000  net  tons. 


The   strike   of   daymen    in   the    Middle    West   caused   the 
production  of   soft   coal   during  the  last  week   of  July  to 


Unlike  the  production  of  soft  coal,  that  of  anthracite  in- 
creased during  the  week  ended  July  31.  Shipments  orig- 
inated 1  y  the  principal  carriers  (in  part  estimated) 
amounted  to  36,487  cars,  the  largest  since  the  middle  of 
June.  The  total  output,  including  mine  fuel  and  local  sales, 
is  estimated  at  1,874,000  net  tons.  This  was  104,000  tons 
greater  than  that  of  the  preceding  week,  and  62,000  greater 
than  during  the  corresponding  week  of  1919. 

Cumulative  production  since  January  1,  1920,  now  stands 
at  50,575,000  tons,  as  against  47,307,000  tons  in  1919. 

A  decrease  of  15,000  tons  marked  the  production  of  bee- 
hive coke  during  the  week  ended  July  31.  The  total  output 
is  estimated  on  the  basis  of  shipments  over  the  principal 
carriers  at  370,000  net  tons,  4  per  cent  less  than  that  of 
the  preceding  week.  Production  in  the  Connellsville  region, 
as  reported  by  the  Connellsville  Courier,  decreased  from 
182,145  to  172,870  tons. 

The  cumulative  output  since  the  bejjinning  of  the  year 
now  amounts  to  12,286,000  tons,  an  increase  of  15  per  cent 
over  1919. 


Society  Affairs 


A  National  Conference  of  engineering  em- 
ployment sponsored  by  the  American  Asso- 
ciation of  Engineers  will  be  held  in  Cliicago 
on  November  12,  1920.  Practically  all  free 
employment  bureaus  will  have  representa- 
tives at  this  conference.  .\11  employment 
managers  of  the  large  industries  and  em- 
ployers of  technical  men  will  be  invited  to 
attend  and  participate.  The  object  of  this 
conference  is  to  provide  a  forum  for  solu- 
tion of  industrial  relations  problems  affect- 
ing employers  and  engineers. 

The  Americani  Association  of  Engineers 
has  succeeded  in  having  a  board  appointed 
by  the  Navy  Department  to  consider  the 
salary  needs  of  the  navy  technical  force 
and  other  employees.  An  A.  A.  E.  com- 
mittee consisting  of  J.  T.  Maguire,  K.  D. 
Williams  and  District  Secretary  R.  C. 
Bailey  appeared  before  the  board  on  August 
5  and  presented  data  which  indicates  the 
need  of  about  a  40  per  cent  increase.  An 
increase  of  somewhat  less  than  this  was 
requested  by  the  committee.  The  board  will 
report  on  the  20th  of  August  and  the  Navy 
Dept.  will  take  action  upon  the  recommen- 
dations on  September  1.  The  members  of 
f^e  board  are  Captain  .T.  K.  Robison,  I... 
McK.  Howe  and  A.  J.  Berres. 


Personals 


New  Publications 


TIN  SHEET-IRON  AND  COPPER-PL.\TE 
WORKER.  By  Leroy  J.  Blinn.  Pub- 
lished bv  Henrv  Carey  Baird  &  Co., 
lac,  New  York  City.  Cloth,  5x75  in.  ; 
334  pages. 
This  volume  is  a  new  and  enlarged  edi- 
tion, containing  many  new  problems  in 
metal  plate  work  and  should  prove  of 
practical  value  to  workers  in  tin,  sheet-iron 
and  copper  plate.  The  book  is  brouglit  up 
to  date  with  the  addition  of  new  problems 
which  deal  more  particularly  with  triangu- 
lation  and  modern  slcylight  work.  A  note- 
worthy feature  is  the  treatment  of  metallic 
alloys  and  solders;  the  more  important 
seams  or  joints  used  in  plate  work  and  the 
various  ways  of  making  them  are  illustrated 
and  described  in  a  clear  and  concise  man- 
ner. There  are  suggestions  for  tempering 
and  for  other  operations  useful  in  the  work- 
shop, also  numerous  useful  tables  designed 
to  furnish  a  quick  guide  and  save  time. 
Valuable  recipes  of  all  kinds  round  out  this 
most  complete  work.  Included  in  its  chap- 
ters are  rules  for  describing  various  kinds 
of  patterns,  practical  geometry,  mensura- 
tion of  surfaces  and  solids,  tables  of  the 
weights  and  strength  of  metals  and  other 
materials,  tables  of  areas  and  circumfer- 
ences of  circles,  composition  of  metallic  al- 
loys and  solders.  A  most  complete  index 
enables  quick  reference  to  the  subject 
matter. 


D.  B.  Rnshmore,  chief  engineer  of  the 
power  and  mining  department  of  the  Gen- 
eral Electric  Co.,  has  been  elected  vice- 
president  of  the  American  Welding  Society. 

C.  v.  PeelinR,  formerly  manager  of  the 
Cornwall  (Ont.)  Street  Railway,  Light  & 
Power  Company,  has  become  connected 
with  the  Palmetto  Power  &  Light  Company, 
Florence,  S.  C. 

A.  T.  Hardin,  vice-president  of  operation 
of  the  New  York  Central  Railroad,  has  been 
appointed  by  W.  S.  Murray,  head  of  the 
super-zone  engineering  staff,  to  the  advisory 
board,  representing  the  New  York  railroads. 

The  American  Society  for  Testingr  Ma- 
terials has  appointed  C.  D.  Young  as  its 
representative  on  Engineering  Council  to 
succeed  Albert  Ladd  Colby.  Mr.  Young  is 
General  Supervisor  of  Stores.  Tinnsylvania 
System,  Broad  Street  Station.  Philadeljihia, 
and  Vice-President  of  the  American  Society 
for  Testing  Materials. 

H.  Wi  Bntler  has  been  designated  as  in- 
dustries division  engineer  of  the  super- 
Rower  zone  engineering  staff.  Mr.  Butler 
is  a  graduate  of  Cornell  University  and 
was  connected  with  the  Interborough  Rapid 
Transit  Co,  until  IflOT.  when  he  resigned  to 
accept  a  position  with  .1.  G.  White  &  Co,, 
with  whom  he  was  engaged  until  1913. 
Later  he  did  consulting  work  in  New  York. 
During  the  war  he  was  assigned  to  the 
aircraft  production  department  of  the  Army. 


iiiiiiiiiiiiiiiiiiiiiii 


Trade  Catalogs 


"Science  in  Industry"  is  the  title  of  a  26- 
page  booklet  just  published  by  M.  H.  Avram 
&  Co,,  Inc.,  New  York  City.  The  booklet 
contains  a  discussion  of  the  province  of 
industrial  engineering  and  exiilains  the 
need  of  a  systematic  method  of  scientific 
guidance  and  control  whose  application 
would  tend  to  decrease  industrial  waste  and 
strengthen   industrial  effectiveness. 

The  Traylor  Engineeringr  &  Mannfaotiir- 
ing  Co.,  of  Allentown,  Pa.,  has  ready  for 
distribution  a  new  50-page  catalog  entitled 
"The  Traylor  Superiiump  and  Hydraulic 
Machinery."  The  liooklet  gives  a  compre- 
hensive idea  of  the  cnnstructioiial  details  of 
the  Traylor  Superpump.  It  should  prove  of 
practical  value  to  the  operating  engineer 
and  will  give  the  V'^rchaser  data  pertaining 
to  the  selection  of  pumring  equipment.  A 
copy  will  be  sent  on  request. 

The  Kell.v  Controller  Co.  of  Chicago  has 
jwst  completed  publication  of  two  new  cata- 
logs entitled  respectively  the  "Kelly  High 
Pressure  Controller"  and  the  "Kelly  Low 
Pressure  Controller,"  The  first  contains 
descriptions  and  illustrations  of  the  high 
pressure  controller  manufactured  by  that 
comimny  and  a  table  of  dimen.si'ins  of  the 
various  parts  of  the  article.  The  second 
contains  a  descrinlion  of  the  low  pressure 
controller,  with  photographs  and  line  draw- 
ings. 


The  Kdward  R.  I^adew  Co.,  Inc.,  manu- 
facturer of  leather  belting,  54  Franklin  St., 
New  York  City,  has  just  finished  publication 
of  a  new  20-page  catalog  entitled  "A  Study 
of  Various  Types  of  Belting."  The  booklet 
contains  a  study  of  various  types  of  belting 
and  belt-testing  equipment.  The  results  of 
a  number  of  tests  are  also  given,  together 
with  curves  illustrating  the  horsepower 
transmitted  at  various  percentages  of  slip. 
A  copy  of  the  catalog  will  be  sent  on  re- 
quest. 

Fan  System  of  Heatinpr.  Ventilating  and 
Humidifying  is  the  title  of  a  115-pc.ge  cata- 
log ready  for  distribution  by  the  Buffalo 
Forge  Co,,  Buffalo,  N,  Y.  In  the  volume 
particular  stress  is  laid  on  the  principles 
underlying  all  the  various  steps  in  the  de- 
t  ■rmination  of  suitable  apparatus  to  meet 
all  conditions  of  heating,  ventilating  and 
humidifying,  A  brief  history  of  the  heat- 
ing and  ventilating  art  in  public  buildings 
is  given.  This  is  followed  by  a  comparison 
between  natural  and  mechanical  ventila- 
tion and  several  tests  made  of  each  system. 
A  synthetic  air  chart  designed  as  a  con- 
venient method  of  recording  data  and  arriv- 
ing at  a  final  percentage  of  perfect  ventila- 
tion is  given.  The  chart  includes  all  the 
known  factors  that  influence  the  ventilation 
of  a  room.  Some  of  the  other  subjects 
presented  are  heating,  room  temperature, 
heat  losses,  humidity,  iisychrometric  charts, 
carrier  air  washers,  humidity  control  :  ven- 
tilation in  hosnitals,  libraries,  schools, 
theaters.  churches,  tier/artment  stores. 
Heating,  ventilating  and  humidifying  in 
industrial  plants  are  treated  in  a  compre- 
hensive manner  in  part  two  of  the  book. 
Part  three  describes  the  Buffalo  apparatus, 
and  part  four  deals  with  fan  engineering 
problems. 


Business  Items 


Tlie  Cliicaf;o  Fuse  Manufacturing  Co.  has 

acquired  a  new  factory  comprising  a  front- 
age of  140  ft.  on  Laflin  St.  and  3 SO  ft.  on 
Fifteenth  St,.  Chicago.  The  building  is  a 
two-story  factory  structure  with  a  four- 
story  oflice  section,  and  contains  a  total 
floor  space  of  125,000  sq.ft. 

Greene,  Tweed  &  Co.,  New  York,  an- 
nmmce  to  operators  of  steam  i)OWer  plants 
the  completion  of  arrangements  to  manu- 
facture the  Rochester  .Automatic  Lubri- 
cators in  their  new  plant  at  Newark,  N.  .1. 
This  plant  is  to  be  under  the  supervision 
of  one  of  their  vice-presidents. 

M.  H.  Detrick  Company,  manufacturers 
of  flat  suspended  archeB  and  steam  jet  ash 
c-^mveyors,  announce  the  opening  of  an 
Eastern  branch  office  at  30  Church  Street, 
New  York  City.  This  office  will  be  under 
the  management  of  R,  D.  Foltz.  former 
Assistant  Meolianical  Engineer,  who  has 
been  apiiointed  lOastern  Sales  Manager.  Mr. 
Foltz  will  suixTvise  the  New  York,  Boston, 
Ilazelton  and  Pliiladelphia  offices.  Harry 
S.  Sleicher  will  continue  to  handle  all  sales 
matters   in  the  New  York  territory. 
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Clip,  imstf  on  3  x  Ct-in.  ranis  nnd  fill'  an  denirvd 


Trap,    Mtlirr    rtlritm 

O.  J     Miller  I'o  .   122,S  Columbia  Ave.  riillixli-lplilii.   Ta. 
PowtT."  Junf  22.  1920 

Till*  trap  In  ilcHlKtH'il  to  uno  with 
miu-hlntTy  wlu-n  ronnliinl  ti'iiipiTii- 
turc  iinti  (Iiui'oukIi  ilialiilUK  of  loii- 
il.-Ii.mitloM  Im  .l.dlriihl.  foml.'ii.Miill.in 
frilrrs  thruuKh  nil  Inl^t  |>l|>i-  "ml  ;i 
lloiit  lioUl.s  11  li'vcr  ilowii.  whlili  In 
turn  liolilH  llir  pllol  viilvi'  from  lt» 
xi'iit.  Sli'iim  iinil  iilr  tln^n  (low  throuRli 
111.'  pUot-valvc  •U.Mi-  .111.1  rloHc  thi-  dlfi- 
rli.n-Ki-  v.'ilvr.  As  thr  WMti'r  rl.ti's  In 
till'  triip.  It  pu.flii's  tlu-  Moat  upwaiil 
until  the  pilot  vnlvr  l.s  <lo»o.l.  wlil<h 
.utlon  cut.-)  off  stonm  from  the  oyl- 
inilor.  An  nlr  vrnt  rolrnsi-s  the  pffs- 
suri-  In  Ihv  trap,  nnd  tlu'  dlscliurBi- 
v:ilvo  is  foried  wldr-  opfn  to  the 
(lisiharKi-  pipe.  HrmovinK  the  .scat 
holder  from  the  bottom  of  thi-  valvi- 
permits  of  the  seat  and  valve  h<-inK 
easily  removed  for  i-eErlnd'.nK  or 
renewal. 


Controlirr,    Kelly    Tliprmo    Return 

Kelly  Controller  Co..  175  West  Jackson  TSoulcvard.  Chicago.  111. 
•Tower."  July  13.  1920 

This  device  is  do- 
slpned  to  return 
water  to  the  boiler 
again.st  any  back 
pressure  and  keep 
the  return  lines  dry. 
It  is  thermostatically 
controlled,  and  the 
operating  mechanism 
is  visible  and  acces- 
sible. A  steam  line 
is  connected  from  the 
boiler  to  the  contjol- 
ler  chamber.  A  clu  ik 
valve  prevents  a  back 
flow  of  water  from 
the  boiler.  When  the 
return  water  has  ac- 
cumulated in  suffi- 
cient quantity  to 
cover  the  thermostat,  the  thermostat  contracts  thereliy  closing  one 
valve  and  opening  another,  which  action  permits  steam  at  boiler 
pressure  to  enter  the  receiver  and  thus  allows  the  water  to 
return  to  the  boiler  by  gravity.  

Heating    System.    Farnswortli 

Farns worth  Co..  Conshohocken,  Pa. 

"Power."  June   29.   1920 


This  system  consists  of  a 
duplex  boiler  feeder  which  per- 
mits of  a  continuous  flow  of 
condensate  into  the  boiler  at  a 
temperature  only  one  or  two 
degrees  below  that  of  the 
steam  corresponding  to  the 
pressure  carried  in  the  system. 
There  are  no  vent  openings  to 
the  atmosphere  and  practically 
no  heat  loss.  The  return  line 
from  the  risers  is  carried 
through  the  boiler  meter,  which 
is  located  above  the  water  line 
of  the  boiler.  There  is  no  re- 
turn line  other  than  to  connect 
the  risers  through  the  boiler 
feeder.  The  condensate  is 
held  under  a  pressure  and  is 
fed  directly  into  the  boiler. 


(uiilrollrr.    Krily    Illsli 
Ki'lly   (Niiit roller  Co., 


-I'rrii»iir'" 

IT.'i   Went  JackNon  Koulevard,  Chlcaico.  111. 
I'ow.r."   .luly    1.1.   1920 

Thl»  controller  Ih  d<'Hl»fned 
prlmiirlly  for  nlnKl''  bollem 
iinil  iii'tfi  nn  ii  ntenm  xepiirutor 
when  Innerted  In  the  Hteiitn- 
xupply  line  from  the  boiler. 
Till'  Moat  Ifi  connected  to  a 
butteilly  v.ilve  at  the  upper 
Midi'  and  to  another  valve  from 
the  lower  Hide  through  a  Herlen 
of  li-vern.  Whi-n  the  quantity 
of  w.iler  mparated  from  the 
stiam  becomeH  greater  than 
<  .in  he  carried  away  through 
the  bleeder  opening,  the  (loal 
riMes  and  pulls  the  Mtem  down- 
w;ird.  which  allowH  uteam  to 
be  supplied  through  a  pipe  to 
blow  an  alarm.  If  an  oxceH- 
sive  amount  of  water  acc'upiu- 
lates.  the  float  rises  and  clones 
a  butterfly  valve,  thus  pre- 
venting the  water  from  enter- 
ing the  Hteam  main. 


Skip  HaUt-Traimportrr,  Improved    Kalanced 

Exeter  Machine  Works,  30  Church  St.,  New  York  City. 
"Power,"    1920 


Combines  horizontal  transportation 
with  hoisting  operation  in  a  single 
machine.  Coal  Is  loaded  at  an  opening 
in  the  upper  front  side  and  discharges 
through  a  single-  or  double-hinged 
door  on  the  opposite  side,  when  the 
skip  is  on  a  horizontal  track.  The 
doors  are  held  closed  by  a  latch, 
which  is  operated  for  discharging  by 
a  tripper  arranged  along  the  track. 
This  tripper  can  be  shifted  to  any 
desired  position  for  dumping.  The 
skip  hoist  and  one-half  of  its  load  is 
balanced  by  a  counterweight  which 
operates  only  during  the  vertical  mo- 
tion ot  the  skip.  When  lowering  the 
empty  skip,  the  motor  raises  the 
counterweight.  A  second  counter- 
weight takes  up  the  slack  rope  paid 
out  during  the  horizontal  travel  of  the 
skip.  A  third  weight  carries  the  skip 
back   after   discharging. 


Valve,    Quintuple-Duty    Steam 

Kellv  Controller  Co.,  175  West  Jackson  Boulevard,  Chicago,   111. 
"Power,"  July  13,   1920 

This  valve  combines  five  sepa- 
rate functions  in  that  It  auto- 
matically protects  the  boiler  main 
and  engine  by  closing  when  a  rup- 
ture occurs  in  either  the  boiler,  or 
mains,  or  when  the  boiler  primes. 
It  also  acts  as  a  non-return  or  a 
check  valve,  as  a  main  protection, 
as  a  steam  trap,  as  an  engine 
protection  and  as  an  equalizing 
-A  "I  lfrfe^t^til|i  I  :\''a"'  valve.  Should  the  boiler  pres- 
0       {      'Vn      A  I        :  I  ;  \()        sure  become  lower  than  the  header 

^ J      ru      vSt^^^^TXt^        o''     steam      main      pressure,      the 

1  I  Lfi - '  irrT^  V-'  weight   of   a    plunger    and   a   disk 

closes  the  valve  slowly  against 
the  cushioning  action  under  the 
plunger.  Should  the  main  header 
burst,  the  pressure  lowers  on  the 
top  side  at  the  auxiliary  vajve, 
and  as  boiler  pressure  is  under 
this  valve  it  opens,  allowing 
steam  to  be  applied  to  the  uaper 
side  of  the  plunger,  which  closes  the  main  valve. 


Grease    tup,    Harrison    Center    Thread 

H.   &  H.    Motor    Specialties    Co..   Inc..    ' 
Mass. 

"Power."    1920 


55    Boylston    St.,  Boston. 


Trap,    Ellis    Tilting    Steam 
Ellis  Drier  Co.,  Chicago,  111. 

"•^ower,"  July  27,  1920 


This  grease  cup  is  made  with  a 
drawn-steel  base  with  a  screw  plate 
electrically  welded  to  it.  The  cap  con- 
sists of  a  drawn-steel  shell  with  a 
screw  electrically  welded  in  the  centei'. 
A  heavy  leath<;r  washer  fits  over  the 
hexagon  base  and  is  reinforced  with 
a  steel  washer.  The  screw  plate  is 
provided  with  four  holes  through 
which  the  grease  is  forced  into  the 
base,  and  which  prevents  emptying  the 
base  when  removing  the   cap. 


Water  of  condensation  runs 
into  the  receiving  tank  through  a 
trunnion.  When  sufficient  water 
has  entered  the  tank  to  counter- 
balance the  weight  which  is  with- 
in the  tank  between  a  double 
head,  the  tank  tilts,  opening  a 
valve  which  allows  steam  to  enter 
the  receiver  through  a  vertical 
pipe  and  forces  the  condensation 
out  of  the  trap.  As  soon  as  the 
water  is  discharged,  the  counter- 
weight brings  the  tank  back  to 
horizontal,  or  filling  position.  The 
new  position  of  the  counterweight 
produces  a  rapid  tilting  action. 
When  the  trap  begins  to  tilt,  the 
center  or  gravity  of  the  counter- 
"     ■  Tempered 


weight  moves  forward  as  it  swings  through  its  arc.  Tempered 
.Springs  act  as  a  shock  absorber,  and  a  relief  valve  attached  to 
and  below  the  steam  valve  is  always  open  when  the  trap  is  fill- 
ing    The  tank  has  welded  seams  and  is  tested  to  IdO  lb.  press^£e. 
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New  Construction 


PROPOSED    WORK 

Me.,  Saco — The  Garland  Mfg.  Co.  is  in 
the  market  for  motors,  etc. 

N.  H..  Manchester — The  Bd.  Educ.  will 
receive  bids  until  August  31  for  a  3  story 
high  school  including  a  steam  heating  sys- 
tem. About  $450,000.  C.  R.  Whitcher.  814 
Elm  St.,   Archt. 

X.  H.,  Mancliester — The  Bd.  Educ.  will 
receive  bids  until  August  31  for  a  3  story. 
100  X  110  ft.  high  school  including  a  steam 
heating  system  on  Notre  Dame  Ave.  About 
$300,000.  W.  E.  Provost,  581  Union  St.. 
Archt. 

Vt.,  Brandon — The  Health  Comn.  plans  to 
build  a  1  story  central  heating  plant  at  the 
State  Hospital  here.  A.  S.  Kellogg,  53  State 
St.,  Boston,  Mass..  Engr.  Frank  L.  Austin, 
College  St.,   Burlington,   Archt. 

Mass.,  Atliol — The  town  will  receive  bids 
about  September  10  for  a  2  story,  50  x  125 
ft.  memorial  hall  including  a  steam  heating 
system  on  Main  St.  About  $250,000. 
Brainerd,  I^eeds  &  Kellogg.  89  Franklin 
St.,  Boston.   Archts. 

Ma.ss.,  Cambridge — The  city  received  bids 
for  the  installation  of  a  heating  and  plumb- 
ing system  in  the  proposed  3  story,  77  x 
140  ft.  hospital  addition  on  Mt.  Auburn  St., 
from  Lynch  &  Woodward.  287  Atlantic  St, 
Boston,   $16,675. 

Mass.,  Greenfield — The  town  is  having 
plans  revised  for  a  3  story  high  school  in- 
cluding a  steam  heating  svstem  on  Federal 
and  Sauriderson  Sts.  About  $400,000. 
Harry  Richardson,  Chn.  Patton  &  Blair, 
,   579  5th  Ave.,  New  York  City,  Archts. 

X.  T.,  Brooklyn  —  William  H.  Gompert. 
Archt.  and  Engr..  171  Madison  Ave.,  New 
York  City,  will  receive  bids  until  August 
23  for  a  2  story,  50  x  120  ft.  bank  building 
including  a  steam  heating  system  for  the 
Homestead  Bank,  141  Penn  Ave.,  East  New 
York.      About   $300,000. 

X.  Y.,  X'ew  York  —  The  Interborough 
Rapid  Transit  Co.,  165  B'way.  is  in  the 
market  for  conveying  and  hoisting  ma- 
chinery for  the  new  storage  yards  at  New 
Lots  and   Stanley  Aves..   Brooklyn. 

X'.  Y.,  Xew  York — The  J.  P.  Morgan  Co., 
23  Wall  St.,  is  having  plans  prepared  for  a 
20  story  office  building  addition  including 
a  steam  heating  system  at  11-21  Broad  St. 
About  $4  ono.OOO.  Trowbridge  &  Living- 
ston, 527  5th  Ave..  Archts.  and  Engrs. 

X.  Y.,  X'ew  York  (Borough  of  Richmond) 
— The  Dept.  of  Pub.  Welfare.  Municipal 
Bldg.,  New  York  City,  will  receive  bids 
until  August  20  for  furnishing,  delivering 
and  installing  boilers  in  the  proposed  addi- 
tion to  the  present  boiler  house  at  Sea 
View  Hospital,  here. 

X.  J..  Point  Pleasant — The  Lakewood  & 
Coast  Electric  Co.  plans  to  build  a  15  mi., 
13.200  volt,  3  phase,  transmission  line  from 
here  to  the  Borough  of  Seaside  Heights 
and  is  in  the  market  for  equipment  for 
same.     S.  W.  Borden,  Summit.  Genl.  Mgr. 

X.  J.,  Trenton  —  W.  H.  McElfatrick, 
Archt.,  701  7th  Ave.,  New  York  City,  will 
soon  award  the  contract  for  a  2  story,  100 
X  250  ft.  theatre  including  a  steam  heating 
system  on  South  Broad  St.,  for  the  Trent 
Theatre   Bldg.   Co.      About   $800,000. 

Pa.,  Philadelphia  —  Stewart  A.  Jellet. 
Engr..  Real  Estate  Trust  Bldg.,  will  soon 
award  the  contract  for  a  1  story,  40  x  76 
ft.  power  house  for  the  Ferguson  Carpet 
Co..  Stenton  and  Rockland  Sts. 

Pa.,  Philadelphia — The  Lit  Bros..  Market 
and  8th  Sts.,  will  soon  award  the  contract 
for  a  5  story,  76  x  80  ft.  boiler  house  at  719 
Filbert  St.  Stewart  A.  Jellet  &  Co..  Real 
Estate  Trust  Bldg..  Engr. 

Md.,  nandalk  (Baltimore  P.  O.) — The 
Consolidated  Gas.  Electric  Light  &  Power 
Co.,  Lexington  Bldg.,  Raltimore.  plans  to 
build  a  large  steam  power  plant  here. 

D.     C,     Wa-shing^n — The     Office     of    the 


Tenn.,  Memphis  —  The  Mississippi  River 
<  omn..  1st  and  2d  Districts,  Custom  House, 
will  receive  bids  until  August  26,  for  fur- 
nishing and  delivering  5  return-flue  boilers 
for    the    V.    S.    S.    Chisca. 

Tenn,,  Xashville — The  Morgan  &  Hamil- 
ton Co.,  1400  8th  Ave.,  N..  plans  to  build 
a  bleachery.  Steam  and  electrical  equip- 
ment will  be  installed  in  same.  J.  B.  Mor- 
gan, Pres.  and  Genl.   Mgr. 

Ky.,  Henderson — The  Canoe  Creek  Coal 
Lo.  is  in  the  market  for  electrical  equip- 
ment, etc.  About  $1,000.  Alex.  Blair,  Jr. 
Supt.  and  Mgr. 

O.,  Cleveland — The  city  received  bids  for 
furnishing  one  10,000-kw.  steam  turbo 
generator  condenser,  auxiliaries  and  switch- 
board from  the  Merchants'  Light  &  Heat 
Co.,  Indiana.  $284,350  ;  Westinghouse  Elec- 
tric &  Mfg.  Co.,  East  Pittsburgh  St..  Pitts- 
burgh, $285,567  :  Allis-Chalmers,  Park  Bldg. 
Pittsburgh,    $300,000. 

O.,  Cleveland — The  Masonic  Temple  Asso- 
ciation, c/o  Albert  Wright,  of  the  Otis  Ele- 
vator Co..  1373  Bast  6th  St..  plans  to  build 
a  21  story.  96  x  150  ft.  masonic  memorial 
building  including  a  steam  heating  svstem 
at  3500  Euclid  Ave.  About  $4,000  000.  Hub- 
bel  &  Benes,   4500  Euclid   Ave.,  Archts. 

O.,  Cleveland — The  Standard  Oil  Co..  26 
B'way,  New  York  City,  is  having  plans  pre- 
pared for  a  pumping  plant  here.  About 
$1,000,000. 

O.,  East  Cleveland  (Cleveland  P.  O.)  — 
The  Bd.  Educ,  Williamson  Bldg.,  Cleve- 
land, received  bids  for  a  1  story,  48  x  66 
ft.  heating  plant  in  the  proposed  Prospect 
school  from  the  Drummond  Miller  Co., 
4500  Euclid  Ave..  Cleveland.  $56,900;  C. 
Peterson  Co..  4500  Euclid  Ave..  Cleveland, 
$63,500;  Tenbusch  Parker  Constr.  Co..  1836 
Euclid  Ave.,   Cleveland,    $63,696. 

O.,  I^akewood — The  Bd.  Educ,  1456  War- 
ren Rd.,  will  receive  bids  until  August  25 
for  a  2  story,  44  x  92  ft.  grade  school  addi- 
tion to  the  Lincoln,  McKinley  and  Franklin 
schools.  Plans  include  the  installation  of  a 
steam  heating  system  in  each.  About  $250,- 
000.  C.  W.  Hopkinson.  Rose  Bldg.,  Cleve- 
land,  Archt. 

Ind.,  Ft„  %Vayne  —  The  Bd.  of  County 
Comrs.  is  having  plans  prepared  for  a  2 
story  county  farm  building  near  here.  Plans 
include  a  power  plant.  About  $600,000. 
C.  R.  Weatherhogg.  Hamilton  Bank  Bldg.. 
Archt. 

Ind.,  Indiana  Harbor — C.  E.  Potts,  c/o 
Inland  Steel  Co.,  Mill  Block  Ave.,  will  soon 
award  the  contract  for  a  1.  story,  100  x  300 
ft.  theatre  including  a  steam  heating  svs- 
tem. About  $350,000.  Henry  L.  Newhouse. 
4630   Prairie   St..  Chicago.   111.,   Archt. 

Ind..  Petersburg — The  Bd.  of  Co.  Comrs. 
will  receive  bids  until  August  30  for  a  3 
story,  110  X  110  ft.  court  house  including 
a  steam  heating  system.  About  $400,000. 
Elmer  E.  Dunlap.  909  State  Life  Bldg.. 
Indianapolis.    Archt. 

Mich.,  Ann  Harbor  —  The  University  of 
Michigan  is  having  plans  prepared  for 
dormitory  building.s  including  a  steam  heat- 
ing system.  About  $700,000.  York  &  Saw- 
yer, 50  East  41st  St.,  New  York  City. 
Archts.  and  Engrs. 

Mich.,  Dearborn  —  Malcolmson,  Higgin- 
botham  &  Palmer,  Archts..  403  Moffat  Bldg  . 
Detroit,  will  soon  award  the  contract  for  a 
1  story,  46  x  87  ft.  power  house  including 
equipment  for  same  for  the  Bd.  Educ. 
About   $50,000. 

Mich.,  Detroit — Baxter  O'Dell  &  Halpin, 
Archts.,  1024  Hammond  Bldg..  will  soon 
award  the  contract  for  a  2  story.  45  x  96 
ft.  factory  including  a  steam  heating  sy.<i- 
tem  and  an  electric  motor  for  power  on 
Field  and  Forest  Sts.,  for  the  Wevhing 
Bros..   237  Woodward  Ave.     About  $100,000. 

Mich.,  Flint — The  Y.  M.  C.  A.  is  having 
plans  prepared  for  several  dormitory  build- 
ings including  a  steam  heating  svstem. 
About  $500,000.  Davis.  McGrath  &  Kiesh- 
ing,  220  5th  Ave..  New  York  City.  Archts 
and  Engrs. 


•Minn..  Fairmont — The  Martin  Co.  Elec- 
tric Service  Co.  Inc.  is  having  plans  pre- 
pared for  installing  28  mi.  of  transmission 
me  from  here  through  Welcome  and  Cey- 
lon, to  Dunnell.  About  $28,000.  W  E 
Skinner,  3241  Aldrich  Ave.,  South  Minne- 
apolis, Engr. 

Wis.,  Hartford  —  The  Kissel  Motor  Co 
will    soon    receive    bids    for   furnishing   pipe 

l'?''nn^;  ^^'^■•v.-f?';  U"-  *>""<"■  P'=i"t.  About 
S:^'  .1";  Cahill  &  Douglas,  217  West  Water 
St..   Milwaukee.   Engrs. 

WLs  Marshfleld — The  city  plans  to  build 
an  addition  to  the  boiler  house  and  will 
receive  bids  until  August  27  for  stokers 
teed  water  heater,  superheaters,  etc.,  in 
?,^^%,  J;  Seubert,  Clk.  CahiU  &  Douglas. 
-'1,    West    Water    St.,    Milwaukee,    Engrs. 

loQ^i^v  J*.r""''"kee— The  H.  N.  Davis  Co., 
129  Michigan  St.,   will  soon  award  the  con- 

'^o''^}  i?'"  %  -  ^""■^-  ^**  '^  11"  't-  factory  on 
,,    ?'•      Several  electric  motors  will  be  in- 
stalled in  same. 

Wis.,  Plymouth — The  Service  Motor  Co 
plans  to  build  a  4  story,  60  x  200  ft  garage 
000  electric  power,   etc.      About  $100,- 

„.,^*''*-'  Slieboygan — The  Columbia  Rubber 
^\ks.,  176  16th  St.,  Milwaukee,  is  having 
plans  prepared  for  a  2-  storv,  70  x  200  ft 
factory  addition  including  a  steam  heating 
system.  Plans  include  a  30  x  40  ft.  boiler 
house.  About  $75,000.  Edward  Juul,  805 
North   8th  St.,   Engr. 

■VVis^  Sheboygan — The  St.  Nicholas  Hos- 
en  '  ?o°A'  ^^°  ^-  ^^'^s-  P'^"s  to  build  a 
bO  X  180  ft.  power  house  on  Superior  St 
i^bout  $50,000.  Frank  Geib,  1439  Soutli 
9th    St.,    Engr. 

Minn„  Duluth  —  Cathedral  Parish.  211 
v\est  4th  St.,  will  soon  award  the  contract 
for  a  2  story,  110  x  150  ft  school  including 
fo?',?^'"  heating  system  on  28th  Ave.  About 
$2a0,000.  Maginnis  &  Walsh.  100  Boylston 
St.,   Boston,  Mass..   Archts. 

Minn..  Milaca — The  city  plans  to  install  a 
new  generator  and  probably  an  additional 
^^]\  ■'°,lhe  lighting  plant  W.  E.  Skinner, 
3241    Aldrich   Ave.,   Minneapolis,    Engr. 

Minn,,  Minneapolis  —  The  Bd.  Educ  re- 
ceived bids  for  installing  a  heating  and 
ventilating  system  in  the  proposed  2  story 
60  X  191  ft.  grade  school  on  46th  St  be- 
tween 4th  and  5th  Aves.,  S..  from  H.  Kelly 
&  Co.,  925  Plymouth  Bldg.,  $21,197-  West- 
ern Heating  Co.,   13  East  36th  St,   $22  980- 

Po^o''l^„"/^'"''*''"*^'"^y  ^  Co..  914  Mary  Place! 
$23,365. 

Minn.,  Minneapolis — The  Hennepin  Atom- 
ized Fuel  Co.,  B'way  and  Johnson  Sts.. 
.N.E..  plans  to  install  equipment  including 
pressure   machines,    driers    pulverizers,    etc. 

Minn.,  Stephen — The  Minnesota  Electric 
Distributing  Co..  Crookston,  plans  to  extend 
Its  transmission  line  from  here  to  Crookston 
a  distance  of  50  mi. 

Minn.,  WUImar  —  Hans  Gunderson,  City 
Clk..  will  receive  bids  until  August  23  for 
a  sewer  sludge  pump  and  a  5  hp.  electric 
motor. 

S.  D.,  Plankinton — C.  H.  Nelson,  Stick- 
ney  ;  Mount  Vernon  Light  &  Power  Co.. 
Mount  Vernon,  and  W.  J.  Peters,  White 
Lake,  all  of  S.  D.,  plan  to  build  a  central 
power  plant  here  and  extend  the  transmii- 
sion  lines. 

Ark..  Ft.  Smith — The  city  is  having  plans 
prepared  for  a  waterworks  project.  Plans 
include  2  or  4  additional  settling  basins 
and  equipment,  2  new  boilers  and  1  pump- ■ 
ing  engine.  F.  M.  Smith.  City  Clk.  Black 
&•  Veatch.  Interstate  Bldg.,  Kansas  City 
Mo.,  Engrs. 

Itah,  Ogden — The  Construction  Division, 
War  Dept..  Wash.,  D.  C,  has  purchased  a 
site  here  and  plans  to  construct  35  build- 
ings including  a  small  heating  plant  to 
have    200    hp.    boilers.      About    $2,000  000 


-,       . „ „.     Mich,,  lyansliig — The  Bd.  Educ.  had  plans 

Chief  Signal  Officer.  War  Dept.,  will  receive      prepared   for  a  3  story,   80  x  306  ft.  school 


bids   until    .\ugust   26    tor   furnishing   five,    1 
kw.,  115  volt  telephone  motor  generators. 

W,  Va.,  Spencer — The  Spencer  Water  & 
Ice  Co.  has  purchased  the  plant  of  the 
VVieland  Electric  Co.  and  plans  to  install 
i  new  generators,  and  a  200  hp.  engine  in 
addition   to   the  20   hp.   engine   now   in  use. 


including  steam   heating  equipment.      About 
$325,000.     J.  N.  Churchill,  Archt. 

111.,  Savannah — The  Construction  Di- 
vision, War  Dept.,  Wash.,  D.  C,  plans  to 
build  47  buildings  including  a  small  heat- 
ing plant  to  have  100  hp.  boilers,  here. 
About   $3,000,600. 


Cal..  Los  .Vngeles — The  Bd.  Educ.  will 
receive  bids  until  August  25.  for  furnishing 
all  labor  and  materials  fc-  the  installation 
of  a  boiler  to  replace  the  present  boiler 
at  the  Virgil  Intermediate  School,  150  North 
Vermont   Ave, 

X.  B..  St.  Stephen — The  Maun  Axe  &  Tool 
Co.  plans  to  rebuild  its  plant  which  was 
recently  destroyed  by  fire  and  is  in  the 
market  for  one  10  hp..  200  volt,  60  cycle 
3  phase,  a.c.  induction  motor,  900  r.p.m.  ; 
seven  20  hp.,  200  volt,  60  cycle,  3  phase. 
a.c.    induction   motor,    1,200    r.p.m.  ;    one    13 
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hi>.  200  votl,  «o  rycli'.  .T  phnac.  o-c.  Induc- 
tion motor,  1.200  r.|>m .  and  on«>  40  hp . 
■joo  volt  60  cycli".  3  i)hii»i'.  a.v.  Imlucllon 
motor. 

CONTR.Vt  TH  An'\KI>KI> 
Miwa.,  Arllnfttoii  Tlx'  MMk  rommlltix 
hnH  iiw'iinli'il  till-  conlriiiM  fur  tlu'  IiihIiiIIh- 
lloii  (if  II  liialliiK  aii<l  viMililiitliiK  H.VHti'in  in 
tho  pruposid  Junior  IUkIi  hcIiooI  lii-rv.  lc>  tin- 
Horn  Chiisit  Co.,  Summer  St.,  UuMton.  at 
127.958. 

Mu«a.,  Chnrlratown — The  Pnlmi'r  &  Par- 
ker Co..  l(i:i  MiMlfonl  SI  .  han  awarilcd  Mi.- 
fontrui't  fi>r  a  I  Hlory.  16  x  4i>  ft.  l«olU-r 
plant  to  \V  11  PnMo  Co.  11  r.mlxrtoii 
Sq.,    IIOHton. 

N.  v..  Hronklyn — The  Ilihnw  Instltutp 
of  lloroiiKl)  I'ark.  c,o  I...  A.  Abramtion. 
Archt  anil  Kn^r .  46  W<hI  46th  St..  New 
Vork  City,  will  liulld  a  :t  story  school  audi- 
torium InolutllnK  ;i  steam  hoatlnK  system 
Aliout  $400,000.  \\'ork  will  ho  done  by  day 
labor. 

N.  Y..  Nrw  York — 1 1. .1,1  Rlutlcr.  Penn- 
sylvania Hotel.  New  York  I'lty.  has  award- 
ed the  contract  for  a  2  story  hotel  addition 
IncluilinK  a  steam  heatiiiK  system  to  Georpo 
A.    Fuller.    17.")    .Ith   Ave.,   at    $2.">o.(iO(i. 

N.  J.,  IIiu-krnHiirk — The  Ilackensack  Gen- 
eral Hospital  has  awarded  the  contract  for 
.•I  hospital  addition  and  power  house  to  the 
W.  H.  White  Conslr.  Co.  at  $150,000.  Noted 
May  3. 

n.  C.  ■Witshinirton — The  Pureau  of  Yards 
&  T>ocks,  Navy  nei>t  .  has  awarded  the  con- 
tract for  a  boiler  and  piping,  to  the  W.  G. 
Cornell  Co..  923  12th  St..  N.  W.,  at  $8,586. 

Va.,  Brookneul — The  Brookneal  HIrIi 
School  Bd.  has  awarded  the  contract  for 
the  installation  of  a  heating  system,  in  the 
proposed  2  story.  60  x  80  ft.  high  school  to 
T.   R.   JIarsh,  "Lynchburg. 

Ga.,  Atlanta — The  Red  Diamond  Motor 
Corp.  has  awarded  tha  contract  for  an  as- 
sembly  building    including    a    steam    haating 


nyiilrm    to    H.    D.    lleNl.    ITf.    Mh    Avr.,    New 
York  City,  nt  |:iOo.ooo. 

0„  riovrlnnd  —  Tin-  KulliT  T>ry  Cleanlntc 
Co.  c/o  W.  A.  Theolinld,  76o({  CarneKle 
Ave  ,  hun  awanli-d  the  contract  for  a  1 
Hlory.  29  x  40  fl.  Imller  house  on  Kust  77th 
St  near  CarneKii'  Ave.  to  Paul  KroH.,  52H 
Citizens'   UldK..   at   $2ri.ooo. 

O.,  Clrvrlunil  -The  Sinters  of  the  Notre 
Dame.  10510  Idickeye  Kd  has  awarded 
the  contract  for  h  1  story.  23  x  64  fl.  boiler 
house  to  haw  A  Struuas.  Huildum'  Kxch. 
lildK  .  at  $:io.ooo. 

.MIrh.,  Ilftroll— The  Hd.  E.luc  has  award 
eil  the  contract  for  InHtalllng  a  heating, 
ventilating  ami  plumliing  system  in  Ihi'  pro- 
posed 2  story.  |o,1  \  200  ft  Piilleiiglll 
School  on  Northfleld  and  Spokane  Aves.  to 
Irvin  ti  Meier.  2289  Woodwjird  Ave.  nt 
$94,272:  In  the  proiiosed  2  story.  77  X  1.^9 
ft.  (Jeorge  School  on  Hussell  and  Superior 
Sts.  an(l  in  the  proimsed  2  story,  while 
School  on  Charles  Ave.  to  .lames  \V.  Part- 
Ian.  51  Park  PI.,  at  $56,995;  $92.K5o  ;  and 
In  thi-  iiroiiosed  Davidson  School  on  Iloman 
and  .Joseph  Campau  Aves.  to  the  O'Connor 
Bros..  Vinton  Bldg.,  $85,741.      Noted  Aug.   3. 

III..  Chlraico — .1.  .\.  Wetmore.  Supervising 
Archt..  Treasury  T)ept.,  Wash..  D.  ('.,  has 
awarded  the  contract  for  repairing  the 
boiler  at  the  1'.  S.  Marine  Hospital  here 
to  the  Chicago  Down  Draft  Furnace  Co.. 
115  South  Clinton  St..  at  $2,569. 

Wi».,  Biirron — The  city  has  awanled  the 
contract  for  the  installation  of  machinery 
for  power  plant  to  Otto  Berg.,  c/o  Taylor 
Flour  Mill. 

Win.,  Colfax — The  Colfax  Light  &  Power 
Co.  has  awarded  the  contract  for  furnishing 
a  switchboard  and  motors,  to  the  St.  Paul 
Electric  Co.,  145  East  5th  St..  St.  Paul, 
Jlinn.,   at   $11,000. 

WiN.,  Florence  —  The  Peninsular  Power 
Co.  will  build  a  hydro-electric  plant  here. 
Work   will   he  done  by  day   labor. 


Mill.,    Olnnwooil     Illy      The    Apple    RIvi 
MillbiK    Co.    has    iiwurili'il    the    eontriict    for 
a    traiiHmlMHloii    line    froni    here   to    ICni.riild, 
a  illNliince  of   III  ml    Incliidlng  trunxfuriiierii, 
to    the    St      Paul    Kleclric    Co.     145    l':nilt    fith  J 
St.,    St.     Paul.    Minn.,    at    $10,000. 

WJ«.,  MllwuukKr— The  Amer.  Shlpbulldlr 
Co.,  fool  of  54lh  St..  N.W,  Cliveland.  O, 
has  awarded  the  conlraet  for  a  1  Mtorv, 
50  X  1011  ft.  pump  hoiiHe  on  Washington  s'l 
to  the  Meredith  HroH.,  |i»43  Klnnicklnnl<- 
Ave.,  ut   $60,000. 

WU.,  rfnlitlco — The  rvshtlgo  Pulp  A, 
Piijier  Co.  has  awarded  the  contract  for  .i 
hyilro  electric  power  plant  and  dam  B  ml 
from  here,  to  Jorgenson  ('onslr.  Co.,  J)cii- 
mark.    Wis. 

Minn.,  Karmlncton — The  city  haa  award 
ed  the  conlracl  for  a  500  gal.  duplex  or  trl 
plex  pump,  motor,  etc.,  to  the  Power  Equip 
ment  Co.,  212  3rd  Ave.,  N..  at  $3,194.  Noted 
July    13. 


Minn..  Mlnn«-upoIlH  — The  Auto  Intelll 
gence  Assocl.itlon.  Schutte  lU-alty  Co..  lOim 
Soo  Line  lildg..  has  awarded  the  contrait 
for  thi-  Installarlon  of  a  heating  system  In 
the  projiosed  2  slory.  132  x  165  fl.  auto  salt;" 
building  on  4th  and  6th  Sts..  S..  to  C.  K 
Ilasiy.   300   Builders'   Exch.    Bldg. 

N.  I).,  Oitnnbrork — The  cily  has  awarded 
the  contract  for  the  installation  of  a  light 
and  power  plant,  to  the  Electric  Constr. 
Co.,  Grand   Rapids. 

N.  1>..  VaJle.v  City — The  city  has  awarded 
the  contract  for  a  2  story.  80  x  89  ft,  power 
plant,  to  McManla  &  Tarnoski.  484  Endicott 
BIdg.,    St.    Paul,   Minn.,   at   $60,000. 

Tex.,  Waeo  —  Baylor  University  haa 
awarded  the  contract  for  the  construction 
ot"  a  heating  plant,  to  J.  S.  Harrison  &  Sons 
and    for   equipment,    to   the   Hill    Bros.,    705 

Austin    St. 


EMPLOYERS: 

The  Nation's  foremost  industrial  plants 
advertise  in  the 
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PREVARICATING 
PETE 

R,UFU5  T   STRpNM 
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ULYSSES,  crafty,  brave  and  bold,  could  draw  the  longbow,  so  we're  told;  but  here's 
our  old  friend,  Peter  Stiles,  who  has  him  beaten  sixty  miles.  By  that  we  don't 
intend  to  call  Old  Pete  a  liar — not  at  all!  Let's  use  diplomacy  and  say  his  fancies 
sort  of  run  away,  till  finally  they  get  so  far  that  Pete  can't  tell  just  where  they  are. 

For  instance,  Peter  swears  that  he  prevented  a  catastrophe  when  he  was  working  at  the 
mill  of  Brown  and  Son,  beyond  the  hill.  It  seems  the  main  belt  broke  one  day  and  let 
the  engine  run  away;  but  Peter  chanced  to  stand  close  by,  and  quick  as  you  could  wink 
an  eye  he  grabbed  a  stick  of  six-by-four  that  stood  outside  the  open  door,  applied  it  to 
the  flywheel  rim  with  resolution  stern  and  grim,  and  braked  the  engine  with  his  beam 
till  other  hands  shut  off  the  steam. 

And  once  a  piece  of  shafting  fell  endwise  and  hit  the  boiler  shell  and  punched  a  disk 
out,  sharp  and  clean  as  anything  you've  ever  seen.  The  steam,  escaping  in  a  blast, 
reduced  the  pressure  mighty  fast,  and  Peter  saw  he'd  have  to  stop  that  roaring  leak  or 
close  the  shop.  So,  with  a  judgment  truly  fine  he  whittled  out  a  plug  of  pine  and  drove 
it  in  that  hissing  gap,  and  stopped  the  jet  of  steam,  kerslap!  Moreover,  as  the  soft 
wood  swelled,  the  pressure  was  more  firmly  held. 

Munchausen,  in  his  early  day,  produced  some  whoppers,  so  they  say,  but  Peter  has 
that  Baron  chap  eliminated  from  the  map.  He  grabs  the  outer  robe  of  truth  and 
stretches  it  until,  forsooth,  you  hear  the  fibers  tear  apart  and  see  the  seams  and  stitches 
start;  and  while  he  boldly  falsifies,  he  looks  you  squarely  in  the  eyes,  insulting  your 
intelligence,  because  he  thinks  you  lack  the  sense  to  see  his  highly  colored  junk  is 
bosh  and  blarney,  bull  and  bunk. 

One  man  outbids  Pete  Stiles  for  fame,  and  Ananias  is  his  name. 
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Ten-Thousaiicl  Horsepower  Slalion  for 
Operating  Shipyard 


l-iY  JUMUS  (;.   UKRGER* 


T 


Combined  5,000-Kva.  Turbo-AIternalor  and  4,500- 
Hp.  Air-Coniprcs8or  Plant — New  Plant  Built  Around  Old 
Station  While  Latter  Was  Kept  in  Operation  -  Steam 
Header  590  Ft.  Long  and  Main  Air  Line  2,315  Ft.  Long 
has  Butt-Welded  Connections  —  Acceptance  Test  Data 
and  Performance  Are  Given. 


HE  Merchant  Shipbuildinj?  Corporation,  acting  as 
agent  for  the  United  States  Shipping  Board, 
Emergency  Fleet  Corporation,  acquired,  in  the 
summer  of  1917,  a  tract  of  land  immediately  to  the 
northeast  of  the 
borough  of  Bris- 
tol, Pa.,  now 
known  as  Harri- 
man,  on  which 
has  been  erected 
one  of  three 
large  Govern- 
ment shipyards 
for  building 
steel  merchant 
ships.  The  tract 
contains     about 

265  acres  and  includes  the  property  formerly  occupied 
by  the  Standard  Cast-Iron  Pipe  and  Foundry  Company. 
Bristol  is  twenty-three  miles  northeast  of  Philadelphia, 
on  the  deep  tide- 
water section  of 
the  Delaware 
River  at  a  point 
which  is  the 
terminus  of  the 
Delaware  &  Le- 
high Canal  and 
on  the  main  line 
of  the  Pennsyl- 
vania Railroad. 
At  the  north- 
east end  of  the 
shipyard  prop- 
erty along  the 
river  front, 
which  has 
a  southwesterly 
direction,  there 
are  twelve  ship- 
ways,  each  hav- 
ing a  north-and- 
south  direction 
and  arranged  at 
an  angle  of 
about  45  deg.  to 
the  river  front. 
To  the  south- 
west of  the 
course  of  ship- 
ways  and  down 
the  stream 
therefrom  there 
is  a  1,135-ft.  fit- 
ting-out   wharf, 


•Manager  (New- 
ark. N.  J.)  office 
L.  K.  Comstock  Co., 
New  York  City ; 
formerly  chief  engi- 
neer Wm.  Gordon 
Corp..  New  York. 


FIG.   1.      GENERAL,  VIEW^   OF  REBUILT    POWER   PLANT 


which  will  accommodate  three  ships  simultaneously. 
The  steel  storage  yards,  fabricating  shops,  storehouses, 
power  house  and  other  indu.strial  buildings  are  grouped 
in  an  approximately  parallel  direction  to  the  river  front 

at  the  head  of 
the  shipways 
and  of  the  fit- 
ting-out wharf. 

The    .shipyard 
is    so    designed 
and    proportion- 
ed as  to  be  able 
to  construct 
thirty-six   8,800- 
ton      fabricated 
steel     merchant 
ships   per   year. 
There  are  used  in  the  building  of  ships  53  .shops  and 
other  industrial  buildings  which  vary  in  size,  shape,  con- 
struction and  location,  according  to  the  special  need; 

there  are  12 
buildings  used  in 
the  fabrication 
of  steel,  9  for  fit- 
ting out  .ships, 
18  for  power 
generation  and 
distribution  and 
for  storing  or 
pumping  oil,  wa- 
ter and  sewage, 
and  14  for  office 
and  administra- 
tion and  general 
utility  purposes. 
For  electric 
power,  pumping, 
etc.,  there  are  1 
power  house,  14 
distributing  and 
substations  and 
2  oil  and  sewage 
pumphouses. 

The  power 
house  is  in  Yard 
No.  3,  near  the 
center  of  power 
d  i  st  r  ibution, 
close  to  the 
river,  where 
there  is  an 
abundance  of 
water  for  con- 
denser purposes, 
and  along  the 
wharf  where 
coal  may  be  un- 
loaded from 
either  boat  or 
railway    as    de- 
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red.  The  Standard  Cast- 
'on  Pipe  and  Foundry 
smpany,  former  owners 

the  property  occupied 
T  the  Merchant  Ship- 
lilding  Corporation,  op- 
ated  a  direct -current 
•wer  plant  for  their  sup- 
y.  In  this  plant  there 
2re  four  200-hp.  horizon- 
1  return-tubular  boilers ; 
le  9-in.  x  5-in.  x  10-in. 
(iler-feed  pump;  one 
3sed  feed-water  heater, 
le  300  -  kw.,  250  -  volt 
rect-current  generator, 
rect  connected  to  a  hori- 
ntal  cross  -  compound 
igine;  two  150-kw.  250- 

It  direct-current  generators,  each  directly  connected 
a  horizontal  cross-compound  engine,  and  one  100-kw. 
0-volt,  direct-current  generator,  directly  connected  to 
/ertical  high-speed  engine. 

The  original  intention  was  to  remove  this  power 
luse,  but  owing  to  shortage  of  material  and  the  fact 
at  a  rotary-converter  substation  of  about  600-kw. 
pacity  would  have  had  to  be  erected  to  supply  direct 
rrent  in  that  particular  vicinity  of  what  was  to  be  the 
ipyard,  it  was  decided  to  retain  the  old  power-house 
lilding  and  construct  a  new  alternating-current  plant 
jacent  to  it.  When  the  location  of  the  buildings  was 
termined  upon,  lack  of  space  necessitated  the  building 
the  new  power  house  around  three  sides  of  the  plant, 

shown  on  the  general  plan.  Fig.  7. 
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Prior  to  the  war  it  had 
been  customary  to  deter- 
mine the  equipment  re- 
quired for  an  industrial 
development  on  which  the 
size  of  the  power  house 
was  based.  However,  the 
stress  of  war  times  made 
it  necessary  to  determine 
the  power  house  before 
the  other  requirements 
were  barely  known.  This 
resulted  in  taking  data 
from  existing  shipyards 
and  reducing  them  to  a 
unit  basis  and  multiplying 
by  the  sizes  of  the  various 
shops  in  this  yard.  In 
this  manner  the  power,  air 
and  steam  requirements  were  obtained.  The  air  is  of 
particular  interest,  as  it  was  determined  by  measuring 
under  actual  operating  conditions  the  amount  used  at 
the  yard  of  the  Chester  Shipbuilding  Co.,  Ltd.,  Chester, 
Pa.,  and  increased  to  meet  anticipated  high  production. 
Apparatus  obtainable,  rather  than  the  best  combina- 
tion of  sizes  for  the  load  conditions,  determined  the 
selection;  besides,  the  manufacturers  who  could  make 
best  deliveries  received  prime  considerations.  For- 
tunately, favorable  deliveries  were  obtained  on  a  selec- 
tion of  apparatus  from  reliable  manufacturers  in  their 
respective  lines.  Deliveries,  of  course,  were  based  on 
A-1  priority,  and  in  the  case  of  the  turbo-alternators 
a  requisitioning  order  issued  by  Admiral  Capps  made 
it  possible  to  take  units  destined  for  other  purposes. 


MOTOR-DRIVEN  VACUUM  PUMP 


FIG.   3.     INTERIOR   OP  TURBO-GENERATOR  AND  AIR  COMPRESSOR  ROOM 
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The  City  of  Kichrnoiid,  \a.,  had  ordered  one  of  llu'.s.- 
turhino.s  for  it.s  immicipal  i)laiit,  which  unit  would  soon 
have  been  on  it.-*  way  from  the  factory,  but  Richmond, 
to  help  win  the  war,  sacrificed,  as  did  i)rivate  manufac- 
turers who  were  to  receive  the  other  two  units  com- 
mandeered. 

It  will  be  noted  later  in  this  article  that  steam  is 
applied  directly  to  the  comjiressors  to  i)roduce  hijrh- 
pressure  air  instead  of  jroinvr  through  the  intermediate 
steps  of  electric-power  generation  and  synchronous  mo- 
tors for  the  compressors.  Such  an  arrangement  would 
have  improved  the  power  factor,  but  the  saving  did  not 
warrant  the  investment,  since  power-factor  correction 
can  be  olrtained  at  any  time  by  a  synchronous  or  static 
condenser  installation  at  less  cost.  However,  if  it  had 
not  been  possible  to  locate  the  compressors  in  the  power 
house  and  operate  them  condensing,  synchronous  motor- 
driven  units  would  no  doubt  have  been  installed.     Bc- 


FIG.  4.     BAROMETRIC  CONDENSER  ON  TURBINES 

cause  of  its  greater  flexibility,  ease  of  transmission, 
ease  of  changing  voltage  and  small  transmission  losses, 
the  use  of  alternating-current  was  decided  upon.  The 
small  amount  of  direct  current  required  at  the  far  end 
of  the  j'ard  away  from  the  old  direct-current  plant  is 
obtained  by  means  of  a  rotarj'-converter  substation. 

The  power  house  is  170  ft.  wide  by  200  ft.  long,  of 
standard  steel  construction,  with  concrete  foundation, 
metal  sash,  ribbed-glass  windows,  tar-paper  and  slag 
roofing.  In  the  power  house  the  electric  power  is  gene- 
rated for  general  light  and  power  distribution  through- 
out the  yard,  shops  and  other  buildings;  air  is  com- 
pressed for  use  in  pneumatic  tools  for  riveting,  chipping 
and  calking  and  for  miscellaneous  uses  about  yard  and 
in  shops ;  steam  is  generated  for  industrial  uses  in  shops 
and  for  heating  shops  and  buildings ;  hot  and  cold  water 
is  pumped  to  all  buildings  for  sanitary  and  drinking 
purposes;  river  water  is  pumped  to  buildings,  shops, 
toilets  and  about  the  yard  for  all  other  than  sanitary 


pur))()ses  and  to  supplement  the  supply  of  river  water 
in  case  of  enicrgency,  pumps  arc  ki'i)t  in  constant  n-adi- 
nes.  to  deliver  an  extra  supply  of  water  to  fire  pumps 
and  sprinkler  Hystems  in  all  yards  and  buildings. 


FIG. 


UNDERWRITERS'  FIRE  PUMPS 


In  the  new  plant  there  are  eight  500-hp.  vertical 
water-tube  boilers  designed  to  operate  at  a  normal  work- 
ing pressure  of  175  lb.  gage.  Each  boiler  is  fitted  with 
a  superheater  to  give  150  deg.  F.  superheat.  The  boil- 
ers are  equipped  with  automatic  stokers.  Soot  blowers 
are  used  and  arranged  so  as  to  clean  every  square  foot 
of  boiler  tube  surface.     Two  brick  smokestacks  have 


FIG.   6.      DUPLEX  BOILER  FEED  PUilPS 

been  erected  just  outside  the  power  house,  each  175  ft. 
high  and  capable  of  taking  care  of  five  500-hp.  boilers. 

Coal   is   received   by   either  boat  or  railway   and  is 
dumped  into  a  hopper  on  the  wharf ;  thence  is  conveyed 
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to  a  30-ton  per  hour  coal  crusher  which  is  located  just 
outside  the  power  house  and  is  operated  by  a  30-hp. 
motor,  from  where  it  is  lifted  by  a  bucket  conveyor  and 
delivered  upon  a  20-in.  belt  conveyor  which  deposits  it 
in  the  desired  section  of  the  coal  bunker.  From  the 
bunker  the  coal  descends  by  a  gravity  chute  to  tiie 
furnace  of  each  boiler.  The  coal  bunker  has  a  storage 
capacity  of  3,000  tons,  or  about  a  30  days'  supply  for 
the  power  house.  The  steam  main  is  a  continuous  over- 
head loop,  Fig.  7,  running  over  all  the  boilers,  turbines, 
air-compressor  engines,  pumps,  heaters,  yard  connec- 
tion, etc.     Steam-main  and  larger  steam-supply  connec- 


to  110  pounds.  To  circulate  the  cooling  water  through 
the  water  jackets  of  the  air  compressors  there  is  one 
1,000-g.p.m.  turbine-drivan  single-stage  centrifugal 
pump  and  one  1,000-g.p.m.  single-stage,  double-suction, 
motor-driven  centrifugal  pump. 

There  are  installed  for  generating  alternating-cur- 
rent, one  1,250-kva.  and  two  1,875-kva.  60-cycle,  2,300- 
volt  turbo-generators.  For  the  excitation  of  the  genera- 
tors there  are  one  15-kw.  and  one  36-kw.  125-volt  turbo- 
exciter  sets  and  one  25-kw.  and  one  35-kw.  125-volt, 
compound-wound,  motor-driven  exciter  sets. 

A  barometric  condenser  capable  of  giving  26  in.  of 


FIG.   7.      GENERAL,  ARRANGEMENT  OF  HIGH-PRESSURE   STEAM   HEADER  AND   PIPING 


tions  to  turbines,  engines,  pumps  and  yard  connections 
are  extra-heavy  black  wrought-iron  pipe  butt  welded. 

Spirai-riveted  pipe  was  used  on  all  low-pressure  lines 
and  was  chosen  on  account  of  its  lightness,  less  expense 
and  ease  of  obtaining  at  the  time.  This  pipe  is  service- 
able only  for  low-pressure  work,  and  in  order  to  insure 
against  leaks  it  was  found  advisable  to  give  it  at  least 
two,  preferably  three,  coats  of  Bitumastic  paint. 

There  are  four  1,955-cu.ft.  per  min.  and  three  5,715- 
cu.ft.  per  min.  cross-compound,  steam-driven  two-stage, 
water- jacketed,  intercooler  compressors,  compressing  air 


vacuum  when  condensing  58,000  lb.  of  steam  per  hour 
serves  the  air  compressors;  and  for  the  turbo-gene- 
rators there  is  a  barometric  condenser  capable  of  giving 
a  28-in.  vacuum  when  condensing  75,000  lb.  of  steam 
per  hour.  It  will  be  seen  from  Fig.  8  that  all  air  com- 
pressors are  piped  into  the  same  condenser,  likewise  one 
condenser  serves  all  turbo-generators.  Accompanying 
these  condenser  equipments  there  are  two  steam-driven 
and  one  motor-driven  dry  vaccum  pumps,  two  turbine- 
driven  centrifugal  pumps  and  one  motor-driven  centri- 
fugal pump. 
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Two  hundred  nnd  fifty-volt  diroct-ciirront  powor  is 
jTOiiornted  in  the  old  power  hoii.se  and  distributed  \>y 
underground  cjiblos  to  the  .several  .shops  for  operating 
cranes;  2.;i00-voit  three-phase  f>0-c.vfle  alternatin}r-<"ur- 
rent  power  is  ^t'lierated  liy  the  turbo-penerators  in  the 
new  addition  to  the  power  house  and  distributed  as  such 
throuph  underground  cables  to  14  substations  suitably 
located  about  the  yard,  where  it  is  transformed  to  the 
voltatre  best  suitinp  the  apparatus  employed  and  condi- 
tions prevailing;  '140-volt  three-pha.se  current  is  used 
for  motors  drivinj?  shop  machines,  pier  cranes,  and  mis- 
cellaneous apparatus;  220-volt  three-phase,  for  portable 
pier-pump  motors;  110  220-volt  sinple-phase  for  p:en- 
eral  lijrhtinp,  and  250-volt  direct-current  for  pantry  and 
shop  cranes  and  in  the  machine  -^hops.  On  the  whole 
system  there  is  a  total  connected  transformer  load  of 
8,773  kva. 

All   DISTRIRUTION    FkKPKRS   UNDKRCROUNn 

There  are  no  overhead  wires  in  the  yard  to  obstruct 
transportation  and  indu.strial  operations.  All  direct- 
current  crane  feeders  from  the  power  house  and  rotary 
substation,  and  all  high-tension  alternatinp-current 
feeders  from  the  power  house  to  the  several  substations 
are  lead-sheathed  cables  run  in  underground  fiber  ducts 
inclosed  in  concrete,  with  watertight  manholes  at  inter- 
vals of  about  every  250  ft.  and  at  sharp  corners. 

In  the  power  house  there  are  .seven  air  compressors 
which  are  capable  of  compressing  25,000  cu.ft.  of  air 
per  min.  to  a  pressure  of  110  lb.  per  sq.in.  The  air  is 
transmitted  to  a  manhole  outside  the  power  house 
through  a  16-in.  main;  from  there  a  15-in.  air  main 
runs  along  the  head  of  the  twelve  shipways  a  distance 
of  2,315  ft.  On  either  side  of  each  shipway  there  is  a 
4-in.  branch  air  line  with  one  3-in.  valve  and  11  six-hose 
manifolds,  giving  each  shipway  two  3-in.  and  132  1-in. 
hose  connections.  Along  the  bulkhead  pier  or  fitting-out 
wharf  there  is  a  6-in.  air  line  from  which  are  taken 
nine  3-in.  hose  connections  or  three  3-in.  connections 
for  each  ship  being  fitted  out.  Branch  connections  are 
also  run  to  each  shop  and  building  throughout  the  yard 
requiring  air.  The  air  mains  are  of  black  standard 
wrought  iron  or  steel  pipe,  butt-w-elded  and  protected 
with  one  coat  of  non-corrosive  paint.  Anchors  and 
expansion  joints  are  placed  at  intervals  of  about  250 
ft.  to  prevent  dislodgement  and  rupture  due  to  expan- 
sion, a  three-tank  air  receiver  of  1,280  cu.ft.  capacity 
is  placed  in  the  power  house  and  a  receiver  of  67  cu.ft. 
capacity  on  each  craneway. 

Air  and  Steam   Mains  Butt-Welded 

The  15-in.  air  main,  2,315  ft.  long,  is  butt-welded 
throughout  with  the  exception  of  places  where  the  cop- 
per expansion  joints  are  installed,  where  a  flange  is 
welded  onto  the  pipe.  This  pipe,  after  welding,  when 
tested  out  on  a  pressure  of  115  lb.,  was  found  to  contain 
only  one  leak  which  when  repaired  put  the  pipe  in  good 
condition,  and  it  has  given  no  trouble  since  the  early 
part  of  1918. 

The  manner  in  which  this  pipe  was  welded  was  by 
machining  the  ends  and  chamfering  at  an  angle  of  ap- 
proximately 45  deg.  until  one-half  the  thickness  of  the 
pipe  was  removed  at  the  butt.  The  two  pipes  were 
then  placed  together  and  the  weld  made  with  an  oxy- 
acetylene  torch.  This  same  tj'pe  of  joint  was  used  on 
the  12-in.  steam  header  in  the  power  house.  Unless  a 
steam  main   is  properly  blown   out  after   it  has   been 


welded,  it  wa.s  our  experience  on  this  Job  that  globules 
of  metal  on  the  inside  of  the  pipe,  produced  by  welding, 
are  likely  to  come  over  and  be  harmful  to  the  ma- 
chinery supplied  from  the  steam  line. 


<  a  u  o 


To  supply  the  15,000  gal.  of  water  per  minute  re- 
quired for  boiler  feed,  condenser  purposes,  jacket  water 
for  the  air  compressors,  fire  protection,  sewage  and  mis- 
cellaneous uses,  there  runs  from  the  forebay  to  the 
power  house  one  24-in.   and  two   16-in.   suction  pipes. 
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This  water  is  strained  at  the  forebay  by  passing  through 
strainers,  so  as  to  eliminate  as  far  as  possible  the  en- 
trance of  foreign  matter  into  the  equipment  and  piping 
systems. 

So-called  "river  water"  is  drawn  from  one  of  these 
suction  pipes  and  forced  through  at  6-in.  yard  main 
under  a  pressure  of  100  ft.  head  by  a  service  pump  hav- 
ing a  capacity  of  600  gal.  per  min.  This  water  main  is 
connected  to  a  l6-ft.  diameter  by  100-ft.  high  water 
tank,  which  has  a  capacity  of  150,000  gallons.  Hot 
water  is  supplied  to  the  hospital,  toilets,  shops  and 
other  buildings  at  a  temperature  of  180  deg.  F.  This 
water  is  drawTi  from  the  Bristol  water  mains,  heated  in 
a  pair  of  combined  hot-water  heaters  and  storage  tanks, 
each  of  which  is  capable  of  heating  3,000  gal.  per  hr. 
from  50  deg.  to  180  deg.  F.,  and  is  pumped  throughout 
the  yard.  Live  steam  for  industrial  use  and  heating  pur- 
poses is  supplied  to  all  shops  and  buildings  throughout 
the  yard  from  the  main  power  house  through  a  10-in. 
steam  main  which  parallels  the  other  pipe  systems,  and 
is  heat  insulated  with  a  thick  magnesia  covering,  and 
together  with  the  hot  water  pipe  and  steam  returns,  is 
inclosed  in  a  horizontally  split  terra-cotta  pipe.  This 
was  constructed  using  the  Underground  Specialties  Co.'s 
method  of  insulation  of  this  type  of  transmission  of 
steam  and  hot  water. 

A  tunnel  through  the  yard  to  hold  all  pipes,  conduits 
and  cables  would  have  made  operation  easier,  but  to 
reduce  this  investment  about  25  per  cent  all  pipes,  con- 
duits and  cables  were  buried  with  access  to  them  only 
at  manholes,  and  existing  wires  and  pipes  were  used  in 
practically  90  per  cent  of  the  places  where  they  were 
found  in  the  old  structures  of  the  Standard  Cast-iron 
Pipe  and  Foundry  Co. 

WTien   all  mechanical  and  electrical   work  was   com- 

BOILER  TEST 
Economy 

Water  evaporated  per  lb   of  coal  as  fired,  lb 7  547 

Water  evaporated  per  lb.  of  dry  roal,  lb 7  639 

Equivalent  evaporation  from  and  at  21 2  deg.  per  lb.  of  coal  fired,  lb 8  955 

Equivalent  evaporation  from  and  at  2 12  deg,  per  lb.  of  dry  coal,  lb  9  063 

Equivalent  evaporation  from  and  at  212  deg.,  per  lb.  of  combustibles,  lb  11.013 

Efficiency 

Calorific  value  of  I  lb.  of  coal  as  fired,  B.t.u 13.451 

Calorific  value  of  I  lb.  of  drjcoalby  calorimeter,  B.t.u 13.610 

Calorific  value  of  1  lb.  of  conibu.'itibic  by  calorimeter,  B.t.u 15,586 

EfiBciency  of  boiler,  furnace  and  grate,  per  cent b4 

EflSciency  based  on  combustion,  per  cent 68 

Heat  Balance  Based  on  Dry  Coal 

B.T.r.  Per  Cent 

(a)  Heat  absorbed  by  the  boiler  (9.063  x  970.4) 8,795  0  64  6 

(t)  Loss  due  to  evaporation  of  moisture  in  coal  (1,230  x 

0.012) 15.0  0   I 

(2)  Loss  due  to  heat  carried  awav  bv  steam  formed  by 

theburningof  thehydrogen  (l.230x  0.045  x  9) 498.0  3   7 

(d)  Loss  due  to  heat  carried  away  in  the  dry  flue  gases 

(29.6x0.24x410) 2,9110  214 

(c)  Loss  due  to  carbon  monoxide 0.0  00 

(/)  Loss  due  to  combustible  in  ash  and  refuse  (0.177  x 

0.322  X  14,600) 382. 0  6   1 

(ff)  Los'iduetomoistureinair(0.35x  410x0.47) 48  0  0  4 

(A)  Loss  unaccounted  for 5110  3  7 

(i)  Total  calorific  value  of  1  lb.  of  dry  coal 13,610  1 00 . 0 

TIRBIXE  TEST 

Economy  Results 

1,300-Kw 

1,000-Kw.  Turbine  Turbine 

Normal              Low  .Normal 

Vacuum         \'acuum  \acuum 

Superheated  steam  consumed,  lb.,  by  turbine 

per  b.hp.-hr. 12.8                13  8  113 

Superheated  steam   consumed,   lb.,   per  net 

kw.-hr 19  40             2128  17  04 

Heat  units,  B.t.u.,  consumed  by  turbine  per 

b.hp.-hr 15,000             16,051  13,301 

Heat  units,  B.t.u.,  consumed  per  net  kw.-hr...     22,482            24,614  20,017 

Efficiency  ResuUs 

Per  cent  thermal  efiBciency  of  turbine 16  9                15  2                18  3 

Per  cent  efficiency  of  Rankine  cycle  at  super- 
heat          28  2               26  7 

Rankine  cycle  ratio,  per  cent 60 . 0               59  9 

set  work,  ft.-lb.,  per  B.t  u.  consumed  by 

turbine 131   5              123.3 


27  7 
69  0 


Principal  Data  and  Resv'ts  of  Turhine  Test 

M)    nimcnsion.o    1,000  kw.       1,000  kw.       1,500  kw 

;?     I'ato-1918      July13  July  13    ■    July  10   1 1 

(3)  Duration,     hours 3  5  2  5  16 

(4)  Pressure,    lb.    per  sq.in.,    in  steam 

pipe  near  throttle  by  gage 168  7  166.9  160  8 

(5)  \  accum  in  condenser,  inches  mer- 

eurj-    26  97  25.49  26  7 

1 6)  Degrees  F.  superheat  of  steam  near 

throttle 97   5  |01    2  112 

1 7)  Total  steam  consumed,  pounds  per 

,=.    p'"'7v- ■     .  '?•?'•$  20.343         '        25,768 

18)  Revolutions  per  minute 3,570  3  600  3  568 

I !«    V    output..  .  ...  .  945  7  956  1.512   3 

(13)  >team  consumed  pounds  per  kw.-hr.  19  4  21    28  17  04 

(14)  Heat  consumed,  B.t.u.,  per  kw.-hr  .  22,482  24,614  20.017 
VOTE — \n  temperatures  recorded  above  are  average  observed  thermometer 

readings,  and  all  calculations  are  based  on  steam  tables  using  temperatures  corre- 
sponding to  the  pressures. 

.^IR    COMPRESSOR    TEST 

Speed 

5,715   Cu.Ft.  1,955    Cu.Ft. 

V,       ,  ..  Compressor  Compressor 

Revolutions  per  minute |06  0  136  0 

Indicated  horsepower  of  steam  end 937  0  283  0 

Power 

Gross  air  horsepower  as  indicated  in  air  cylinders.  877  0  256  0 

Inilicated  friction  horsepower   oO  0  27  0 

Percentage  of  !.-hp.  lost  in  friction  of  machine 6  4  9^5 

Capacity 

r-  J     •    J  ,  .  Cubic  Feet  Cubic  Feet 

V  oiiipre.ssed  air  delivered  per  imnute  reduced  to 

atmospheric  temperature  and  pressure 4,754.0  1537  0 

\  olume  of  free  air  entering  low-pressure  cylinder 

per  minute  / 5,099  0  1590  0 

\  oluinc  of  piston   disp'aicment  per  minute  at 

spee<l  of  test 5,507  0  1,662   0 

pleted,  there  was  a  test  conducted  by  the  Emergency 
Fleet  Corporation  in  conjunction  with  the  Merchant 
Shipbuilding  Corporation  and  the  William  Gordon  Cor- 
poration, which  resulted  in  an  acceptance  of  the  work. 
These  tests  were  all  in  accordance  with  the  American 
Society  of  Mechanical  Engineers  Code  and  the  accom- 
panying  abstracts   are   of   interest. 

SUMM.U?Y  OF  THE  DEVELOPMENT 
To  summarize,  the  power  plant  serves  the  yard  com- 
plete and  the  housing  development  in  all  respects  with 
the  exception  of  steam  for  group  heating  at  the  upper 
end  and  electricity  at  the  lower  end.  The  heating  at 
the  upper  end  is  obtained  from  a  separate  heating  plant 
and  the  electric  current  at  the  lower  end  from  the  lines 
of  the  East  Pennsylvania  Gas  and  Electric  Co.,  the 
public  utility  that  serves  Bristol.  The  object  in  dividing 
the  electrical  service  for  the  housing  is  because  at  the 
time  the  plant  was  constructed  it  was  the  intention  to 
make  the  lower  section  part  of  Bristol  and  retain  the 
upper  section  as  a  private  housing  development  as  part 
of  the  shipyard.  The  advent  of  the  to%vn  of  Harriman 
with  its  new  hotel,  hospital,  school,  firehouse  and  other 
public  necessities,  has  changed  all  this  and  created  a 
thriving  and  prosperous  community  with  its  busy  ship- 
yard adjacent. 

In  concluding  it  should  not  be  overlooked  that  in  less 
than  four  months  after  September,  1917,  when  the  order 
was  issued  to  proceed  with  mechanical  and  electrical 
work,  one  boiler,  one  turbo-generator  and  two  air  com- 
pressors were  installed  and  in  operation.  Since  the 
armistice,  under  the  direction  of  the  Emergency  Fleet 
Corporation  and  Merchant  Shipbuilding  Corporation, 
various  improvements  and  expansions  have  been  made, 
a  60-ton  electric  crane  has  been  added  at  the  fitting-out 
wharf,  the  steel-storage  area  has  been  trebled,  several 
buildings  have  been  added  and  the  temporarj^  central 
heating  plant  in  the  housing  development  has  been  re- 
placed with  a  more  permanent  structure.  Under  war 
pressure  we  were  forced  to  build  ships;  today  this  indus- 
try is  growing  on  a  healthy  peace  basis,  a  war  product 
that  is  helpful  to  us  in  competing  for  world  markets. 
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How  a  Siiiokr  (IUmkI  lu>riiis 


Ry  O.'^udkn   .MoNNKir 


\ii  inlrrrstin<:  and  graphic  account  of  the  way  the  smoke 
cloud  forms  o^cr  Salt  Lake  City.  This  chapter  from  the  re- 
port  of  the  smoke-ahatement  investigation  of  that  city  is  pub- 
lished with  the  permission  of  the  director,  Bureau  of  Mines. 


HAVINCi  in  mind  the  fact.s  a.s  sot  forth  in  the 
foronoinjr  sections,  it  is  interesting  to  note  the 
prii'fss  of  smoke  formation  over  Salt  Lake  City 
and  to  draw  conclusions  that  will  aid  in  attacking  the 
problem.  This  can  best  be  done  late  in  the  fall,  be- 
fore the  morninKs  ttet  too  dark  to  obscure  the  action 
of  the  smoke  cloud  as  it  forms,  as  shown  in  the  illus- 
tration. On  such  mornings,  if  a  point  of  observation 
is  -selected  overlookinjf  the  city  before  daylight,  it  will 
be  noticed  that  the  city  is  perfectly  clear,  street  lights 
being  visible  as  far  as  the  eye  can  reach. 

About  6  o'clock  in  the  morning,  while  it  is  yet  quite 
dark,  a  smoke  cloud  will  be  seen  forming  over  the  busi- 
ness portion  of  the  city.  This  will  be  observed  from  the 
fact  that  lights  beyond  this  section  will  be  ob.scured,  as 
it  is  yet  too  dark  to  see  the  smoke  itself.  In  ten 
minutes  this  cloud  has  increa.«ed  in  size  and  density 
until  the  more  prominent  lights  in  the  downtown  sec- 
tion have  become  obscured,  while  the  lights  in  the 
outlying  section   are   perfectly   visible   for  miles. 

By  0:20  the  cloud  has  entirely  covered  the  downtown 
section  of  the  city  and  reached  to  a  considerable  eleva- 
tion, becoming  visible  as  daylight  approache.s.  About 
the  time  that  the 
smoke  cloud 
reaches  the  maxi- 
mum elevation,  a 
flattening  out 
process  seems  to 
occur  and  the 
cloud  spreads  it- 
self over  the  city 
with  great  rapid- 
ity, as  can  be  noted  by  the  gradual  obscuring  of  the 
street  lights  as  the  progress  of  the  cloud  is  marked. 
Initial  formation  of  the  smoke  cloud  is  made  within 
the  zone  of  highest  concentration,  and  is  produced  by 
the  large  industrial  and  heating  plants  in  this  district 
building  up  their  fires  and  getting  up  steam  for  the 
day's  run. 

By  6:30  the  city  is  thoroughly  covered  with  a  dense, 
permanent  smoke  cloud,  formed  in  a  half-hour  by  the 
large  smokers  downtown,  which  cloud  remains  over 
the  city  until  the  air  currents  in  the  afternoon  cause 
it  to  be  dissipated.  Illustration  of  this  smoke  cloud 
formation  is  shown  in  the  sketch. 

By  this  time  it  has  become  daylight  and  the  first 
thin  fingers  of  smoke  are  beginning  to  rise  from  a 
residence  here  and  there.  A  swift  trip  through  the 
residence  section  at  this  time  of  day  will  disclose  only 
a  very  few  residences  smoking,  although  the  sections 
passed  through  will  be  thoroughly  covered  with  the 
smoke  cloud  which  has  been  formed  downtown  and 
flattened  out  over  the  city  before  the  domestic  fires 
have  been  disturbed.  Thus  it  is  that  the  householder, 
when  he  rises  in  the  morning,  attributes  the  'smoke 
which  he  sees  in  his  vicinity  to  the  residences  in  that 
vicinity.  Later  on  in  the  morning  the  residences  do  con- 
tribute their  share  to  the  general  smoke  situation,  but 
so  far  as  the  original  smoke  cloud  is  concerned  they 
have  nothing  whatever  to  do  with  its  formation.  This 
early  morning  smoke,  made  without   any   supervision 


whatever,  generally  wilh  I  he  most  careless  melhods  of 
firing,  IS  responsible  for  filling  the  valley  in  a  half-hour 
with  thick,  heavy  smoke. 

Any  .scheme  that  aims  to  reduce  the  smoke  nuisance 
of  the  city  must  be  based  primarily  on  the  prevention 
of  this  early  morning  smoke.  As  this  smoke  is  pro- 
duced before  daylight,  the  ordinary  methods  of  smoke 
observation  will  not  suffice.  Rather,  a  system  of  polic- 
ing must  be  developed  whereby  these  large  smokers 
are  supervised  during  the  early  morning  hours,  their 
operators  being  made  to  realize  that  they  will  V)e 
checked  up  on  their  performance  and  that  an  inspector 
may  drop  in  upon  them  at  any  moment  and  that  they 
must  therefore  use  all  the  equipment  with  which  they 
are  provided  for  smoke-abatement  purposes.  This  super- 
vision must  aim  at  the  education  of  the  firemen  in 
charge  of  the  plants  with  respect  to  the  starting  of 
fires  without  den.se  smoke.  Al.so,  the  cleaning  of  fires 
without  the  production  of  dense  smoke  must  be  taught, 
there  being  standard  methods  controlling  such  opera- 
tions which  can  be  u.sed  successfully  for  this  purpose. 
At  the  same  time  equipment  should  be  provided 
which  will  enable  the  fireman  to  know  the  condition  of 

the  top  of  his 
stack.  Such  equip- 
ment is  known  as 
a  smoke  indicator 
or  periscope  and 
can  be  installed  in 
the  boiler  room 
and  will  show  at 
a  glance  whether 
the  stack  is  smok- 
ing. It  is  absolutely  essential  that  all  important 
plants  be  equipped  with  a  device  of  this  character, 
as  most  of  the  smoke  is  made  at  such  time  that, 
even  if  the  fireman  wished,  he  could  not  get  an 
adequate  idea  of  whether  or  not  his  stack  was  smok- 
ing, though  he  should  take  the  trouble  to  go  out  and 
look.  Furthermore  many  of  these  plants  are  in  base- 
ments, making  it  impracticable  for  the  fireman  to  se3 
his  stack,  and  unless  there  is  some  provision  for  his 
information  he  will  not  know  whether  the  means  taken 
are  sufficient  to  keep  down  smoke. 

This  condition  is  unique  in  smoke-abatement  work 
and  is  brought  about  by  the  unusually  low  wind  veloc- 
ity in  Salt  Lake  City  during  winter  time.  Ordinarily 
the  smoke  made  before  daylight  in  the  average  city 
is  entirely  dissipated  before  business  hours,  but  in 
Salt  Lake  City  the  large  volumes  of  smoke  made  at 
this  time  form  the  basis  and  backbone  of  the  smoke 
nuisance  throughout  the  remainder  of  the  day. 

With  this  initial  smoke  cloud  eliminated,  a  wonder- 
(ful  improvement  in  atmospheric  conditions  will  be 
noted  at  once  and  a  condition  brought  about  similar 
to  that  noticed  on  a  Sunday  morning  when  the  in- 
dustrial smoke  is  at  a  minimum;  namely,  a  light  haze 
in  the  valley  for  which  residences  will  be  mainly  re.spon- 
sible.  It  will  then  be  a  simple  matter  to  concentrate 
on  the  remaining  classes  of  smokers  to  reduce  them  to 
a  minimum  in  connection  with  regular  smoke  observa- 
tion throughout  the  daylight  hours. 


August   24.    1920 


POWER 


291 


1^fPfi???T9rf^f^0 


6.00.A.M. 


^r>^i^f«'.-v'?^ 


(S.IOA.M. 


6.3  0.  A.M. 


.SHOWING   THE   PROGRESSIVE   FORMATION   OF   A    SMOKE  CLOUIl 

The  iliustrations  show,  first,  how  thp  small  cloud  of  smokp  forms  in  the  industrial  section  of  the  city,  in  the  early  moining,  how  it 

gradually   gi-ows  larger   and   then   rapidly   spreads   and   envelops   the  whole  city,  forminR  the  backbone  of  the  smoke  nuisance.     Care 

in  early  morning  firing  would  very  largely  eliminate  the  evil  during  the  rest  of  tlie  day. 
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(!li(>rkiii<i;  Toiir-W  irt'  Two-PliuKr 
lSwilrlilM»;ir<l  W  alliiirUTH 

Hy  II.  ('.  Vkaton 

'"T^O  rilECK  a  fom-wiro  two-phase  switchboard  watl- 
1.  meter  by  tho  j)olypIiast'-wattnu>ter  method,  coiiiieit 
a  portable  polyphase  wattmeter  in  the  circuit  as  shown 
ill  FijTS.  1,  2  or  3.  The  lurreiU  terminals  of  the  portabU; 
wattmeter  are  connected  in  series  with  the  current 
terminals  of  the  switchboard  wattmeter,  and  the  poten- 
tial terminals  of  the  portable  meter  are  connected  across 
the  potential  circuits.  When  current  is  passinj?  throuKh 
the  primary  of  a  current  transformer,  the  secondary 
circuit  should  be  short-circuited  if  any  apparatus  is  to 
be  disconnected  from  the  circuit. 

The  scale  of  a  four-wire  two-phase  switchboard  watt- 
meter is  usually  marked  in  primary  watts,  which  are 
actual  watts  or  kilowatts  of  the  circuit,  and,  in  a  bal- 
anced circuit,  having  unity  power  factor  are  equal  to 
the  primary  amperes  X  primxiry  volts  X  2. 

The  calibrating  watts  of  a  four-wire  two-phase  watt- 
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FIGS.  1,  2  xyra  3. 


COXXECTIOXS  FOR  CHECKING  TWO-PHASE   SAVITCHBOARD 
WATTMETERS    OX   TWO-PHASE    CIRCUIT 


meter  are  the  watts  required  to  make  the  pointer  deflect 
from  zero  to  full  scale  and  equal  Scale  Range  -^  Poten- 
tial-Transformer Ratio  X  Current-Transformer  Ratio. 
If  the  switchboard  wattmeter  is  used  with  only  cur- 


rent transformers,  as  ip  F'ig.  2,  the  scale  range  should 
be  divided  by  the  current-transformer  ratio  only  and 
not   the   i)ro<iuct   an   in   the   formula   to   determine  the 

calibrating  watts, 
wrr  J"      case     the 

switchboard  watt- 
meter is  not  u.sed 
with  transform- 
ers. Fig.  3,  the 
scale  range  would 
be  marked  in  pri- 
mary watts,  which 
would  be  the  cali- 
b  r  a  t  i  n  g  watts. 
Therefore,  by 
checking  the  cali- 
brating watts  of 
the  switchboard 
wattmeter  with 
the  portable  in- 
strument, the  ac- 
curacy of  the  for- 
mer may  be  deter- 
mined. Suppose 
that  the  four-wire 
two-phase  watt- 
meter in  Fig.  1  is  connected  in  a  circuit  of  100  amperes 
and  2,200  volts.  Each  potential  transformer  has  a  ratio 
of  20 : 1  (2,200  to  1 1 0  volts) ,  and  each  current  transform- 
er has  a  ratio  of  20:1  (100  to  5  amperes).  The  watts  of 
the  circuit  would  be  2,200  X  100  X  2  -^  1,000,  or  440 
kw.,  but  as  a  440-kw.  scale  would  be  rather  an  uneven 
ending,  a  500-kw.  scale  would  probably  be  marked  on  the 
instrument.  If  the  pointer  of  the  switchboard  wattmeter 
indicated  200  kw.,  then  the  calibrating  watts  for  this 

reading  would  be  equal  to  nfrb~nK  or  500.     Therefore 

if  the  pointer  of  the  switchboard  meter  indicated  200  kw. 

it  would  mean  that  only  500  watts  were  impressed  on 

the  instrument  for  this  deflection.  If  the  portable  watt- 
meter connected  on  the  secondary 
of  the  transformers  indicated  500 
watts,  it  would  show  that  the 
switchboard  instrument  was  indi- 
cating correctly. 

The  foregoing  method  of  check- 
ing gives  only  one  point,  as  it 
probably  would  not  be  convenient 
to  vary  the  primary  load,  which 
may  be  a  feeder  circuit.  However, 
several  points  may  be  checked  dur- 
ing the  day  as  the  load  varies  on 
the  circuit. 

If  it  is  desired  to  check  more 
than  one  point  on  the  scale,  short- 
circuit  the  current  transformers 
and  disconnect  the  instrument 
from  the  circuit.  Then  connect 
the  switchboard  wattmeter  on  a 
single-phase  circuit,  using  a  vari- 
able load.  A  single-phase  watt- 
meter should  be  connected  in  the 
circuit,  as  shown  in  Fig.  4.  In  the 
figure  it  will  be  noticed  that  the 

current  coils  of  the  switchboard  instrument  are  con- 
nected in  series,  and  the  potential  coils  are  connected 

across  the  circuit. 

The  current  winding  of   the   portable   single-phase 
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wattmeter  is  connected  in  series  with  both  current  wind- 
ings of  the  switchboard  instrument,  and  the  potential 
terminals  of  the  portable  meter  are  connected  across  the 
potential.  Therefore,  as  there  are  two  elements  in  the 
switchboard  wattmeter  and  one  element  in  the  portable, 
the  total  watts  impressed  on  the  pohT)hase  meter  will  be 
twice  those  impressed  on  the  single-phase  meter.  Conse- 
quently, the  calibrating  watts  per  element  of  the  switch- 
board wattmeter  will  equal  Scale  Range  -f-  Cia-- 
rent- Transformer  Ratio  X  Potential -Transformer 
Ratio  X  2.  However,  if  the  switchboard  wattmeter  is 
used  with  current  transformers  only,  then  only  the 
current-transformer  ratio  would  appear  in  the  formula. 
In  case  the  switchboard  wattmeter  is  not  used  with 
transformers,  the  scale  would  be  marked  in  primary 
watts,  which  would  also  be  the  calibrating  w^atts,  and 
only  the  numeral  2  would  appear  in  the  denominator  of 
the  formula.  Therefore,  by  determining  the  calibrating 
watts  of  the  polyphase  wattmeter  from  the  formula,  the 
scale  readings  may  be  checked  with  the  portable  single- 
pha.se  wattmeter. 

Suppose  that  it  is  required  to  check  the  four-wire  two- 
phase  wattmeter.  Fig.  1,  at  the  readings  100,  200,  .300 
and  400  kw.  Connect  the  instrument  on  a  5-ampere 
110-volt  single-phase  circuit,  as  shown  in  Fig.  4.  The 
calibrating  watts  per  element  of  any  particular  reading 
equals  Scale  Reading  -^  Potential-Transformer  Ratio 
(20)   X  Current-Transformers  Ratio   (20)   X  2. 

Substitute  the  readings  100,000,  200,000,  300,000 
and  400,000  in  the  numerator  and  divide  by  the  denomi- 
nator 20  X  20  X  2  (800)  and  we  obtain  the  following: 


Switchboard  Polyplias)*- 
Wattmetor  Reading 
in  Kilowatts 
100 
200 
300 
400 


Calibrating  Watts  Portable  Single- 
per  Element  of  the             Phase  Wattmeter  Read- 
Switchboard  Wattmeter  ing,  Watts 
125  125 
250  250 
375  375 
500  500 


Bessemer  O.D.  Semi-Diesel  Engine 

One  of  the  greatest  markets  for  .semi-Diesel  or  sur- 
face ignition  engines  is  the  oil  field  industry.  In  many 
fields  it  is  custom.ary  to  install  natural  gas  engines  for 
pumping  purposes.  However,  since  the  supply  of  gas 
steadily  decreases  the  trend  is  toward  the  oil  engine. 
Several  builders  now  place  a  large  percentage  of  their 
engines  in  this  work. 

The  Bessemer  Gas  Engine  Co.  has  developed  a  special 
type  of  oil  engine  for  the  oil  fields.  A  cross-section  of 
the  0.  D.  engine  is  shown  in  Fig.  1.    The  ignition  of  the 


Other    readings    can    be    checked    in    like    manner, 
although  four  or  five  readings  are  usually  sufficient. 


FIG.   2.      MAIN     BKARIXGS    OF    O.  D.     EXGIXK 

fuel    is   secured   by   means   of  the   mercury    vaporize 
described  in  Poicer  of  July  13,  1920. 

The  engine  frame  is  considerably  lighter  than  that  of 
the  standard  Bessemer  oil  engine,  but  the  cast  iron  is  so 
placed  as  to  hold  the  stresses  below^  1,800  lb.  per  sq.in. 
As  will  be  understood  by  those  familiar  with  oil  field 
conditions,  a  successful  engine  must  be  rugged  in  design 
and  must  possess  as  few  moving  parts  as  possible.    The 


FIG.  1.     BESSEMER  O.  D.  TYPE  OIL  ENGINE 
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heniint-rs  arc  of  the  two-pioco  (U'sign  and  arc  decpl.v 
seated  in  the  framo.  The  pre.s.sure  is  against  the  ca.st 
iron  hou.«*inK  and  not  against  the  hearing  cap  holts,  as  is 
frequently  the  ease. 

The  I  rossheaiL  Fig.  4,  is  of  the  slip[)er  type  and  is 
adjustahle.  In  the  oil  fields  where  much  grit  is  hlowing 
ahout,  the  cmsshead  wear  is  rather  large;  this  design  of 
guide  is  much  superior  to  that  of  the  bored  guide.    The 


FIG.  3.     O.  D.  ENGINE  PISTON 

connecting  rod  follows  the  usual  Bessemer  design,  hav- 
ing a  bu.shed  wristpin  bearing  and  a  marine  crankend. 

The  pi.ston.  Fig.  3,  has  no  deflectors.  To  secure  cylin- 
der scavenging  the  outside  scavenging  air  ports  are 
directed  inwardly  at  right  angles  to  a  plane  passed  ver- 
tically through  the  cylinder.  The  inner  or  cylinder  ends 
of  these  ports  enter  the  adjacent  pair  of  ports.  The  air 
currents  passing  through  the  outer  pair  of  ports  en- 
counter the  portion  of  the  air  passing  through  the  other 
air  ports  and  give  the  entire  air  charge  a  twirling  motion 
that  eflfectually  scavenges  the  entire  cylinder  of  the 
exhaust  gases.  The  air  suction  valve  is  of  the  poppet 
type,  being  somewhat  similar  to  the  Bessemer  Corliss 
design  of  air  valve. 

The  0.  D.  engine  is  a  radical  departure  from  the 
Bessemer  traditions  in  that  it  is  a  dry  engine,  or  an 
engine  without  water  injection.    The  manufacturer  still 


FIi^x.    4.      CROSSHEAD   OF  O.    D.    ENGINE 

adheres  to  the  principle  of  water  injection  and  states 
that  it  was  eliminated  in  this  engine  on  account  of  the 
conditions  under  which  the  engine  must  operate.  In 
most  of  the  oil  fields  the  water  is  verj'  bad  carrying  a 
large  percentage  of  grit  and  dirt^  The  water  would 
prove  very  detrimental  to  the  engine  if  introduced  into 
the  cylinder.  Consequently  the  dry  engine  is  superior  for 
this  class  of  work.  It  is  seldom  that  an  oil  field  engine 
must   pull   its   rated   load,   and   there   exists   but   little 


danger  of  preignition  that  so  often  occurs  in  dry  engines 
on  heavy  loads. 

The  mercury  vaporizer  is  especially  advantageouH  in 
performing  work  where  the  load  may  be  very  small  for 
considerable  periods  of  time.  The  constant  temperature 
maintained  by  the  mercury  insures  positive  ignition  of 
the  fuel  charge  at  all  loads. 

While  the  Bes.semer  Co.  offers  this  engine  only  in  the 
lower  powers  a  200-horsepower  0.  I),  engine  is  in  daily 
operation  in  their  own  power  plant  and  carries  its  rated 
load  without  any  signs  of  preignition.  The  cylinder  size 
of  this  unit  is  such  that  piston  cooling  was  deemed 
desirable.     The  cooling   is   obtained   by   oil  circulation. 

Changing  Flywheel  from    Belt 
lo  Rope  Drive 

By  R.  J.  Nagle 

More  power  was  required  than  a  flywheel-driven 
20-in.  belt  would  transmit.  The  flywheel  construction 
being  of  ample  proportions  to  safely  withstand  the  load 
required,  it  was  decided  to  place  a  6-in.  hardwood 
lagging  over  the   v-m  cf  the  wheel,  as  shown   in   the 


-6' 


FORMER    .\ND   PRESENT   POSITION   OF    FLYWHEELS 

sketch,  thus  increasing  the  diameter  from  20  to  21 
ft.,  and  to  extend  the  lagging  6  in.  out  over  the  edges 
of  the  rim,  as  shown,  thus  increasing  the  width  of  the 
face  from  20  to  32  in.  The  lagging,  having  been 
shaped  to  conform  to  the  crown-faced  rim  of  the  wheel 
and  secured  in  place,  was  turned  off  and  grooved  on 
the  face  for  12  wraps  of  If-in.  rope. 

To  apply  the  lagging  it  was  necessary  to  move  two 
fly^vheels  to  new  positions  on  the  shaft.  The  wheels 
were  constructed  in  eight  sections,  and  the  hubs  were 
forced  on  the  shaft.  One  wheel  was  20  ft.  in.  diameter 
with  a  20-in.  face;  the  other  was  of  the  same  diameter 
with  a  32-in.  face.  With  a  hydraulic  jack  having  a  ram 
approximately  10  in.  in  diameter  and  built  to  withstand 
a  pressure  of  250  tons  per  square  inch,  and  the  neces- 
sary tie  bars  and  strong-back,  a  force  of  250  tons  was 
applied,  but  the  wheels  refused  to  move.  The  rim  and 
hub  bolts  of  the  wheels  were  slacked  off  to  allow  for 
expansion  and  two  kerosene  blowtorches,  having  burn- 
ers approximately  6  in.  in  diameter  and  12  in.  long, 
were  procured.  The  shaft  was  covered  with  burlap  and 
kept  wet  with  a  stream  of  water. 

The  blowtorches  were  then  played  all  around  the 
wheel  hub,  one  on  either  side.  After  the  hub  was 
thoroughly  heated,  the  shaft  having  been  kept  com- 
paratively cool,  pressure  was  again  pumped  up  on  the 
jack  and  the  wheels  were  moved,  one  at  a  time,  to  the 
required  position. 
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Rewinding  A  Direct-Current  Armature 


By  W.   a.   HEFNER 


The  rewinding  problem  is  approached  from  a 
practical  standpoint.  Taking  a  specific  case  as  an 
example,  the  process  is  followed  through  from 
stripping  the  old  coils  off  the  armature  to  turning 
off  the  commutator  after  the  new  windings  have 
been  completed. 


IN  REWINDING  a  direct-current  armature,  the  pro- 
cedure is  practically  the  same  in  each  case,  irrespec- 
tive of  the  size  of  the  machine.  The  dimensions  of  the 
armature  would  affect  chiefly  the  number  of  turns  and 
the  size  of  wire  in  the  coils.    Where,  in  general,  the  coils 


this  slot.  Then  count  the  number  of  segments  between 
the  marked  bar  and  the  segment  to  which  the  coil 
leads  from  one  of  the  coils  in  this  slot  are  connected. 
With  this  information  at  hand,  it  will  be  a  simple 
matter  to  connect  the  new  winding  up  to  the  commutator 
in  the  same  relation  as  the  old  one  was. 

After  the  leads  have  all  been  unsoldered,  break  the 
armature  band  wires  that  hold  the  coils  in  place  and 
carefully  remove  four  coils  for  samples.  One  coil  i'a 
kept  as  a  pattern  of  the  shape  of  the  coils.  The  second 
coil  is  pulled  out  into  an  oblong  to  give  the  dimensions, 
for  making  a  form  to  wind  the  new  coils  on,  as  in  Fig.  4. 
The  other  two  coils  are  opened  up  and  used  to  determine 
the  number  of  turns,  number  of  conductors  wound  in 
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FIG.S.   1  TO  5.     VARIOUS  STAGES  IN  THE  PREPARATION  OF  AN  ARMATURE   FOR   REWINDING 


in  a  small  armature  will  be  wound  with  a  comparatively 
large  number  of  turns  of  small-sized  wire,  the  coils  in 
a  large  armature  will  be  wound  with  a  small  number 
of  turns  of  large  copper.  Nevertheless,  the  events  in 
rewinding  vary  only  slightly  with  the  different  sizes. 
In  this  article  will  be  discussed  the  rewinding  of  the 
armature  shown  in  Fig.  1,  the  coils  of  which  are  wound 
two  in  parallel. 

When  an  armature  is  to  be  rewound,  the  first  thing  to 
do  is  to  I'emove  the  leads  from  the  commutator.  It  is 
necessary  at  this  time  to  determine  the  pitch  of  the  coil 
leads  to  the  commutator.  This  is  easily  done  by  placing 
a  straight-edge  on  the  center  of  any  one  of  the  slots 
and  marking  the  commutator   bar  that  lines  up  with 


parallel,  size  and  amount  of  wire  in  the  coils  and  the 
kind  of  insulation  on  the  wire.  With  the  foregoing  in- 
formation obtained,  the  remainder  of  the  coils  may  be 
taken  off  in  the  easiest  way  possible,  after  which  the 
core  is  cleaned  and  the  thickness  and  kind  of  insulation 
in  the  slots  noted.  Before  all  the  coils  are  taken  off, 
the  spread  of  the  coils  must  be  determined ;  that  is, 
the  number  of  slots  spanned  by  one  coil. 

With  a  hacksaw  blade  ground  to  a  thickness  of  the 
wire  in  the  armature  coils,  the  slots  in  the  commutator, 
where  the  leads  are  soldered,  are  cleaned  out.  This 
makes  it  easy  to  put  the  leads  of  the  new  winding  in 
place  before  soldering. 

A  test  is  next  made  on  each  pair  of  commutator  bars 
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with  a  limip  to  set'  that  tliey  are  clear  of  .short-circuits, 
and  each  seK"ieiit  is  tested  to  the  cast-iron  shell  for 
>f rounds.  In  case  the  mica  is  broken  down  between 
the  soKnients,  the  commutator  is  taken  apart  by  re- 
moving: the  screws  or  nuts  that  hold  the  "V"  rin>rs  in 
place.  After  removinff  the  latter,  any  or  all  of  the 
.•segments  may  be  easily  taken  out.  With  a  segment 
as  a  pattern,  new  micas  are.  cut,  and  with  these  re- 
placing the  old  ones  that  were  broken  down,  the  com- 
mutator is  re-as.sembled. 

In  puttinjJT  together  the  commutator,  the  copper  and 
the  mica  .segments  are  assembled  in  place  on  one  of 
the  "V"  rings,  as  in  Fig.  3,  then  the  front  "V"  ring 
is  veiy  carefully  put  in  place  and  the  nut  that  hold.s  the 
commutator  together  is  tightened  down.  This  nut  is 
first  screwed  down  just  suflicient  to  hold  the  mica  to- 
gether, and  the  segments  tested  to  see  if  they  are  clear 
of  short-circuits  or  grounds.  If  the  commutator  in- 
sulation proves  to  be  in  good  condition,  a  blow-torch 
is  used  to  warm  up  the  commutator  to  about  125  deg. 
F.,  and  the  holding  nut  is  screwed  down  as  tight  as 
possible. 

The  insulation  used  in  the  slot  is  first  a  layer  of 
fish  paper  about  0.005  in.  thick,  then  a  layer  of  oiled 
linen  about  0.005  thick.  These  are  cut  so  as  to  extend 
about  one  inch  above  the  top  of  the  slots  so  as  to  make 
it  easier  to  slide  the  coils  into  place.  The  insulation  also 
e.xtends  at  both  ends  of  the  slots  about  one-quarter  inch 
to  prevent  the  coils  coming  in  contact  with  shai-p  cor- 
ners of  the  core. 

The  form  for  winding  the  coils  on  is  made  of  three 
pieces  of  wood  as  shown   in   Fig.   4.     One  piece  the 


ri<:.   G.      'l-OP  SIDES  OF  FIRST  COILS  RAISKD  SO  AS  TO  PrT 
DOWN  BOTTOM   SIDES  OF  I>AST  COII.S 

size  of  the  inside  of  the  coil  is  shaped  and  nailed  to  a 
side  which,  is  about  one  inch  larger  all  around  than 
the  center  around  which  is  wound  the  coil.  The  other 
side  is  held  in  place  and  three  holes  are  drilled  through, 
-one  in  the  center  for  mounting  the  forms  and  one  at 
each  end,  through  which  bolts  are  put  with  wing  nuts 
on,  to  hold  the  loose  side  in  place.  Four  slots  are  cut 
in  the  sides  of  the  form  down  to  the  center  core.     The 


slots  are  f(jr  |)utting  pieces  of  cord  in  to  tie  the  coils 
with  before  removing  tlu-rn  from  the  form.  In  winding 
the  coils,  4-in.  long  pieces  of  cord  are  cut  and  one 
slipped  in  each  slot  of  the  form.  The  end  of  the  Wire 
is  slipped  into  the  slot  nearest  to  the  beginning  of  the 
I  oil  and  the  form  revolved  until  the  reiiuired  number 
of  turns  are  obtained.  The  four  pieces  of  cord  are  then 
tied  and   the   loose  side   is   taken   off  and   the   coil   re- 


FIG.    7.      liOTTO.M    LEADS    OF   WIXDING   CONNECTED   TO 
Cl'MMUTATOR 

moved  from  the  core.  The  coil  is  then  taped,  making 
sure  to  bring  the  leads  out  at  the  right  place,  which 
can  be  determined  from  the  old  coil.  After  taping, 
the  coils  are  formed  as  shown  in  Fig.  5,  by  placing  one 
side  in  the  vise,  between  two  pieces  of  wood  and  holding 
two  pieces  on  the  other  side  and  pulling  to  the  shape 
desired.  The  pieces  of  wood  should  be  cut  the  length 
of  the  slots  in  the  armature.  With  the  coils  properly 
shaped,  it  is  an  easy  matter  to  put  them  in  the  slots. 

In  putting  the  coils  in  the  slots,  start  at  any  slot 
and  put  the  bottom  side  of  the  first  coil  in  permanently, 
and  place  the  upper  side  in  the  proper  slot  temporarily. 
The  top  sides  of  a  number  of  the  first  coils  placed 
will  have  to  be  raised  to  allow  placing  the  bottom  sides 
of  an  equal  number  of  the  last  coils  placed  in  the 
winding.  By  placing  the  top  sides  that  must  be  lifted  in 
their  proper  slots  temporarily,  it  will  prevent  the  form 
of  the  coils  from  being  changed,  as  well  as  get  the  coils 
in  the  right  slots  at  the  start.  This  procedure  is  con- 
tinued until  a  sufficient  number  of  coils  are  in  place  to 
bring  the  top  side  of  a  coil  into  a  slot  where  a  bottom 
side  has  been  placed.  Beginning  at  this  slot,  the  top 
sides  of  the  coils  are  put  in  the  slots  permanently.  This 
process  is  continued  until  the  slot  that  contains  the  top 
side  of  the  first  coil  is  reached,  then  all  the  top  sides 
that  were  placed  temporarily  are  raised  and  forced  up 
just  far  enough  to  allow  sliding  the  bottom  sides  of  the 
last  coils  under  and  putting  them  in  place.  After  the 
bottom  sides  of  these  last  coils  are  placed,  the  top  sides 
are  put  down  as  in  Fig.  6.  One  care  that  must  be  ob- 
served is  that  the  coil  must  be  placed  in  the  slots  in 
succession  and  worked  in  one  direction  around  the 
armature. 

The  coils  should  now.  be  tested  for  grounds,  open 
circuits  and  also  for  short-circuits  between  coils.  If 
this  test  shows  all  coils  to  be  clear,  then  all  excess  slot 
insulation  is  cut  off  where  it  extends  above  the  core 
and  the  armature  is  banded,  using  any  one  of  the 
various  methods  for  banding,  but  making  sure  that  the 
bands  are  put  on  tight  and  well  soldered. 
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Connecting  the  leads  to  the  commutator  is  done  by 
first  placing  a  straight-edge  on  any  one  of  the  slots 
and  marking  the  commutator  segment  that  is  in  line 
with  this  slot.  Then,  from  the  data  taken  before  strip- 
ping the  armature,  find  out  how  many  bars  to  the  right 
or  left  of  the  marked  segment  the  first  bottom  lead 
must  be  connected.  Beginning  at  the  slot  opposite  the 
marked  segment,  take  one  of  the  bottom  leads  and  con- 
nect it  into  the  segment  determined  by  count.  In  this 
winding  two  coils  are  wound  in  parallel,  therefore  there 
will  be  two  bottom  and  two  top  leads  coming  from  each 
slot.  Either  one  of  the  bottom  leads  may  be  connected 
first,  then  the  other  in  the  adjacent  segment.  This 
is  continued  until  all  the  bottom  leads  are  connected. 
Each  coil  should  be  tested  for  grounds,  open-circuit 
and  short-circuit,  before  and  after  connecting.  In  this 
way  any  defect  in  the  coils  will  be  detected  before  the 
coil  is  connected  into  the  winding.  Since  there  are  two 
coils  wound  in  one,  it  is  a  good  scheme  to  locate  the  leads 
of  one  coi!  by  test  in  each  group  and  mark  the  lead  with 
a  little  shellac  or  paint.  This  will  greatly  simplify 
making  the  connections  to  the  commutator.  In  such 
case,  when  the  bottom  leads  are  put  down,  care  should  be 
exercised  to  have  every  other  lead  a  marked  one;  that 
is,  if  the  unmarked  lead  is  put  down  first  in  one  pair  of 
coils,  then  it  must  be  connected  first  in  all  coils. 

After  all  the  bottom  leads  are  down,  the  throw'  of  the 
top  leads  to  the  left  or  right  is  determined  and  they 
are  connected.     Where  armatures  are  parallel  wound, 


as  in  this  case,  the  first  top  leads  will  be  connected  to 
the  segment  adjacent  to  the  bottom  lead.  Where  there 
are  two  coils  wound  in  one  and  the  leads  of  one  coil 
marked  and  the  other  unmarked,  the  top  lead  of  the 
marked  coil  will  connect  to  the  same  segment  as  the 
bottom  lead  of  the  unmarked  coil.  After  this  the  leads 
can  be  put  down  in  succession  around  the  commutator, 
alternating  unmarked  and  marked  terminals.  If  the 
connections  are  made  properly,  a  marked  and  an  un- 
marked top  and  bottom  lead  will  come  into  each  segment. 
When  the  leads  are  all  down,  they  should  be  soldered, 
making  sure  that  the  solder  runs  into  the  slots  to  in- 
sure a  good  connection  between  the  windings  and  the 
commutator  bars.  It  is  good  practice  when  soldering 
the  leads  to  the  commutator  to  have  the  back  end  of  the 
armature  higher  than  the  commutator;  then  the  solder 
will  not  tend  to  flow  in  back  of  the  segment  and  cause 
short-circuit  between  bars.  After  soldering,  the  commu- 
tator is  turned  down  and  examined  carefully  to  find 
and  remove  any  copper  or  solder  that  may  have  been 
drawn  over  from  one  segment  to  the  other.  The  arma- 
ture is  then  tested  with  a  millivoltmeter  or  telephone 
receiver,  for  defects  such  as  short-circuit,  open-circuit, 
grounds  and  high-resistance  contact.  If  the  coils  have 
been  properly  connected  and  insulated,  the  complete 
winding  should  test  out  clear.  The  last  step  in  the 
process  is  to  give  the  armature  a  coat  of  insulating 
paint  and  bake  it  in  an  oven,  after  which  it  is  ready 
for  service  again. 


Operation  and  Adjustment  of  Turbine  Machinery 


By  EUSTIS  H.  THOMPSON 

Consulting   Engineer,   Baltimore,   Md. 


How  would  you  konw  that  a  charge  of  ivater  ivas 
coming  over  into  the  turbine  from  the  boilers? 
What  does  occasional  poor  regulation  indicate? 
When  the  blades  accumulate  a  coat  of  scale  or 
sediment  hotv  does  the  turbine  act?  If  the  ma- 
chine has  lost  its  balance  gradually,  what  may 
have  been  the  cause?  These  are  but  a  few  of  the 
many  specific  troubles  dealt  ^vith  in  this  article 
which  is  the  fifth  of  the  series. 


STEAM  troubles  are  usually  more  bothersome  than 
dangerous.  Leaks  in  the  system  seem  to  be  the 
most  familiar  form.  Major  troubles  are  guarded 
against  by  design,  installation  and  operation,  so  that 
usually  they  are  conspicuous  by  their  absence.  Al- 
though steam  machinery  has  been  thoroughly  devel- 
oped in  all  directions  during  the  century  or  more  in 
which  steam  has  been  in  harness,  it  will  not  operate 
with  satisfaction  unless  given  close  attention.  Symp- 
toms of  trouble,  due  to  wear  or  other  factors,  should 
be  carefully  noted  so  that  proper  steps  may  be  taken 
for  the  protection  of  the  units. 

Characteristics  of  Steam  Troubles 
1.  Sudden  slowing  down  of  a  small  machine,  ac- 
companied by  a  small  amount  of  vibration  and  some- 
times considerable  leakage  from  the  shaft  packing. 
Larger  machines  slow  down  less,  but  vibrate  more 
easily.  Very  large  machines  slow  down  less,  but  vi- 
brate considerably,  and  in  extreme  cases  cause  stripping 


of  the  blades.  This  behavior  usually  indicates  a 
charge  of  water  coming  over  with  the  steam.  The 
remedy  is  the  prevention  of  boiler  priming,  thorough 
draining  of  pipes  or  perhaps  elimination  of  water 
pockets  in  'the  steam  line,  use  of  a  proper  steam 
separator. 

2.  Vibration  beginning  slowly  and  gradually  increas- 
ing. Small  machines  slowing  down,  though  the  speed 
of  large  machines  is  not  necessarily  affected.  Cause, 
water  collecting  in  the  turbine  casing,  owing  to  im- 
proper draining  and  to  wet  steam.  Remedy,  correction 
of  turbine  drainage. 

3.  Regulation  occasionally  poor  with  inability  to 
carry  load.  Cause,  low  steam  pressure  or  insufficient 
vacuum. 

4.  Inability  to  carry  load,  at  first  slight  and  gradually 
becoming  worse.  Cause  (a),  sediment  carried  over 
by  the  steam  depositing  on  the  blades.  This  is  a 
rare  occurrence.  Remedy,  correct  boiler  conditions. 
Cause  (b),  steam  strainer  stopped.  Remedy,  clean 
the  strainer. 

5.  Machine  gradually  running  out  of  balance.  Cases 
of  this  kind  have  occurred  where  acid  properties  of 
the  steam  have  consumed  the  balance  weights  placed 
in  exposed  positions. 

6.  Vibration  occurring  at  intervals  with  no  water 
trouble — vibration  worse  at  full  load  or  when  running 
non-condensing.  Cause,  expansion  of  piping  pulling 
machine  out  of  line.  Remedy,  firm  anchoring  of  the 
pipe  line  and  installation  of  flexible  joints. 

7.  Continual  good  operation  with  sudden  vibration 
and    stopping    of    machine    with    stripping    of    blades. 
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Cnusc.  mud  or  aodiincnt  coUpcvmh?  in  a  body  and  then 
coming:  over  info  f)io  hlado.-^  in  a  larjre  ma.ss. 

S.  liad  revrulation  of  a  .steady  and  continual  kind  in 
nuichiiies  cijiiipiiod  with  a  .steam  pilot  valve  or  un- 
balanced valve.  This  has  been  occa.sioned  in  some  in- 
stances by  usinf?  lime  water  in  the  boiler,  causing  a 
deposit  from  the  steam  of  a  sticky  sediment.  Lubrica- 
tion with  K^HxI-K'rade  cylinder  oil,  together  with  proper 
cleaning  at  regular  intervals,  will  successfully  meet 
this  condition. 

9.  Vio'ent  vibration,  usually  accompanied  by  heat- 
ing of  the  shaft  just  after  fitting  the  packing  rings 
or  within  a  day's  time  of  such  work.  Cause,  packing 
rings  fitted  so  tight  so  as  to  bind  the  shaft.  The 
action  sometimes  occurs  several  hours  after  the  rings 
are  fitted.  Reniedy,  proper  adjustment  of  the  packing 
rings. 

10.  General  heating  of  the  bearings,  unstable  oil 
pressure;  cause,  steam  leaking  into  the  bearings  and 
there  condensing.  Remedy,  proper  shaft  packing  anci 
steam  deflectors. 

11.  Injury  to  machine  due  to  closure  of  exhaust 
valve;  failure  of  vacuum,  together  with  stoppage  at 
relief  valve;  water  entering  through  exhaust  steam 
pas.sage;  excessive  steam  pressure.  These  and  similar 
troubles  are  not  necessarily  characteristic  of  steam 
turbines  and  therefore  are  not  considered  as  requiring 
discussion. 

Leaks — Their  Causes  and  Remedies 

Steam  leaks  spoil  the  good  appearance  of  an  installa- 
tion and  to  some  extent  represent  waste  of  energy. 
Vacuum  leaks  are  a  direct  menace  to  economical  opera- 
tion. Such  things  are  small  in  themselves,  but  often 
time-consuming  to  locate  and  difficult  to  remedy. 

Leaks  in  pipe  lines  are  well  understood,  and  except 
in  cases  of  bad  vibration  or  undue  pipe  strains  there 
is  not  usually  much  trouble  in  stopping  them  after 
they  are  located.  Pipe  threads  that  are  well  cut  with 
sharp  tools  hold  satisfactorily  when  plastered  with  a 
composition  such  as  white  lead,  cylinder  oil  and  gi-aph- 
ite,  or  red  lead  and  cylinder  oil,  or  some  other  "dope" 
that  will  act  as  a  filler  without  corroding  the  threads 
and  making  them  difficult  to  unscrew.  Corrosive 
"dopes"  such  as  litharge  and  red  lead  should  never 
be  used  by  conscientious  engineers  if  the  job  is  to 
be  dismantled  for  repair  work  or  inspection.  Shellac 
and  graphite,  while  not  corrosive,  will  stick  pipe  threads 
so  tight  as  to  make  it  impossible  to  take  them  apart. 
Leaky  valves  and  unions  can  be  remedied  by  a  little 
attention  or  by  purchasing  fittings  that  are  well  suited 
to   the   conditions   encountered. 

Leaks  which  often  give  trouble  occur  in  ground 
joints.  These  joints  are  found  in  a  turbine  casing, 
packing  casings,  etc.,  where  accurate  dimensions  are 
necessary  and  the  thickness  of  the  gasket  would  make 
such  a  difference  in  some  dimensions  a,s  to  cause 
trouble.  Such  a  joint  will  sometimes  hold  when  prop- 
erly aligned  and  bolted,  but  it  is  generally  necessary 
to  apply  some  soft  "dope"  to  act  as  a  filler.  The 
usual    method    is    to    use    powdered    graphite    and    oiL 

Another  way  of  making  up  such  a  joint  is  to  place 
a  heavy  linen  thread  soaked  in  linseed  oil  along  the 
joint  and  squeeze  this  together  with  a  bolt  pressure 
in  the  same  way  as  a  gasket.  Both  of  the  foregoing 
methods  have  the  advantage  of  making  the  joint  easy 
to  clean  when  it  is  taken  apart.  For  this  purpose 
other  soft  dopes,  such  as  white  lead,  powdered  graphite 


and  double-boiled  linseed  oil,  have  the  same  character- 
istic ;is  graphite  and  oil. 

\Vh(  n  the  surfaces  are  roughly  machined  and  it  ia 
(lidicult  to  make  such  a  joint  hold,  the  best  filler  of 
all,  in  the  writer's  ojjinion,  is  shell.nc  and  powdered 
gra|)hite,  properly  applied.  The  surfaces  must  be  well 
cleaned  and  well  cooled.  This  filler  should  be  applied 
on  both  surfaces  with  a  j)aint  brush.  After  bolting 
together  .some  of  the  shellac  .squeezes  out.  When  the 
joint    has    become    heated,    the    bolts   should    again    be 
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^    Turbine  Casing 
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tightened,  as  the  consistency  of  the  shellac  changes 
considerably  on  the  application  of  heat.  This  filler 
will  be  found  a  good  remedy  for  nearly  all  bad  cases 
encountered.  See  that  no  oil  is  on  the  surface  before 
applying  the  filler.  A  thin  paper  gasket  can  be  used 
if  all  else  fails.  If  it  is  necessary  to  use  a  corrosive 
dope,  red  lead  and  litharge  mixed  with  glycerine  will 
stop  the  leak  but  will  make  dismantling  a  tedious  proc- 
ess. Such  a  step  appears  necessary  in  one  case  out  of 
a  thousand,  and  the  trouble  could  probably  be  solved 
in  some  other  manner  if  the  situation  were  well  studied. 
The  most  difficult  type  of  ground  joint  is  one  in 
which  the  bolted  element  has  insufficient  surface  or 
is  channeled  through  the  surface  and  must  hold  water 
as  well  as  steam.  A  joint  of  this  kind  is  recalled  which 
was,  in  addition,  subject  to  a  small  vibration.  This 
could  be  made  to  hold  tight  for  a  while,  but  the  vibra- 
tion and  water  together  would  cause  a  leak  in  a  short 
time.  The  joint  held  best  with  shellac  and  graphite 
and  a  paper  gasket.  It  was  made  to  hold  tight  by 
placing  some  powdered  red  lead  in  the  cavity,  which 
filled  with  water  (see  sketch).  When  the  joint  began 
to  leak  after  being  made  up  in  this  manner,  the  red 
lead  was  drawn  into  the  channel  and  soon  caused  a 
plug  which  permanently  eliminated  the  trouble. 
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Refrigeration  Study  Course — XVI 
Ammonia  Piping  Calculations 

By  H.  J.  MACINTIRE 

Professor   of  Mechanical   Engineering,   University   of    Idaho 


THE  expansion  piping  of  a  refrigerating  system  has 
its  counterpart  in  the  boilers  of  the  steam  plant. 
The  boilers  absorb  heat  from  the  hot  gases  pro- 
duced by  the  combustion  of  the  fuel.  Whereas  with  a 
single  boiler  the  fireman  has  a  ready  means  of  telling 
about  the  output,  yet  in  a  battery  of  boilers  there  is  no 
ready  means — except  possibly  by  checking  up  the  coal 
burned,  combined  with  the  flue  temperature  and  the 
CO,  analysis — of  telling  whether  one  or  more  boilers 
are  not  loafing.  Of  course  there  is  the  steam  meter, 
which  gives  immediately  the  response  of  any  boiler  to 
the  action  of  draft  and  stoking  by  registering  the  steam 
output  in  pounds  per  unit  of  time. 

In  like  manner  the  expansion  piping  or  refrigerating 
coils  may  be  "laying  down"  on  the  job,  and  it  is  even 
harder  to  tell  just  when  this  is  taking  place,  except  that 
perhaps  results  are  not  being  obtained.  The  operator 
may  be  holding  the  suction  pressure  right,  the  condenser 
and  all  the  high  pressure  side  may  be  apparently  in  good 
shape,  but  the  ammonia  disappears  from  the  receiver  and 
the  temperatures  are  not  maintained.  The  trouble  in 
these  cases  is  that  for  some  reason  or  other  the  ammonia 
is  not  being  evaporated  as  it  should.  It  is  the  boiling  of 
liquid  ammonia  at  the  proper  pressure  that  gives  useful 
refrigeration.  The  improper  pressure,  the  presence  of 
oil  or  scale  or  water  fn  the  inside  of  the  pipe  and  scale 
and  ice  on  the  outside  decrease  the  ability  of  the  expan- 
sion piping  to  function,  and  the  result  is  reduced 
capacity — sometimes  very  much  reduced  capacity. 
With  no  flow  meter  the  operator  may  not  readily 
check  the  several  parts  of  the  system.  If  results  are 
not  obtained  about  the  only  course  is  to  check  over  the 
possibilities  for  trouble  and  do  such  overhauling  as 
seems  necessary  and  desirable. 

Plenty  of  Cooling  Surface  Allowed 

As  regards  the  possible  demand  on  the  refrigerating 
pipes  all  refrigerating  men  know  that  there  are  the 
so-called  live  loads  and  the  leakages.  They  vary  with 
each  design  and  location.  These  embrace  the  electric 
lights  and  the  animal  heat  of  the  workmen,  the  mechani- 
cal equivalent  of  heat  of  the  fans  or  other  machinery, 
the  chemical  heat  of  decay,  the  sensible  heat  and  latent 
heats  (if  goods  are  frozen)  of  the  new  goods  brought 
into  storage,  the  liquefaction  and  freezing  of  steam 
given  off'  by  the  goods  (as  in  the  chill  room  of  a  packing 
house)  and  finally  the  leakage  of  heat  from  the  outside 
atmosphere,  which  is,  of  course,  nearly  always  at  a  tem- 
perature considerably  above  the  temperature  carried  in 
the  refrigerated  rooms. 

With  these  varied  conditions  of  operation — of  re- 
frigerating load  and  of  heat  transmission  per  square 
foot  of  pipe  surface — it  is  naturally  diflScult  to  design 
the  expansion  piping  with  economy.  The  main  consider- 
ation on  the  part  of  most  engineers  is  to  get  enough 
surface  to  be  sure  to  carry  the  load  readily  under  any 
and  all  conditions  of  operation.  The  tendency  has  been 
to  play  safe,  and  to  be  sure  that  plenty  of  pipe  surface 


is  provided  so  that  after  four  or  five  years  of  indifferent 
care  and  attention  the  machine  may  still  give  the  con- 
tract load.  The  writer  recollects  the  question  asked  by 
the  chief  engineer  of  a  large  refrigerating  machine 
company  as  to  the  advisability  of  using  a  certain  ratio 
of  pipe  surfaces,  who  said,  "Are  you  sure  that  you  can 
get  full  capacity  of  ice  from  that  ice  tank  after  the 
pipes  are  fouled  by  the  accumulation  of  four  or  five 
years  of  oil  and  scale?"  This  is  a  wrong  idea  and  time 
will  see  a  certain  amount  of  change.  The  refrigerating 
machine  and  piping  will  be  sold  with  the  understanding 
that  these  will  be  maintained  in  an  efficient  operating 
condition.  It  will  be  remembered  how  heavy  the  copper 
used  to  be  in  electrical  machinery,  and  how  steam  tur- 
bines had  better  steam  economy  at  25  per  cent  overload 
than  at  full  capacity.  The  reason  for  these  cases  was 
that  the  designers  were  not  sure  of  their  machines  when 
operating  under  the  industrial  conditions  in  the  field. 

The  reason  for  emphasizing  so  particularly  this  mat- 
ter of  expansion  piping  is  to  call  the  attention  of  the 
reader  to  the  difficulties  in  the  way  of  the  engineer  who 
is  planning  a  new  system,  and  also  to  make  clear  the 
reason  for  the  great  variation  in  the  amount  of  piping 
one  notices  from  time  to  time.  Under  good  operating 
conditions  there  is  no  question  but  that  relatively  small 
surfaces  may  be  used,  but  otherwise  there  must  be  suf- 
ficient allowance  for  the  decrease  in  unit  output. 

The  Purpose  of  Agitation 

Still  another  factor  of  importance  in  all  heat  exchange 
surfaces  is  that  of  the  agitation  of  the  surrounding 
fluid.  The  best  insulating  material  is  "still"  air.  In 
refrigeration,  in  steam  boilers  and  steam  condensers, 
there  seems  to  be  a  tendency  for  the  adhesion  of  sur- 
rounding air  or  gas  and  the  formation  of  an  air  film  that 
sticks  to  the  surface  and  greatly  increases  the  resistance 
to  passage  of  heat  through  the  walls  of  the  pipes  or 
tubes.  Anything  that  may  be  done  to  "scrape"  off  this 
film  by  creating  a  velocity  of  flow  to  the  medium  will 
increase  the  coefficient  of  heat  conduction  or  the  capacity 
of  the  piping.  This  is  true  in  the  case  of  a  radiator,  a 
bunker  coil,  an  ice  making  tank,  or  a  cooling  tower. 

Expansion  piping  is  also  allowed  to  become  covered 
with  frost.  Some  engineers  believe  that  as  the  diameter 
increases  with  an  addition  of  frost  the  increased  sur- 
face will  make  up  for  the  decreased  rate  of  heat  by 
conduction.  The  reader  has  only  to  make  a  test  to  get 
capacity  under  these  conditions  of  operation  to  see 
the  fallacy  of  such  an  idea.  Frost  must  be  removed, 
either  by  scraping  or  by  the  usual  methods  of  defrosting. 
One  method  used  with  success  is  to  allow  brine  to  trickle 
down  the  pipes,  arranged  as  wall  piping  in  stands ;  this 
brine  will  keep  the  surfaces  wetted  and  at  the  same  time 
will  prevent  the  accumulation  of  frost.  Whereas  the 
coefficient  of  conduction  is  increased,  and  the  necessary 
amount  of  piping  is  proportionally  decreased,  the  extra 
labor  involved  in  attending  to  the  brine  has  prevented 
its  generaluse. 
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A.s  an  t'XHmi)lo  of  tlic  iiu'lhod  to  he  iisod  take  tlif 
example  of  n  cold  atorntre  room  haviiij?  walls  of  2,200 
.sq.ft.  of  surface,  and  with  a  K'akaKe  toctlUient  (A.') 
0.07  B.t.ii.  The  storage  room  is  dosijrned  for  .'M  den;.  F- 
and  for  an  avcrajro  of  70  dojr.  F.  outside.  The  live  load 
consists  of  50,000  lb.  per  day  of  poods  at  (55  deg.  F.  and 
0.8  B.t.u.  specific  heat,  and  900  B.t.u.  per  hr.  for  8  hr. 
(the  heat  eiiuivalent  of  two  workmen  and  the  lights 
used).    Find  the  piping  reiiuired  for  24-hour  operation. 


I.rakagr  tou  -  2200  X  0  07  X  ( 70     U 
SO.OOO 
'   24 


franc  simhU  Kmil 


X  0  8  X  <65    -  M)  - 


Kill        '00  X  8 
Average  ini-chuiiioal  load  -  -—  j 

.^ir  Iraka  diirina  loiidiiig  (pstiniatrd)  - 


Arra  piping  is  onuni  to  ^  —  l,6<>0  k.|  ft 


5,544  Bill   p<Tlir 
51,700  n.t.u.  p<T  lir 

300  H.t.u  per  lir. 

10.000  Ut.u.  per  hr. 

67.544  B.t.u.  per  hr. 
l.6<)0Xl  (>-2.7041in.ft.  2  in.  pipe 


In  the  problem  an  estimate  has  to  be  made  of  the  loss 
due  to  opening  the  cold  storage  doors.  This  amount 
depends  on  the  personal  equation  and  whether  anti-room 
doors  are  used.  The  bringing  in  of  a  large  amount  of 
relatively  hot  goods  would  raise  the  room  temperature, 
but  this  point  has  been  neglected  as  it  is  assumed  that 
34  deg.  F.  is  obtained  at  the  end  of  the  24  hr.  Also 
a  value  of  A'  =r  2  has  been  taken  for  direct  expansion 
and  a  temperature  difference  on  the  two  sides  of  the 
pipes  of  34  and  14  or  20  deg.  F.  The  calculations  do  not 
account  for  the  condensation  and  freezing  of  w^ater 
vapor  on  the  pipes,  but  such  figures  should  be  relatively 
small.  The  problem  is  given  to  show  the  factors  enter- 
ing into  a  calculation,  and  the  results  reached.  The 
leakage  through  the  walls  may  be  arrived  at  by  a  method 
similar  to  that  given  in  the  article  on  "Insulation"''" 
for  the  type  of  construction  used  in  the  individual  case. 

The  Liquid  Line 

The  liquid  line  seldom  gives  trouble,  and  yet  there 
are  a  few  points  about  it  which  are  worthy  of  considera- 
tion. The  action  (as  regards  the  flow  of  the  liquid 
ammonia  from  the  receiver  to  the  expansion  valve)  is 
the  same  as  the  flow  of  water  from  the  air  chamber  of 
a  pump  to  the  flow  nozzle.  But  for  proper  regulation 
the  velocity  of  flow  must  be  nominal. 

In  nearly  every  case  it  does  not  much  matter  what 
drop  of  pressure  there  is  before  reaching  the  expansion 
valve  providing  there  is  no  tendency  for  vaporization  to 
occur  in  the  pipe  due  to  temperature  rise  of  the  liquid 
ammonia  and  too  great  a  pressure  drop.  With  a  con- 
denser pressure  of  150  lb.  it  is  possible  to  raise  the 
liquid  a  height  of  540  ft.  Tmuch  greater  than  water  could 
be  raised  under  the  same  pressure).  It  is  possible  to 
locate  the  expansion  valve  in  any  part  of  the  usual  type 
of  building  unless  the  friction  loss  in  the  pipes  is 
excessive. 

As  a  rule  the  velocity  permitted  in  the  ammonia  feed 
line  is  from  6  to  10  ft.  per  sec.  Knowing  the  tonnage 
required  the  number  of  pounds  of  ammonia  needed  may 
be  calculated.  The  volume  of  ammonia  is  then  found  by 
referring  to  Table  I  (which  gives  the  weight  of  one  cubic 
foot)  by  calculating  the  reciprocal  of  the  value  given. 
If  the  volume  in  cubic  inches  of  the  liquid  passing  any 
cross  section  per  second  is  known,  then  divide  by  72  to 
120  (the  velocity  in  inches  per  second).  The  answer  wrill 
be  the  area  of  the  pipe  required. 


N'alufs  of  cocflicicnt  of  conduction  "K"  in  B.t.u.  per 
H(iuarc  foot  per  degree  difference  of  temperature  per 
hour: 

Fri.czinii  Tankn 

Old  style  feed,  12  to  15  B.t.u. 

Flooded,  20  to  30  B.t.u. 

Ammonia  CondenHtra 

Submerged,  30  to  40  B.t.u.,  old  style  [obaoletej. 

Atmospheric,  60  to  G5  B.t.u. 

Flooded,  140  B.t.u.,  bleeder  type,  125  to  150  B.t.u. 
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•See  article  No. 
1920,  p.  630. 


of  this  "Study  Course"  in  Power  of  April  20. 


S         g         R 

S'lze   of  Room  in   Cubic  Feet 

VOLUME    OF    COLD    STORAGE    SPACE    PER    TON 
REFRIGERATION     FOR     VARIOUS     SIZES     OF 
BUILDINGS    AND    VARIOUS    TEMPERATURES 


Note  :     Numerous  claims  for  better  results  are  given 
for  the  "flooded"  condenser  but  these  are  disputed. 
Bandalot  Coolers 
(Counter  =  flow  atmospheric) 
Milk  coolers,  75  B.t.u. 
Cream  coolers,  60  B.t.u. 
Oil  coolers,  10  B.t.u. 

Brine  Coolers 
Shell  and  tube,  90  to  100  B.t.u. 

Cooling  Coils 
Brine  to  unagitated  air,  2  to  2i  B.t.u.;  direct  expan- 
sion to  unagitated  air,  li  to  2  B.t.u. 

One  inch  thickness  of  ice  will  reduce  the  coefficient 
of  heat  conduction  to  75  to  80  per  cent  of  the  values 
above. 

The  length  of  direct  expansion  piping  which  may  be 
controlled  by  an  expansion  valve  is  limited  to  its  ability 
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to  free  itself  of  the  ammonia  gas  that  is  boiled  out. 
In  general  it  may  be  said  that  the  practical  maximum 
which  may  be  used  is : 

1100  ft.  of  1     in.  pipe 

1300  ft.  of  11   in.  pipe 

1600  ft.  of  li  in.  pipe 

1900  ft.  of  2     in.  pipe 
With  brine  pipes  the  amount  of  feet  of  pipe  per  coil 
is  independent  of  the  size  of  the  pipe,  and  varies  from 
100  to  400  ft.,  depending  on  operating  conditions. 

TABLE  I.     WEIGHT  UF  LIQUID  AMMONIA  PER  CUBIC  FOOT 


ample,  should  it  be  desired  to  find  the  length  of  2  in. 
pipe  per  ton  for  a  room  to  be  held  at  20  deg.  F.  and  with 
a  suction  pressure  of  10  lb.,  gage  pressure,  then  taking 


(see  Table  II)  the  value  540  ft.  and  divide  by 


2.3 
1.6 


(the 


Temperature 

Pounds  per 

Temperature 

Pounds  Per 

Deg.  F. 

Cubic  Foot 

Deg.  F. 

Cubic  Foot 

85 

37  10 

50 

38  81 

80 

37  35 

45 

39  04 

75 

37  60 

40 

39  27 

70 

37.85 

35 

39.50 

65 

38  09 

-  30 

39.72 

60 

38  33 

25 

39.95 

55 

38  57 

20 

40  17 

Table  II  will  be  found  convenient  for  calculations  or 
for  checking.    Various  room  temperatures  and  boiling 


ratio  of  the  external  surfaces)  and  the  answer  is  378  ft. 
of  2-in.  brine  pipe. 

As  a  convenience  curves  are  added.  This  set  of  curves 
is  only  useful  for  approximate  work  and  for  preliminary 
estimates.  It  is  possible,  however,  to  get  fairly  good  re- 
sults from  them,  provided  the  conditions  found  in  the 
particular  cases  are  not  abnormal. 

Alaska  Coal  for  Navy 

The  Secretary  of  the  Interior  has  returned  from  his 
trip  to  Alaska,  fully  convinced  that  it  has  the  coal  neces- 
sary for  its  own  industries  and  soon  will  be  in  a  position 
to  supply  the  Navy  in  the  Pacific  with  a  coal  the  equal 
of  Pocahontas.    While  in  Alaska,  Secretary  Payne  or- 


TABLE  II.    LINEAL  FEET  OF  PIPE  PER  TON  OF  REFRIGERATION  TO  COOL  AIR 

This  table  is  based  on  a  coeflSrient  of  heat  transmission  (K)  of  2  5.    If  any  other  value  of  K  is  desired  multiply  by  2.5  and  divide  by  value  preferred     If  no  frost 

accumulates  on  pipe  multiply  lineal  feet  by  0  6 

Suction  pressure,  lb. 
Temp,  ammonia,  deg.  F. 
Temp,  brine,  deg.  F. 

Room  Temperature 
65  deg.  F. 

Room  Temperature 
60  deg.  F. 

Room  Temperature 
55  deg.  F. 

Room  temperature 
50  deg.  F. 

Room  temperature 
45  deg.  F. 

Room  temperature 
40  deg.  F. 

Room  temperature 
35  deg.  F. 

Room  temperature 
30  deg.  F. 

Room  temperature 
25  deg.  F. 

Room  temperature 
20  deg.  F. 

Room  temperature 
15  deg.  F. 

Room  temperature 
0  deg.  F. 

Room  temperature 
—  10  deg.  F. 


45 

40 

35 

30 

27 

25 

22 

19 

15 

12 

10 

7 

4  7 

14 

—2  4 

30 

26 

22 

17 

14 

12 

8 

4 

0 

—5 

—8 

^13 

—  18 

—25 

—  35 

\ind  of  Pipe 
2  in.  d.e. 
liin.d.e. 
liin.  br. 

38 

34 

30 

25 

22 

20 

16 

12 

8 

3 

0 

-  5 

—  10 

—  19 

—  30 

220 
314 
400 

198 
282 
349 

179 
256 
309 

160 
229 
270 

151 
216 
252 

145 
208 
240 

135 
193 
221 

126 
180 
204 

119 
170 
190 

no 

157 
178 

106 
151 
167 

99 
141 
155 

93 
133 
144 

86 
123 
129 

77 

no 

114 

2  in.  d.e. 
li  in.  d.e. 
li  in.  br. 

257 
368 
491 

227 
324 
416 

203 
290 
360 

179 
256 
309 

168 
239 
235 

161 
229 
270 

148 
212 
246 

138 
197 
225 

129 
184 
208 

119 
170 
190 

114 
162 
180 

106 
151 
167 

99 
141 
155 

91 
130 
137 

81 
116 
120 

2  in.  d.e. 
li  in.  d.e. 
li  in.  br. 

308 
440 
635 

266 
380 
515 

234 
335 
433 

203 
290 
360 

188 
269 
328 

179 
256 
309 

164 
244 
277 

151 
216 
251 

140 
200 
230 

129 
184 
208 

122 
175 
197 

113 
163 
180 

106 
152 
167 

96 
137 
146 

86 
123 
127 

2  in.  d.e. 
liin.d.e. 
IJin.br. 

385 
550 
900 

321 
459 
675 

275 
393 
540 

234 
337 
432 

214 
306 
386 

203 
290 
360 

184 
264 
318 

168 
240 
234 

154 
220 
258 

140 
200 
230 

133 
193 

216 

122 
175 
197 

114 
163 
180 

103 
147 
157 

91 
130 
135 

2  in.  d.e. 
liin.d.e. 
Iiin.br. 

514 
735 
1540 

406 
580 
982 

335 
478 
720 

275 
393 
540 

249 
356 
470 

234 
334 
432 

208 
297 
373 

188 
269 
327 

171 
244 
292 

154 
220 
258 

145 
207 
240 

133 
190 
216 

123 
176 
197 

110 
157 
169 

96 
137 
144 

2  in.  d  e. 
li  in.  d.e. 
1 i  in.  br. 

770 
IIIO 
5400 

550 
785 
1800 

428 
612 
1080 

335 
478 
780 

297 
425 
600 

275 
393 
540 

241 
344 
450 

214 
306 
386 

193 
276 
338 

171 
244 
292 

161 
232 
270 

145 
207 
240 

133 
190 
216 

119 
170 
184 

103 
147 
154 

2  in.  d.e. 
IS  in.  d.e. 
liin.  br. 

1540 
2220 

856 
1220 

592 
845 
2160 

427 
610 
1080 

366 
523 
830 

334 
477 
720 

286 
409 
569 

248 
355 
470 

220 
314 
400 

192 
274 
337 

179 
256 
308 

160 
229 
270 

145 
207 
240 

129 
184 
200 

110 
157 
166 

2  in.  d.e. 
I{  in.  d.e. 
IJin.br. 

1925 

962 

592 
845 
2160 

481 
688 
1350 

427 
610 
1080 

350 
500 
772 

297 
424 
600 

256 
366 
490 

220 
314 
400 

202 
288 
360 

179 
256 
308 

160 
229 
270 

140 
200 
220 

119 
170 
180 

2  in.  d.e. 
IJ  in.  d.e. 
IJin.  br. 

2566 

962 
1375 

700 
1001 

592 
846 
2160 

452 
645 
1200 

367 
525 
830 

308 
440 
636 

256 
366 
410 

233 
233 
432 

202 
288 
360 

179 
256 
308 

154 
220 
246 

129 
185 
196 

2  in.  d.e. 
liin.d.e. 
li  in.br. 

2566 

1283 

962 
1375 

642 

917 

2700 

482 
689 
1350 

385 
550 
900 

308 
440 
636 

275 
393 
540 

233 
333 
432 

202 
289 
360 

171 
244 
277 

140 
200 
216 

2  in.  d.e. 
U  in.  d.e. 
1 i  in.  br. 

7700 

2566 

1100 

700 
1000 
3600 

514 
734 
1543 

385 
550 
900 

334 
477 
520 

275 

293 
540 

233 
333 
432 

193 
276 
318 

154 
220 
240 

2  in.  d.e. 
li  in.  d.e. 
liin.  br. 

7700 

1540 

962 
1375 

592 
846 
2160 

527 
754 
1080 

308 
441 
569 

220 
315 
360 

'•  in.  d.e. 
U  in.de. 
li  in.  br. 

2570 

962 
1375 

514 
735 
1200 

308 
441 
540 

d.e.  means  direct  expansion 

br.  means  brine 

The  values  for  piping  above  are  for  natural  draft  circulation  of  air.    If  forced  circulation,  multiply  by  0 . 5  to  0  6. 


temperatures  of  the  ammonia  are  used,  giving  a  variety 
of  pipe  lengths  per  ton  of  refrigeration.  As  a  general 
rule  (except  for  short  seasonal  operation)  it  is  wiser 
to  have  high  suction  pressure  and  relatively  high  piping 
ratios;  in  other  words,  an  economical  operation  rather 
than  a  low  first  cost.  In  Table  II  the  sizes  of  pipe  con- 
sidered are  li  and  2  in.,  but  the  brine  pipe  is  figured 
for  li  in.  pipe  only,  whereas  the  direct  expansion  (d.e.) 
is  figured  for  both  sizes.  Should  it  be  desired  to  find 
the  length  of  pipe  for  some  other  size,  say  2  in.  brine, 
divide  the  length  of  pipe  as  given  in  the  table  by  the 
ratio  of  the  external  areas  of  the  two  pipes.     For  ex- 


dered  the  construction  of  a  washing  plant  at  the  Eska 
mine  which  will  greatly  improve  the  low  grade  coal. 

The  Navy  coal  will  come  from  the  Chickaloon  mine. 
This  property,  which  is  on  a  branch  of  the  Alaska  rail- 
road thirty-seven  miles  from  the  main  line,  also  was  vis- 
ited by  Secretary  Payne.  He  reports  that  no  less  than 
400,000  tons  of  coal  are  exposed.  Just  at  present  the 
future  of  that  particular  mine  is  somewhat  in  doubt, 
due  to  the  faulting  of  the  vein. 

Secretary  Payne  expects  to  have  a  committee  actively 
at  work  in  the  very  near  future  studying  ways  and 
means  of  stimulating  all  industries  in  Alaska. 
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W.  S.  Murray — Fallirr  of  llie  Super-Power  Plan 


I'lu-  sii|»-r-|>o%\<-r  pliiii  \s\\\  jillrrl  llic  o|MTalioii  of  iiHlii»«tri<-^  jiikI  riiilroii(l><  in  iIh-  n-f^ion  rxlrixliii;; 
t'roiii  |{<»^toll  to  W  asliiii<:(oii  iiikI  iiilaii<l  from  tlu-  roa^l  altoiil  I  fid  iiiili"<.  Itv  fiiliirr  (li'M-loidiu'iit 
of  \«al<-r  pourr.  ami  (lir  loratittii  of  lar<:<-  s(<-aiii-«ii-i>  rii  rlrt-lrir  ^^lalioii!*  al  li<l«-wat«-r  aii«l  at  itoiiilH 
llt'ur  l\\v  moiilli  of  mines  it  is  rslimatrtl  that  (lir  prrsriil  power  rr(|iiir<iii«iil  coiiM  l>r  served  )>>  oiir- 
thinl  of  the  |u-rs(-iil  |)ou«'i-  •.iciieratin^  (■a|>a(-il>.  In  <»llier  >4or4ls,  this  nieans  that  tlie  load  factor 
now  avrra<:in<;  not  <:r«-at«-r  (hat  Irt  per  cent  uill  Ix;  lifted  to  nearly  .">()  per  cent.  I(  is  of  national 
imporlanee  also  that  hy  su«-h  a  coordinated  power  urran<;!enieiit  nttt  less  than  .'i().()()(^()()()  Ions  of  eoal. 
the  e<|ni>aleiit  of  8 130,<H)(),0()(),  will  he  .sa>e<l  annually,  hesides  deereasiii<;  in  almost  etpial  amount 
the  annual  expense  of  maintaining  (he  inadec|uate  power  iiiueliiner>  now  in  operation. 


GENERAL  economic  conditions  resulting  from  the 
war  have  forcibly  drawn  the  attention  of  engineers 
to  the  necessity  of  a  careful  study  of  our  power 
problems  to  the  end  that  our  former  wasteful  methods 
might  be  replaced  by  a  more  efficient  generation,  trans- 
mission and  use  of  electricity  and,  in  the  final  analysis,- 
effect  a  substantial  con- 
servation of  our  diminish- 
ing fuel  supply.  In  such 
a  study  the  individual 
plant  must  necessarily  be 
subordinated  to  the  prob- 
lem as  a  whole.  During 
the  last  few  months  this 
subject  has  attained  added 
importance  in  view  of  the 
constantly  increasing  de- 
mand for  power  and  the 
rising  price  of  coal.  The 
matter  had  been  discussed 
sporadically  but  it  awaited 
someone  to  offer  concrete 
data  as  to  possible  sav- 
ings and  a  definite  plan  of 
procedure.  Consequently 
when  W.  S.  Murray,  con- 
sulting engineer  of  New 
York  City,  came  forward 
with  his  outline  of  a 
Super  Power  System  des- 
tined to  eliminate  the 
economic  waste  in  our 
present  power  system, 
national  interest  was  im- 
mediately aroused  and 

Congress  in  its  Sundry  Civil  Bill  made  provision  for  an 
appropriation  of  $125,000  to  carrj'  on  an  investigation 
of  the  plan,  make  surveys,  etc. 

In  order  to  properly  carry  out  the  multitudinous 
details  of  the  investigation  the  Super  Power  Commit- 
tee was  formed.  It  was  natural  that  Mr.  Murray  should 
be  selected  as  its  head  and  he  was  appointed  by  the  Sec- 
retary of  the  Interior.  There  was  needed  broad  vision, 
enthusiasm  and  energy.  Mr.  Murray  possesses  these 
qualifications,  and  has  the  advantage  of  a  number  of 
years  of  study  on  this  project.  His  work  in  the  past 
is  sufficient  evidence  of  his  ability  to  do  things  on  the 
super  scale. 

From  the  time  when  he  completed  his  electrical  engi- 
neering studies  at  the  Lehigh  University  until  today 
Mr.  Murray  has  been  doing  and  planning  work  on  a 
large  scale.     For  seven  years  following  his  graduation 


W.    S.    MURRAY 
Chairman  of  Super  Power  Committee 


he  was  associated  with  the  Westinghouse  Electric  & 
Manufacturing  Co.  in  the  departments  of  manufactur- 
ing, engineering  and  construction.  Here  he  received  a 
thorough  practical  training.  He  severed  his  connections 
with  this  company  and  opened  a  consulting  engineering 
practice  in  Boston,  where  he  remained  for  four  years. 

At  the  end  of  that  period 
he  accepted  the  position  of 
chief  electrical  engineer 
of  the  New  York,  New 
Haven  &  Hartford  R.R.  in 
full  charge  of  electri- 
cal engineering  and  con- 
struction details  of  the 
New  Haven  electrification. 
He  successfully  completed 
this  tremendous  task, 
costing  the  New  Haven 
R.R.  $25,000,000,  and  a 
short  time  later  was  made 
consulting  engineer  in 
charge  of  all  features  of 
electrical  operation. 

Mr.  Murray  has  organ- 
ized his  engineering  force 
into  three  departments  of 
investigation:  (1)  Rail- 
ways, (2)  Industries  and 
(3)  Power  and  Trans- 
mission. He  has  ap- 
pointed as  the  respective 
heads  of  these  depart- 
ments, Cary  T.  Hutchin- 
son, Henry  W.  Butler  and 
L.  E.  Imlay.  Henry  Flood, 
.Jr.,   has    been    appointed   engineer-secretary. 

In  discussing  the  progress  of  the  Super  Power  Survey 
he  said  that  Mr.  Flood,  engineer-secretary,  had  sent  out 
450  letters  to  the  Government  and  Public  Service  Com- 
missioners and  to  Executives  of  Railway  and  Central 
Stations  in  the  States  which  the  Super  Power  Zone  in- 
cludes and  their  instant  and  favorable  response  gave 
indication  of  the  interest  and  desire  to  help  in  every 
possible  way  to  furnish  the  necessary  data. 

Mr.  Murray  is  the  author  of  many  papers  on  electrical 
subjects  which  have  been  read  before  numerous  en- 
gineering societies. 

He  still  finds  time  to  take  an  active  interest  in  the 
American  Institute  of  Electrical  Engineers,  of  which 
he  was  vice-president  from  1913  to  1914.  He  is  also 
a  member  of  the  Bankers  Club,  the  Engineers  Club  of 
New  York  and  the  Graduates'  Club  of  New  Haven. 
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Organization  and  Plans  of  Super-Power  Committee 


THE  United  States  Government  has  recognized  the 
appeal  made  by  a  committee  representing  the 
engineers  of  this  country  who  appeared  before 
the  Appropriations  Committee  of  the  House  of  Repre- 
sentatives in  April  to  present  the  case  of  the  Super- 
Power  System,  and  both  branches  of  Congress  have  now 
approved  the  Super-Power  Survey  for  the  zone  on  the 
North  Atlantic  seaboard  between  Boston  and  Washing- 
ton and  inland  from  the  coast  averaging  150  miles  and 
have  granted  an  appropriation  in  the  amount  of  $125,- 
000  with  which  to  carry  on  the  work. 

Mr.  Murray  in  a  recent  interview  said  that  in  the 
area  between  Boston  and  Washington  and  inland  from 
the  coast  150  miles,  which  is  less  than  5  per  cent  of  that 
of  the  United  States,  there  is  installed  a  machine  capa- 
city aggregating  17,000,000  horsepower;  10,000,000  of 
this  is  required  to  run  the  industries;  7,000,000  is  re- 
quired to  operate  the  railroads. 

The  part,  therefore,  that  the  Government  is  playing 
in  this  matter  is  only  to  finance  an  administrative  and 
engineering  force  to  show  clearly  what  these  wastes  are; 
and  this  force  has  been  organized  and  is  known  as  the 
S-uper-Power  Survey,  with  headquarters  at  709  Sixth 
Avenue,  New  York  City. 

The  diagrams  here  shown  give  the  form  of  organiza- 
tion by  which  the  power  survey  will  be  conducted.  As 
the  object  of  the  investigation  and  report  is  necessarily 
divided  into  two  principal  features — fa)   an  allocation 


of  and  the  amount  of  wastes  in  labor,  fuel,  and  other 
materials  as  at  present  applied  to  the  railways  and  indus- 
tries in  the  zone,  and  (b)  the  design  of  a  regional  sys- 
tem by  means  of  which  these  wastes  will  be  elimi- 
nated, it  seemed  of  special  importance  that  the 
investigation  should  be  divided  into  three  departments, 
namely,  power  and  transmission,  railways,  and  indus- 
tries. To  that  end  three  departments  were  created  and 
a  division  chief  appointed  to  head  each,  with  an  engi- 
neer-secretary assigned  to  the  duty  of  collaborating 
with  these  division  chiefs  in  the  collection  of  field  data 
and  preparing  the  data  as  nearly  as  possible  for  report 
text.  The  services  of  the  Chief  Hydraulic  Engineer  of 
the  United  States  Geological  Survey  and  of  the  Chief 
Mechanical  Engineer  of  the  Bureau  of  Mines  will  also 
be  contributed  in  part  to  the  engineering  staff  of  the 
Super-Power  Survey. 

It  was  desirable  to  obtain  the  counsel  of  men  v/ho 
would  be  representative  of  power  producers  and  power 
consumers  and  of  the  people  as  a  whole  representing  a 
national  power  policy.  Therefore  an  advisory  board 
was  appointed  of  men  representative  of  the  above 
classes,  and  to  that  end  the  Secretary  of  the  Interior 
oflncially  invited  to  membership  on  such  a  board  men 
who  would  be  representative  of  New  England  railroads, 
New  York  railroads,  engineering,  technical .  publicity, 
the  National  Electric  Light  Association,  the  American 
Electric   Railway   Association,   the   American   Railway 


MEN    WHO    WILL,    DIRECT    THE    SUPER-POWER    SURVEY 

Upper  row  from  left  to  right :  Lorin  E.  Imlay,  C.  T.  Hutchinson,  Henry  W.  Butler,  Harold  Goodwin,  Jr.,  L.  A.  Whltslt,  N.  C.  McPherson, 
James  H.  McGraw.      Lower  row:   C.   H.  Pierce,  Henry   Flood,   Jr.,   W.   S.   Murray,    Otis  Smith,  Prof.  L.  P.  Hreckenridge.  N.  C.  Grover 
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Dcc.Sl.nCO 


Oct   5IJ9E0 


-Aug.  51,  ig£0 


Jul^  I,  1920 


FU;.    1.       I  r.NCTION'INO    OF    ORGANIZATION 

Associatioji,    and    the    National    Industrial    Conference 
Board. 

Meetings  of  the  Advisory  Board,  which  will  be  attend- 
ed also  by  the  Director  of  the  United  States  Geological 
Survey  and  the  Chairman  of  the  Engineering  Staff,  will 
be  called  not  less  than  every  two  months,  at  which  time 
the  Chairman  of  the  Engineering  Staff  will  present  the 


proKrt'.s.s  of  thr  wnrk  dunnK  the  two  proviou.s  months 
and  the  propo.scd  prorcduro  during  the  Kucrceding  two 
months.  In  such  manner  the  engineering  staff  will 
constantly  have  the  advantage  and  value  of  the  counsel 
of  such  an  advisory  hoard.  Prof.  L.  P.  Hreckenridge,  of 
Vale  University,  has  consented  to  serve  as  chairman  ot 
that  board. 

Referring  again  to  the  diagram.s:  Fig.  2  gives  a  fair 
idea  of  the  R-uper-Power  organization,  as  above  de.scribed, 
for  the  conduct  of  the  power  survey;  Fig.  1  is  an  attempt 
to  show  the  functioning  of  the  organization  as  shown  in 
Fig.  2.  On  these  diagrams  "F"  is  a  focus  toward  which 
the  entire  organization  will  be  working,  that  is,  as  of 
May,  1021,  when  all  fundamental  data  necessary  to  the 
compilation  of  the  report,  with  maps  and  diagrams, 
must  have  been  collected.  The  triangular  divisions  are 
the  power  and  transmission,  railway,  and  industrial 
departments  of  investigation.  The  base  section  of  the 
triangle  represents  the  department  of  the  engineer-sec- 
retary, and  shows,  by  arrows,  his  collaborating  arrange- 
ment with  the  three  division  chiefs  in  the  preparation 
of  report  text.  The  arrows  indicated  by  the  letter  "a" 
indicate  the  effect  of  advice  from  the  advi.«ory  board  in 
shaping  the  report  and  bringing  it  to  a  focus,  and  tho 
horizontal  zones  throughout  the  total  triangle  indicate 
the  bi-monthly  meetings  of  the  advisory  board  with  the 
engineering  staff  regarding  past  progress  and  future 
procedure.  As  indicated  by  this  diagram,  the  time  be- 
tween April  30  and  June  30  will  be  devoted  to  the  final 
preparation  of  report  te.xt  with  its  accompanying  maps 
and  diagrams  for  presentation  June  30,  1921,  when  the 
Congressional  appropriation  terminates  the  matter  will 
then  be  in  the  hands  of  Congress  and  the  committee  will 
dissolve. 


Personnel 

A.  John  Barton  Payne,  Secre- 
tary of  Interior. 

B.  George  Otis  Smith,  Dir.  U. 
S.  Geological  Survey. 

C.  W.  S.  Murray,  Cona.  Engi- 
neer, New  York. 

D.  E.  G.  Buckland,  Vice-Pres. 
N.  Y.,  N.  H.  &  H.  R.R. 

E.  A.  T.  Hardin,  Vice-Prer,. 
N.  Y.  Central  R.R. 

F.  Appointment  not  made. 

G.  John  H.  Pardee,  Pres.  Am. 
Elec.  Ry.  Assn. 

H.  L.  P.  Breckenridge,  Head 
Dept.  Mech.  Eng.,  Yale. 

I.  J.  H.  McGraw,  Pres.  Mc- 
Graw-Hill Pub.  Co. 

J.  Appointment  not  made. 

K.  Magnus  W.  Alexander, 
Mgr.  Dir.  Nat'l  Industrial  Con- 
ference Board. 

L.  Henry  Flood,  Jr.,  Cons.  En- 
gineer,   Pittsburgh. 

M.  L.  E.  Imlay,  Cons.  Engi- 
neer, Niagara  Falls. 

N.  Cary  T.  Hutchinson,  Cons. 
Engineer,  New  York. 

O.  Henry  W.  Butler,  Cons. 
Engineer,   New  York. 

P.  N.  C.  Grover,  Chief  Hy- 
draulic Eng.  U.  S.  Geological 
Survey. 

Q.  0.  P.  Hood,  Chief  Mech.  En- 
gineer, U.  S.   Bureau  Mines. 

R.  J.  J.  Madigan,  Chief  Clerk 
U.  S.  Geological  Survey. 
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From  War  Service 
to  Industrial  Pursuits 

DURING  the  war  many  industrial  centers  sprung 
into  existence  practically  overnight,  to  meet  emer- 
gencies of  various  kinds.  In  most  all  of  these  were 
power  plants,  many  of  which  represented  no  small 
achievements  in  modern  engineering,  not  alone  from  the 
standpoint  of  the  short  period  and  adverse  circum- 
stances under  which  these  plants  were  built  but  also  in 
their  design.  However,  many  of  these  plants  have 
already  been  dismantled  or  are  passing  out  of  existence, 
except  for  what  may  be  salvaged,  and  must  be  charged 
up  to  the  necessary  cost  of  carrying  on  the  world's 
greatest  war  to  a  successful  conclusion  for  ourselves  and 
our  allies.  There  are  nevertheless  numerous  industrial 
power  plants,  that  were  the  direct  outcome  of  the  war, 
still  in  existence  and  are  serving  peace  time  industries. 
An  example  of  one  of  these  plants  is  that  of  the  Mer- 
chants Shipbuilding  Corporation  at  Bristol,  Pa.,  de- 
scribed in  this  issue. 

As  a  result  of  the  conditions  encountered  when  the 
power  plant  was  built  it  was  impossible  to  remove  ah 
existing  plant  used  to  supply  power  to  a  foundry  on  part 
of  the  site  where  the  shipyard  was  constructed.  This 
made  necessary  the  building  of  the  new  plant  around 
three  sides  of  the  old  plant.  The  extremely  long  steam 
header — 590  feet  in  length — necessary  on  account  of  the 
distance  from  the  boiler  and  engine  room,  is  one  feature 
worthy  of  passing  interest  in  this  plant,  all  the  joints 
of  which  are  butt-welded.  The  fact  that  these  joints 
have  given  satisfactory  service,  even  vhen  made  under 
stress  of  war,  is  another  testimony  of  the  possibilities 
of  autogenous  welding. 

A  feature  in  this  plant  that  is  somewhat  at  variance 
with  modern  tendencies  in  air  compressor  drives  is  that 
all  seven  air  compressors  are  located  in  the  power  plant 
and  steam  driven,  which  no  doubt  when  operated  con 
densing  as  these  are  can  show  an  overall  efficiency  com- 
parable to  that  of  a  motor-driven  compressor.  As  the 
author  states,  "if  it  had  not  been  possible  to  locate  the 
compressors  in  the  power  house  and  operate  them  con- 
densing synchronous  motor  driven  units  would  no  doubt 
have  been  installed."  Where  the  power  factor  is  low  it 
would  apparently  have  been  better  practice  to  have 
operated  at  least  one  or  two  of  the  compressors  by 
synchronous  motors,  having  sufficient  capacity  to  not 
only  drive  the  machines,  but  also  to  correct  the  power 
factor  to  near  unity.  Such  operation  would  probably 
not  have  required  any  mere  generator  capacity  than  at 
the  present  time  and  might  have  made  possible  a  lower 
water  rate  for  the  turbines.  That  a  power  factor  cor- 
recting device  can  be  installed  in  the  form  of  a  static 
or  a  synchronous  condenser  at  less  cost  than  a  synchro- 
nous motor,  as  stated  by  the  author,  is  open  to  question, 
especially  when  the  synchronous  motor  is  designed  to 
operate  at  its  most  economical  load;  seventy  per  cent 
mechanical  load  and  the  same  per  cent  reactive  com- 
ponent load.    These  two  loads  combined  will  only  require 


the   equivalent  capacity  of  one   hundred  per  cent  me- 
chanical load. 

This  point  has  not  been  raised  to  question  the  engi- 
neering judgment  of  those  who  designed  and  built  the 
plant,  but  rather  point  out  that  under  conditions  not  so 
urgent  as  those  during  the  stress  of  war  refinements  of 
design  may  be  taken  advantage  of,  that  were  not  war- 
ranted in  the  design  of  this  plant.  As  the  author  points 
out,  "Apparatus  obtainable,  rather  than  the  best  com- 
binations of  sizes  for  the  load  conditions  determine  the 
selection."  A  study  of  the  acceptance  test  figures  given 
will  show,  although  the  equipment  was  obtained  where 
most  convenient,  the  plant's  efficiency  compares  favor- 
ably with  those  of  the  same  capacity  built  under  more 
advantageous  conditions.  One  of  the  most  gratifying 
features  is  that  this  plant  is  to  continue  to  operate  as 
an  adjunct  to  one  of  America's  new  industries  which  is 
a  heritage  of  the  part  we  played  in  the  world's  greatest 
conflict. 


Nationalize 
the  Fuel  Supply 

A  SURE  and  plentiful  supply  of  fuel  is  one  of  the 
first  requisites  to  national  security  and  well-being, 
the  assurance  of  which  is  a  proper  and  legitimate  acr 
tivity  for  a  people  in  its  collective  capacity. 

With  the  application  to  the  eternal  struggle  against 
the  forces  of  nature  of  accumulated  knowledge  and  ex- 
perience and  scientific  discovery;  with  the  employment 
of  the  marvelous  tools  and  machinery  at  our  command ; 
with  facilities  for  handling,  storing  and  distributing 
which  have  never  been  equaled;  with  uses  found  for 
many  portions  of  the  product  formerly  thrown  away; 
with  all  the  economies  of  aggregation  which  should  re- 
sult from  doing  things  upon  a  big  scale;  a  consumer 
ought  to  be  able  to  exchange  his  day's  work  for  more  of 
the  commodities  of  life  than  ever  before.  There  is  no 
physical  reason  for  the  high  cost  of  living. 

The  grand-scale  development  in  production  and  ex- 
change of  the  past  half  century  has  not  been  accom- 
panied on  the  part  of  the  public,  by  any  intelligent,  con- 
trolling, directive  effort  toward  over-all  efficiency. 

The  production  of  the  nation's  fuel  supply  can  no 
longer  be  left  to  the  undirected  and  ununified  discretion 
of  competing  individuals,  nor  its  distribution  to  the 
erratic  machinations  of  those  whose  acknowledged  aim 
is  to  exact  profit  from  rather  than  to  expedite  its 
handling. 

The  demand  is  known  or  ascertainable;  the  sources 
of  supply  are  visible  and  controllable.  There  should  be 
intelligent  authoritative  correlation,  the  one  with  the 
other.  The  means  of  storing  periodical  production  in 
excess  of  current  consumption  should  be  applied  to 
smoothing  out  disparities  between  contemporaneous  sup- 
ply and  demand,  and  the  machinery  of  distribution 
should  be  so  organized  that  the  product  would  proceed 
systematically  from  producer  to  consumer  by  the  cheap- 
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Mt  route  and  without  rosolliiiK,  t-xcopt  l)y  the  retailer. 
The  eventual  price  to  the  coii.Hunier  should  he  voM  plus 
a  fair  profit. 

Such  a  .sy.stem  iiivolve.s  nothiiiK  more  than  the  appli- 
cation of  jirinciple.s  and  methods  already  in  daily  use. 
Any  good  industrial  entrineer  or  manager,  given  the 
authority,  could  put  it  into  operation.  It  i.s  not  Utopian 
nor  unduly  paternal.  It  would  be  simply  the  organiz- 
ing,  systematiziuK  and  correlating  by  the  people,  of  the 
processe.s  upon  which  their  sustenance  depends;  and 
which,  they  have  very  cogent  reasons  to  believe,  have 
gotten  beyond  the  ability  or  the  willingness  of  individual 
or  corporate  enterpri.se  effectively  and  economically  to 
administer. 

Tho  Kiijjinrrr  ami  the 
Super-l*o^er  Systoiii 

Before  any  intelligent  .solution  of  a  problem  can  be 
offered,  it  i.s  first  necessary  to  be  able  to  allocate  to 
each  factor  entering  into  the  analysis  its  correct  value. 
We  know  there  are  tremendous  wastes  going  on  all 
over  the  country  in  the  generation  and  distribution 
of  power  from  fuel  but  the  allocation  of  those  wastes, 
just  what  their  exact  values  are,  are  only  conjectures 
or  estimates.  At  the  present  time  it  is  estimated  that 
three  hundred  million  dollars  per  year  can  be  saved  by 
a  proper  system  of  generation  and  distribution  of  power 
to  the  industries  along  the  Atlantic  seaboard  between 
Washington  and  Boston  and  one  hundred  to  one  hundred 
and  fifty  miles  inland  but,  up  to  the  present  time  at 
best  this  is  only  an  estimate.  What  is  required  before 
any  progress  can  be  made  toward  a  solution  is  facts 
and  this  W.  S.  Murray  and  his  committees  compo.sed 
of  eminent  engineers  have  attempted  to  obtain.  This 
committee  is  knowTi  as  the  Super-Power  Survey,  and 
details  of  this  organization  are  published  elsewhere  in 
this  issue. 

This  committee  s  peculiar  for  many  reasons.  It 
is  one  of  the  few  that  is  to  operate  under  Government 
direction  on  engineering  work  that  is  composed  entirely 
of  engineers.  The  tremendous  economic  importance  of 
a  correct  solution  of  the  power  problem  in  the  super- 
power zone  alone,  is  one  that  should  warrant  the  hearty 
co-operation  of  every  American  engineer,  but  the  fact 
that  this  is  an  opportunity  for  the  engineers  of  the 
country  to  show  that  they  are  well  fitted  to  fill  posi- 
tions of  national  importance  should  make  the  successful 
carrying  out  of  the  work  which  Mr.  Murray  has  so 
energetically  undertaken,  doubly  merit  their  support. 
Congress  has  appropriated  one  hundred  and  twenty-five 
thousand  dollars  to  finance  this  committee  to  show  what 
the  wastes  are.  If  the  committee  accomplishes  this  the 
appropriation  will  be  warranted  many  times  over. 

Generally,  in  such  projects  as  this  several  years  lapse 
before  definite  action  is  taken  if  at  all.  But  in  this 
case  it  has  been  only  a  matter  of  months,  which  is 
another  indication  of  the  influence  engineers  may  exert 
when  they  get  squarely  behind  a  movement.. 

This  undertaking  is  not  alone  of  particular  interest 
to  those  living  along  the  North  Atlantic  seaboard,  but 
to  the  entire  country.  Railway  congestions  in  this 
district  did  not  alone  affect  the  industries  located  in 
this  region  but  practically  the  entire  nation.  Conse- 
quently, the  Super-Power  Survey  at  present  under  way, 
merits  national  support. 


Making  the  Root 
of  What  ^  on  Have 

THKSK  are  active  dayH  for  power  plant  men.  There 
are  problems  of  many  kinds  confronting  them.  Of 
the.se,  coal  presents  one  of  the  most  serious.  The 
problem  has  several  corners  to  it,  for  not  only  is  it 
diffkult  to  get  the  particular  kind  of  coal  one  wants, 
but  the  price  of  whatever  is  obtained  is  sure  to  make 
one  gasp. 

The  plant  must  be  kept  running.  This  is  the  engi- 
neer's job.  It  mu-!t  be  kept  running  as  economically 
as  the  best  of  men  can  make  it  run.  Combustion  is  a 
decidedly  complex  operation  even  in  its  simplest  form. 
But  the  economical  burning  of  coal  unsuited  to  stoker 
and  furnace  in  the  usual  industrial  power  plant  is  an 
operation  which  requires  considerable  skill  and  knowl- 
edge. There  are  thousands  of  plants  the  engineers  of 
which  are  today  confronted  with  this  perplexing  situa- 
tion. Obviously  the  equipment  cannot  be  changed  every 
time  another  carload  or  boatload  of  coal  comes  in.  One 
must  make  the  best  of  what  one  has.  But  to  do  .so  the 
man  in  charge  must  have  a  through  knowledge  of  the 
fundamentals  of  practicable  combustion.  He  who  has 
had  the  ambition  to  study  it  enough  to  know  more 
than  was  sufficient  to  carry  him  through  the  exigencies 
of  a  moment  can  now  "cash  in"  with  his  accumulation 
of  knowledge  of  the  burning  of  various  grades  of  fuel. 

While  it  is  particularly  true  that  in  these  days  every 
plant  calls  for  individual  treatment  in  the  solution  of 
combustion  problems,  nevertheless  this  very  condition 
offers  opportunity  for  considerable  good  to  be  done 
by  group  effort.  It  at  the  meetings  of  the  various  engi- 
neering organizations  those  having  problems  would 
present  them  for  discussion  at  the  meeting,  he  who  was 
in  difficulty  would  not  only  be  helped  out,  but  he  would 
be  the  means  of  enlightening  many  of  his  fellovre. 

There  is  many  a  meeting  room  where  an  Orsat 
apparatus  is  hidden  away  on  some  high  back  shelf,  dust 
laden  and  with  its  rubber  connecting  pieces  cracked 
and  dry.  There  never  was  a  more  opportune  time  to 
bring  that  instrument  into  the  light  and  demonstrate 
its  working  before  the  meeting.  Make  a  real  demon- 
stration by  connecting  it  with  a  few  samples  of  gas 
brought  to  the  meeting  room  by  those  who  have  the 
gas  collectors. 


Rumors  again  were  rife  last  week  to  the  effect  that 
the  President  soon  will  appoint  a  Fuel  Admini.strator. 
This  was  attributed  to  pressure  from  the  public  utili- 
ties and  from  the  fact  that  the  Attorney  General  had 
not  been  able  to  get  all  those  interested  in  the  coal 
trade  together  in  a  fair  price  conference.  While  no 
authentic  denial  could  be  obtained  either  at  the  White 
House  or  the  Department  of  Justice,  the  improvement 
in  the  coal  situation  tended  to  cause  the  rumor  to  be 
discredited  in  many  quarters.  At  this  writing,  it  is 
expected  that  the  Attorney  General  shortly  will  an- 
nounce a  fair  price  for  coal. 


The  engineer  that  keeps  the  instruments  for  operat 
ing  the  steam  equipment  of  his  plant  in  reliable  cond^ 
tion  and  neglects  the  electrical  is  doing  only  half  tli 
job.  Frequently  it  is  possible  to  make  large  savings  b| 
a  proper  analysis  of  the  electrical  requirements  but  thil 
cannot  be  done  unless  the  instrument  records  are  reliabW 
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Should  the  Main  Belt  Break,  What 
Would  the  Engine  Do? 

I  have  witnessed  the  effect  of  the  main  belt  breaking 
at  two  plants  on  two  different  types  of  engines.  In 
each  case  water  was  to  blame  for  the  accident.  High 
water  had  filled  the  wheel  pit  and  loosened  the  belt 
splices  in  one  case,  and  in  the  other  a  burst  water  pipe 
caused  the  belt  to  skid  and  catch  in  the  main  hanger 
housing,  tearing  down  a  section  of  shafting  and  ripping 
the  belt  in  two.  In  both  instances  the  valve  gear  had 
been  readjusted  a  short  time  prior  to  the  accident; 
otherwise,  no  doubt  the  engines  would  have  overspeeded 
and  perhaps  wrecked  the  plants. 

In  the  first  case  the  24  x  48-in.  engine  was  turning 
at  60  r.p.m. ;  the  steam  valves  were  of  the  poppet  type, 
Fig.  1.     Pievious  to  my  taking  charge  of  the  plant  a 


FIG.  1.  POPPET  VALVP:    fig.  2.   COLLAR  TOO  LOW 

young  man  had  been  operating,  and  his  limited  experi- 
ence had  been  on  Corliss  valve  gears.  "It  was  perfectly 
legitimate  to  allow  the  steam  valves  to  open  not  quite 
the  amount  of  lap,"  he  was  informed,  "should  the  gov- 
ernor rise  to  the  high  point."  So  he  applied  the  same 
principle  to  the  poppet  valve,  but  the  poppet  valve  has 
no  lap. 

On  taking  charge  of  the  plant  my  thoughts  were 
— Do  the  safety  valves  blow  at  the  required  point  and 
does  the  governor  shut  off  steam  when  at  its  maxi- 
mum high  position?  I  found  that  the  safety  valves 
operated  as  they  should,  but  the  second  condition  was 
far  from  satisfactory,  as  the  valves  were  open  fully  an 
eighth  of  an  inch  with  the  governor,  Fig.  2,  in  its 
maximum  high  position.  This  was  not  enough  to  over- 
speed  the  engine,  as  the  friction  load  was  heavy,  but 
should  the  main  belt  break  and  no  attendant  be  near, 
a  wreck  might  follow. 


On  shortening  the  cutoff  gear  to  just  clear  the  lifting 
lever,  I  found  that  I  was  robbing  the  engine  of  about 
80  hp.  at  full  load,  but  I  raised  the  steam  pressure  to 
compensate  and  so  was  able  to  pull  through  until  I 
could  change  the  governor's  levers  from  A  to  B    (see 


1  |<         a 

FIG.   3.      CHANGED   GOVERNOR   ARM 

Fig.  3).  This  gave  a  long  cutoff  when  necessary  and 
no  lift  of  the  valves  when  the  governor  was  at  its  high 
point,  Fig.  4. 

That  this  change  was  a  wise  move  was  proved  when 
the  belt  pulled  apart  from  overstrain,  lapped  about  an 
overhead  steam  pipe  under  100-lb.  pressure,  pulled  it 
down  and  finally  wound  up  on  the  flywheel.  While  this 
performance   was   going   on   it   was   impossible   to   get 


■Safety  Stop 


FIG.  4.   LATCH  BLOCKS  SHOULD  CLEAR  WITH 
GOVERNOR  IN  HIGH  POSITION 

into  the  engine  room,  but  by  looking  through  a  window 
the  crank  could  be  seen  turning  its  sixty  turns  just 
as  smoothly  as  though  it  wei-e  still  pulling   its  load. 
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Had  the  ninin  belt  or  the  broken  steam  pipe  fouled  or 
dnmatjed  the  Rovenior,  thus  cnuainjr  it  to  drop  to  run- 
ning position,  of  course  there  would  have  l)een  a  dif- 
ferent story  to  tell.  This  jfovernor  was  geared  from  the 
valve-gear  shaft  and   had  no  safety   stop. 

The  second  case  was  a  16  x  36-in.  engine,  of  the 
gridiron-valve  type,  running  at  70  r.p.m.  It  was  pos- 
sible to  pull  clutches  at  various  points  and  so  reduce  the 
friction  load  to  a  minimum.  There  was  no  way  of 
increasing  or  decreasing  the  speed  of  this  engine  except 
by  changing  the  governor  pulley.  The  speed  had  been 
68.  and  70  or  72  r.p.m.  was  desired,  so  the  vertical 
stem  was  shortened  a  trifle,  which  allowed  a  longer 
cutoff.  When  I  say  no  way  of  increasing  or  diminishing 
speed,  I  mean  no  legitimate  way  that  would  still  protect 
the  engine  from  overspeed  should  the  governor  have 
reason  to  rise  to  the  high  point. 

By  lengthening  the  cutoff  the  engine  was  out  of  con- 
trol of  the  governor  on  an  extremely  light  load.  When 
the  valves  were  properly  set  and  the  cutoffs  properly 
adjusted,  the  speed  was  reduced  to  68  r.p.m.,  so  a 
larger  pulley  was  put  on  the  governor  and  the  desired 
speed,  72  r.p.m.,  was  obtained.  Later,  when  the  water 
pipe  burst  and  soaked  the  belt,  causing  it  to  skid  and 
do  much  damage,  the  engine,  freed  from  its  load,  only 
increased  its  speed  very  slightly. 

As  in  the  former  case,  had  the  main  belt  or  pieces  of 
the  broken  shafting  hangers  wrecked  the  governor,  of 
course  perfect  valve  adjustment  would  not  have  counted. 

It  is  a  mistake  to  allow  an  engine  to  open  the  valve 
even  the  amount  of  lap  when  the  governor  is  at  high 
point,  because  the  very  slightest  amount  of  steam  ad- 
mitted will  overspeed  the  engine  on  no  load,  especially 
if  it  operates  condensing. 

If  the  engine  will  not  carry  its  load  and  still  release 
fully  when  the  governor  is  in  its  high  position  change 
its  leverage  to  get  a  greater  travel  of  the  cutoff  gear. 
I  stand  in  greater  fear  of  a  slipping  governor  belt  than 
of  a  broken  main  belt.  If  the  truth  were  known,  prob- 
ably more  engine  wrecks  are  caused  by  slipping  gov- 
ernor belts  and  valves  opening  the  amount  of  the  lap 
than  by  anything  else. 

New  York  City.  C.  W.  Peters. 

Still  Another  Long  Run 

I  read  with  interest  what  was  published  relating  to 
a  long  run  of  a  steam  turbine,  in  the  May  18  issue  of 
Poicer,  and  also  the  account  of  a  126-day  run  of  a  water- 
wheel  driven  generator,  published  in  the  June  29  issue. 
They  have  nothing  on  the  reciprocating  engine. 

We  have  a  17  and  34  x  42-in.  Nordberg  tandem-com- 
pound. Corliss  engine  direct-connected  to  a  No.  10  Con- 
nersville  Blower  and  used  for  smelter  purposes,  with 
about  42  oz.  pressure.  This  engine  made  practically  a 
continuous  run  from  3  o'clock  p.m..  Oct.  22,  1919,  when 
it  was  shut  down  for  inspection  and  keying  up,  until  1 
o'clock  p.m.,  Jan.  28,  1920,  when  it  was  again  shut  do'wn 
for  two  hours  for  smelter  repairs.  The  engine  was 
keyed  up  and  put  in  operation  again  and  ran  till 
March  17. 

During  the  first  period  the  engine  was  shut  do\vn  one 
hour  for  smelter  repairs  on  the  night  shift,  but  there 
was  no  inspection  or  keying  up  done.  This  engine  has 
practically  continuous  work,  and  I  would  like  to  hear 
from  anyone  who  can  beat  it.  E.  H.  Beaveks. 

Mapimi,  Durango,  Mexico. 


Conriiiit   liliroKtat  IJHed  To  Handle 
I ,}{()()  AmpercH 

When  a  large  generator  partly  burned  out  and  it  was 
necessary  to  remove  the  coils  to  reinsulate  them,  the 
first  obstacle  encountered  was  the  heating  of  the  coila 
to  soften  the  insulation  so  as  not  to  damage  the  latter 
when  pulling  out  the  former.  There  was  needed  about 
6  volts  to  heat  the  coils,  and  as  there  were  no  rheostats 
available  to  handle  this  current,  it  was  decided  to  use  a 
250-volt  500-kw.  motor-generator  set,  located  next  to  the 
damaged  generator.  The  motor-generator  set  was 
driven  by  an  induction  motor,  therefore  there  was  no 
chance  of  regulation  from  the  motor  end,  nor  could  the 
generator  be  controlled  from  its  own  shunt  field,  because 
of  the  low  voltage,  so  it  was  decided  to  insert  some 
resistance  in  the  circuit  between  the  two  machines  as 
.shown. 

Conduit  being  available,  and  also  the  easiest  to  handle, 
we  connected  thirteen  lengths  of  ?-in.  end  to  end  and 
bent  it  in  the  shape  of  a  U,  so  as  to  have  each  terminal 


-n^mm^ 


'Air  Connection 
DIAGRAM  OF  GENERATOR  AND  RHEOSTAT  CONNECTIONS 

at  the  machine.  When  this  was  tried  out,  the  voltage  of 
the  generator  could  be  reduced  to  140  volts,  with  1,800 
amperes  flowing  in  the  circuit,  but  the  conduit  in  a  few 
minutes  became  red  hot  and  some  of  the  coupling  almost 
a  white  heat. 

The  next  move  was  to  use  some  1-in.  conduit,  which 
we  connected  in  two  runs  of  seven  lengths  each,  and 
bent  them  in  a  U  shape.  Before  they  were  connected, 
the  thread  of  each  end  and  the  couplings  were  cleaned. 
The  ends  of  each  loop  were  flattened  and  drilled  to  make 
the  connection.  We  also  drilled  and  tapped  one  hole  in 
each  loop,  to  make  a  connection  with  an  air  hose  so  as 
to  circulate  air  through  the  conduit  for  additional  cool- 
ing, as  shown  in  the  figure.  After  being  bent,  all  ends 
of  the  conduit  did  not  come  even,  so  one  end  of  each 
loop  was  bolted  together  and  connected  to  the  generator, 
while  two  separate  cables  from  the  other  two  end  were 
run  to  the  damaged  generator  as  in  the  figure. 

Thirty  volts  were  obtained  at  the  generator  terminals 
when  supplying  1,800  amperes.  This  could  be  controlled 
veiy  nicely  with  the  shunt  rheostat  and  could  carry  it 
indefinitely  as  long  as  air  was  circulated  through  the 
conduit.  A  veiy  interesting  feature  was  discovered 
when  the  shunt  field  was  opened.  It  was  found  that  the 
generator  would  deliver  about  2,200  amperes  at  30 
volts.  Presumably,  the  excitation  was  supplied  from 
the  interpoles.  \A.^.  Simmons. 

Detroit,  Mich. 
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Elevator  Worm-Shaft  Bushing  Worn 
Caused  Sparking  at  Brushes 

The  brushes  in  an  elevated  motor  gave  trouble  by 
frequent  sparking.  Ths  motor  vi'as  the  4-pole  conse- 
quent-pole type  (Fig.  1),  having  only  two  exciting 
coils.  The  machine  had  been  recently  rewound  for  240 
volts,  replacing  the  original  120-volt  winding.     It  was 


FIG.    1.      FOUR-POLE   CONSEQUENT-POLE   STYLE    OF 
FIELD   FRAME 


thought  that  the  voltage  between  the  segments  was  too 
high  and  that  this  was  the  cause  of  the  sparking.  Later 
developments,  however,  proved  these  conclusions  to  be 
wrong. 

While  watching  the  brushes  and  commutator  after  an 
attempt  to  stop  the  sparking,  it  was  noticed  that  the 
air  gap  between  the  polepiece  and  the  armature  changed 
at  different  loads  or  positions  of  the  car.  This  change 
did  not  take  place  with  any  regularity,  and  frequently 
the  car  would  make  several  trips  before  the  armature 
would  be  drawn  to  one  side  near  a  polepiece  having  an 
exciting  coil. 

We  examined  fhe  field  pole  to  see  if  it  was  loose 
in  the  frame,  but  there  was  no  trouble  here;  then  a  side 
pressure  with  a  lever  was  applied  to  the  armature  shaft 


Old  Type 

FIG.  2  OLD  AND  NEW  TYPE  OF  BUSHING 

where  it  was  coupled  to  the  elevator  worm  shaft,  and 
it  was  found  that  it  could  be  moved  about  0.1  of  an  inch. 
Here  then  was  our  trouble  and  it  was  a  serious  one  too, 
for  this  deflection  had  not  only  been  the  cause  of  spark- 
ing, but  had  caused  an  armature  shaft  to  break  at  the 
coupling  at  an  earlier  date.  As  the  brake  wheel  was 
at  the  cuter  end  of  the  motor  shaft,  there  was  nothing 
to  hold  the  car  when  the  failure  occurred  at  or  near 
the  coupling,  and  only  the  safety  appliances  were  left 
to  stop  the  car  from  falling.  Later  types  have  the  brake 
wheel  attached  directly  to  the  worm  shaft.  When  the 
armature  shaft  broke,  the  car  was  lightly  loaded  and 
the  countei-weights  being  heavier  than  the  car  and  load 
caused  the  latter  to  race  in  the  up  motion  until  sufficient 
speed  was  attained  to  operate  the  safety. 


It  was  decided  to  put  a  new  hushing  into  the  gear- 
case  bearing.  As  this  was  the  only  elevator  in  the 
building  and  was  used  for  both  passenger  and  freight 
service,  it  was  necessary  to  make  the  repair  as  quickly 
as  possible.  It  was  short  work  to  disconnect  and  move 
the  motor  away  and  pull  the  coupling  from  the  worm 
shaft,  but  when  we  came  to  remove  the  bronze  bushing, 
we  were  up  against  it. 

This  was  a  Sprague  machine  and  must  have  been  one 
of  the  first  manufactured,  for  the  bronze  bushing  only 
came  flush  with  the  casting,  as  shown  at  A,  Fig.  2. 
Later  types  of  this  make  have  an  extension  of  the  bush- 


FIG.    3.     SECTIONAL   VIEW    SHOW^ING   HOW   DRUM-SHAFT 
BEARING    WAS    REPAIRED 

ing,  on  the  outside  of  which  is  a  threaded  section  and  a 
capstan  nut  by  which  the  bushing  can  be  readily  pulled 
out  as  at  B,  Fig.  2.  To  get  the  older  type  of  bushing  out, 
it  would  be  necessary  to  remove  the  worm  shaft  and 
split  the  bushing  or  drive  it  out  from  the  inside  of  the 
gear  case. 

A  previous  experience  made  us  hesitate  about  pulling 
the  worm  shaft  through  the  worms,  it  having  taken 
two  days  to  jack  one  out.  The  machine  was  tandem 
geared,  as  in  Fig.  3,  and  the  bearings,  after  the  bush- 


riG.   4.     TANDEM  WORM  ^VND  SPUR  GEAR 

ings  were  removed,  were  not  large  enough  for  the  worms 
to  pass  through;  consequently,  the  worm  shaft  could 
not  be  removed  without  pushing  it  through  the  worms. 
It  was  decided  to  fit  a  new  bushing  into  the  space  for- 
merly left  for  the  packing  and  extend  it  out  the  same 
length  as  the  bearing  of  the  old  bushing.  The  bore  of 
the  space  left  for  packing,  having  had  no  wear,  would 
be  concentric  with  the  original  bearing  and  would  bring 
the  new  bushing  into  position  to  carry  the  worm  shaft 
in  its  original  relation  with  the  worm  gears. 
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An  iron  collnr  wns  machinod  nnd  n  bronze  bushing' 
forced  and  doweled  in.  as  shown  in  FiR.  4.  No  packinjr 
was  provided  for.  but  an  oil-collectinR  collar,  with  drip 
pipe,  was  supplied  instead,  as  is  shown.  This  repair 
was  completed  by  having  the  elevator  out  of  service  for 
two  days.  It  has  stopped  all  brush  troubles,  runs  cool, 
is  safe  and  satisfactory  in  all  ways. 

Washington.  0.  C.  D.  ALFRED  MaNSON. 

Homr-Ma<le  Gas-Sampling  Tube 

Some  months  ago.  while  making  various  kinds  of 
engineering  tests,  I  had  occasion  to  take  snap  samples 
of  gas  over  the  fire,  and  in  different  passes  of  several 
large  water-tube  boilers. 

At  first  thought  the  only  solution  for  taking  hot  gas 
samples  over  the  fire  in  the  furnace  of  the  boiler  seemed 


fthfOay 


GAS-S.A.MPLING  TUBE  MADE  OF  GLASS  TUBE  AXD 
PIPE   FITTINGS 


to  be  to  purchase  an  expensive  high-temperature  porce- 
lain tube.  It  would  have  taken  weeks  and  perhaps 
months  to  secure  such  a  tube,  and  it  would  be  costly 
and  very  delicate  for  this  class  of  work,  so  I  set  about 
to  provide  a  tube  that  would  answer  the  purpose. 

A  6-ft.  length  of  J -in.  iron  pipe  was  threaded  at  each 
end  and  fitted  with  pipe  couplings,  and  a  f  x  i-in.  pipe 
bushing  was  inserted  in  the  outer  end  of  each  coupling. 
A  J-in.  glass  tube  6  ft.  4  in.  long  was  slipped  through 
the  bushings  on  the  ends  of  the  pipe,  and  the  pipe 
was  fastened  in  a  vertical  position.  The  bushing  was 
screwed  out  of  the  upper  end  of  the  pipe  and  the  pipe 
filled  with  a  grout  made  of  fireclay  and  water.  The 
bushing  was  then  replaced,  bringing  the  glass  tube 
central  in  the  pipe.  The  improvised  tube  was  then 
placed  in  a  horizontal  position  on  the  top  of  one  of 
the  boilers  and  allowed  to  remain  there  about  three 
days,  at  which  time  the  moisture  was  evaporated  from 
the  grout. 

With  this  arrangement  I  was  able  to  secure  samples 
of  gas  in  the  furnace  of  the  boiler  about  six  feet  above 
the  fire.  A.  J.  Mackenzie. 

Crafton,  Pa. 

Kept  the  Engine  in  Good  Condition 

Having  recently  given  my  main  16  x  18-in.  Corliss 
engine  a  thorough  inspection,  I  thought  it  might  be  of 
interest  to  other  engineers  to  know  the  result.  The 
engine  is  around  twenty-one  j^ears  old  and  has  been  in 
my  charge  about  seventeen  years.  For  some  time  we 
have  been  rather  short  of  power,  particularly  in  the 
boiler  room,  and  the  little  bird  that  somehow  gets  to 
the  office  of  the  "Boss"  must  have  been  busy,  as  a  request 
for  some  indicator  diagrams,  a  somewhat  unusual  one, 
too,  resulted  in  my  supplying  what  was  desired. 


The  accompanying  diagrams  show  what  was  found 
and  that  with  only  a  ver>'  trifling  adjustment.  Diagram, 
Fig.  1,  is  a  friction  load  only,  the  125-kw.  generator 
being  belted  to  the  engine.  Notice  the  evenness  of  the 
two  diagrams.  Fig.  2  shows  a  light  load  of  400  amperes. 
Fig.  3  is  near  the  economical  capacity,  with  a  load  of 
690  amperes.  Fig.  4  is  over  the  rated  load,  carrying, 
as  it  does,  875  amperes.  Figs.  5  and  G  show  very  much 
overload,  or  900  and  925  amperes  respectively.  All  the 
diagrams  .show  very  even  steam  distribution  and,  what 
is  seldom  seen,  all  loads  are  well  balanced. 

The  engine  exhausts  into  a  heating  system,  and  this 
accounts  for  the  high  back  pressure.  There  is  a  slight 
indication  of  leakage,  and  further  testing  showed  that 
such  existed,  but  not  sufficient  to  warrant  any  work 
being  done  on  either  piston  or  valves. 

The  cylinder  was  calipered  and  showed  wear  at  the 
head  end  0.017  in.;  in  the  middle,  0.007  in.,  and  at  the 
crank  end,  0.01  inch. 

I  have  always  been  an  advocate  of  good  cylinder  oil, 
and  this  examination  showed  the  result  of  it,  the  cylin- 
der being  a  brown,  glossy  color,  also  the  pi.ston  rod  and 
the  valves.  The  inside  of  the  piston  was  clean,  with  no 
sign  of  crusty  matter  such  as  I  have  seen  taken  from 
pistons.  The  piston  was  found  to  be  central  in  the 
cylinder  and  all  signs  showed,  what  I  had  claimed,  that 
the  engine  was  in  first-class  condition. 

About  seven  pints  of  cylinder  oil  is  used  per  week  of 
52i  hours.     This  is  handled  by  a  force-feed  lubricator. 


FIG.  3  FIG.  6 

LOADS    FROM    FRICTIOX    TO    HEAVY    OVERLOADS 

A  home-made  oiling  system  supplies  oil  from  a  tank, 
supported  over  the  main  bearing,  to  all  bearings  except- 
ing the  outboard  bearing,  eccentric  and  wristpin,  which 
are  lubricated  with  grease  for  the  sake  of  cleanliness 
and  convenience  of  application.  The  oil  is  collected  in 
pans,  and  a  channel  in  the  floor  under  the  crankpin, 
which  drains  through  a  pipe  laid  in  the  concrete  floor 
to  a  pail  in  a  nearby  pit,  the  net  consumption  of  oil 
being  about  one  gallon  per  day. 

The  ascertainable  expense  for  all  repairs  for  the  period 
of  twenty-one  years,  including  replacement  of  parts,  is 
about  $250.    I  think  this  is  very  low. 

Trenton,  N.  J.  Harry  H.  Yates. 
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INQUIRIES 
P    OF  GENERAL 
INTEREST 


Gallons  Capacity  of  Cylindrical  Tank — What  is  the 
formula  for  estimating  the  gallons  of  capacity  of  a  cylin- 
drical tank?  M.  R. 

Where  D  —  the  diameter  of  the  tank  in  inches  and  L  = 
the  length  in  inches,  the  complete  formula  is 

Number  of  U.  S.  gallons  =  D'  X  0.7854  X  L  -h  2.31, 
or  the  shorter  form. 

Number  of  U.  S.  gallons  =  D'  X  L  X  0.0034. 


Determining  Leakage  of  Piston  and  Valves — What  is  the 
best  method  of  testing  for  leakage  of  the  piston  and  valves 
of  a  Corliss  engine?  B.  H. 

Let  steam  in  one  end  of  the  cylinder  and  open  the  indi- 
cator cock  at  the  other  end  and  leakage  of  the  piston  can 
be  detected  by  escape  of  steam.  By  closing  the  valves  and 
opening  both  cocks,  leakage  of  the  valves  can  be  detected. 
Leakage  of  the  exhaust  valve  is  shown  by  steam  blowing  out 
of  the  exhaust  pipe  when  steam  is  admitted  to  the  cylinder, 
with  the  indicator  cocks  and  exhaust  valves  closed. 


Formula  for  Estimating  Heat  Value  of  Coal — How  is  the 
heat  value  of  coal  estimated  from  the  chemical  analysis  of 
the  coal?  D.  A.  B. 

The  heat  value  of  coal  may  be  calculated  from  its  ultimate 
analysis  with  a  probable  error  not  exceeding  2  per  cent,  by 
Dulong's  formula: 

Heat  vahie  in  B.t.u.  per  pound  —  146  C  +  620  (H-o)  + 

40  S,  in  which  C,  H,  0,  ?nd  S  are  respectively  the  percent- 
ages of  carbon,  hydrogen,  oxygen  and  sulphur  shown  by  the 
analysis. 


Advantage  of  Riding  Cut  Off  Valve — What  is  the  advan- 
tage of  a  riding  cutoff  over  a  single  automatic  cutoff  valve  ? 

R.  M. 

For  medium  and  slow  speed  engines,  it  is  desirable  to 
have  uniform  points  of  release  and  compression.  With  a 
single  valve,  the  points  of  release  and  compression  must 
vary  with  the  point  of  cutoff.  With  a  riding  cutoff  the  main 
valve  determines  the  lead,  point  of  release  and  point  of 
exhaust  closure  and  these  are  constant,  as  the  main  valve  is 
operated  by  a  fixed  eccentric.  The  duty  of  the  riding  cutoff 
valve  is  simply  to  close  the  ports  in  the  main  valve  and 
effect  the  point  of  cutoff,  as  determined  either  by  hand 
adjustment  or  by  the  governor,  depending  upon  whether  the 
engine  is  a  throttling  or  an  automatic  cutoff  engine. 


Obtaining  Sample  of  Flue  Gas  Analysis — At  what  point  of 
a  boiler  setting  should  samples  of  flue  gas  be  taken  for  CO2 
determination?  J.  F. 

Samples  of  flue  gas  are  usually  taken  from  the  breeching 
between  the  boiler  and  stack,  and  preferably  where  the 
gases  are  just  leaving  the  boiler.  The  sampling  tube 
should  be  made  of  a  small  size  of  pipe  with  a  number  of 
I  in.  holes  drilled  in  its  sides,  and  extended  nearly  all  the 
way  across  the  breeching,  so  the  sample  of  gas  collected  will 
represent  the  average  of  flue  gases  discharged  to  the  stack. 


i         Discharge  of  Steam  Jets — What  quantity  of  steam  at  100 
lb.  boiler  pressure  would  be  used  by  a   steam   jet   having 
I     four    nozzles    each    Vg    in.    dia.    discharging    into    a    boiler 
I     ash  pit?  C.  H.  T. 


The  discharge  would  be  given  approximately  by  Napier's 
rule  for  flow  of  steam  through  orifices  when  the  final  abso- 
lute pressure  is  less  than  58  per  cent  of  the  initial  absolute 
pressure,  namely, 

Flotv  in  pounds  per  secorul  =  absolute  initial 
pressure   X   area  orifice  i7i  sq.in.  -H  70 

Having  an  initial  absolute  pressure  of  115  lb.  per  sq.  in. 
and  4  orifices,  each  -^  in.  dia.  their  total  area  would  be  ^  X 
^  X  0.7854  X  4  =  0.00307  X  4  =  0.01228  sq.  in.,  and  by 
the  formula  the  discharge  would  amount  to  115  X  0.01228 
-^  70  =  0.02017  lb.  of  steam  per  second,  or  0.02017  X  60  X 
60  =  72.6  lb.  per  hour. 


Resistance  in  Series  with  Storage  Battery — A  battery 
made  up  of  16  cells  requires  a  charging  current  of  25 
amperes.  What  value  of  resistance  must  be  connected  in 
series  with  the  battery  to  charge  it  on  a  110-volt  circuit. 

B.  W. 

Neglecting  the  internal  resistance  of  the  cells,  which  is 

very  low,  the  external  resistance  R  =^^-j-  where  E  is  the 

charging  circuit  voltage,  e  the  voltage  required  by  the 
battery  at  the  beginning  of  charging  (normally  2  volts  per 
cell)  and  /  the  charging  current.  At  the  beginning  of  the 
charge  in  this  problem,  e  will  equal  about  2    X    16   =   32 

110-32 


volts.     Therefore   the   external   resistance   R 


25 


3.12  ohms.  If  it  is  desired  at  any  time  to  charge  the 
battery  at  less  than  25  amperes  the  external  resistance  will 
have  to  be  increased  in  inverse  proportion  to  the  current. 


Proximate  and  Ultimate  Analysis  of  Coal — What  is  the 
difference  between  proximate  analysis  and  ultimate  analysis 
of  coal?  W.  N.  S. 

The  proximate  analysis  assumes  coal  to  contain  four 
different  and  separate  ingredients  called  fixed  carbon; 
volatile  hydrocarbon  or  volatile  matter  or  simply  volatile; 
moisture;  and  ash.  The  pei-cent  of  moisture  is  determined 
by  maintaining  a  small  quantity  of  finely  ground  coal  at  a 
temperature  of  about  200  deg.  F.  The  material  lost  in  this 
manner  is  assumed  to  be  moisture  and  is  reported  as  such. 
Volatile  matter  is  determined  by  heating  a  sample  from 
which  the  moisture  has  been  driven  or  a  fresh  sample,  for 
which  purpose  the  coal  is  held  at  a  red  to  white  heat,  with 
exclusion  of  air  until  there  is  no  further  loss  of  weight. 
Fixed  carbon  is  found  by  combustion  of  a  sample  from  which 
the  moisture  and  volatile  have  been  driven  off;  and  ash  is  the 
designation  of  the  incombustible  material  left  after  deter- 
mining the  fixed  carbon.  The  sum  of  the  volatile,  hydro- 
carbons, and  fixed  carbon  is  called  the  combustible.  When 
sulphur  is  to  be  reported  it  must  be  determined  by  a  sepa- 
rate analysis.  The  ultimate  analysis  is  a  thorough  chemical 
analysis  for  determination  of  the  percentages  of  carbon, 
hydrogen,  oxygen,  nitrogen  and  sijlphur  and  the  percentage 
of  ash  in  dry  coal. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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In  the  ouily  iluys  of  the  so  lalliil  hiKh-s|K'c'il  fiiKini'  it 
was  shown  by  the  late  Mr.  I'.  Willans  that  thi-  total  stoam 
consumption  of  a  thiottU-Kovi-nK-ii  i-nKinc  plotted  uKa'"st 
load  WHS  a  straijjht  line.  This  ihuraiteristie  line  is  known 
us  the  Willans  Line.  Moreover,  the  Willans  Line  is 
struinht  whether  the  load  be  plotted  on  a  brake-horsepower 
basis  or  on  a  kilowatt  basis,  the  jrenerator  losses  also  fol- 
lowing practically  i.  straij:ht-line  law.  Obviously,  by  run- 
ninjr  a  no-load  test  on  an  engine  and  one  test  at  any  selected 
load,  and  then  drawing  the  Willans  Line  throuRh  the  two 
points  thus  determined,  we  have  the  necessary  data  to  com- 
pute or  predict   the  steam  consumption   at  any  load. 

This  characteristic  has  been  proved  to  hold  also  for  all 
throttle-Roverned  turbines,  and  its  application  to  the  prob- 
lems of  turbine  desitin  is  pointed  out  in  this  article. 

The  multiple  valve  type  of  governing  is  applicable  only 
to  impulse  turbines  and  is  practically  serviceable  only  in 
those  turbines  having  a  Curtis  or  a  compounded  velocity 
wheel  for  the  first  stage.  Briefly,  in  these  designs  the 
full  nozzle  arc  is  cut  up  into  fractions,  each  fraction  being 
served  by  a  separate  and  comparatively  small  throttle 
■rilve,  so  that  the  full  steam-chest  pressure  is  nearly  main- 
.ained  at  all  loads  above  that  corresponding  to  the  first 
fraction,  the  idea  being  that  the  full  available  head  of 
steam  shall  be  employed  as  much  as  possible.  Now,  the 
no-load  consumption  is  practically  the  same,  whether  there 
be  any  nun'ber  of  nozzle  valves  or  none  at  all.  The  reason 
is  that  the  first  stage  blade  system  works  at  its  lowest 
efficiency,  which  is  very  had  in  any  case,  and,  the  bulk  of 
the  other  stages  doing  negative  work,  there  is  little  to 
choose  between  one  bad  condition  and  another.  Further, 
all  consumptions  have  a  common  origin  at  no-load  no-speed. 
It  has  been  the  custom  to  state  that  the  total  consumption 
line  in  this  case  is  a  curve  convex  downward.  This  state- 
ment is  not  correct,  but  the  true  consumption  line  consists 
of  a  series  of  Willans  Lines,  there  being  a  step-up  at  each 
valve  opening,  as  indicated  in  Fig.  1.  It  is  obvious  that  at 
any  load  throttle  governing  alone  is  taking  place,  and  if, 
say,  three  nozzle  valves  are  then  open  and  kept  open  under 
governor  control  down  to  no-load,  or  rather  beyond  no- 
load  to  the  point  of  being  quite  shut,  the  line  would  be 
a  6  c  d,  as  shown  in  Fig.  1. 

The  steps  shown  in  the  heavier  line  are  those  caused  by 
successive  openings  of  the  throttle  valv'es  as  the  load  in- 
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FOR    MULTIPLE-VALVE 
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FIG.  2.    WILLANS  LINES  FOR 
TURBINE  WITH  BY-PASS 
OVERLOAD   VALVE 


creased.  At  the  initial  opening  of  any  valve  the  nozzle 
stream  is  too  weak  to  operate  efficiently,  and  it  is  not  until 
the  pressure  immediately  behind  the  blade  rises  sufficiently 
to  pioduce  a  workable  head  that  the  incoming  nozzle  arc  is 
of  any  service.  There  is,  therefore,  an  inefficient'  step  in 
the  proceedings  visualized  by  a  step  in  the  Willans  chart. 
This  step  obviously  is  not  vertical,  but  curved  to  the  right 
and  merging  into  the  straight  Willans  Line  as  shown. 

The  same  remarks  apply  to  a  bypass  overload  on  any 
turbine.  The  consumption  line  extended  to  bypass  overload 
is  therefore  not  the  conventionally  assumed  curve  a  h  c 
in  Fig.  2,  but  the  curve  a  6  d  c. 

•Abstract  of  an  article  In  the  May    28   issue   of   The  Enginter. 


In  ciinnection  with  bliTiJcr  turbines  when  no  steam  is 
being  bled,  the  steam  <  onsuniption  will  obviously  be  higher 
than  that  of  an  ordinary  turbine  because  of  the  increuHed 
high-pressure  disc  and  blade  fi'iction.  In  Fig.  :<  the  point 
A  represents  the  consumption  of  an  ordinary  turbine  at  a 
given  load,  while  a  point  A'  will  represent  that  for  a 
bleeder  turbine.  The  Willans  Line  for  a  bleeder  turbine 
may  then  be  represented  by  the  line  A'  W.  Thi.s  line  should 
be  continued  to  the  no-speed  no-load  point  at  A''.  Under  the 
conditions  that  all  the  steam  is  taken  out  at  the  bleeder 
connection,  the  distance  XC  represents  the  steam  consump- 
tion at  the  load  A'  and  the  line  CEX'  is  the  Willans  Line 
for  the  machine  running  under  conditions  that  require  all 
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the  steam  to  be  bled.  Suppose,  now,  that  at  the  load  X 
one-half  of  the  steam  is  bled  out;  then  one-half  does  the 
work  under  the  conditions  represented  by  XA'  and  the  other 
half  according  to  the  difference  between  XA'  and  XC,  so 
that  the  starting  point  is  at  D,  halfway  between  A  line  and 
C  If  the  quantity  of  steam  bled  remains  constant  for  par- 
tial loads,  then,  by  the  Willans  law,  the  line  through  D 
must  intersect  the  line  CX'  at  N,  so  that  PN  equals  one-half 
of  XC.  From  the  geometry  of  the  case  it  follows  that  DN 
is  parallel  to  A'B  and  DN  is  the  Willans  Line  for  the 
bleeder  condition  that  an  amount  XR  passes  out  at  any  load 
down  to  P.  Below  that  point,  of  course,  the  required  quan- 
tity cannot  be  passed  out  and  the  heating  mains  must  be 
supplied  from  some  other  source. 

The  chart  for  mixed-pressure  turbines  is  similar  to  that 
for  a  bleeder  turbine.  In  Fig.  4,  CE  is  the  Willans  Line  for 
all  exhaust  steam  and  AB  that  for  all  live  steam.  For  any 
given  amount  of  available  exhaust  steam  the  various  Wil- 
lans Lines  are,  as  shown,  parallel  to  the  line  AB  for  all  live 
steam.  For  example,  in  the  chart  if  20,000  lb.  of  exhaust 
steam  is  available,  the  steam  consumption  at  the  load  X 
would  be  about  28,000  lb.,  requiring  about  8,000  lb.  of  live 
steam.  At  fractional  load,  say  at  load  H,  with  20,000  lb. 
of  exhaust  steam  available,  the  total  steam  requirements 
would  be  as  represented  by  HM,  or  23,000  lb.,  and  the  live 
steam  requirement  is  3,000  lb. 


The  investigation  of  steam  hose,  described  in  a  paper  by 
John  M.  Bierer  at  the  annual  meeting  of  the  American 
Society  of  Heating  and  Testing  Materials,  has  for  its  object 
a  determination  of  the  relative  values  of  seamless  tubes 
compared  with  multiple-plied  tubes,  and  the  relative  values 
of  simple  plied  duck  compared  with  a  construction  of  fewer 
plies  of  duck  supplemented  by  plies  of  braiding.  Experi- 
mentally, these  relations  were  determined  by  testing  under 
steam  pressure  until  failure,  hose  in  which  all  elements 
were  constant  in  the  particular  test,  except  those  of  which 
the  relative  values  were  to  be  determined.  From  the  tests, 
it  is  concluded:  (1)  That  a  steam  hose  with  seamless  tube 
is  superior  in  endurance  to  a  hose  with  tube  built  up  in 
plies.  This  is  due  to  a  splitting  and  separation  at  the 
joint  necessarily  formed  in  the  construction  of  a  plied 
tube.  (2)  That  a  steam  hose  with  its  fabric  element  a  | 
simple  duck  of  several  sufficient  plies  is  superior  in  endu- 
rance to,  and  practically  as  good  in  contraction  and  ex- ! 
pansion  as,  a  hose  made  of  less  plies  of  duck  supplemented 
by  plies  of  braiding. 
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Better  Utilization  of  Sub-Bituminous 
and  Lignite  Coals* 

By  S.  M.  Darung 
Fuel  Engineer,  United  States  Bureau  of  Mines 

The  Nation's  coal  resources  of  all  ranks  total  3,553,637,- 
100,000  minable  tons  of  2,000  lb.,  1,051,290,000,000  tons,  or 
nearly  one-third,  being  lignite.  Of  this  lignite  964,424,000,000 
tons  is  in  North  and  South  Dakota  and  northeastern  Mon- 
tana, approximately  23,000,000,000  tons  in  Texas,  7,404,- 
300,000  tons  in  Alaska,  and  relatively  smaller  quantities  in 
several  of  the  other  Western  and  Southern  states.  The 
lignite  tonnage  given  includes  only  group  3  (true  lignite) ;  it 
does  not  include  group  2  (sub-bituminous  coal),  which  in 
earlier  days  was  called  "black  lignite"  and  classed  with 
group  3. 

TABLE  I.    AVERAGE  PROXIMATE  ANALYSIS  OF  LIGNITE 

Arkansas         Texas        N.  Dak. 

Moisture,  per  cent 29  73  28.63  27   13 

Volatile  hydrocarbons,  per  cent 37  87  32 .  53  29   1 1 

Fixed  carbon,  per  cent 23  95  30.43  36   16 

Aah.percent 8  45  8.41  7.60 

The  Alaska  lignite  closely  resembles  that  of  Texas  and 
North  Dakota.  The  sulphur  content  of  the  lignite  in  these 
fields  rarely  exceeds  1  per  cent.  The  average  heating  value 
is  about  7,500  B.t.u.  per  pound. 

To  burn  high-volatile  coals  on  furnace  grates  is  wasteful. 
For  many  years  leading  engineers  and  chemists  have  decried 
the  waste  of  burning  bituminous  coal  raw;  they  have  time 
and  again  shown  that  it  is  far  more  economical  to  break  up 
the  coal  by  means  of  carbonization,  into  its  constituents — 
solid  carbon,  gas,  ammonia,  oils  and  tars — thus  releasing 
these  valuable  products  for  use  in  their  appropriate  fields. 

Instead  of  trying  to  burn  the  raw  lignite  in  the  primitive 
and  wasteful  ways  now  employed,  the  lignite  should  be 
treated  so  as  to  yield  several  products,  each  peculiarly 
adapted  to  a  particular  commercial  need,  as  follows: 

Dried  lignite,  for  use  on  automatic  stokers  and  in  fuel- 
gas  producers.  Because  of  its  more  or  less  soft  and  com- 
minuted condition,  the  dried  lignite  cannot  be  handled 
advantageously  by  hand,  but  it  can  be  used  satisfactorily 
by  mechanical  means. 

Powdered  fuel,  from  the  dried,  pulverized  lignite,  for  use 
in  cement  kilns,  under  locomotive  boilers,  and  in  other  large 
furnaces.  Because  of  its  high-volatile  content  this  pulver- 
ized lignite  makes  an  exceptionally  good  powdered  fuel. 
The  pulverized  lignite  can  be  used  also  in  fuel-oil  burners 
in  conjunction  with  fuel  oil.  An  oil  mixture  containing  30 
per  cent  dried  and  finely  pulverized  lignite  will  still  act  as 
a  fluid  and  can  be  burned  as  a  liquid  fuel.  This  would  not 
only  conserve  petroleum  resources,  but  would  effect  a  saving 
in  the  cost  of  raising  steam. 

Dried  lignite  briq-iiets,  for  large  hand-fired  industrial  fur- 
naces and  heating  plants.  Where  it  is  necessary  to  handle 
the  dried  lignite  with  a  fireman's  shovel,  it  should  be 
briquetted.  Tests  of  these  dried  lignite  briquets  in  com- 
mercial boiler  furnaces  have  proved  them  to  be  equal  to 
good  Middle  West  bituminous  coal.  An  admixture  of  about 
12  per  cent  of  coking  coal  in  the  briquet  is  essential  to 
hold  the  briquet  together  in  the  furnace. 

Sulphate  of  ammonia  and  producer  gas.  The  raw  lignite, 
just  as  mined,  when  consumed  in  byproduct  gas  producers 
of  the  Mond  type,  yields  sulphate  of  ammonia,  producer 
gas,  and  some  tars  of  undetermined  value;  there  is  no 
solid  residue  except  ash.  On  the  average,  lignite  carries 
about  1.40  per  cent  nitrogen.  If  this  nitrogen  were  com- 
mercially recovered  as  sulphate  of  ammonia  the  yield  would 
be  about  70  to  80  lb.  per  ton  of  lignite.  The  gas  yield  per 
ton  of  lignite  would  be  60,000  to  70,000  cu.ft.  of  about  140 
B.t.u.  per  cu.ft.  This  gas  could  be  used  as  a  furnace  fuel 
or  in  a  gas  engine  to  produce  power.  If  used  in  the  latter 
manner,  it  would  yield  700  to  800  hp.hr.  per  ton  of  lignite 
gasified. 

The  large  way  to  utilize  lignite  is  to  carbonize  it;  that 
is,  break  it  up  into  its  four  main  divisions  of  gas,  oils  and 
tars,  ammonia,  and   solid   residue,   the   latter  being  prac- 

*Abstract  of  paper  read  before  the  International  Railway  Fuel 
Association,   Chicago,  May.  1920. 


tically  charcoal.  The  fact  that  the  lignite  does  not  coke 
in  the  sense  that  bituminous  coal  cokes,  but  rather  crum- 
bles, on  being  carbonized,  makes  possible  a  continuous  and 
comparatively  inexpensive  carbonizing  process.  Moreover, 
lignite  parts  with  its  volatile  content  more  readily  than 
does  bituminous  coal.  And  it  is  not  necessary  to  subject 
the  lignite  to  the  high  temperature  required  to  produce 
commercial  coke  from  coal.  The  gas  is  practically  all 
driven  off  from  the  coking  coal  while  the  charge  is  still  a 
black,  intumescent  mass,  but  it  is  necessary  to  carry  the 
temperature  several  hundred  degi'ees  higher  to  procure  a 
firm,  hard  coke.  This  increase  in  temperature  is  not  neces- 
sary or  desirable  with  the  lignite.  The  entire  process  is 
mechanical;  the  fuel  need  not  be  handled  by  manual  labor 
from  the  time  the  lignite  is  loaded  into  the  mine  car  until 
the  briquets  are  en  route  to  the  consumer.  The  costly  ele- 
ment of  labor  is  reduced  practically  to  that  required  for 
directing  mechanical  operations. 

TABLE  II.    THE  PRODUCTS  OF  CARBONIZATION  OF  LIGNITE 

Gas,  per  ton  of  lignite,  cu.ft 1 0,000 

Oil  and  tar,  gal     '5 

Ammoniacal  liquor,  gal .«5 

Carbon  residue,  lb 955 

Ligji  ite  vs.  Coal  Gas 

Lignite  Gas         Coal  Gas 

Carbon  dioxide 15.9  1.34 

Illuminants 3.5  4.42 

Oxygen 0.2  0  03 

Carbon  monoxide ' '  ■  5  ."  '  5 

Menthane '6   1  34  60 

Hydrogen 43  9  59  19 

Nitiogen 0  9  2.67 

Candlepower 3.2  16.00 

B.t.u.  per  cubic  foot 440.0  630.00 

A  little  more  than  one-half  of  the  gas  is  necessary  to 
carry  on  the  carbonizing  process;  the  balance  can  be  used 
as  a  city  gas  for  cooking,  or  for  lighting  if  burned  in  a 
mantle,  or  for  furnace  fuel,  or  for  generating  power  by 
means  of  a  gas  engine.  Or,  if  desired,  the  entire  10,000 
cu.ft.  can  be  devoted  to  these  purposes,  and  the  carboniz- 
ing carried  on  with  lignite  producer  gas  from  a  fuel-gas 
producer. 

As  to  power  obtainable,  of  the  jneld  of  10,000  cu.ft.  per 
ton  of  lignite  carbonized,  6,000  cu.ft.  are  required  to  carry 
on  the  process,  leaving  a  surplus,  costing  nothing,  of  4,000 
cu.ft.,  of  400  B.tu.  per  cu.ft.,  or  a  total  of  1,600,000  B.t.u. 
A  good  gas  engine  uses  about  10,000  B.t.u.  per  horsepower- 
hour,  hence  the  surplus  gas  from  each  ton  of  lignite  car- 
bonized would  yield  160  hp.hr.  This  power  is  comparable 
in  cost  with  that  derived  from  natural  gas  and  is  fully 
as  cheap  as  most  hydro-electric  power. 

Oil  and  Tar  Products 

Profitable  disposition  in  this  country  for  the  oil  and  tar 
products  remains  to  be  determined.  The  simple  distillation 
products  of  the  oil  can  be  put  to  many  uses,  such  as  fuel 
oil  for  furnaces  and  internal-combustion  engines,  gas  en- 
riching, flotation  and  other  oils. 

From  the  several  fractions,  by  exhaustive  distillation  and 
treatment,  there  may  be  derived  hundreds  of  synthetic  prod- 
ucts in  the  way  of  parafiine,  acids,  antiseptics,  photographic 
chemicals,  aniline  dyes,  perfume,  drugs,  preservatives,  etc. 

Light  hydrocarbon  oils  of  the  class  including  benzol  make 
a  serviceable  motor  fuel,  and  their  effectiveness  is  some- 
what increased  when  mixed  with  gasoline;  the  light  oils 
from  lignite  can  be  used  economically  in  this  way  and 
thus  in  a  measure  eke  out  the  failing  supply  of  gasoline. 
The  indications  are  that  the  consumption  of  motor  fuel 
within  the  next  decade  will  be  double  the  present  gasoline 
production.  In  many  quarters  alcohol  is  looked  upon  as 
one  of  the  ultimate  sources,  if  not  the  main  source,  of  motor 
fuel.  Commercial  alcohol  and  gasoline  are  not  readily 
miscible;  alcohol  and  benzol  are;  and,  after  the  benzol  is 
added  to  the  alcohol,  the  mixture  will  take  up  a  high  per- 
centage of  gasoline.  It  may  be  well  that  a  large  use  for 
the  benzol  production  will  serve  as  the  connecting  link  be- 
tween gasoline  and  alcohol,  aiding  in  the  introduction  of 
alcohol  as  a  staple  market  commodity. 

The  ammonia  is  contained  in  the  gas  and  gas  water; 
it  may  be  recovered  as  ammonium  sulphate — a  valuable 
fertilizer — as  anhydrous  ammonia,  for  refrigeration  and 
other  commercial  purposes,  or  it  may  be  treated  as  a  source 
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of  I'tluT  nitrojTi'ti  proilucts,  .some  of  whicli  iiro  nf  vital  im- 
portance in  thi-  nuinufuiturc  of  oxplonivoH.  For  thi-  pro- 
duction of  powi-r  larlioni/.eil  livrniU.*  is  fully  I'ciuiil  to  an- 
thrai'ite,  charcoal,  or  bituminous  coke,  the  standaril  fuels 
for  such  purposes.  This  carbonized  liKiiite  can  also  be 
t)urneil  satisfactorily  on  the  automatic  stokers  anil  j;rates 
used  to  consume  the  smaller  sizes  of  anthracite. 

Raw  1  jrnite  is  not  serviceable  in  a  locomotive  firebox, 
and  it  is  doubtful  whether  any  form  of  lijrnite  briquets 
can  be  manufactured  cheaply  enoUKh  to  compete  as  a  loco- 
motive fuel  with  the  bituminous  and  sub-bituminous  coals 
now  in  use.    The  dried,  pulverized  liKuite  can  be  so  used. 

Clu'iiiical  Iiuhistries  to  Play  Part  in 
Superpower  Scheme 

While  it  is  recopnized  that  the  railroads  must  afford  the 
principal  nuirket  for  eiectric  current  which  may  be  de- 
veloped if  the  Boston-Washington  superpower  plan  should 
become  a  reality,  it  is  recognized  by  those  in  charge  of  the 
superpower  survey  that  the  chemical  industries  will  play 
fully  as  important  a  part  in  the  scheme.  This  is  due  to 
the  fact  that  the  matter  of  locating  central  plants  will 
depend  on  whether  or  not  they  are  to  be  coupled  with 
byproduct  plants.  The  general  impression  has  been  that 
the  big  power  plants  would  be  located  at  the  mine  mouth, 
but  if  the  byproducts  of  the  coal  are  to  be  utilized,  it  is  evi- 
dent that  the  plant  must  be  near  the  market  for  the  by- 
products. The  chemical  industries  also  are  being  relied 
upon  largely  to  equalize  the  load  factor.  While  these  indus- 
tries are  large  consumers  of  cuirent,  it  is  believed  that  they 
can  arrange  to  take  their  maximum  requirements  at  night 
and  their  minimum  requirements  during  the  hours  of  peak 
loads. 

The  survey  will  take  into  consideration  the  possibilities 
of  developing  nitrogen  fixation.  The  possibilities  of  at- 
tracting electric  smelting  and  refining  industries  and  other 
power-consuming  activities,  including  the  heating  of  glass, 
will  be  given  careful  and  prompt  consideration. 

An  interesting  incident  of  beginning  the  study  of  the 
load  factor  is  the  fact  that  the  peak  load  in  New  York 
City  for  the  week  is  on  Tuesday  morning,  when  the  prin- 
cipal portion  of  the  week's  ironing  is  done. 

Government  Coal  Inspection 

Government  inspection  of  coal  came  a  step  nearer  realiza- 
tion recently  when  the  Sewells  Point  Tidewater  Coal 
Exchange  entered  into  negotiations  with  the  Bureau  of 
Mines  for  just  the  sort  of  classification  of  coal  on  a  scien- 
tific basis  as  was  in  mind  when  the  fuel  inspection  bill 
was  drafted.  That  bill  never  was  introduced,  due  largely 
to  the  hostility  of  coal  producers.  Apparently  there  is  a 
trend  among  producers  to  accept  the  contention  that  the 
proper  classification  of  coal  is  a  producer's  problem.  It 
is  admitted  that  the  glaring  weak  point  in  the  war-time 
Tidewater  Coal  Exchange  was  the  lack  of  a  thorough  coal 
classification.  This  depends  on  inspection  and  analysis. 
When  iron  ore  sold  for  less  than  the  present  price  of  coal 
there  was  absolutely  no  thought  of  selling  it  without  its 
having  been  analyzed.  Coal  producers  are  beginning  to 
see,  it  is  believed,  that  they  have  a  valuable  commodity 
which  should  be  sold  on  the  basis  of  an  analysis. 

OU  Engine  Installations 

A  misconception  exists  among  engineers  as  to  the  total 
amount  of  oil  engine  installations  in  the  United  States. 
The  figures  given  below  closely  approximate  the  total 
horsepower  installed;  the  errors  are  slight  and  are  due 
to  lack  of  data  from  two  or  three  minor  manufacturers. 
Motorship  installations  are  not  included. 

Diesel  Oil  Engines  255,000  horsepower 

Surface-Ignition  Oil  Engine  752,300        "       " 

Of  the  Diesels  at  least  10  per  cent  have  been  replaced 
by  more  modern  engines.  While  no  data  is  available  in 
respect  to "  the  surface-ignition  plants  which  have  been 
replaced  or  discarded,  probably  10  per  cent  of  them  are  no 
longer  in  use.  If  the  average  fuel  consumption  is  7i 
horsepower-hours   per   gallon   of   fuel,   the   yearly   require- 


nieiitb  would  total  20,000.000  barrels  of  fuel.  In  view  of 
the  enurinoUH  cunHumption  of  Kusolene  in  the  automobile 
industry,  it  is  apparent  that  the  oil  engine  deman<l  pluyn 
but  a  small  part  in  the  oil   indu.stry. 

HritiHil  Regulating  Coal  Export 

The  amount  of  coal  being  exported  from  British  ports 
is  being  regulated  by  the  Government  to  the  last  pound. 
The  British  exports  for  March  and  April  of  this  year 
compared  with  11)13  were  us  follows: 

1913  1920 

March    5.598,775  2,40G,151 

April    5,929,947  2,139,201 

That  there  is  a  vast  difference  between  the  policy  of  the 
British  Government  and  ours  can  be  seen  from  the  fact  that 
America's  coal  is  being  offered  by  British  operators  and 
factors  all  over  the  world. 


Rodding  of  concrete  consists  in  repeatedly  pushing  a 
pointed  rod  into  the  concrete.  This  has  the  effect  of  ex- 
pelling the  entrapped  air  and  excess  water  and  of  com- 
pacting the  concrete.  In  so  doing,  the  strength  of  the  con- 
crete is  materially  increased.  The  beneficial  effect  of 
rodding  was  noted  in  a  number  of  experiments  made  in  1917 
by  G.  A.  Parkinson,  assistant  testing  engineer.  University 
of  Texas.  Since  then,  other  tests  have  been  made  which 
demonsti-ate  further  the  advantages  of  rodding  concrete. 
Three  series  of  these  tests  are  described  in  a  paper,  by  F. 
E.  Giesecke,  presented  at  the  annual  meeting  of  the  Ameri- 
can Society  of  Heating  and  Testing  Materials.  The  first 
series  is  intended  to  show  the  general  effect  of  rodding. 
The  second  series  of  tests  is  an  investigation  into  the  ef- 
fect of  the  number  of  and  the  interval  between  roddings. 
In  the  third  series  concretes  of  different  cement  content 
are  investigated,  to  determine  the  relative  effect  of  rodding 
on  each.  In  all  the  tests  it  is  conclusively  demonstrated 
that  rodding  substantially  increases  the  strength  of  con- 
crete. In  many  cases  this  increase  is  more  than  100  per 
cent.  It  is  therefore  seen  that  rodding  has  an  important 
bearing  on  actual  construction,  either  by  increasing  the 
strength  of  the  concrete  or  by  effecting  a  saving  in  cement- 


Geological  Survey  figures  show  a  total  bituminous-coal 
production  of  10,225,000  net  tons  during  the  week  ending 
July  3;  305,000  tons  less  than  the  preceding  week.  Produc- 
tion during  the  first  158  working  days  of  the  last  four  years 
has  been  as  follows:  1917,  278,000,000  tons;  1918,  288,000,- 
000  tons;  1919,  218,097,000  tons;  and  1920,  262,727,000  tons. 
The  year  1920  is  thus  15i  mallion  tons  behind  1917  and 
26i  million  tons  behind  1918,  but  is  over  40  million  tons 
ahead  of  1919.  Production  of  coal  in  the  United  States 
for  the  first  six  months  of  the  present  year  is  estimated 
by  the  Geological  Survey  as  follows:  January — Anthracite, 
7,366,000  tons;  bituminous,  48,698,000  tons.  February- 
Anthracite,  6,335,000  tons;  bituminous,  40,127,000  tons. 
March— Anthracite,  7,240,000  tons;  bituminous,  46,792,000 
tons.  April — Anthracite,  6,543,000  tons;  bituminous, 
37,939,000  tons.  May — Anthracite,  7,745,000  tons;  bi- 
tuminous, 39,753,000  tons.  June — Anthracite,  7,641,000 
tons;  bituminous,  43,710,000  tons. 


Reports  to  the  Interstate  Commerce  Commission  and  to 
the  Car  Service  Commission  indicate  that  there  has  been  a 
very  decided  improvement  in  car  supply  at  all  mines  from 
Illinois  eastward.  On  many  railroads,  all  records  for  daily 
loadings  have  been  broken.  Better  dumpings  are  reported 
at  lower  Lake  ports.  Even  the  Pennsylvania  Railroad, 
after  having  piled  up  a  deficit  of  more  than  5,000  cars,  is 
now  meeting  its  late  obligations.  In  order  to  do  this,  theJ 
Pennsylvania  lines  have  had  to  embargo  considerable  other! 
business  and  have  had  to  eliminate  the  return  loading  ofj 
coal  cars  in  many  instances. 


An   estimate   made    for   the    National    Coal    Association! 
places  at  S200,000i000  the  additional  freight  which  will 
paid  on  coal,  as  the  result  of  the  railroad  rate  increase. 
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The     Pennsylvania  Electric     Association 

has  arranged  to  hold  its  annual  convention 

at     Bedford     Springs,  September     8-11     in- 
clusive. 

The  Michigan  Section,  N.  EL  L.  A.,  will 
hold  its  convention  at  Ottawa  Beach.  Mich., 
Aug.  24-26.  Papers  and  addresses  on  many 
subjects  of  interest  to  the  public  utility 
industry  will  be  delivered. 

The  Cleveland  Engineering  Society  will 
make  its  mid-summer  trip  to  Detroit  Fri- 
day. August  27-29.  Members  making  the 
trip  will  be  the  guests  of  the  Detroit  Engi- 
neering Society  on  August  28.  Visits  will 
be  made  to  the  Ford  Blast  Furnace  Plant 
and  the  Ford  Motor  Co. 

The  Executive  Committee  of  the  South- 
eastern Geographic  Division  of  the  N.  E. 
L.  A.,  whicl\  comprises  the  states  of  Ala- 
bama, Florida,  Georgia,  North  Carolina, 
South  Cjvrolina.  Tennessee  and  Porto  Rico, 
has  voted  to  hold  its  1920  Convention  at 
Miami,  Fla.,  on  Nov.   17  to  19   inclusive. 

The  New  England  Division  of  the  Na- 
tional Electric  Light  Association  will  hold 
its  twelfth  annual  convention  at  Mount 
Kineo  House.  Kineo,  Me.,  Sept.  13  to  16 
inclusive.  An  interesting  program  to  in- 
clude sports  and  dancing  has  been  arranged 
and  a  number  of  important  papers  will 
be   read. 

The  Northwest  Electric  T.,ight  &  Power 
Association  will  meet  at  Spokane,  Wash- 
ington. Sept.  8  to  11.  Franklin  T.  Griffith 
of  the  Portland  Railway  Light  &  Power  Co. 
will  address  the  meeting  on  the  subject  of 
"Successful  Public  Utility  management  of 
the  Future."  Other  interesting  papers  will 
follow  and  the  reports  of  various  commit- 
tees will  be  read. 

The  Nebraska  Section  of  the  National 
Electric  Light  Association  has  arranged  to 
hold  its  annual  convention  in  Omaha,  Sept. 
8    and    9     at    which    time    reports    of    the 


activities  of  the  section  during  the  past 
year  will  be  read  and  action  taken  that 
will  result  in  the  Nebraska  Section  becom- 
ing a  part  of  the  Middle  West  Geographic 
Division  of  the  N.  E.  L.  A.  This  Division 
will  consist  of  the  states  of  Iowa,  Missouri, 
Kansas  and  Nebraska. 

The  Public   Relations  section  of  the  N.   E. 

L.  A.  appointed  committees  dealing  with  all 
phases  of  public  relations  at  the  second 
meeting  of  the  Executive  Committee  at 
Toledo.  Ohio,  Thursday,  Aug.  19.  The  full 
program  of  the  Section  was  outlined  and 
discussed,  particular  attention  being  given 
to  the  publicity  program  already  tenta- 
tively arranged,  and  which  will  begin  im- 
mediately following  the  meeting. 

The  American  Pe<it  Society  will  hold  its 
thirteenth  annual  meeting  at  Madison,  Wis 
Thursday,  Friday  and  Saturday,  Sept.  2  to 
4.  Headquarters  will  be  at  the  Park 
Hotel  where  special  rates  to  members  have 
been  obtained  by  the  entertaining  commit- 
tee. Papers  will  be  read  and  e.xcursions 
have  been  planned  to  give  members  the 
opportunity  of  observing  growing  crops  on 
peat   lands   in   the   vicinity   of  Madison. 

The     1920     Annual     Meeting     of    the     The 

Americn  Society  of  Mechanical  Engineers 
will  l)e  held  in  the  Engineering  Societies 
Building.  29  West  39th  Street.  New  York 
City,  from  December  7th  through  to  Decem- 
ber in.  Sessions  will  be  held  on  the  sub- 
jects of  Appraisal  and  Valuation  and  the 
Application  of  Engineering  to  Woodworking. 
The  newly  founded  professional  sections  on 
Management  Power,  Fuels.  Machine  Shop, 
Railroads  and  Textiles  will  also  conduct  ses- 
sions to  consider  the  vital  problems  in  their 
field.  In  addition  a  number  of  valuable 
papers  will  be  presented  at  General  Sessions. 
A  memorial  session  for  Dr.  Brashear  is 
planned,  as  a  fitting  tribute  to  his  life  and 
work. 

The  American  AVelding  Society  at  a  meet- 
ing of  members  of  the  welding  trade  in 
Chicago,  held  in  the  rooms  of  the  Western 
Society  of  Engineers,  on  Tuesday  evening. 
Aug.  3,  organized  a  Chicago  Section  of  the 
society.      There  were   about   seventy-five    in 


attendance,  representing  many  railroads 
terminating  in  Chicago,  and  also  many  of 
the  larger  local  industries.  The  following 
officers  and  directors  were  elected:  Chair- 
man. M.  B.  Osburn ;  vice-chairman,  O.  T. 
Nelson  :  secretary-treasurer.  L.  B.  >Iacken- 
zie.  Directors.  E.  Wanamaker.  H.  B.  Bent- 
ly,  Andrew  Oliver.  W.  M.  Brady,  Harold 
Cook.  W.  A.  Slack,  K.  R.  Hare.  J.  M. 
,Iardine,  W.  H.-  Bleecker,  Jr..  Oliver  Mitchell. 
Walter    L.    Senhort.    Don    B.    McCloud. 

Meetings  will  be  held  on  the  second  Tues- 
day of  each  month  in  the  rooms  of  the 
Western  Society  of  Engineers,  and  those 
interested  in  the  subject  of  autogenous 
welding  by  all  methods  are  invited  to  attend. 


Personals 


torin  E.  Imlay  has  been  appointed  divi- 
sion engineer  in  charge  of  the  power  trans- 
mission division  of  the  super-power  zone 
engineering  staff. 

W.  H.  Edmundson,  chief  engineer  at  the 
Old  Colony  Brewery,  Fall  River.  Mass.,  for 
the  last  two  years,  and  chief  engineer  of 
the  U.  S.  S.  "Philippine"  during  the  war, 
has  accepted  a  position  with  the  New  Eng- 
land Oil  Refinening  Co.,  of  the  same  city, 
as   mechanical   superintendent. 

Irving  E,  Moultrop,  assistant  superintend- 
ent of  the  constructional  Bureau  of  the 
Boston  Edison  Electrical  Illuminating  Co. 
has  been  elected  as  a  member  of  the  En- 
gineering Foundation  Board  by  Engineer- 
ing Council  to  succeed  the  late  E.  Gybljon 
Spilsbury. 

George  M.  Bassford,  president  of  the 
Locomotive  Feed  Water  Heater  Co..  New 
York,  and  formerly  a  member  of  the  Ameri- 
can Society  of  Mechanical  Engineers  Coun- 
cil has  been  elected  a  trustee  of  the  A.  S. 
M.  E  to  succeed  the  late  E.  Gybbon  Spils- 
bury to  serve  the  unexpired  portion  of  the 
term    ending   January,    1923. 


PROPOSED   WORK 

N.  H.,  Portsmouth — The  Bureau  of  Yards 
&  Docks,  Navy  Dept..  Wash..  D.  C.  received 
bids  for  removing  and  reconstructing  2 
boilers  with  stokers  and  stoker  engine  at 
the  Navy  Yard  here  from  Frank  Eisinger, 
141  7th  Ave..  Brooklyn.  New  York  City, 
$26,553;  Shevlin  Engr.  Co..  110  West  34th 
St.,  New  York  City.   $64,758. 

Mass.,  Attleboro — William  R.  Walker  & 
Son,  Archts,.  17  Custom  House  St..  will  soon 
award  the  contract  for  a  4  story.  95  x  140 
ft.  bank  and  office  building  including  a 
steam  heating  system  on  Park  St.  for  the 
1st  Natl.   Bank. 

Mass.,  South  Byfleld — The  Dummer  Acad- 
emy ij)lans  to  construct  a  central  heating 
plant,  etc.     About  $250,000.     Noted  July  20. 

Conn.,  Windsor — The  School  Comn.  will 
receive  bids  until  September  7  for  a  2 
story.  90  x  155  ft.  high  school  including  a 
steam  heating  system.  About  $200,000. 
S.  Brown.  Chn.  Whiton  &  McMahon.  36 
Pearl   St..   Hartford.   Archts. 

N.  Y.,  Great  Neck,  I.,  I. — The  Bd.  Educ. 
will  soon  receive  bids  for  two  2  story 
schools  including  steam  heating  systems. 
About  $400,000.  F.  Dickerson.  Pres.  W.  S. 
Bessell.  56  West  45th  St..  New  York  City, 
Archt.   and   Engr. 

N.  Y.,  New  York — The  New  York  Edison 
Co.,  Irving  PI.  and  15th  St..  is  having  plans 
prepared  for  a  transformer  station  on  75th 
St.  About  $500,000.  W.  Whitehill,  12  Elm 
St.,  Archt.  and  Engr. 

N.  Y.,  New  York — The  Wendel  Estate 
c/o  R.  D.  W.  Swopl.  175  B'way.  is  having 
plans  prepared  for  a  6  story  loft  and  office 
building  including  a  steam  heating  system 
at  4  44  5th  Ave.  About  $500,000.  John  B 
Snooks  &  Sons.  261  B'way,  Archts.  and 
Engrs. 

N.  ,T.,  Homestead  (West  Hoboken  P.  O.) 
—Andrews,  Tower  &  LaValee.  Archts.  and 
£.ngrs..  33  Lyman  St..  Springfield.  Mass.. 
Will  soon  award  the  contract  for  a  5  story. 
85  X  205  ft.  factory  including  a  steam  heat- 


ing system   for  the   Amer.    Chocolate   Prod- 
ucts Co..  206  B'way,  New  York  City.     About 

$350,000. 

Pa.,  Bellevue  (PittsbHrgh  P.  O.)  — The 
School  Dist.  will  receive  bids  until  August 
30  for  two  25  hp..  1,200  r.p.m.,  3  phase.  60 
cycle.  220  volt  slip  ring  motors  with  vari- 
able speed  controller,  bed  plates  and  pulleys. 
Address  James  W.  Graham,  545  Teece  Ave., 
Secy. 

Pa.,  Philadelphia — The  American  Coal  & 
Ice  Co.,  c/o  Isaac  Stevens,  4651  Paill  St.. 
is  in  the  market  for  machinery  for  the 
manufacture  of  ice. 

Md.,  Baltimore — The  Bd.  of  Awards,  c/o 
City  Register,  will  soon  award  the  contract 
for  furnishing  and  installing  new  cast-iron, 
hot  water,  sectional  manifold  water  tube 
boiler,  etc.,  in  the  palm  house  here.  W.  F. 
Courts,  Madison  Ave..  Park  Engr. 

Md.,  Orangeville  (Baltimore  P.  O.)- — The 
Columbia  Graphophone  Co..  Woolworth 
Bldg.,  New  York  City,  plans  to  install  a 
7.000  hp.  generator  at  its  plant  here.  Noted 
March  30. 

Va.,  Portsmouth  —  Irving  D.  Ireland. 
Archt.  and  Engr.,  will  receive  bids  until 
August  25  for  a  30-ton  ice-making  plant 
and  a  50 -ton  cold  storge  plant.  Owner's 
name  withheld. 

Va,.  Richmond — The  Colonial  Pressing  & 
Cleaning  Co..  1639  West  Broad  St.,  is  in  the 
market  for  one  new  or  used  steam  pressing 
machine.  Hoffman  preferred.  L.  S.  Chat- 
man.  Mgr. 

Va„  Richmond — The  Mullin  Motor  Garage 
Co..  436  West  Main  St..  is  in  the  market 
for  an  electric  motor.     L.  A.  McMullin.  Mgr. 

Va„  Richmond — Stebbing  &  Paulie,  1643 
East  Broad  St..  is  in  the  market  for  elec- 
tric motor,  vises  and  air  compressor.  New 
or  used. 

Miss..  Tunico — The  city  will  receive  bids 
until  September  8  for  a  100, ooo  gal.  reser- 
voir, triplex  pumping  unit  and  pump  house 
including  a  380  g.p.m.  triplex  pump  and 
crude  oil  engine.  About  $15,000.  A.  L. 
Dabney.  Randolph  Bldg.,  Memphis,  Tenn., 
Engr. 

Tenn.,  Sweetwater — The  Durex  Chemical 
Corp.  is  in  the  market  for  400  hp.  addi- 
tional boilers.     H,  B.  Oilman,  Mgr, 


O.,  Cleveland — J.  A.  Wetmore.  Supervis- 
ing Archt..  Treasury  Dept..  Wash..  D.  C. 
will  soon  award  the  contract  for  furnishing 
and  installing  one  new  horizontal  tubular 
return  high  pressure  boiler  at  the  U.  S. 
Marine  Hospital.  East  9th  St.  and  Lakeside 
Ave.,  here. 

Ind..  Richmond — The  Wayne  Co.  Memo- 
rial Comn-.  is  having  plans  prepared  for  a 
4  story.  150  x  250  ft.  memorial  building 
including  a  low  pressure  heating  system. 
etc.  About  $600,000.  Study  &  Farrar.  Ar- 
cade Bldg.,  St.  Louis.  Mo.,  Archts. 

Mich.,  Detroit — Baxter,  O'Dell  &  Halpin. 
Archts..  1024  Hammond  Bldg..  will  soon 
award  the  contract  for  a  1  story,  65  x  100 
ft.  factory  including  steam  heating  equip- 
ment for  the  Amer.  Machine  Products  Co., 
18th  and   Howard   Sts.     About   $4  5,000. 

Mich.,  Detroit — The  Detroit  Council  303 
Knights  of  Columbus  Bldg,  Co..  930  AVood- 
ward  Ave.,  plans  to  build  a  3  story  club- 
house including  steam  heating  equipment. 
About   $500,000. 

Mich..  Detroit  —  The  Natl.  Alloys  Co., 
Woodbridg^  St.,  plans  to  build  a  1  story, 
60  X  100  ft.  foundry  including  an  electric 
motor  for  power,  etc.  .\hout  $25,000. 
Horace  H.  Lane,  Dime  Bank  Bldg..  Engr. 

Mich.,  Sunfteld — The  village  plans  to  vote 
on  a  $15,000  bond  issue  for  an  electric  light 
plant  including  equipment.  W.  R.  Clark, 
Albion,  Engr. 

III.,  Harve.v— The  Whiting  Fdry  Equip- 
ment Co.  plans  to  build  a  boiler  room  and 
is  in  the  market  for  2  new  506  hp.  boilers. 
A.  J.   Haines,   Asst.   Supt. 

Wis.,  Hartford — The  Bd.  Educ.  plans  to 
build  a  4  story.  130  x  300  ft.  junior  high 
school  including  a  steam  he.-iting  sj-stem. 
About    $500,000,      Judge    Sawyer,    Chn. 

Wis.,  Peshtigo — The  Oconto  Service  Co. 
is  having  plans  prepared  for  a  26  x  29  ft. 
addition  to  the  power  house.  T.  A.  Pem- 
perin,  Pres.  Mead  &  Seastone.  Madison, 
Engrs. 

la.,  Masovii  City — The  Masonic  Cathedral 
Association  plans  to  build  a  masonic  tem- 
ple including  a  steam  heating  svstem. 
About  $250,000. 

la.,  Vinton — The  city  voted  $45,000  bonds 
to  build   additions   to   the   waterworks    and 
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••Irelrlc     lluht     ami     powtir    iilant.       A     n<'W 

•■iiHliiv    iillil    Ki ruCor    will    \h'    Inatitllril     In 

tMUiu>. 

Mliiii..  Cnntiaii  KiUU— Tile  ('itniioii  PiiIIh 
MlllliiK  Co  iiltiiiH  ((>  liullit  a  (liiiii  to  flirnlNh 
IKiwir  fi.r  IIM  us.  iiloMK  the  i'limioii  UlvtT 
hftv,  !•:.  t)  lloliiiHK')!.  822  l-'l.)ur  ICxi-h  . 
MlnnoapollM.   MKr. 

Kitii..  lloiiiiiT  SiirlncK — The  llniiiH'i-  Vurl  ■ 
land  t'.imnt  Co,  LMHI  Victor  UlilK  ,  KanaaM 
City.  Mo..  plaMM  to  InHtall  traimrornicrx  In 
ItH  Htatlon  luri".  P.  11  haiM.  Clil.f  Kl.-c- 
trlclan 

Kiui..  Siillua— The  W.slyan  I'lilv.rHltv  In 
haviiiK  plunM  iMrpan-il  for  a  i-oII.'kc  Imlld- 
IHK.  rian.N  Uu'liiilc  an  aililltion  to  llir  powiT 
plant  .M.oiil  $411(1.1100  Stiiilv  *  Karrar. 
Arcade   indjt .  St.   l.ouls.   Mo.,   .\rchts. 

N>1>..  Atkhwoii — The  City  Cltrk  will  ro- 
oclvc  lild.M  until  .\iiKiist  28  for  a  powrr 
house,  ftc.  In  connection  with  thp  pro- 
posed waterworks  Imiirovetnent.s.  .About 
$25,000.  W.  10.  Standeven,  616  Peters 
Trust   HldK..  KnKr. 

S.  I>..  VoIku — The  city  had  plans  pre- 
pared  for  an  electric  light  plant. 

N.  I).,  Oriuid  TurkN — The  North  Dakota 
Industrial  t'oinn.  will  receive  bids  until 
.\UKU8t  ;!o  for  instnllhiK  Piping  and  all 
auxiliary  equipment  In  power  plant  at  ter- 
minal elevator  here.  C.  L.  Pillslnirv  Co.. 
80.1  Metropolitan  Life  HldK-.  Minni'apolls. 
Minn.,   Kufir. 

N.  D..  Minnpwaiikan — The  village  will  re- 
ceived bids  until  September  8  for  the  in- 
stallation of  an  electric  light  plant. 

Mo.,  Carthuice  —  The  city  sold  $100,0(10 
bonds  to  enlarge  the  water  and  electric 
light  plant.     John   N.   Marsh.   Treas. 

Mo..  St.  Joseph — The  Western  Tablet  Co., 
nth  and  ilitchell  Sts.,  will  receive  bids 
about  September  15  for  a  power  house. 
.\bout  $S.">.O0(i.  R.  and  K.  R.  Meier.  203 
Lincoln   Bldg..   Archts. 

Okla.,  Mc.Mester — The  Abbort  Pike  Lodge 
is  having  plans  prepared  for  a  5  story  Ma- 
sonic temple  including  a  steam  heating  sys- 
tem. About  $500,000.  Thompson  &  Hard- 
ing. 504  Southern  Trust  St..  Little'  Rock. 
Ark..    Archts. 

Okin,.  Oklahoma  Tify  —  The  Missouri. 
Kansas  &  Texas  Ry.  of  Texas  and  the  Wi- 
chita Falls  &  Northwestern  Ky..  Hy.  Kxch. 
Bldg..  St.  Louis.  Mo.,  plans  to  build  several 
buildings  including  a  machine  shop  and 
power  plant,  etc.      F.   Ringer.  Chief  Engr. 

Okla.,  Tulsa — The  1st  Methodist  Episco- 
pal Church  will  soon  receive  bids  for  a 
church  including  a  steam  heating  system. 
About  $250,000.  Wight  .&  Wight,  400  1st 
Natl.  Bank  Bldg..  Kansas  City.  Mo.,  Archts. 

Okla..  TuIku  —  Thompson  Bros.  and 
Hughes  will  receive  bids  until  September  1 
for  a  10  story.  100  x  200  ft.  office  building 
including  a  three  boiler  heating  plant. 
.\bout  $750,000.  Herbert  L.  Bass.  801 
Hume   aiansur.    Indianapolis,    Ind..   Archt. 

Cal.,  San  Kranrisco — The  Amer.  Can  Co., 
120  B'way.  New  York  City,  is  having  plans 
prepared  for  a  factory  including  a  steam 
heating  system.     About  $500,000. 

Ont..  Ford  City — The  Fisher  Body  Co.  of 
Canada  plans  to  build  a  4  story.  90  x  192 
ft.  factory  including  a  steam  heating  boiler. 


lie.,  on  St.  Luk.H  Rd       .Ml,,  it   Kahn.   Walker 
Kd..    Walkervllle,    Aniil 

Ont..  Ompii  HoiiihI  'III..  Lovut  Hrlek  & 
I  lie  Co.,  Loviit.  plupH  to  nbull.l  Iih  plant 
which  waM  n-ceiitly  deHtroycd  by  llri-  and 
Ih  In  the  mark.  I  for  a  boiler  and  enRlne. 
<'le.      About    $20,000. 


« O.NTK  Vri.x    .VMAUDKI) 

Ml'..  W>«t  roHiial — The  Maine  School  for 
llie  Feelil.'  Mln.l.il  Iikh  awarded  the  con- 
tract for  an  .•xt.iiHinn  to  the  heating  plant 
to  the  .lohnH-Miinvllle  Co..  .15  High  St.. 
lioHlon.  Mjish.,  and  the  Willy  Calhoun  Co.. 
Portland.   Mc,  at   $25,ooo. 

N.  II.,  NunIiuu — The  .Nashua  Mfg.  Co.  has 
.(Warded  th.-  contract  for  alti-rlng  th.-  boiler 
plant  to  th.'  Na.Hluia  lildg.  Co  !I5  Ti'inplo 
St..  at   $25,000. 

MaMH..  ArlhiKlun  —  The  Bd.  Kduc.  has 
awarded  the  contract  for  the  Installation  of 
a  li.'ating  and  \i-iitilating  system  In  the  pro- 
posed junior  high  school  here  to  the  Ross. 
Chase  Co..  2fi:!  Sumn.'r  St.,  Roston,  at 
$27,1158. 

MiiMH..  CumbridKe — The  City  Hospital  has 
awarded  the  contract  for  the  Installation  of 
a  steam  heating  system  in  the  proposed  3 
story.  77  x  140  ft.  hospital  on  Cambridge 
St.  to  Lynch  &  Woodward.  287  .\IIantlc 
.\vc.,   Boston,  at   $16,670. 

.MaHH.,  Stougliloii — Thi'  Panther  Rubber 
Co.,  Suffolk  St.,  Chel.sea,  will  build  a  2 
story,  60  x  70  ft.  manufacturing  plant  addi- 
tion including  a  steam  heating  system  on 
.Monk  St.  About  $350,000.  Work  will  be 
done  by  day  labor. 

Mans.,  Taunton — The  Municipal  Lighting 
Comn.  has  awarded  the  contract  for  an  ad- 
dition and  extensive  improvements  to  the 
electric  plant  on  West  Water  St.  to  the 
Westinghouse  Electric  Co..  6905  Susque- 
hanna St..  Pittsburgh  Pa.,  at  $40(i.(ioo. 
Noted  July  20. 

Mass.,  Qiiinoy — The  Bethlehem  Shipbuild- 
ing Corp.,  Fore  River,  has  awarded  the  con- 
tract for  a  1  story,  22  x  35  ft.  addition  to 
its  power  house,  etc.,  to  the  Aberthaw 
Constr.  Co..  27  School  St..  Boston,  at 
$75,000. 

R.  I.,  Phillipsdaie — The  Amer.  Electrical 
Wks.  has  awarded  the  contract  for  a  1 
story,  15  x  40  ft.  transformer  building  to 
Bowerman  Bros..  630  Grovenor  Bldg.. 
Providence. 

N.  Y.,  Brooklyn  —  The  Kalman  Constr. 
Co..  1779  Pitkin  Ave.,  will  build  a  1  story. 
100  X  150  ft.  garage  including  a  steam 
heating  system  on  Avenue  J.  .\bout  $300,- 
0110.     Work  will  be  done  by  day   labor. 

N.  v..  Brooklyn — The  New  York  Edison 
Co.,  Irving  PI.  and  loth  St..  will  build  a 
sub-station  on  Grand  Ave.  Work  will  be 
done  by  day  labor. 

N.  Y.,  New  York — The  New  York  Edison 
Co..  Irving  PI.  and  15th  St..  will  build  a 
transformer  station  on  the  Bowery.  Work 
will   be   done  by  day   labor.     Noted   June   8. 

N.  Y.,  New  York — The  New  York  Edison 
Co..  Irving  PI.  and  15th  St..  will  build  a 
sub-station  on  Cedar  St.  Work  will  be  dont 
by  day  labor.     Noted  April  27. 

5J.  Y.,  Yonkers  —  The  ~  Yonfters  Electric 
I.,ight   &   Power   Co.    has   awarded    the   con- 


Iraet  for  the  conHtru.-tlon  of  a  IruMnformer 
Hall. in  on  Dunwoodle  Av.-.  to  Klljspalrlck  & 
IcArlliiir.      .Voted    June    8. 

,,.^-  i:  ""vj-r— The  CouMtnictlon  Division, 
War  Depl..  WiiKh.,  I).  C,  hiiH  award. . I  Ih.. 
■  •ontract  for  a  Hmall  heating  plant  at  ihe 
Pl.-iitlnncy  ArMenal  to  Lustlg  A  Well,  10.) 
Park    Ave.,    .New    York   City,   iit    $42,300. 

...^•,''-  ><"»»rk  — Th.'  Clark  Thread  Co., 
<  lark  and  Ogd.n  SIk  ,  Iiiim  award.. I  the  con- 
tract for  Iw.)  fiK'L.iy  l.ull.lli.gM  Including  u 
Hte.ini  h. -Ill  log  syHi.Mi  t..  John  W  I'".rgiiHon 
ITnll.-.l    Hank    Hl.lg,,    Pat.ri...n.  «'"""• 

Vii..  Iliiiniilon  Koudii  —  The  Bureau  of 
Yards  &  HoekH.  .Navy  Dej.l.,  WnMh..  D.  C, 
hiiH  aw:iril.-il  th.'  cntriict  for  an  el.-ctric 
undergroiiiKl  (listrlbutlng  Hysteni  at  the 
.Naval  Op.rating  Hase  h.r.'  to  John  R 
Proctor,  74  Cortlandt  St.,  .New  York  City 
at    $34,880.      .Noted    March    30. 

Ala,  riorenre — Thi-  I'nlted  States  Engl- 
n.-er's  Olllc.',  War  D.pl  ,  Wash..  D  C  h:i'. 
awarded   the  contract   for  4   geni'rator'^    . 

for    the    Wilson     Dam    to    the    Weslin),-! 

Electric   &   Mfg.    Co.,    East    Plltsburgb     l;i 
at   $779,400. 

111..  Kant  SI.  LouIh — Darling  &  Co.,  4201 
South  .Ashland  Ave..  Chicago,  has  awarded 
the  contract  for  a  fertilizer  plant  Including 
a  high  pressure  sle.im  heating  system  to 
the  .\UHlin  Co..  208  S.juth  La  Salle  St..  Chl- 
<-ago.   at    $500,000. 

III..  liillsboro — The  Bd.  Educ.  ha«  award- 
ed thi-  contract  for  a  2  story,  150  x  150  ft 
high  .school  including  a  low  pressure  heat- 
ing system  and  jiower  plant  to  Jesse  Oed- 
ney,  .\rcade  Bldg..  St.  Louis.  Mo.,  at  $201,- 
214. 

III.,  Melrose  Park — The  Hepjies  Nelson 
Roofing  Co.,  4500  Filmore  St.,  has  awarded 
the  contract  for  ii  roofing  manufacturing 
plant  including  a  1  story,  50  x  60  ft.  boiler 
house,  etc.,  to  the  Austin  Co..  208  South 
La  Salle  St.,  Chicago,  at  $400,000. 

Minn.,  All>ert  Lea — The  city  has  awarded 
contract  for  2  motor  driven  centrifugal 
pumps  with  automatic  controls,  2  air  com- 
pressors and  2  motors  with  belt  drive.  1 
horizontal  driven  double  suction  centrif- 
ugal pump,  etc.,  to  John  W.  Hildred  &  Co., 
33  East  3d  St.,  St.  Paul,  at  $6,210.  Noted 
.Uine    29. 

Minn.,  St.  Paul — The  Bd.  Educ,  City  Hall, 
has  awarded  the  contract  for  the  installa- 
tion of  a  steam  heating  system  in  the  pro- 
liosed  2  story.  60  x  128  ft.  school  on  Ham- 
line  Ave.  between  Jefferson  and  Lansing 
Sts.  to  the  Hankee  Heating  Co..  925  Mer- 
chants' Natl.  Bank  Bldg..  at  $14,814. 
.Voted   July   27. 

Kan.,  Salina — The  Masonic  Temple  Asso- 
ciation has  awarded  the  contract  for  a  5 
story  Masonic  temple  including  a  steam 
heating  system  to  the  Eberhardt  Constr. 
Co.   at   $750,000. 

Mo.,  Kansas  City — The  Kansas  City  Light 
&  Power  Co.,  3rd  and  Lydia  Sts.  has  award- 
ed the  contract  for  a  2  story.  46  x  57  ft. 
sub-station  to  the  Fogel  Constr.  Co..  618 
Reliance    Bldg.      Noted   July   20. 

Ore.,  Portland — The  Amer.  Can  Co..  1-" 
3' way.  New  York  City,  has  aw'arded  ti. 
contract  for  a  factory  including  a  steam 
heating  system  to  A.  "W.  Quist  at   $750. f 
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I  am  Power 


By  Ralph    B.  Mix 


LONG  ages  have  I  roamed  the  Universe,  at 
will.  Hither  and  yon,  free  and  unchecked, 
'  Monarch  of  Earth,  and  Sky,  and  Sea.  I 
dwell  in  the  air,  among  the  stars,  in  the  seas,  and 
in  every  atom  and  molecule  that  makes  up  this 
place  that  Man  calls  Earth.  I  am  omnipotent, 
and  omnipresent. 

For  ages  have  I  watched  the  puny  efforts  of 
Man,  and  laughed  him  to  scorn.  I  used  to  roam 
about  his  habitation.  Earth,  peeping  at  him  from 
every  rock,  and  tree;  darting  down  to  him  from 
the  skies;  mocking  him,  and  challenging  him  to 
follow  me.  Yet  Man  knew  me  not.  His  eyes 
were  blinded  with  a  false  sense  of  his  own  great- 
ness. He  gloried  when  he  had  felled  a  single  tree, 
and  lo,  I  swept  a  forest  from  my  path.  He  moved 
a  rock,  by  dint  of  much  effort,  and  lo,  I  moved 
a  mountain  from  its  base.  He  travelled  a  few 
weak  miles  in  a  day,  and  lo,  I  flashed  across  a 
continent  in  an  instant.  He  piled  a  few  rocks 
and  trees  upon  each  other,  and  called  it  a  home, 
and  lo,  I  dwelt  in  the  Infinite  Spaces  of  the  Un- 
known. 

Man  was  my  slave,  my  plaything.  He  bowed 
down  to  me  and  obeyed  my  will.  I  tore  his  habi- 
tations, the  works  of  his  hands,  from  their  places. 
I  destroyed  him  with  fire.  I  took  his  life.  I  was 
at  once  his  Master,  and  his  God. 

Then  Man  began  to  think.  One  day  I  was 
roaming  the  Heavens,  as  was  my  wont;  darting 
to  Earth  and  back  again,  in  capricious  freedom, 
toppling  over  the  works  of  Man,  as  a  teasing 
youth  would  topple  over  the  block  castles  of  a 
child,  when  Man,  my  slave  cried  out  as  I  passed, 
"Come  hence.  I  would  know  you  better."  I 
was  appalled  at  his  audacity,  furious  with  anger. 
I  rushed  Earthward,  vowing  to  myself,  "Now 


will  I  destroy  this  Fool,  once  and  forever."  And 
lo,  I  could  not.  For  Man  had  discovered  my 
secret  powers.    Man  had  begun  to  think. 

And  now,  alas,  what  has  Man  done.  He  has 
rebelled  against  me,  captured  me,  and  made  me 
his  slave.  He  has  taken  away  my  right  to  des- 
troy at  will.  He  has  perfected  methods,  whereby 
his  handiwork  is  protected  from  my  caprices. 
He  has  chained  me  to  every  Man-made  device 
known  to  him.  I  serve  him  in  city,  town  and 
hamlet.  I  run  his  factories,  and  I  work  his  farms. 
I  toil  where  once  he  labored  by  the  sweat  of  his 
brow,  while  Man  sits  by,  and  controls  me  with 
a  touch.  I  gave  him  light  to  add  more  houis  to 
his  day.  I  prepare  and  cook  his  foods.  At  his 
bidding  I  exhilarate  Life,  and  at  his  bidding  I 
destroy  life.  I  carry  his  voice  from  ocean  to 
ocean,  and  from  continent  to  continent.  I  lift 
him,  and  convey  him  o'er  land  and  sea,  yea  even 
through  the  skies,  where  once  I  reigned  supreme. 
Daily,  he  is  devising  new  tasks,  new  duties,  for 
me,  seeking  to  find  my  limitations,  that  he  in 
turn  may  laugh.    But,  Ah!  he  never  can. 

Man,  with  all  his  new  found  talents,  can  never 
conquer  me.  Let  him  study  and  experiment.  I 
shall  remain  a  Mystery.  Let  him  seek  to  destroy 
my  limitations.  I  have  none.  I  am  omnipotent. 
I  am  All  and  in  All.  Let  him  devise  new  tasks 
and  new  labors  for  me,  daily,  for  a  million  years. 
I  shall  carry  them  all  into  fulfillment  and  laugh. 
Man  has  chained  me,  made  me  his  slave,  yet 
never  will  he  understand,  whence  I  came  or 
whither  I  go.  Man  still  oows  in  admiration  be- 
fore my  accomplishments,  and  still  I  laugh.  Man 
has  controlled,  but  he  can  never  conquer. 

I  AM  POWER. 
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Sool  and  Its  AI)al<Mii<Mil  hy  the  Use  of  Salt 

By  B.  S.  murphy 
SupiTiiitondriit  of  Power,  Hudxon  umi  Manhattan  Railroad  Company 


THE  Jersey  City  Power  Station  of  the  Hudson  & 
Manhattan  Railroad  is  an  anthracite-burning 
plant  usinjj  the  small  steam  sizes  of  coal,  and 
on  account  of  the  high  draft  necessary  to  get  the 
desired  rating — 200  per  cent  or  over — a  large  amount 
of  the  minute  coal  particles,  more  or  less  consumed, 
are  blown  out  of  the  boiler  furnaces  and  lodge  on  the 
heating  surfaces  as  flue  ashes  or  soot.  Some  eighteen 
months  ago  we  made  e.xperiments  on  the  removal  of 
this  material  by  means  of  the  erases  produced  by  the 
burning  of  common  salt  in  the  boiler  furnaces.  These 
experiments  were  so  successful  that  they  have  been 
incorporated  as  part  of  our  regular  boiler-room  rou- 
tine. Though  all  our  experiments  were  with  anthra- 
cite, the  results  would  without  doubt  be  applicable 
to  bituminous  coal,  which  gives  a  different  soot-end 
product. 

True  soot  is  an  amorphous  carbon,  but  in  the  fol- 
lowing we  will  use  the  term  in  a  much  broader  sense. 
We  will  consider  that  soot  is  all  the  solid  matter  that 
leaves  the  ignited 
fuel  bed  with  the 
gaseous  products  of 
combustion.  Part  of 
this  solid  matter  will 
be  combustible;  this 
will  be  carbon  de- 
posits in  some  form, 
and  the  rest  will  be 
more  or  less  incom- 
bustible "flue  ash." 
The  carbon  deposits 
will  be  those  that 
escape  combustion  in 
the  furnace  and  find 
lodgment     in     such 

locations  that  there  is  not  enough  heat  to  ignite  them 
or  there  is  insufficient  oxygen  to  support  the  combus- 
tion if  ignited,  this  latter  being  due  in  many  instances 
to  the  covering  of  the  carbon  after  lodgment  with  an 
insulating  layer  of  ash  from  itself  or  by  further  de- 
posits of  soot  in  the  form  of  flue  ash.  The  kind  of 
fuel  and  the  nature  and  magnitude  of  its  impurities 
will  be  the  controlling  feature  in  the  type  of  soot 
deposited,  and  the  amount  of  these  deposits  will  be 
governed  by  the  kind  and  size  of  the  fuel  and  the 
operating  furnace  conditions. 

Bituminous  coal  or  fuel  oil  will  give  the  true  soot 
or  amorphous  carbon.  The  greater  the  amount  of 
volatile  matter  the  greater  will  be  the  quantity  given 
off,  and  the  poorer  the  furnace  condition  the  greater 
will  be  the  quantity  of  carbon  that  will  not  be  ignited 
but  will  be  deposited  on  the  relatively  cool  heating 
surfaces  and,  being  a  good  insulator,  will  have  a  tend- 
dency  to  still  further  decrease  the  furnace  economy. 
If  the  furnace  condition  is  as  good  as  possible,  some 
combustion  will  take  place  in  this  mass  and  the  re- 
sult of  this  wall  depend  on  characteristics  of  the  im- 
purities. If  the  fusing  temperature  of  these  impuri- 
ties is  relatively  low,  clinker  will  form,  which  will  in 
time  bridge  from  tube  to  tube,  seriously  increasing 
the  resistance  to  the  passage  of  the  flue  gases.  On 
the  other  hand,  with  other  combinations  of  impurities 


Soot,  in  its  broader  sense,  includes  all  solid  matter  that 
leaves  the  ignited  fuel  bed  with  the  gaseous  products 
of  combustion.  Tbuis  article  discusses  how  the  amount 
and  character  of  this  material  varies  with  the  kind 
and  size  of  coal,  rate  of  forcing  fire  and  character  of 
service.  Some  of  the  troubles  due  to  soot  are  ex- 
plained and  the  method  of  treatment  and  results  from 
using  common  salt  are  given  from  actual  experience 
in  a  large  railway  power  plant. 


the  soot  may  burn  to  a  soft  dust,  which,  while  an 
insulator  to  heat,  does  not  adhere  so  strongly  as  the 
clinker  or  carbon  soot. 

The  soot-end  product  from  the  combustion  of  an- 
thracite will  be  in  a  variety  of  forms  that  will  not 
have  much  resemblance  to  each  other.  The  combus- 
tible soot,  in  place  of  being  the  soft  sticky  flakes  of 
amorphous  carbon,  will  as  a  rule  be  small,  hard,  tough 
granules  of  coke.     The  extent  of  this  deposit  will  de- 

T.MJI.K   I.      ir.V.ND-FIllICn  nOILKIl  DATA 

Make B.  &  W.  900  hp.  horizontal  water  tube 

Working  pressure,  lb.   sq.ln 180 

Heating  surface.  ..  .Four  drums.  12  In.  dia.  x  23  ft.  long:  432  4-ln. 

tube.s.  18  ft.  long.  Total  surface,  9,000  sq.ft. 
Grates Four   doors    per   boiler,    190   sq.fL    of   surface, 

inclined   dumping   grates. 

pend  on  the  size  of  coal  and  the  combustion  rate,  and 
for  the  small  sizes  and  high  rates  there  will  be  enor- 
mous quantities  to  be  disposed  of,  much  greater  than 
will  be  found  with  the  soft  coal  in  stationary  practice, 
and  as  a  rule  much  greater  than  the  non-combustible 

portion.  To  give 
some  idea  of  the 
quantity  of  this  com- 
bustible soot  and  its 
heat  content,  when 
the  Jersey  City  Sta- 
tion boilers  were 
hand-fired  a  serious 
attempt  was  made  to 
reburn  this  soot,  and 
it  may  be  of  interest 
to  note  the  results  of 
a  boiler  trial  with 
soot  as  a  fuel.  The 
general  boiler  data 
are  given  in  Table  I. 
The  boilers  at  this  station  were  erected  with  the 
soot  requirements  in  view  and  have  an  extra-large 
combustion  space  in  back  of  the  bridge  wall,  which 
has  a  chute  at  the  bottom  leading  to  the  narrow-gage 
ash  tracks  in  the  basement.  The  soot  from  these 
chambers  was  run  into  the  ash  cars  and  from  them 
dumped  into  the  coal  hoist  and  elevated  to  a  special 
bunker,  then  passed  through  a  grinder,  where  it  was 

TABLE   II.      TEST  WITH   SOOT   AS  FUEL 

Date   Dec.  4,  1912 

Duration    of    test,    hours 8 

Dry   soot    fired,    lb 23496 

Bituminous  coal  mixed  with  soot,  lb 4,446 

Bituminous  coal  mixed  with  soot,  per  cent 16.2 

Total  fuel,   lb 27,64  2 

Actual  water  evaporated,  lb 208,894 

Actual  evaporation   per  pound  of  mixture,  lb 7.55 

"Water  evaporated   from   and   at   212  deg.  F.,   one  pound   of 

mixture    8.40 

Boiler  horsepower  developed    843 

Corresponding   rating,   per   cent 93.9 

Ash,  ratio  of  weight  of  refuse  from  the  ashpit  to  tlie  weight 

of  the  mixture,  per  cent 14 

Soot,    ratio   of   the   weight   of   soot   removed   from   the   rear 

connections  to  the  weight  of  mixture,  per  cent 17 

Refuse,  total  of  ash  and  soot,  per  cent 31 

mixed  with  bituminous  coal  and  then  hand-fired  in  the 
regular  manner.  The  results  of  one  of  several  of  such 
trials  is  given  in  Table  II. 

From  these  data  and  comparisons  of  costs  it  would 
appear  that  we  could  almost  cut  the  fuel  cost  in  two 
by  the  use  of  the  soot  mixed  with  the  bituminous  coal 
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as  a  binder.  However,  in  1913  we  had  to  abandon 
this,  as  the  firemen  were  working  in  this  soot  up  to 
their  shoe  tops  at  all  times  and  could  not  be  induced 
to  continue  the  work.  In  smaller  plants  it  could  be 
used  by  mixing  in  with  the  anthracite  coal  on  the 
floor,  but  in  these  cases  the  boiler  rating  is  usually 
too  low  to  make  large  quantities  of  soot.  In  large 
installations  if  a  cheap  binder  was  available  it  would 
make  good  briquets. 

The  Incombustible  Portions  of  Soot 

The  incombustible  soot  from  anthracite  resembles 
the  bituminous  flue  ashes  chemically,  but  is  found  in 
a  vast  variety  of  different  forms— red,  brown,  gray 
and  black  granules  or  in  dust  of  these  colors,  and  also 
forms  the  clinker  on  the  heating  surfaces  or  furnace 
masonry  and  is  equally  as  good  an  insulator  for  heat 
transfer.  The  form  varies  with  the  size  of  the  coal 
particles  and  the  furnace-operating  conditions,  while 
the  color  will  depend  on  the  chemical  make-up  of  the 
impurities.  The  formation  of  the  clinker  will  depend 
on  the  furnace  temperature  and  on  the  fusing  point 
of  the  ash. 

There  is  little  to  choose  between  the  incombustible 
anthracite  or  bituminous  soot.  The  combustible  soft- 
coal  soot  adheres  to  and  covers  more  surface  than 
that  from  hard  coal  and  is,  perhaps,  for  this  reason,  a 
better  heat  insulator,  but  the  latter  under  high  rating 
is  vastly  more  in  volume,  in  stationary  plants,  and 
for  this  reason  is  more  bothersome. 

The  Soot  Problem  in  Locomotive  Practice 

In  locomotive  practice,  with  the  extremely  high 
rates  of  combustion  and  the  necessary  draft,  great 
quantities  of  soot  are  made  with  soft  coal — quantities 
that  equal  in  volume,  if  they  do  not  exceed,  that  from 
the  small  sizes  of  anthracite  in  stationary  plants. 
Some  interesting  data  were  found  on  the  magnitude 
and  make-up  of  this  locomotive  soot  during  the  loco- 
motive tests  of  the  Pennsylvania  Railroad  in  St.  Louis 
in  1904.  At  the  locomotive  test  plant  the  engines 
were  so  arranged  that  all  the  soot  would  be  retained. 
Before  the  test  started,  the  front  end  was  cleaned,  and 
after  the  run  the  resultant  accumulation  of  cinders 
was  removed  and  weighed.  The  lighter  portions  or 
sparks  were  caught  in  a  smoke  jack  arranged  with 
baflles  and  located  over  the  locomotive  stack.  The 
combined  weight  of  these  two  gave  the  amount  of  soot 
for  the  trial.  The  quantity  was  found  to  vary  with 
the  type  of  locomotive  and  in  the  same  locomotive 
with  the  speed  and  load.  In  fact,  many  tests  had  to 
be  abandoned  on  certain  engines,  owing  to  the  front 
end  filling  up  to  such  an  extent  as  to  completely  kill 
the  draft.  This  was  especially  true  on  the  German 
engine  tested,  and  to  some  extent  on  a  French  engine, 
as  both  of  these  were  designed  to  use  briquets  in  place 
of  the  run-of-mine  bituminous  used  at  the  plant. 

Locomotive  Soot  Data 

To  give  an  idea  of  the  soot  features  of  locomotive 
practice,  Table  III  shows  a  rather  excessive  case  found 
in  testing  the  DeGlehn  four-cylinder  balanced  com- 
pound, Atlantic-type  engine,  P.R.R.  2512,  Test  510. 
This  pictures  the  locomotive  soot  question  in  a  most 
severe  case.  Ordinarily,  the  percentage  of  the  front- 
end  refuse  would  run  about  the  same  as  for  an  an- 
thracite stationary  installation  with  the  small  sizes 
and  high  ratings,  say  from  5  to  12  per  cent  for  the 


fuel  fired.  The  calorific  value  of  the  soot  given  is 
rather  lower  than  the  average,  and  the  variations  will 
be  from  these  figures  to  as  high  as  13,000  B.t.u.  for 
coal  of  about  the  value  given  in  the  table. 

In  firing  anthracite  coal  the  amount  of  soot  depends 
largely  on  the  draft.  Under  hand-fired  conditions  the 
draft  will  depend  largely  on  the  load  and  to  a  certain 
extent  on  the  burning  characteristics  of  the  fuel.  At 
the  Jersey  City  station  hand  firing  was  originally  em- 
ployed, using  screenings  of  about  the  following  make- 
up:   2  per  cent  through   a   ts-in.   and  over  a    ;<2-in. 

TABLE   III.      LOCOMOTIVE    CINDERS    AND    SPARKS 

Speed  of  locomotive,  equivalent  m.p.h 57.4 

Revolution  of  drivers,  r.p.m 140 

Draft   in   smoke   box,    w.g.    inches 1-64 

Furnace   temperature,    deg.    F 1,737 

Smoke-box    temperature,    deg.    F 558 

Rate  of  combustion,  dry  coal  per  square  foot  of  grate  sur- 
face  per  hour,   lb 52.74 

Duration   of   test,   minutes 120 

Coal  fired,  lb 3,651 

Cinders    and    sparks    (soot),    lb 1,227 

Cinders  and  sparks,  per  cent  of  coal 33.6 

Kind  of  coal Scalp  level — run-of-mine  bituminous 

Calorific   value,  dry  coal,   B.t.u.   per  lb 14,892 

Calorific  value  of  cinders,  B.t.u.  per  lb 10,655 

Calorific  value  of  spark.«,  B.t.u.  per  lb 8^958 

screen,  4  per  cent  through  S3-in.  and'  over  ^z-in.,  39 
per  cent  through  -j^s-in.  and  over  /2-in.  and  55  per  cent 
through  s^'s-in.  The  load  had  morning  and  evening 
peaks  requiring  operation  at  120  to  130  per  cent  of 
rating  for  periods  of  IJ  hours.  To  carry  this  load  re- 
quired a  draft  of  6  to  7  in.  of  water,  and  a  large 
amount  of  leveling  of  the  fires  was  necessary. 

Specific  Firing  Conditions  Favor  the 
Formation  of  Soot 

The  condition  in  the  furnace  became  analogous  to 
the  burning  of  pulverized  fuel,  a  relatively  large 
amount  of  the  coal  never  striking  the  grates  at  all, 
but  igniting  in  the  air  as  it  left  the  fireman's  scoop. 
Some  particles  are  completely  consumed  in  this  man- 
ner, while  others  are  only  coked  and  are  carried  by 
the  excessive  draft  over  the  bridge  wall,  where  some 
lodge.  The  rest  goes  through  the  different  passes 
with  more  or  less  finding  lodgment  on  the  heating 
surfaces;  a  still  smaller  amount  lodges  in  the  econo- 
mizer, and  finally  some  goes  up  the  stack.  Ever>'  time 
the  leveler  is  used,  it  stirs  up  a  small  cloud  of  minute 
coal  particles,  and  of  course  whenever  a  hole  develops 
in  the  fuel  bed,  a  miniature  volcano  is  formed,  adding 
its  quota  to  the  mass  of  suspended  fuel. 

The  result  of  all  this  was  that  we  had  to  contend 
with  enormous  quantities  of  flue  ashes  and  coked  coal, 
which  at  times  would  be  as  much  as  12  per  cent  of  the 
fuel  fired.  Our  boiler  installation  was  designed  with 
this  in  view,  and  we  have  extra-charge  soot  chamber?, 
back  of  the  bridge  wall  connected  by  pipe  chutes  with 
the  ash  basement,  so  that  this  accumulation  may  be 
run  off  two  or  three  times  a  day  the  same  as  the  fur- 
nace refuse.  This  took  the  bulk  of  the  soot,  although 
there  was  a  large  quantity  that  never  reached  the  soot 
chamber  but  lodged  on  the  tubes.  This  we  attempted 
to  remove  with  a  hand  lance,  the  boilers  not  being 
equipped  with  mechanical  soot  blowers. 

Effect  of  Stokers  on  the  Soot  Problem 

These  boilers  have  now  all  been  equipped  with 
stokers,  and  the  formation  of  soot  is  reduced  in  quan- 
tity. There  is  not  the  original  opportunity  for  the 
air  to  get  under  the  small  coal  flakes  as  they  enter 
the  furnace,  and  as  there  is  no  leveling  required  the 
surface  of  the  fire  is  not  being  continually  agitated 
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and  the  small  particles  broken  loose.  On  the  other 
hand,  the  .stokers  are  worked  to  higher  ratings,  over 
200  per  cent,  for  longer  time  periods,  and  even  with 
the  most  careful  regulation  of  the  air  and  the  depth 
of  the  fuel  a  certain  amount  of  the  coal  is  always 
being  blown  oil". 

The  result  is  that  from  a  maximum  of  12  per  cent 
and  an  average  of  about  6  per  cent,  with  hand  fires, 
the  amount  that  we  can  classify  as  soot  with  the 
stokers  has  been  reduced  to  about  7  per  cent  as  a 
maximum  and  3  per  cent  as  an  average.  However, 
that  i.>^  not  all  gain,  for  some  of  the  soot  is  now  mixed 
with  the  ash,  having  a  tendency  to  increase  the  com- 
bustible in  the  ash.  This  is  due  to  the  ash  space  at 
the  back  of  the  grates  that  allows  the  soot  that  falls 
short  of  the  bridge  wall  to  fall  into  the  ashpit.  From 
this  it  is  apparent  that  a  considerable  step  in  the 
soot  reduction  with  anthracite  is  the  doing  away  with 
hand  fires  and  going  to  stokers,  but  there  is  still 
enough  made  to  impair  the  steaming  quality  of  the 
boilers  by  insulating  the  heating  surfaces  and  choking 
off  the  draft. 

A  New  Tkouble  Peculiar  to  Stoker  Operation 

There  is,  however,  another  trouble  with  soot  that 
bothers  more  with  stokers  than  with  hand-fired 
boilers;  that  is,  the  formation  of  long  clinker,  or  what 
is  locally  known  as  "whiskers."  These  clinkers  start 
at  the  side  walls,  arches  or  tubes  and  grow  until  at 
times  they  are  6  in.  long  on  the  side  walls  and  18  to  24 
in.  on  the  arches  or  tubes.  The  side-wall  formation 
interferes  with  the  contour  of  the  fire  and  at  the  same 
time  causes  holes  through  the  fuel  bed  along  the  sides 
of  the  grates,  and  of  course  the  clinker  on  the  arches 
and  bridged  across  the  tubes  obstructs  the  free  pas- 
sage of  the  gases  and  also  has  a  tendency  to  cause 
masonry  failures  if  the  growths  become  too  great. 

These  clinkers  cannot  be  called  soot,  but  fheir  forma- 
tion is  from  the  same  cause,  the  blowing  about  of  the 
small  ignited  coal  particles  that  adhere  to  the  inter- 
stices of  the  brickwork  or  to  the  metal  of  the  heating 
surface  and  the  ash  from  which,  when  in  contact  with 
the  firebrick,  tends  to  fuse  the  two  together,  possibly 
at  a  fusing  temperature  lower  than  either  would  fuse 
by  themselves.  There  is  some  of  this  clinker  forma- 
tion found  in  hand-fired  boilers,  but  not  to  so  great 
an  extent  as  with  the  stokers.  This  is  due  to  the  much 
greater  furnace  temperature  usually  found  in  the 
stokers.  In  order  to  avoid  this  growth  at  the  fire  line, 
we  use  in  the  stokers  two  courses  of  carborundum 
brick,  which  on  account  of  their  greater  fusing  tem- 
perature have  not  quite  the  tendency  to  start  the 
clinker.  Another  advantage  of  the  special  bricks  is 
that,  due  to  their  greater  mechanical  strength,  there  is 
not  as  much  danger  of  their  spalling  under  the  rough 
handling  necessary  to  knock  off  the  clinkers  after  they 
once  form. 

Effect  of  Soot  Deposition  on  Heat  Transmission 
With  hard  coal  it  is  absolutely  necessary  to  remove 
the  bulk  of  the  soot  by  mechanical  means;  it  has  to 
be  handled  like  so  much  ash  from  the  furnace,  but 
with  both  coals  some  special  means  must  be  used  to 
clean  the  fire  side  of  the  heating  surfaces  or  else  the 
soot  will  insulate  these  surfaces  to  such  an  extent 
as  to  cut  down  the  boiler  efficiency.  Actually,  we  may 
find  a  difference  of  from  50  to  TOO  deg.  F.  in  flue-gas 
temperatures  between   a  sooted  and  a  clean  boiler. 


which  perhaps  will  account  for  a  loss  of  from  0.6  to 
3.0  per  cent  in  over-all  boiler  economy.  If  we  asHum£ 
that  this  loss  would  be  2  per  cent  and  that  the  plant 
was  using  coal  at  $4  per  2,240  pounds,  then  per  1,000 
boiler  horsepower  of  output  we  would  look  for  a 
saving  of  18  cents.  This  figure  in  itself  appears  small, 
but  it  will  more  than  pay  for  the  salt  used  for  clean- 
ing the  heating  surfaces.  The  increase  in  the  boiler 
output,  the  decrease  in  the  time  out  for  external 
cleaning  and  the  freedom  from  the  clinker  formation 
would  be  clear  gain. 

Some  Troublesome  Ff:aturf>s  from  the 
Operation  Standpoint 

The  foregoing  effects  of  fouling  pertain  to  the 
results  on  the  boiler-operating  efficiency  as  effected 
by  the  reduction  in  the  heat  transfer  due  to  poorer 
conduction  and  may  be  considered  for  this  reason  as 
bearing  more  on  the  fuel  costs  than  on  the  boiler- 
operation  conditions  in  the  boiler  room.  From  the 
ope»-ation  standpoint  the  two  most  troublesome  fea- 
tures are  the  bulk  of  the  soot,  both  combustible  and 
noncombustible,  in  the  case  of  the  small  sizes  of 
anthracite,  and  the  clinker  formation  from  both  bitu- 
minous and  anthracite. 

The  great  bulk  of  the  hard-coal  soot  has  to  be  met 
with  when  high  ratings  and  small  sizes  are  used,  and 
no  soot  blower  or  other  apparatus  will  help  in  the 
slightest.  It  has  to  be  considered  the  same  as  the 
excessive  refuse  when  using  coals  high  in  ash  and 
handled  in  a  similar  manner;  it  must  be  removed  as 
often  as  possible,  at  least  every  watch,  and  every 
installation  will  have  to  be  considered  by  itself  for 
the  most  economical  method  of  handling,  and  this  may 
broadly  be  divided  into  getting  it  out  of  the  boiler 
and  then  getting  it  away  from  the  plant.  The  clinker 
formation  on  the  tubes  and  heating  surfaces  may  be 
kept  down  to  a  minimum  by  the  use  of  mechanical 
soot  blowers,  but  only  where  the  jets  from  such 
blowers  may  reach;  this  still  leaves  a  large  surface 
for  their  growth,  with  the  resultant  evils.  The  clinker 
formation  on  the  arches  and  side  walls  will  not,  as  a 
rule,  be  affected  by  the  jets  from  a  soot  blower,  and 
this  is  one  of  the  worse  conditions. 

Salt  Treatment  Suggested  by  United  States 
Railroad  Administration 

We  first  experimented  with  the  use  of  salt  for 
cleaning  the  fire  surfaces  on  the  recommendation  of 
the  Mechanical  Section,  Division  of  Operation  of  the 
United  States  Railroad  Administration,  in  January, 
1919,  on  our  hand-fired  boilers  at  the  Jorsey  City 
Station.  At  this  time  we  were  short  on  boilers  in  the 
middle  of  winter,  with  very  poor  labor  and  poorer  coal, 
and  the  boilers  were  all  very  badly  sooted  up.  The 
result  was  apparently  a  dismal  failure,  for  we  could 
notice  no  great  removal  of  clinker  or  soot,  and  appar- 
ently it  adhered  as  strongly  as  ever.  However,  we 
did  not  consider  that  we  had  given  the  method  a  fair 
trial,  so  after  taking  the  boiler  out  and  giving  it  a 
good  external  cleaning,  we  salted  regularly  until  the 
next  cleaning.  During  this  period  of  22  days,  covering 
528  hours,  a  total  of  500  lb.  of  salt  was  used  at  inter- 
vals varying  from  72  to  240  hours.  As  a  result  the 
metal  surfaces  were  much  cleaner  than  usual  and 
where  the  clinker  formation  did  exist  it  was  easily 
broken  off.  This  was  especially  noticeable  up  in  the 
tube   bank   itself,  where   the   surface   is   almost   im- 
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possible  to  reach  by  hand.  At  this  time  we  were 
changing  over  all  the  boilers  from  hand-fired  to 
stoKers,  and  as  the  salting  worked  out  so  well,  wt 
then  adopted  it  as  part  of  our  boiler  routine  with  the 
stokers,  as  well  as  with  the  remainder  of  the  hand- 
fired  units  until  they  were  changed. 

The  general  method  of  using  the  salt  with  the  hand- 
fired  boilers,  was  as  follows:  At  some  off  hour  during 
the  day,  when  the  boiler  may  be  spared  from  steam 
making,  about  an  hour  and  a  half  before  the  cleaning  of 
the  fires,  the  draft  was  removed  and  the  fire  banked. 
The  charge  of  salt  was  then  spread  evenly  over  the 
whole  surface  of  the  fire,  and  the  draft  was  not  re- 
turned or  any  coal  added  until  all  the  fumes  had 
disappeared  and  no  sign  of  salt  remained  on  the  fuel 
bed.  The  action  may  be  noticed  for  one-half  to  one 
hour  after  the  application.  From  time  to  time  the 
leveler  is  used,  as  the  reaction  slows,  to  stir  up  the 
salt  that  may  have  some  tendency  to  cake  over.  The 
fire  is  then  cleaned  in  the  regular  manner,  built  up 
and  returned  to  steam  making.  The  salt  deadens  the 
fire,  and  as  no  coal  may  be  added  during  this  cleaning 
period  the  treatment  should  be  given  only  at  such 
times  as  the  boiler  may  be  spared. 

Salt-Treatment  Methods  with  Stokers 

With  the  stokers  the  method  has  to  be  modified  but 
slightly.  The  coal  gates  on  the  chutes  leading  to  the 
spreaders  are  closed,  the  contents  of  the  hoppers  run 
out  and  the  draft  shut  off.  The  front  is  then  lifted 
down  and  the  salt  spread  evenly  over  the  surface  of 
the  fire  with  a  scoop  the  same  as  for  a  hand-fired 
furnace,  leveled  when  necessary  to  completely  con- 
sume the  salt.  When  all  the  gases  have  been  dissi- 
pated, the  front  is  lifted  back  into  place,  the  coal  gates 
are  opened,  draft  cut  back,  grates  put  in  motion  and 
the  boiler  returned  to  steam  making  again. 

All  this  work  is  done  by  the  stoker  operators,  so 
there  is  no  additional  labor  charge  and,  better  yet, 
there  is  no  difficulty  in  getting  the  men  to  do  this,  for 
it  is  not  laborious  and  they  soon  see  that  it  is  a  help 
to  themselves.  With  other  types  of  stokers  than  chain 
grates  some  little  modification  would  be  necessary, 
but  this  is  fairly  simple  for  any  installation. 

Best  Results  from  Ice-Cream  Salt 

Some  of  our  first  experiments  were  with  rock  salt, 
and  apparently  this  is  not  quite  so  efficient  as  ice- 
cream salt,  as  there  may  be  a  greater  moisture  content 
in  the  former,  this  having  a  tendency  to  add  clouds 
of  steam  to  the  gases,  which  are  at  the  best  inert. 
We  have  also  used  a  cheap  grade  of  granular  salt,  but 
apparently  the  results  are  not  so  good. 

Our  practice  now  is  to  give  each  boiler  on  the  line 
one  hundred  pounds   of  ice-cream  salt  every  seven 

TABLE  rV,  SALT  USED  PER  MONTH  PER  BOILER 

Kind  Ice  cream 

Amount   In   pounds 400 

Amount  per  square  foot  of  grate  surface,  lb 1.75 

Amount  of  square  foot  of  heating  surface,  lb 0.045 

Amount  per  100  horsepower  of  builder's  rating,  lb 45 

Cost   of   salt  per  pound $0.01225 

Cost  of  salt  per  month $4.90 

Cost  of  salt  per  100  hp.  of  builder's  rating  per  month $0.55 

days,  the  salt  often  used  as  we  receive  it,  although 
it  is  good  practice  to  keep  some  quantity  ahead  in  a 
dry  place.  This  would  make  for  one  month,  or  the 
scheduled  period  between  external  cleanings,  about 
four  hundred  pounds  of  salt,  and  the  ratio  and  costs 
are  given  in  Table  IV. 


We  figured  before  that  we  could  expect  a  tangible 
saving  of  18  cents  per  1,000  boiler  horsepower  deliv- 
ered, with  vastly  more  than  this  that  we  could  not 
express  in  dollars  and  cents.  Then,  at  this  rate  of 
output,  for  thirty  days  the  saving  would  be  approxi- 
mately $130  and  the  cost  of  salt  $5.50.  Of  course 
this  difference  is  not  all  net  gain,  because  other  means 
of  cleaning  are  necessary,  and  if  for  this  reason  we 
assume  that  we  gained  only  one-half  of  this  saving 
by  the  salt,  or  $65,  we  would  still  have  a  wide  margin 
to  cover  the  cost  of  the  salt. 

Theory  of  the  Action  of  the  Salt 

The  action  of  the  salt  in  the  removal  of  soot  is 
primarily  chemical,  for  the  salt  when  spread  on  the 
fire  is  broken  up  by  the  action  of  the  heat  into  its 
components  of  sodium  and  chlorine,  both  in  their 
gaseous  state,  and  it  is  the  reaction  of  these  gases  on 
the  soot,  both  the  combustible  and  non-combustible, 
that  is  depended  on  for  the  cleaning.  It  is  for  this 
reason  that  by  the  use  of  salt  we  can  get  results  that 
are  impossible  from  any  mechanical  or  manual  clean- 
ing, for  these  gases  will  travel  over  every  square  foot 
of  the  heating  surface  and  reach  locations  impossible 
of  access  by  any  other  means. 

As  mentioned  before,  the  flue  ash,  and  especially  the 
clinker  make-up,  is  much  more  complex  than  the  com- 
bustible soot  and  consists  of  silica  (SiO^),  alumina 
(Al.Oj)  and  iron  oxide  (Fe.O,).  We  must,  therefore, 
have  a  reaction  that  will  support  and  augment  com- 
bustion to  dispose  of  the  combustible  or  carbon 
portion  and  also  gases  that  will  chemically  react  with 
the  clinker  formation  so  as  to  dispose  of  them.  Both 
of  these  requirements  are  very  well  found  in  the 
gases  from  the  destruction  of  the  salt. 

Action  of  the  Chlorine  Gas 

The  chlorine  gas  on  account  of  its  acidic  character- 
istics will  react  with  the  iron  oxide  of  the  clinker, 
forming  ferric  chloride,  which  should  burn  off  at 
the  high  temperatures  found  after  the  boiler  is  taken 
off  the  bank;  this  will  cause  a  disassociation  in  the 
mass  of  the  clinker,  making  it  fragile  and  incapable 
of  sustaining  its  own  weight,  thus  causing  it  to  fall. 
This  is  especially  true  with  the  clinker  formation  on 
the  tubes  or  other  iron  surfaces,  where  the  reaction 
will  take  place  at  the  base  of  the  mass  or  the  junction 
of  the  clinker  with  the  more  or  less  oxidized  iron 
surface,  and  will  undermine  the  structure.  Hydro- 
chloric acid  will  throw  down  the  SiO,  out  of  composi- 
tion, and  owing  to  this  reaction  there  will  be  set  up 
in  the  mass  a  considerable  mechanical  tension,  which 
will  break  off  the  "whisker"  or  at  least  make  it  adhere 
less  strongly.  Either  or  both  of  these  reactions  are 
enough  to  destroy  or  weaken  the  clinker  and  make  it 
capable  of  removal  by  some  mechanical  means,  as  a 
steam  jet,  so  it  is  immaterial  whether  any  reaction 
takes  place  with  the  alumina. 

The  foregoing  is  what  we  consider  takes  place  with 
the  incombustible  portion.  It  cannot  do  the  impos- 
sible, consume  incombustible  matter,  but  it  does  break 
it  down  from  the  heating  surfaces  or  masonry  and 
make  possible  its  removal  by  some  mechanical  means, 
and  in  many  instances  the  residual  fine  dust  is  actu- 
ally carried  away  by  the  velocity  of  the  furnace  gases 
of  combustion. 

The  action  during  the  salting  period  is  quite  notice- 
able, and  for  some  three  to  four  hours  after  the  boiler 
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i»  returned  to  stoam  mnkiriR  it  will  he  noticed  thnl 
t'linkor  and   dust   are   falling  on   the   grates. 

We  have  found  the  results  most  beneficial,  so  much 
so  that  the  (ireroom  crew  will  soon  complain  if  by 
any  chance  the  salt  supply  is  allowed  to  run  out.  We 
consider  that  this  in  itself  is  about  the  best  proof  of 
its  benefit  and  that  it  shows  the  ease  of  application, 
for  the  pre.scnt-day  laborer  is  not  looking  for  extra 
duties  unless  he  can  notice  the  benefit  to  himself. 

Actual  Results  from  tiik  Treatment 

We  do  not  claim  that  this  method  is  a  cure  for  all 
soot  difficulties.  It  is  not.  Neither  do  we  advocate  the 
abandonment  of  all  mechanical  cleaning  methods, 
either  while  the  boiler  is  in  service  or  when  out  for 
its  regular  external  cleaning.  We  do  claim  that  it 
removes  from  the  heating  surfaces  and  the  furnace 
walls  a  large  amount  of  clinker  and  soot,  that  it 
removes  soot  from  locations  it  is  impossible  to  get 
at  by  hand  or  other  mechanical  means,  that  it  loosens 
the  clinker  and  the  adhered  flue  ash  from  the  furnace 
and  boiler  surfaces  so  that  it  may  be  readily  blown 
off  by  a  steam  jet  for  the  daily  cleaning,  from  the 
furnace  walls,  so  that  where  necessary  it  may  be  broken 
off  by  a  slice  bar  with  less  ill  effects  to  the  masonry 
and  from  all  surfaces  that  are  gone  over  during  the 
external  cleaning.  We  advocate  the  continued  use  of 
the  hand  lance  for  installations  that  are  not  equipped 
with  mechanical  blowers. 

A  Diesel  Engined  Flour  Mill 

UNTIL  four  or  five  years  ago  the  majority  of  the 
flour  mills  of  the  country  were  driven  by  Corliss 
engines.  Although  the  power  cost  per  barrel  of  flour 
ranged  from  20  to  30  cents  it  was  generally  assumed 
that  no  other  prime  mover  could  compete  with  the 
Corliss  engine.  Increasing  coal  prices,  and  higher  labor 
charge.''  now  compel  the  mills  to  give  more  attention  to 
power  plant  companies.  The  favorable  results  secured 
in  other  industries  where  Diesels  have  been  installed 
have  caused  a  considerable  demand  for  oil  engines  in  the 
mills. 

A  great  number  of  the  smaller  mills  of  less  than  100 
horsepower  capacity  have  installed  hot-bulb  or  surface- 
ignition  engines.  The  somewhat  high  fuel  consumption 
of  this  type  together  with  certain  inherent  character- 
istics that  are  peculiar  to  the  surface-ignition  engine 
prevent  its  employment  in  the  larger  powers.  As  a 
result  the  Diesel  engine  has  been  chosen  in  the  larger 
mills. 

Kept  Accurate  Operating  Data 

It  is  always  difficult  to  secure  actual  data  on  Diesel 
plants  and  most  of  the  information  that  has  been  pub- 
lished has  been  based  on  estimated  costs.  Fortunately 
the  Page  Milling  Co.  of  Topeka,  Kansas,  have  kept  ac- 
curate data  on  the  power  costs  of  their  Diesel  engined 
mill.  Their  figures  are  tabulated  herewith.  This  mill 
contains  a  385-hp.  Mcintosh  and  Seymour  four-cylinder 
vertical  Diesel  which  drives  the  mill  machinery  through 
a  rope  transmission  system.  The  engine  has  been  in 
operation  for  four  years  and  runs  twenty-four  hours  a 
day,  being  shut  down  on  Sunday.  During  this  period 
the  load  was  varied  from  50  to  80  per  cent  of  the  engine 
rating,  the  average  load  being  about  65  per  cent  Much 
of  the  excellent  service  secured  is  due  to  the  fact  that 
the  engine  has  never  been  overloaded.     In  this  matter 
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the  Page  Co.  emphasizes  the  necessity  of  always  having 
the  engine  capacity  greater  than  the  load  re<iuirement. 
During  IDll)  the  power  costs  were  as  follows: 

Harr.ln  of  (lour,  bbl 

WiiKi'H,   |MT  bill,   tlour.   III   ifntB 

■■'iicl  oil.  per  bbl.    Hour.   In  i-.-ril«    (ll.fiS   per  bbL). 

l.ubrlciillriK  oil,  jxr  bbl.   Hour,   In  contji .      ' 

111.  Iibnliiln,  p.r  libl.    Hour.   In   c<-nt» 

H.p  .  Irs.  p.r  bbl.  of  Hour.  In  .-.ntH    ,' ," 

D'lii.ciiitloii.  Ill  prr  ii-nt  |M-r  bbl.  of  flour.  In  conu!!'. .' 
Int. n-.t  iinil  tiixoH.  8  p.-r  cent  pur  bbl.  flour.  In  cnnta. 

Totul  cost  in  ccnU "iTlO 

The  item  of  repairs  is  somewhat  larger  than  is  cus- 
tomary. This  covers  the  expenses  of  a  man  from  the 
factory  to  install  new  camshaft  gears  and  replacement 
of  the  steel  support  of  the  main  driven  rope  sheeve. 

The  fuel  oil  was  purchased  at  a  contract  price  of 
$1.58  per  barrel.  At  present  the  open  market  quotes  oil 
at  $3.65.  The  difference  increases  the  fuel  cost  to  5.89 
cents  per  barrel  of  flour  and  the  total  power  charge 
becomes  15.09  cents.  This  compares  more  than  favor- 
ably with  a  steam  plant  which  can  hardly  do  better  than 
30  cents  per  barrel  with  coal  prices  at  the  present  level. 
The  repair  charge  will  not  exceed  those  of  a  steam  plant. 
The  wage  charge  is  commendable  as  it  indicates  that  the 
plant  force  are  receiving  wages  that  are  equal  to  those 
paid  steam  plant  engineers. 

Troubles  Were  Not  Serious 

During  the  four  years  of  operation  no  serious  troubles 
have  occurred.  The  principal  difTVculty  has  been  the 
wear  of  the  cam.shaft  gears.  The  helical  teeth  tend  to 
force  the  vertical  governor  shaft  and  the  camshaft 
apart.  The  upper  governor  shaft  bearing  wears  rapidly, 
but  has  now  been  replaced  by  a  babbitted  bearing.  The 
engineer  formerly  in  charge  of  the  plant  ran  the  engine 
with  excessive  clearances  between  the  valve  rocker  arms 
and  their  respective  cams.  This  served  to  place  strains 
on  the  gears  which  increased  the  wear  of  the  gear  teeth. 
The  gear  teeth  are  now  lubricated  through  an  oil  line 
from  an  overhead  tank;  a  heavy  stream  of  oil  is  de- 
posited on  the  teeth  as  they  come  into  mesh. 

The  main  pistons  apparently  have  worn  but  little;  all 
the  rings  have  been  renewed  once,  with  the  further 
renewal  of  nine  more  rings  during  1920.  No  bearing 
trouble  has  ever  been  experienced.  The  engine's  opera- 
tion is  very  satisfactory  and  it  is  possible  that  10  per 
cent  is  entirely  too  high  a  charge  for  the  wear  on  the 
engine. 

The  engineer  who  is  accustomed  to  large  airy  engine 
rooms  would  probably  criticize  the  cramped  quarters. 
The  engine  room  is  very  limited;  the  working  space 
about  the  engine  is  entirely  out  of  keeping  with  the 
inve.^'tment  in  the  engine.  Diesel  engine  rooms  should 
be  generous  in  proportion,  since  manj^  times  parts  of  the 
engine  must  be  handled  quickly.  The  visitor  is  struck 
with  the  position  of  the  exhaust  pipe.  This  pipe  is 
entirely  within  the  engine  room,  the  exhaust  pipe  pass- 
ing through  the  roof.  As  a  consequence  the  roof  and 
side  walls  have  caught  fire.  In  erecting  a  Diesel  plant 
the  exhaust  should  pass  out  of  the  engine  room  before 
entering  the  exhaust  pot.  One  very  destructive  fire 
occurred  in  a  pipeline  pumping  station  because  of  this 
defect. 

The  record  of  this  plant  is  noteworthy.  Such  plants 
tend  to  overcome  the  prejudice  of  the  steam  engineer. 
Few.  if  any,  steam  plants  can  show  a  year's  record  of 
repair  costs  as  low  as  does  this  plant.  With  coal  prices 
advancing  the  flour  mills  will  do  well  to  investigate  the 
Diesel  engine. 
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Single-Stage  Turbo-Blower  Operating 
Normally  at  22,000  R.P.M. 

Capable  of  Compressing  in  a  Single  Stage  4,000  cu.  ft.  of  Free  Air  per  Min.  to  21 

lb.  per  sq.  in.  with  the  Rotor  Running  at  a  Tip  Speed  of  1,400  ft.  per  sec — The 

Turbine  Develops  Normally  300  hp.  and  Weighs  6,7  lb.  per  Horsepower 


HIGH-PRESSURE  superheated  steam,  the  steam 
turbine  and  alloy  steels  have  made  possible  ro- 
tative speeds  that  a  few  years  ago  were  beyond 
the  engineer's  wildest  dream,  and  the  speed  at  which 
steam  turbines  and  other  power  machinery  operate, 
are  being  increased.  There  was  recently  designed  and 
built  by  the  Rateau  Battu  Smoot  Co.,  New  York  City, 
a  turbo-blower,  Figs. 
1  to  3,  that  operates  at 
a  normal  speed  of  22,- 
000  r.p.m.  and  when 
tested  before  shipment, 
to  the  Famatina  Min- 
ing Co.,  Argentina,  S. 
A.,  was  operated  at  26,- 
000  r.p.m.  When  oper- 
ating at  22,000  r.p.m., 
this  machine  will  com- 
press in  a  single  stage 
3,000  cu.ft.  of  free  air 
per  minute  to  15  lb.  per 
sq.in.  It  is  difficult  to 
comprehend  just  what 
a  speed  of  26,000  r.p.m. 
means.  In  the  short 
period   of   one    second. 


moved  from  the  bearings  and  is  resting  on  the  lower 
half  of  the  casing  in  Fig.  3.  The  6-in.  rule  standing 
vertical  on  the  right  hand  end  of  the  casing  gives  an 
idea  of  the  size  of  the  revolving  element  which  only 
weighs  138  lb.  One  hundred  of  this  is  in  the  turbine 
rotor  and  38  lb.  in  the  blower  rotor.  The  entire  machine 
weighs  5,500  lb.    Of  the  total  weight  2,000  lb.  is  on  the 

sub-base,  1,500  lb.  in 
the  blower  and  2,000 
lb.  in  the  turbine. 
Since  the  turbine  is 
normally  capable  of  de- 
veloping 300  hp.  its 
weight  per  horsepower 
is  only  about  6.7  lb. 
The  old  Centennial  en- 
gine, which  was  a  fea- 
ture at  the  Exposition 
held  in  Philadelphia, 
1876,  weighed  1,400,000 
lb.  and  developed  1,400 
hp.  or  1,000  lb.  per  hp.; 
approximately  15  0 
times  as  much  as  the 
turbine  under  discus- 
sion.   In  the  case  of  the 


FIGS.   1   TO   3.     ASSEMBLY  AND  PARTS   OF  TURBINE  AND   BLOWER 


the  time  that  it  takes  the  second  hand  on,  a  watch  to 
move  one  division,  the  rotor  makes  433  revolutions.  The 
diameter  of  the  turbine's  motor  is  95  in.  and  that  of  the 
blower  12J  in.  At  26,000  r.p.m.,  this  gives  a  tip  speed 
to  the  latter  of  1,400  ft.  per  second.  If  it  were  possi- 
ble for  this  rotor  to  run  across  a  plane  surface,  it  would 
travel  at  the  rate  of  16  m.  per  minute,  or  over  five 
times  as  fast  as  the  fastest  airplane.  At  this  rate  it 
would  travel  around  the  earth  at  the  equator,  a  dis- 
tance of  25,000  miles,  in  26  hours. 

Fig.  1  shows  the  complete  unit  assembled — turbine 
on  the  left.  In  Fig.  2  the  top  casing  is  raised,  but  in 
this  case  the  turbine  is  on  the  right.    The  rotor  is  re- 


turbine,  the  normal  speed  is  22,000  r.p.m.  and  that  of 
t:ie  old  Centennial  engine  36  revolutions  per  minute.  As 
to  the  compactness  of  the  machine,  an  idea  can  be  had 
ti-om  the  fact  that  the  entire  unit  can  sit  in  a  floor  area 
7  X  4A  ft. 

The  entire  blower  end  of  the  rotor,  both  shaft  and 
blading,  is  made  from  a  nickel-chrome-magnesium 
steel,  heat-treated,  forging,  the  radial  blades  being  ma- 
chined an  integral  part  of  the  shaft.  Such  a  wheel  has 
the  maximum  rigidity  and  is  so  designed  that  at  all 
points  the  stresses  are  far  below  the  elastic  limit  of  the 
metal — a  factor  of  safety  of  3.5  being  used.  Some  idea 
of  the  centrifugal  force  in  the  blower  blades  may  be 
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Kuitiod  from  the  fmt  thnt  oiu"  ouiui'  weight  on  thf  ciui 
of  the  hliidt'  will  exert  <i  riidial  pull  of  npproxiinutcly 
.'1.7'  tons. 

On  the  turbine  end.  the  rotor  has  three  wheels  all 
machined  an  integral  part  of  the  shaft.  This  like  the 
blowiuK  rotor  is  made  from  a  nickel-chrome-maKnesium 
steel  heat-tn-atcd  forjrinn.  The  blades  are  machined 
from  a  solid  bur  of  the  same  material  used  in  the  wheels 
and  inserted  into  the  latter.  The  first  wheel  receives 
steam  at  boiler  pre.ssure,  150  lb.  jrayre  and  100  dejf. 
superheat,  and  is  then  discharged  to  the  low-pressure 
wheels  in  parallel.  Normally  the  turbine  is  to  operate 
condensing  on  a  vacuum  of  25  inches.  When  so  oper- 
ated   it   has   a   water   rate   at   normal   load   of    16.7   lb. 

Both   rotors  are  connected   by   a   rijrid  couplinjr  and 
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Single-stage  blower  driven  by  multistage  turbine. 
Steam  -consumption  and  pressure-volume  curves 
when  operating  under  conditions  as  follows 

t  Steam  Pressure  ISO  lb.  Gage. 

\Supertieat  IOO°F.      , 
Vacuum  4''abs. 
I  Barometer  28.1' 

,  Speed  e 2,000  r p.m.   I 

£000  5000  4000  5000  COOO 


Cubic  Feet  per  Minute  at  Blower  Inict 
FIG.   4.      PEKFORM.\.\("K  (TRVES   OK  TrRHO-l'.I.OWICK 

are  so  de.'^igned  that  the  critical  r.peed  is  above  36,000 
r.p.m.   All  bearings  are  lubricated  by  oil  under  pressure. 

Governing  of  the  unit  is  obtained  by  means  of  a 
small  centrifugal  fan  machined  an  integral  part  on  the 
end  of  the  turbine  shaft.  The  discharge  of  this  fan 
operates  a  Rateau  Battu  Smoot  regulator  of  constant 
volume,  consequently  there  are  no  flyballs  or  gears  in 
the  governing  mechanism. 

The  flexibility  of  this  machine  is  of  considerable  in- 
terest, inasmuch  as  it  can  be  operated  to  supply  from 
1,000  to  6,000  cu.ft.  of  air  at  pressures  varying  from 
12  to  16  lb. 

Very  elaborate  tests  were  made  before  shipment  and 
the  normal  performance  of  the  turbine  and  blower  are 
shown  on  the  curves.  Fig.  4.  At  a  speed  of  26,000  r.p.m. 
the  machine  delivered  4,000  cu.ft.  of  air  at  a  maximum 
pressure  of  21  pounds.  During  its  operation  at  full 
speed  and  overspeeds,  the  machine  operated  without 
the  slightest  vibration,  it  being  quite  impossible  to 
obtain  readings  from  a  vibration  tachometer.  The  re- 
sults of  these  tests  show  that  two  machines  of  this 
type  working  in  series  can  be  made  to  compress  air  to 
100  lb.  pressure  in  small  units,  and  three  machines  in 
series  would  give  a  compression  as  high  or  higher  than 
100  lb.  for  large  size  machines. 

The  Famatina  tui'bo  blower  is  constructed  on  some- 
what similar  lines  to  a  machine  that  has  been  in  opera- 
tion for  more  than  two  years  at  the  plant  of  the  Omaha 
Gas  Co.,  Omaha,  Nebraska. 


Low  V<>llaj:r  l*aiirl  for  Slarlinp; 
liidiictioii  .Motorn 

There  has  rccfiitly  been  placed  on  the  market  a  line 
of  standard  unit  induction-motor  starting  panel.s  for 
use  with  either  wound-rotor  or  H(|uirrel-cage  motors, 
operating  on  three-wire  non-grounded  .systems.  They 
are  built  by  the  (Jeneral  Electric  f^o.  and  designed  for 
such  work  as  controlling  motors  which  are  driving  com- 
pres.sors,  blowers,  centrifugal  pumps  and  similar  ma- 
chinery. Protection  from  su.stained  heavy  overloads  is 
provided  by  time-limit  relays  which  operate  the  oil  cir- 
cuit-breakers, but  which  due  to  the  time-limit  feature 
prevent  the  motors  being  shut  down  on  instantaneous 
overloads.  There  is  al.so  an  undorvoltage  device  which 
opens  the  breakers  in  case  the  line  voltage  falls  to  a  pre- 
determined value  below  normal.  This  prevents  the  dam- 
age that  might  ensue,  if  the  motor  was  left  on  the  line 
when  full  voltage  was  re-established  and  the  operator 
had  failed  to  take  the  proper  precautions. 

Panels  designed  for  motors  having  an  internal  start- 
ing resistance  can  be  fitted  with  an  additional  device  to 


.MOTOR   STARTING   PANEL 

insure  the  proper  use  of  such  resistance,  so  as  to  pro- 
tect both  the  motor  and  the  resistance  from  damage 
due  to  improper  starting.  This  device  prevents  the  oil 
circuit-breaker  being  closed  until  the  maximum  start- 
ing resistance  is  in  the  circuit  and  automatically  trips 
the  breaker  open,  if  the  motor  should  be  left  running 
with  the  resistance  either  wholly  or  partially  in  the  cir- 
cuit. Protection  of  motor  start  by  compensators  that 
do  not  have  self-contained  switching  arrangements  is 
furnished  by  a  time-limit  mechanical  interlock  which 
serves  several  purposes.  In  the  first  place,  it  prevents 
the  closing  of  the  main  breaker  before  the  starting 
breakers  have  been  closed  and  then  opened.  Secondly,  it 
insures  that  the  main  breaker  is  closed  within  a  short 
fixed  time  after  the  starting  breakers  have  been  opened. 
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Steam-Engine  Operation  and  Maintenance — 
Lubrication  of  Valves  and  Saving  of  Used  Oil 


By  H.  HAMKENS 

Consulting   Engineer,   Newton,    New   Jersey 


GOOD  steam-engine  cylinder  oil  is  usually  com- 
pounded from  mineral  oil  and  tallow  or  tallow 
oil;  it  is  sometimes  adulterated  by  the  addition 
of  cheap  vegetable  oils.  Mineral  oil  without  a  certain 
percentage  of  animal  oil  is  not  suitable  for  cylinder 
lubrication,  as  it  is  so  easily  affected  and  washed  off 
by  moisture  in  the  steam.  Tallow  or  tallow  oil  should 
not  be  used  alone  on  account  of  the  fatty  acid  con- 
tained, which  would  attack  the  cylinder  walls.  An 
all-round  mixture  that  gives  good  results  is  94  per 
cent  of  mineral  oil  and  6  per  cent  of  tallow.  The  flash- 
point of  cylinder  oil,  or  the  temperature  at  which  the 
vapor  of  the  oil  will  ignite,  should  be  at  least  150  deg. 
higher  than  the  temperature  of  the  steam  entering  the 
cylinder.  This  point  must  be  taken  into  account  in 
cases  where  a  change  is  made  from  saturated  steam 
to  superheated  steam,  which  would  also  command  a 
change  in  the  lubricant. 

Efficient  lubrication  of  the  valve  or  valves  of  an 
engine  is  just  as  important  as  that  of  the  piston  and 
cylinder  if  the  valves  have  sliding  surfaces,  as  the  com- 


OII-INC    .\RR.\NGBMENT  FOR  CORI.ISS-ENGINK 
rYMNDER 


men  slide  valve,  piston  and  rotary  valves.  The  seats 
of  poppet  valves  do  not  require  lubrication,  in  which 
respect  they  are  much  superior  to  other  kinds  of  valves. 
Piston  valves  are  easily  lubricated  as  the  pressure 
between  valve  and  seat  is  slight.  The  common  slide 
valve,  however,  requires  copious  lubrication,  more  so 
than  any  other  valve,  on  account  of  its  long  travel  and 
unfavorable  position  on  the  side  of  the  cylinder.  No 
lubricant  will  stay  for  any  length  of  time  on  the  vertical 


surfaces  of  this  kind  of  valve ;  it  runs  off  and  is  carried 
out  with  the  exhaust. 

The  lubrication  of  Corliss  valves  is  often  a  problem 
and  requires  careful  study  and  experimenting,  espe- 
cially on  the  larger  sizes.  On  account  of  the  great 
length  of  some  of  these  valves  it  is  difficult  to  keep 
their  sliding  surfaces  covered  uniformly  with  the  lubri- 


OIL   PIPE    WITH    SMALL,   HOLES,    LOCATED   IN 
STEAM    CHEST 


cant.  This  is  particularly  true  of  the  ends  of  the  valves 
which  are  not  touched  by  the  flow  of  the  steam  and  for 
lubrication  must  consequently  depend  on  any  small 
amount  of  oil  which  will  spread  sideways  along  the  seat 
or  depend  on  a  special  supply  fed  to  these  parts  inde- 
pendent of  other  sources. 

An  efficient  oiling  arrangement  for  a  Corliss-engine 
cylinder  in  which  particular  attention  is  paid  to  the 
lubrication  of  the  ends  of  the  steam  valves  is  illus- 
trated in  Fig.  1.  The  use  of  a  multiple  sight-feed 
oil  pump  is  indicated  with  one  feed  for  each  end  of 
the  steam  chest  and  a  special  feed  to  each  end  of 
the  steam  valves.  The  oil  fed  into  the  steam  chest  will 
be  diffused  by  the  steam  and  serves  to  lubricate  the 
exposed  parts  of  the  steam  valves  as  well  as  the  cylinder 
and  piston,  while  an  occasional  drop  of  oil  fed  to  the 
valve  ends  will  be  sufficient  to  keep  them  coated  with  a 
film  of  lubricant.  It  is  only  necessary  to  lubricate  the 
steam  valves;  the  exhaust  valves,  if  placed  below  the 
bore  of  the  cylinder,  will  be  sufficiently  oiled  by  the 
lubricant  contained  in  and  carried  along  with  the 
exhaust  steam. 

On  large  Corliss-engine  cylinders,  60  in,  in  diameter 
and  over,  one  simple  oil  feed  at  each  end  of  the  steam 
chest  is  not  sufficient  to  lubricate  the  valve  and 
cylinder.  The  oil  must  be  spread  out  over  the  full 
width  of  the  steam  chest.  This  can  best  be  accom- 
plished by  brass  pipes,  one  insei'ted  at  each  end,  as 
shown  in  Fig.  2.  The  oil  is  forced  into  these  pipes 
and  discharged  through  a  row  of  small  holes  in  an 
upward  direction.  Being  well  preheated,  it  is  readily 
taken  up  and  diffused  by  the  steam. 

It  has  been  asserted  that  50  per  cent  of  the  lubri- 
cating oil  purchased  is  wasted,  and  an  inspection  of 
some  of  the  old-time  engine  i"ooms  will  probably  bear 
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out  the  a.sscrtion.  The  conditioii.s  in  some  pliiccs  are 
himlly  bplievjihle  and  certainly  inexcii.sable,  e.spocially 
if  till-  hi^h  cost  of  oil  and  availability  of  modern  systems 
of  lubrication  and  filtration  are  taken  into  account.  At 
a  comparatively  small  cost  an  oilinvr  system  that 
would  iiay  for  itself  in  a  year  or  two  could  be  installed 
in  many  engine  rooms,  not  to  mention  the  better  serv- 
ice, cleaidiness  and  reduction  of  wear  of  the  enjrine 
parts. 

On  simple  enpines  a  small  oil  reservoir  of  four  or  five 
jjal Ions'  capacity  can  be  placed  on  a  stand  and  fastened 
to  the  frame  of  the  enjrine,  as  shown  in  Fig.  3,  with 
pipes  leading  to  the  different  oilers,  cups  or  sight  feeds. 
The  used  oil  is  drained  into  a  tank  under  the  floor,  where 
some  of  the  dirt  taken  up  by  the  oil  will  settle  and  from 


FIG.  3.     OILING  SYSTEM  AND  OIL  RESERVOIR  FOR 
SIMPLE  ENGINE 


which  water  carried  along  with  the  oil  can  run  off  into 
the  sewer.  A  small  pump  driven  from  the  rocker  arm 
or  some  other  convenient  moving  part  forces  the  oil 
back  into  the  tank,  which  should  contain  a  strainer  and 
a  filter  to  separate  out  all  impurities.  All  kinds  of 
refinements  and  elaborations  can  be  introduced  in  a  sys- 
tem of  this  kind,  they  depend  mainly  on  the  amount  of 
oil  in  circulation  and  on  the  degree  of  purity  desirable 
in  the  used  oil.  The  main  thing  is  to  keep  the  dii't  away 
from  the  lubricated  parts  of  the  engine  and  prevent  it 
coming  in  contact  with  the  oil ;  the  moving  parts  should, 
therefore,  be  protected  and  inclosed  by  dustproof  oil 
shields.  Since  in  a  well-designed  and  carefully  installed 
oiling  system  the  loss  is  small,  the  oil  should  be  fed  to 
the  bearings  in  a  solid  stream  and  to  other  parts,  as 
the  crosshead  pin,  the  crankpin,  the  crosshead  guides 
and  the  eccentrics,  in  large  quantities  without  causing 
actual  splash.  Fine  particles  of  oil  are  frequently  car- 
ried to  the  floor  or  other  places  by  air  currents  set  up 
by  the  moving  parts  of  the  engine. 

The  filtration  and  purification  of  used  oil  is  simple, 
and  an  engineer  can  rig  up  an  apparatus  himself  without 
much  expense.  A  large  oil-storage  can  or  even  a  good- 
sized  galvanized  iron  ash  can,  about  20  in.  in  diameter 
by  30  in.  high,  with  a  cover,  can  be  converted  into  a 
filter,  as  shown  in  Fig.  4.  A  pan  of  galvanized  iron  or 
tin  plate  is  placed  in  the  top  of  the  can,  supported  by 
lugs  riveted  near  the  upper  edge,  and  a  i-in.  malleable- 
iron  pipe  flange,  curved  to  suit,  is  riveted  on  the  side 
of  the  pan  into  which  a  nipple  is  screwed,  which  pro- 
jects outside  the  can.  To  this  a  funnel  is  attached  by 
means  of  an  elbow  for  pouring  the  used  oil  into  the  pan; 
a  strainer  of  fine  wire  mesh  placed  in  the  funnel  will 
keep  the  coarser  impurities  from  entering  the  pan.     A 


I  1-in.  pipe  flange,  threaded  from  both  sides,  is  riveted 
to  the  bottom  of  the  pan,  into  which  two  pieces  of  pipe 
ai"e  screwed,  the  lower  one  to  within  about  3  in.  from 
the  bottom  of  the  large  can  and  the  upper  one  to  about 
the  same  distance  from  the  top.  The  end  of  the  lower 
pipe  is  threaded  and  a  pipe  flange  screwed  on  with  a 
circular  perforated  plate  of  tinned  or  galvanized  iron 
resting  on  it.  A  perforated  pan  is  set  into  the  reservoir 
containing  the  used  oil,  the  bottom  and  sides  of  this  pan 
are  covered  with  filtering  cloth  on  the  outside;  the  filter 
cloth  may  be  muslin,  felt,  canvas  or  any  other  suitable 
woven  material  which  will  retain  the  fine  impurities 
carried  along  with  the  oil.  The  oil  to  be  filtered  is 
poured  through  the  funnel  into  the  reservoir,  which 
acts  as  a  settling  basin.  In  rising,  it  penetrates  the 
filtering  cloth  and  collects  in  the  perforated  pan,  from 
which  it  descends  through  the  central  tube  into  the 
bottom  of  the  can,  which  is  partly  fil'ed  with  water.  It 
spreads  in  a  thin  film  over  the  bottom  of  the  circular 
plate  and  rises  through  the  perforations  in  drops  to  the 
surface  of  the  water.  In  this  way  the  oil  is  cut  up  into 
small  particles,  each  of  which  is  thoroughly  washed  in 
its  ascent  through  the  water.  The  purification  process 
will  be  considerably  improved  if  the  water  is  heated. 
This  can  be  effected  by  means  of  a  steam  coil  placed 
either  inside  or  ou.tside  near  the  bottom  of  the  can. 
Suitable  cocks  must  be  provided  for  draining  and  for 
drawing  off  the  filtered  oil.  The  pans  can  be  easily  re- 
moved and  cleaned  and  so  can  the  filter  cloth  be  cleaned 
or  replaced  by   new  material   when   necessary.     There 


Mre  Mesh  '" 
,5frt7iner 


Perwrafecf 


AN  OIL  FILTER  MADE  OF  MATERIALS  FOUND 
ABOUT  THE  PLANT 


are  a  number  of  efficient  oil  filters  and  purifiers  manu- 
factured, but  the  expense  of  installing  one  of  them  is 
sometimes  the  reason  for  not  making  any  attempt  to 
save  the  used  oil.  However,  all  used  oil  intended  for  use 
over  again  should  be  filtered. 
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Electric  Motors  for  Driving  Rubber-Mill  Machinery 


By  WILLIAM  H.  EASTON 

Industrial  Engineer, 
Westinghouse   Klectric  and    Manufacturing   Company 


ELECTRIC  motor  drive  has  been  recognized  as 
the  most  satisfactory  for  rubber-mill  machinery 
ever  since  1899,  when  the  initial  installation  was 
made  in  the  plant  of  the  B.  F.  Goodrich  Co.  In  fact, 
very  few  lineshaft-driven  plants  have  been  built  dur- 
ing the  last  twenty  years  and  most  of  the  old  plants 


Advantages  of  motor  drive  are  discussed  and 
then  the  various  types  of  motors  applicable  to 
rubber-mills  are  considered.  Direct-currewt 
motors  are  entirely  satisfactory,  but  in  general 
the  alternating-current  types  are  preferred  for 
a  number  of  reasons. 


FIG.  1.     HIGH-VOLTAGE  200-HP.  WOUND-ROTOR  MOTOR  DRIVING  MIX 
ING  MILLS.     SCREENS  INCLOSE  THE  HIGH-VOLTAGE  EQUIPMENT 


that  are  still  in  existence  have  changed  over  to  the 
motor  drive.  The  special  advantages  of  motor  drive, 
as  compared  with  older 
lineshaft-and-belt  drive,  are 
that  it  makes  possible 
increased  production,  re- 
duced expenses  and  im- 
proved working  conditions. 

The  use  of  motor  drive 
permits  an  increase  in  the 
efficiency  of  the  plant  as  a 
whole.  Each  machine  or 
mill-line  is  driven  by  its 
own  individual  motor  and, 

being  mechanically  independent  of  all  other  machines, 
can  be  placed  wherever  desired.  If  two  machines, 
similar  in  every  respect,  except  that  one  is 
motor-driven  and  the  other  belted  to  a  line- 
shaft,  were  to  be  operated  side  by  side  under 
similar  conditions,  the  motor-driven  machine 
would  be  found  to  produce  more  per  day. 
The  reason  for  this  is  that  the  speed  of  the 
motor-driven  machine  can  be  kept  practically 
constant  at  its  proper  value  at  all  times; 
whereas,  with  the  belt-driven  machine  some 
variation  in  speed  is  bound  to  occur  because 
of  the  slippage  of  the  numerous  belts  be- 
tween the  machine  and  the  driving  power, 
and  thus  its  average  speed  will  be  2  or  3  per 
cent  or  even  more  below  its  proper  speed. 

The  independence  of  motor-driven  ma- 
chines also  helps  to  increase  production  by 
eliminating  much  of  the  time  lost  through 
the  shutting  down  of  departments,  or  the 
entire  plant,  when  trouble  occurs.  Not  only 
are  the  other  machines  unaffected  when 
trouble  occurs  with  a  motor-driven  machine, 


but  since  in  most  cases  central-station  power  can  be 
obtained  for  breakdown  service,  even  trouble  in  the 
power  house  of  the  factory  need  not  halt  production. 

The  foregoing-  considerations  apply  to  every  machine 
in  a  rubber  factory,  but  a  special  increase  in  the 
production  of  the  calender  can  be  obtained  through  the 
use  of  motor  drive.  When  this  machine  is 
belt  driven,  only  two  speeds  are  available — a 
slow  threading-in  speed  obtained  by  slipping 
the  clutch,  and  a  running  speed.  But  for  every 
grade  and  thickness  of  stock  there  is  a  very 
definite  speed  of  the  calender  at  which  maxi- 
mum production  of  the  highest  quality  is  ob- 
tained. If  for  a  given  grade  of  stock,  the  run- 
ning speed  of  the  calender  is  below  this  point, 
production  is  less  than  it  should  be;  while 
if  the  running  speed  is  too  high,  either  the 
quality  of  the  product  suffers  or  the  slow 
speed  must  be  used  which  is  ordinarily  much 
too  low  for  the  most  efficient  results.  When 
the  calender  is  motor-driven,  any  desired 
speed  range  and  any  speeds  within  that  range 
can  be  obtained.  Each  grade  of  stock  can 
be  run  off  at  the  most  efficient  speed  (or  very 
near  it)  and  the  full  output  of  the  calender 
obtained  without  increasing  the  cost  of  labor. 

Though  the  reduction  in  expenses  obtained  through 
the  use  of  motor  drive  is 
of  small  consequence  when 
compared  with  the  increase 
in  production  made  possi- 
ble, nevertheless  it  is  of 
interest  to  note  that  an 
electrical  drive  system 
costs  less  to  operate  and 
maintain  than  a  mechanical 
system.  This  is  due  to  the 
fact  that  lineshafts  must 
be  given  considerable  at- 
tention in  order  to  keep  them  in  proper  operating  con- 
dition; the  expense  of  belt  renewals  is  high;  and  the 


FIG.    2.      MILL   DRIVEN   BY    200-HP.    MOTOR 
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whole  system  i-onsumes  n  considerable  percentage  of  the 
powiT  Kf'H'ratcd,  especially  when  only  part  of  the  ma- 
chines are  in  operation.  Motors,  on  the  other  hand,  espe- 
cially where  alternatinjr-current  machines  are  used,  re- 
quire little  care;  .the  power  lo.s.ses  in  the  .sy.stem  are 
small;  there  is  no  loss  at  all  for  a  machine  that  is 
shut  down;  and  the  depreciation  charpe  is  low. 

A    motor-driven    factory    is   cleaner,    liRhter,   better 
ventilated,  and  in  every  way  a  pleasanter  place  to  work 


FIG.  3. 


CALENDER  DRIVEN  BY  75-HP.  ALTERNATING- 
CURRENT  MOTOR 


in  consequence  the  jrreat  majority  of  rubber  factories 
use  altenijitinK  current  for  their  main  power  and 
Kcnerate  an  au.xiliary  supply  of  direct  current  for  the 
calenders  and  .some  other  adjustable-speed  machines. 
There  are,  however,  a  few  factories  using  alternating 
current  throughout. 

MoTOES  FOR  Mills,  Crackers,  and  Washers 

From  the  standpoint  of  motor  drive,  crackers,  wash- 
ers, and  mills,  all  have  the  same  requirements.  They 
are  all  ponderous  machines,  require  large  motors  (from 
100  to  600  hp.  depending  on  the  size  of  the  rolls  and 
length  of  the  line),  operate  continuously  at  constant 
speed  and  may  occasionally  (as  on  cold  mornings)  re- 
quire a  considerable  excess  of  power  for  starting  up. 

The  motor  that  is  almost  invariably  used  for  driving 
these  machines  is  the  wound-rotor  induction  type, 
which  is  admirably  adapted  to  this  service  because  it 
can  be  made  in  large,  slow-speed  sizes,  suitable  for 
direct-connection  to  the  mill;  can  be  started  gradually 
under  a  heavy  load  without  drawing  excessive  current 
from  the  line;  and  operates  continuously  at  a  uniform 
speed  ft  good  efficiency.  It  is  started  by  connecting 
its  primary  circuit  to  the  line  by  means  of  an  oil 
switch  or  circuit  breaker,  and  bringing  it  up  gradually 
to  full  speed  by  cutting  out  resistance  in  the  secondary 
circuit  by  means  of  a  drum  controller. 

Squirrel-cage  motors  have  been  used  for  mill  drive, 
but  to  a  very  limited  extent  because  their  high  start- 
ing  current    is    usually    objectionable. 

Synchronous  motors,  on  the  other  hand,  appear  to 
be  growing  in  favor  for  this  service,  to  which  they 
are  well  adapted   because   of  their   slow   speeds,  high 


in  than  one  using  belts  and  lineshafting.  Motor  drive 
is  much  safer,  for  the  majority  of  the  dangerous  belts 
and  pulleys  are  eliminated  and  the  drives  that  remain, 
(whether  belt,  gear  or  coupling)  can  be  readily  pro- 
tected by  inclosing  with  screens.  Safety  stops  can 
be  placed  at  any  desired  number  of  points  around  the 
mills  and  calenders,  so  that  these  machines  can  be 
stopped  instantly  in  case  of  accident;  thus  reducing 
these  hazards  to  a  minimum. 

For  driving  the  machinery  direct  current  is  entirely 
satisfactory,  and  several  plants  are  using  it  for  all 
power  purposes.  But  alternating  current  is  in  general 
preferred  for  the  following  reasons: 

Almost  all  of  the  machinery,  with  the  exception  of 
the  calender  and  some  minor  machines,  are  of  the 
constant-speed  type,  and  alternating-current  motors 
are  especially  well  adapted  for  this  service. 

Alternating-current  motors,  having  no  commutators, 
require  somewhat  less  attention  than  direct-current 
motors,  especially  in  places  where  there  is  more  or 
less  dust. 

If  central-station  power  is  used,  alternating-current 
is  almost  invariably  supplied;  and  if  the  factory  has 
its  own  power  plant,  it  is  always  good  practice  to 
generate  the  same  kind  of  current  as  the  local  central 
station,  in  order  to  use  power  from  the  latter  for 
breakdown  service. 

If  the  plant  is  large  and  the  main-power  circuits 
are  several  thousaid  feet  long,  alternating  current  is 
necessary  in  order  to  transmit  power  without  excessive 
losses. 

On  the  other  hand,  direct  current  must  be  used  for 
calenders,  if  they  are  to  have  a  wide  range  of  speed,  and 
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efficiency  and  ability  to  improve  the  power  factor — a 
point  of  special  importance  when  power  is  purchased. 
The  difficulty  in  starting  this  type  of  motor  under 
load  is  obviated  by  the  use  of  the  magnetic  clutch, 
hereinafter  described. 

When  direct-current  motors  are  used  for  mill  drive, 
they  should  be  of  the  constant-speed  compound-wound 
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type  and  controlled  by  automatic  controllers,  since 
manually  operated  controllers  are  not  recommended  for 
direct-current  machines  of  this  size. 

Most  mill  motors  are  operated  on  circuits  of  220  or 
440  volts,  but  in  a  few  cases  where  high-voltage  alter- 
nating current  is  supplied  to  the  factory,  the  cost  of 
the  transformer  installation  has  been  reduced  by  oper- 
ating these  large  machines  directly  from  the  high- 
voltage  lines.  In  such  instances  the  motors  and  con- 
trollers must  be  protected  with  screens,  as  in  Fig.  1, 
in  order  to  keep  unauthorized  persons  away. 

The  use  of  a  magnetic  clutch  between  the  motor 
and  the  mill  line  is  almost  invariable  practice.  When 
this  clutch  is  energized,  it  provides  a  rigid  connection 
between  the  motor  and  the  rolls;  but  when  the  clutch 
current  is  cut  off,  the  motor  is  instantly  disconnected 
and  a  brake  is  applied  to  the  rolls,  stopping  them 
immediately.  Switches,  opening  this  circuit,  can  be 
placed  in  any  desired   locations  around  the   rolls  and 


FIG.    5.      DOUBLE-VOLTAGE    75-HP.    DIRECT-CURRENT 
MOTOR   DRIVING   CALENDER 


provide  a  high  degree  of  safety.  Direct  current  is 
needed  to  energize  the  clutch  and,  in  alternating- 
current  plants,  is  supplied  by  a  motor-generator  set. 
When  .«?ychronous  motors  are  used  for  mill  drive,  they 
are  brought  up  to  speed  with  the  clutch  open. 

Motors  for  Calender  Drive 

The  wound-rotor  induction  motor,  similar  to  that 
used  for  mill  drive,  can  be  used  for  driving  calenders. 
Fig.  3,  but  its  speed  varies  with  the  load,  which  is 
undesirable,  and  it  provides  a  speed  range  of  only 
from  normal  speed  to  20  per  cent  below  normal  (the 
slow  threading-in  speed  being  provided  mechanically). 
Its  use  is  therefore  restricted  to  calenders  requiring 
but  small  speed  variation.  Direct-current  motors,  how- 
ever, provide  a  wide  speed  range,  and  these  are  ordi- 
najrily  used  for  calender  drive. 

^Two  kinds  of  direct-current  drive  have  been  specially 
developed  for  calenders: 

1.  The  single-voltage  system,  in  which  the  motor 
operates  at  all  times  on  a  230-volt  circuit.  This  is 
mainly    used    for    small    calenders. 

2.  The  double-voltage  system,  in  which  a  three-wire 
circuit  is  employed  and  the  motor  is  operated  on  115 
volts  for  low  speeds  and  230  volts  for  high  speeds.  The 
main  reason  for  developing  this  system  is  that  by  using 
two  voltages  a  given  horsepower  and  speed  range  can 
be  obtained  with  a  smaller  and  less  expensive  motor. 
It  is  mainly  used  for  the  larger  calenders. 


From  an  operating  standpoint  the  two  systems  are 
practically  alike,  as  the  method  of  control  is  the  same 
in  both  cases.  The  speed  range  of  both  motors  is  1 
to  4  (for  example,  250  to  1,000  r.p.m.),  with  a  number 
of  steps,  including  a  very  slow  threading-in  speed. 

The  controller  in  general  use  is  of  the  semi-auto- 
matic type  and  consists  of  three  main  parts:  A  small 
drum  controller,  called  the  master  controller;  a  set 
of  four  push  buttons,  mounted  on  the  calender  and 
marked  respectively  "start,"  "stop,"  "slow"  and  "fast"; 
and  a  panel  carrying  a  set  of  automatic  magnetic 
switches. 

The  speed  of  the  calender  is  regulated  by  the  posi- 
tion of  the  master-switch  handle.  When  this  is  on 
the  first  notch,  the  motor  operates  at  its  low  threading- 
in  speed,  with  resistance  in  series  with  the  armature. 
On  the  second  notch  the  armature  resistance  is  cut 
out  and  the  motor  operates  with  full  field  strength 
and  at  its  lowest  running  speed.  On  the  remaining 
notches  resistance  is  cut  into  the  motor  field  in  suc- 
cessive steps,  so  that  the  motor  speed  is  increased  until 
maximum  is  reached.  With  the  two-voltage  motor, 
Fig.  5,  the  connections  are  made  with  the  115-volt 
circuit  for  the  lower  speeds  and  with  the  230-volt 
circuit  for  the  higher  speeds. 

Moving  the  master-switch  handle  does  not,  however, 
start  the  calender.  The  handle  is  first  set  for  the  speed 
desired,  and  then,  on  pressing  the  "start"  button,  the 
calender  starts  and  comes  up  to  that  speed.  On  press- 
ing the  "slow"  button,  the  calender  slows  down  to  the 
first  running  speed,  and  on  pressing  the  "fast"  button 
it  comes  up  to  the  speed  corresponding  with  the  setting 
of  the  controller  handle.  Pressing  the  "stop"  button 
stops  the  motor  and  applies  dynamic  braking,  bringing 
the  rolls  promptly  to  rest. 

Neither  the  push  buttons  nor  the  master  controller 
make  the  actual  connections  with  the  motor.  These 
devices  control  the  action  of  the  magnetic  switches, 
which  in  turn  open  and  close  the  proper  circuits  and 
cause  the  motor  to  operate  in  accordance  with  the 
wishes  of  the  attendant.  Safety  switches  that  stop  the 
motor  and  app'y  dynamic  braking  can  be  placed  around  ,/ 
the  calender  in  any  desired  number  of  locations.  ^ 

In  alternating-current  plants,  direct  current  is 
usually  obtained  by  means  of  rotary  converters  or 
motor-generator  sets.  The  former  are  generally  pre- 
ferred because  they  are  more  compact  and  efficient  and 
less  expensive.  Both  kinds  of  apparatus  can  be  sup- 
plied with  either  a  two-  or  a  three-wire  direct-current 
supply,  depending  upon  whether  the  calender  motor  is 
single  or  double  voltage. 

Motors  for  Other  Machines 

Practically  all  other  machines  in  the  rubber  factory 
are  of  the  constant-speed  type,  and  as,  in  general,  they 
require  small  powers,  they  are  usually  best  driven  by 
squirrel-cage  motors. 

The  machine  tools  in  the  repair  shop  and  the  ven- 
tilating fans  are,  however,  preferably  driven  by  direct- 
current  motors  to  provide  satisfactory  speed  variation. 
But  these  machines  are  usually  relatively  unimportant, 
and  it  is  common  practice  to  operate  the  machine 
tools  by  squirrel-cage  motors,  obtaining  speed  variation 
by  mechanical  means,  and  the  ventilating  fan.;  by 
wound -rotor  motors,  which  provide  a  fair  degree  of 
speed  variation,  or  by  squirrel-cage  motors  if  speed 
control  is  unnecessary. 
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THE  planning,  construction  and  operation  of  a 
producer-tras  plant  with  an  hourly  capacity  of 
two  to  five  million  feet,  is  one  of  the  later  de- 
velopments for  the  economic  use  of  fuel.  With  proper 
planning  and  operation,  as  hiph  as  78  per  cent  effi- 
ciency can  be  maintained  and  the  gas,  cooled  and 
cleaned,  can  be  distributed  through  miles  of  pipe  lines 
of  ordinary  size. 

Producer-gas  engines  have  an  original  cost  per  horse- 
power exceeding  that  of  the  steam  engine,  but  this  is 
counterbalanced  by  their  higher  economy  in  operation. 
Using  this  type  of  engine  in  conjunction  with  furnaces 
makes  an  excellent  combination.  The  engines  produced 
today  will  have  a  thermal  efficiency  approaching  30  per 
cent,  and  this  economy  is  greatly  improved  by  utiliz- 
ing the  heat  from  the  exhaust  gases. 

Necessity  of  Good  Ventilation 

In  laying  out  a  producer  plant  the  gas  building 
should  have  liberal  lighting  from  the  sides  and  roof 
and  be  well  ventilated,  so  that  the  men  will  not  be 
obliged  to  leave  the  job  on  account  of  their  lungs  just 
about  the  time  their  training  has  made  them  of  value 
on  the  work. 

The  building  should  not  be  used  as  a  support  for 
lean-to  construction,  thus  shutting  out  ventilation  and 
light.  It  should  have  ample  area  around  the  four  sides 
for  light  and  air,  and  interior  passages  should  be  laid 
out  to  permit  moving  the  largest  parts  of  the  machinery 
without  taking  dowTi  walls  or  columns.  A  well-studied 
exhaust  air  system  will  be  necessary.  Injection  of  air 
into  the  building  to  dilute  the  mixtures  is  not  the  thing. 
The  foul  and  heated  air  should  be  drawn  out  of  the 
building  quickly. 

Proper  Unit  Arrangement 

With  their  primary  condensers  or  cooling  towers  and 
low-pressure  or  dirty  gas  headers,  the  producers  should 
be  grouped  into  units  to  the  capacity  of  the  exhausters, 
and  the  latter,  with  their  driving  mechanism,  should  be 
in  a  separate  room.  They  will  be  cleaner  and  the 
bright  work  will  have  a  chance.  This  does  not  mean 
that  the  producer  room  need  be  dirty  if  proper  pro- 
visions have  been  made  for  coal  and  ash  handling. 
Each  exhauster  taking  the  product  of  several  producers 
should  be  capable  of  delivering  the  gas  to  either  fur- 
nace or  power  mains,  or  both,  as  needed.  On  light  loads 
a  unit  could  be  shut  dowTi  for  adjustment  or  repairs 
without  affecting  the  balance  of  the  load. 

The  exhausters  should  have  a  normal  rating  of  200 
cu.ft.  displacement  or  better.  If  the  gas  is  used  for 
both  power  and  heat,  there  will  be  a  difference  in  the 
line  pressures.  That  of  the  power  line  will  be  between 
2  and  6  in.  of  water,  and  the  furnace  line  between  10 
and  30  in.  of  water.  The  latter  pressure  will  depend 
upon  the  length  of  the  mains  and  the  type  of  furnace 
used.     The  selection   of  large  e.xhausters   eliminates  a 


row  of  small  machines,  each  of  which  requires  almost 
as  much  fuel,  apace,  oil  and  attention  as  the  larger 
outfit.  Tht  gas  exhausters  should  never  be  installed 
without  bypasses.  When  pumping  dirty  gas,  the  ends 
of  the  impellers  should  be  lubricated  with  crude  oil 
through  force-feed  devices. 

Gas  Meters  Desirable 

Coal-  and  ash-handling  equipment  require  careful 
study.  The  size  of  coal  most  economical  to  u.se  varies 
with  conditions,  but  if  the  tar  is  to  be  returned  to  the 
producer  and  gasified,  the  finer  sizes  of  slack  cannot 
be  burned.  Hence  it  is  neces.sary  that  the  coal  delivery 
be  flexible  to  meet  the.se  conditions.  The  coal  should 
be  weighed  before  going  into  the  producers.  One  per 
cent  saving  of  the  year's  coal  supply  will  buy  the  most 
elaborate  automatic  equipment  for  this  purpose.  The 
operation  of  each  machine  is  then  under  close  obser- 
vation, so  that  the  weak  spots  may  be  eliminated.  The 
ashes  should  be  removed  with  as  little  dust  and  labor 
as  possible  and  should  be  sampled  to  check  the  wasted 
combustible.     Ash  weights  should  be  available. 

It  is  not  desirable  to  locate  distributing  mains  on  the 
exterior  of  buildings  in  latitudes  where  the  tempera- 
ture is  much  below  freezing  in  winter,  particularly  if 
laterals  are  to  be  connected.  Producer  gas  is  laden 
with  moisture  and  distillation  products.  The  change 
in  velocity,  and  consequently  in  pressure,  at  a  change 
in  pipe  size,  causes  precipitation  of  solids  that  will  stop 
the  flow  of  gas.  It  has  been  known  to  do  this  in  less 
than  ten  minutes  in  passing  from  a  24-in.  into  an  8-in. 
pipe.  Installation  of  heating  apparatus  at  such  points 
is  uneconomical  and  the  apparatus  is  subject  to  trouble. 
Gas  mains  should  always  be  graded  and  provided  with 
drains  and  cleanouts.  Meters  are  essential  to  give  the 
total  fuel  in  and  the  total  product  delivered.  If  various 
departments  are  supplied,  it  may  be  advantageous  to 
meter  them  separately.  Rubber  gaskets  are  not  for 
producer-gas  lines  or  machinery.  Shellacked  paper  or 
cardboard  will  hold  better  than  any  other  combination. 

Planning  the  Tar  Piping 

Long  lines  for  tarry  water  or  tar  drains  should  be 
avoided  if  they  cannot  be  provided  with  intermediate 
clean-outs.  In  distinctly  tar  work,  tees  with  a  plug 
should  be  used  instead  of  elbows.  There  will  be  many 
times  when  it  is  desired  to  find  what  is  behind  the 
plug  without  tearing  down  the  line.  There  is  a  certain 
amount  of  tar  work  which  cannot  be  eliminated.  The 
proximity  of  tar  operations  to  those  of  the  cleaner  sort 
should  be  avoided  in  the  planning. 

If  the  cooling  water  is  not  more  than  ordinarily 
cheap,  it  should  be  gathered  at  a  common  point,  pref- 
erably a  settling  basin  where  the  tar  and  dirt  are 
precipitated,  then  put  over  cooling  apparatus  and  re- 
circulated. The  water  cost  is  reduced  to  the  cost  of 
ha.:i.iing  and  the  makeup  loss  from  evaporation.     Many 
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types  of  pumD  are  not  adapted  to  the  handling  of  tarry 
water.  Preference  should  be  given  to  pumps  that  are 
readily  accessible  for  cleaning. 

In  a  producer  plant  there  are  no  smokestacks  to 
spread  soot  and  ash  over  the  landscape  and  keep  the 
smoke  inspectors  on  the  job,  but  there  are  times  during 
the  first  and  last  parts  of  the  stand-by  periods  when  the 
escaping  gas  from  the  purge  pipes  is  not  much  better; 
especially  in  the  neighborhood  of  high  buildings.  As 
this  gas  is  poisonous,  the  tops  of  the  purge  pipes  should 
be  provided  with  igniters  and  the  gas  burned. 

The  Need  for  a  Laboratory 

A  well-equipped  laboratory  is  a  necessity.  With  such 
a  laboratory  it  will  be  possible  to  know  at  all  times  the 
value  of  the  fuel  as  fired,  the  quantity  of  pasted  com- 
bustible in  the  ash  and  the  character  of  the  product 
from  each  unit.  The  samples  for  the  regular  record  of 
the  day's  performance  should  be  continuous  over  each 
shift.  Snap  samples  for  this  work  are  valueless.  Al- 
most any  gas  man  can  put  a  machine  in  condition  for 
a  snap  sample  which  will  make  a  fine  showing  tempo- 
rarily, but  he  may  not  be  able  to  hold  that  condition 
for  even  one  hour.  One  of  the  samples  under  such  con- 
ditions ran  286  B.t.u.  per  cubic  foot.  The  average  for 
the  eight-hour  shift  was  202.  The  laboratory  will 
enable  the  raising  of  the  hydrogen  content  of  the  gas 
to  the  limit,  and  will  show  when  the  return  of  tar  has 
been  properly  handled  to  give  the  maximum  quality 
of  methane. 

Stand-By  Loss  Is  Small 

The  comparative  ease  with  Which  good  economy  can 
be  effected  in  the  producer  makes  this  method  of  gen- 
erating heat  value  attractive.  The  loss  of  fuel  during 
the  stand-by  period  is  particularly  low.  Producer  gas 
is  formed  by  slow  combustion,  which  is  not  brought  to 
completion  in  the  producer,  the  final  burning  being  done 
in  the  engines  and  furnaces.  To  obtain  a  high  B.t.u. 
value  uniformly,  that  does  not  necessitate  juggling  with 
the  mixtures  of  air  and  gas  at  the  engines  and  furnaces 
throughout  the  working  period,  pick  the  best  fuel  pos- 
sible, stick  to  it,  and  keep  the  fuel  uniform. 

Use  Good  Coal  Uniform  In  Size 

The  B.t.u.  value  and  the  ash  content  of  the  coal  have 
much  to  do  with  the  final  cost  of  the  gas.  Compare 
two  coals,  one  having  a  value  of  14,400  B.t.u.  and  the 
other  11,000  B.t.u.  per  pound.  If  the  delivered  price 
of  the  first  was  $8  per  ton,  the  price  for  the  other 
should  be  $5.53,  based  on  heat  value.  The  high-heat- 
value  coal  will  probably  have  6  per  cent  ash,  while  the 
poorer  qualities  will  have,  say,  12  to  14  per  cent.  Tak- 
ing the  low  figure,  the  additional  ash  is  6  per  cent.  If 
the  plant  uses  7,000  tons  per  month,  this  additional  ash 
amounts  to  420  tons  at  $8,  or  $3,360.  If  the  gasification 
cost  per  ton  is  $3.50,  add  $1,470,  and  if  the  ash  dis- 
posal costs  50c.  per  ton,  add  $210,  giving  a  total  of 
$5,040  for  excess  ash.  It  has  used  up  room  in  the  car 
en  route  and  in  the  producers  which  could  have  been 
occupied  by  good  fuel.  Of  the  better  coal  a  horse- 
power-hour would  be  produced  from  I  lb.,  and  of  the 
low  grade  the  same  amount  of  work  will  require  almost 
a  pound. 

Another  feature  affecting  economy  is  the  size  of 
the  coal.  Gas  producers  have  a  large  grate  area  and  a 
deep  fuel  bed.  For  anything  like  effective  gasification, 
the  draft  throughout  the  bed  must  be  uniform.     Coal 


with  large  quantities  of  slack  content  cannot  meet  this 
requirement  At  intervals  the  draft  is  greater  where 
the  coarser  coal  happens  to  lie.  This  is  fatal  to  effi- 
ciency. The  coal  should  be  nearly  uniform  as  to  size 
so  that  the  voids  will  have  the  same  character.  The 
deep  fuel  bed  allows  a  higher  velocity  of  the  passing 
gases,  which  means  a  greater  quantity  of  gas  from  the 
same  floor  space.  The  same  time  element  of  contact  is 
maintained  between  saturated  air  and  the  incandescent 
carbon  as  with  a  thinner  fuel  bed  and  a  lower  gas 
velocity.  In  addition  the  deep  fuel  bed  has  a  thermal 
flywheel  effect  that  will  be  found  useful  on  fluctuating 
loads. 

Gasification  of  the  Tar 

When  the  tar  is  returned  to  the  producers,  slack  coal 
is  an  obstacle  of  serious  dimensions.  In  the  later  types 
of  clean  gas  plants  all  cooling  and  drain  waters  are 
carried  to  a  settling  basin  where  the  tar  is  precipitated 


FIG.   1.      TYPICAL  CALORIMETER  CHART 
Poor  coal,  heavy  load  off  at  12  p.m.  and  on  at  6  :  30  a.m.     Each 
quick  drop  entails  much  excess  labor  to  get  back  to  normal. 

with  such  solid  matter  as  is  washed  from  the  gas.  The 
tar  is  pumped  back  to  the  producers  and  sprayed  over 
:the  fuel  bed.  A  small  quantity  of  steam  assists  in  the 
distribution  at  this  point.  Standard  duplex  pumps 
with  iron  fittings  are  used  to  return  the  tar.  If  the 
fuel  bed  is  composed  of  sizes  above  "pea,"  the  tar  will 
be  uniformly  distributed  over  each  piece  of  coal  without 
choking  the  voids,  and  as  it  settles  to  the  distilling 
zone  it  is  driven  off  in  the  form  of  methane.  If  the  bed 
consists  of  considerable  slack  of  fine  size,  the  addition 
of  the  tar  makes  a  pasty  mass  that  will  check  the  draft, 
and  the  result,  due  to  the  general  disruption  of  the 
bed  conditions,  is  poor  gas. 

As  nearly  10  per  cent  of  the  coal  is  tar,  it  is  quite 
necessary  that  its  heat  value  be  utilized.  Gas  withou'^ 
tar  return  should,  if  conditions  are  good,  analyze: 
CO.,  5  per  cent;  CO,  25  per  cent;  H^,  17.5  per  cent; 
CH„  3.5  per  cent;  C,H„  0.4  per  cent,  and  N„  48.6  per 
cent.  The  B.t.u.  value  is  189  and  the  percentage  of 
combustible,  46.4  per  cent.     With  the  same  fuel  con- 
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(litions  Jiiul  the  return  of  the  tar,  the  nnnlysis  will  show 
CO.,  5  per  rent;  CO,  24.5  per  cent;  H„  17  per  cent; 
CH,,  5.5»per  cent;  (' H.,  0.5  per  cent,  and  N,  47.5  per 
cent.  The  B.t.u.  value  i.«*  208  and  the  ju'rcentuKe  of 
combUv^tihle.  47.5  per  cent.  Thi.s  is  coii.servative.  If 
the  conditions  are  maintained  for  several  days,  the  CH. 
may  go  as  hijrh  as  8  per  cent.  The  samples,  taken  from 
continuous  ei^ht-hour  samplinvr  tanks,  were  chemically 
analyzed  and  computed  and  checked  with  a  calorimeter. 
These  results  cannot  be  obtained  from  coal  containing 
slack  in  any  quantity.  The  place  for  slack  is  under 
boilers.  Likewi.se  the  place  for  cokinp  coal  is  in  a  coke 
oven,  not  a  gas  producer. 

Avoid  tiik  Finer. Sizks  of  Coal 

If  it  is  j'ttempted  to  u.se  the  finer  sizes,  the  thickness 
of  the  fuel  bed  mu.st  be  cut  down  so  that  the  mass  will 
"breathe."  About  the  time  this  condition  is  attained, 
little  channels  are  blown  thrr.ujrh  the  tire  bed.     Oxygen, 


FIG.   2.      CAL,UK1.METER  CHART  WITH   COOL)  COAI.  AXD 

CAREFUL  OPERATIOX 
The  quick   fluctuations,   generally   liglit   aftei-  sliift   changes,   are 
due  to  violent  grate  shaking. 


unchanged,  comes  through  and,  in  contact  with  the  hot 
gas,  burns  a  proportional  amount  of  the  gas  to  C0_, 
with  a  consequent  reduction  in  quality.  Then  the  vapor 
is  filled  with  fine  solid  matter  known  as  lampblack. 
The  offtake  temperatures  rise  from  800  to  1300  deg.  or 
higher.  The  tops  of  the  producers  suffer  from  the  heat 
as  well  as  do  the  men.  Larger  quantities  of  water  are 
necessary  to  cool  the  gas.  The  exhausters  are  putting 
out  160-B.t.u.  gas  instead  of  200,  and  it  costs  just  as 
much  to  pump  a  cubic  foot  of  the  leaner  gas.  Other 
costs  increase  in  proportion.  There  is  but  one  proper 
course  in  this  case,  and  that  is  to  reduce  the  velocity 
through  the  fuel  bed,  and  this  means  less  gas  "from  the 
same  installation. 

A  resume  of  the  fuel  situation  shows  that  the  coal 
should  have  a  high  heat  value,  be  uniform  as  to  size, 
low  in  ash  content  and  non-coking.  It  should  have  less 
than  1  per  cent  of  sulphur,  and  the  fusing  point  of  the 
ash  should  be  high.  The  most  desirable  size  is  re- 
screened  rut,  but  this  has  little  commercial  value  over 


a  coal  passed  through  a  4-in.  screen  and  over  a  J-in. 
screen.  The  sulphur  content  should  be  low,  as  it  de- 
stroys contact  parts  of  the  power  apparatus  under  high 
heat  .-ind  moisture.  For  furnace  work  a  high  sulphur 
content  attacks  metal,  in  some  ca.ses  making  the  gas 
uiuisable  and  at  all  times  a  hardship  for  the  furnace 
workers.  Clinkers  can  be  mastered  usually  by  adding 
moisture  to  the  air  supplied  under  the  grates  of  the 
producer. 

Rkmoving  thk  Tar  from  the  Gas 

There  has  been  much  improvement  in  the  cleaning  of 
producer  gas.  The  tar-laden  gases  were  formerly 
passed  through  an  incandescent  coke  bed.  The  smother- 
ing of  the  incandescent  mass  by  the  gas  was  to  be 
overcome  by  the  addition  of  air.  The  air  did  not  stick 
to  the  coke  at  all  times,  but  united  with  the  incoming 
gas  and  burned  it.  The  electric  ionizer  was  another 
.stage  in  the  development  of  gas  cleaners.  A  two  years' 
fight  with  this  under  the  writer's  supervision  resulted 
in  getting  the  solid  matter  down  to  0.08  gram  per 
cubic  foot.  This  was  productive  of  a  dirty  mess  in  the 
engines  and  the  furnace  line  valves.  City  gas  had  to 
be  admitted  around  the  electric  insulators.  The  tem- 
perature of  the  gas  had  to  be  juggled  with  changes  of 
fue'.  The  outfit  finally  went  to  the  scrap  heap  with  its 
predecessors.  Down-draft  machines  have  been  success- 
ful to  a  certain  extent  in  small  plants,  but  not  where 
the  operation  has  a  gap  of  but  eight  hours  per  week 
for  clean-up  and  often  not  even  that. 

A  later  claimant  for  honors  in  this  line  is  the  spun- 
glass  .screen.  This  is  not  in  effect  a  mechanical  screen, 
for  the  tar  is  agglomerated  and  precipitated  after  pass- 
ing through  the  screen.  When  the  fuel  is  poor  and  the 
operation  is  defective,  lampblack  is  held  up  on  the 
pressure  side  of  the  screen  and  the  pressure  necessary 
to  force  the  gas  through  the  cleaners  rises  rapidly 
until  it  is  a  hardship  to  handle  the  output.  With  ex- 
perience the  operating  end  of  the  trouble  soon  disap- 
pears. As  low  as  0.0025  gram  of  solid  matter  per  cubic 
foot  of  gas  is  fast  becoming  past  history,  as  much  of 
the  time  this  low  figure  has  been  improved. 

Two  Hundred  B.t.u.  Gas 

Reference  to  the  vaiious  authorities  now  available 
shows  that  160  B.t.u.  is  the  best  average  quoted  for  a 
cubic  foot  of  producer  gas.  The  reason  for  this  seems 
to  be  that  the  rough  and  ready  methods  of  the  old  dirty, 
hot  gas  plarts  have  left  thei;  impression  on  the  indus- 
try. In  larger  plants,  where  more  intensive  study  is 
made  of  the  work,  this  figure  is  low.  With  the  larger 
types  of  machines  fed  with  two  to  three  tons  of  good 
coal  per  hour,  the  offtake  tem.peratures  will  not  go 
much  above  800  deg.,  the  cooling-water  requirements 
will  be  nominal,  and  the  machines  vdll  last  several 
years  without  internal  repairs.  Some  machines  have 
been  run  for  eighteen  months  without  letting  the  fires 
go  out,  even  when  the  coal  has  not  been  kept  to  the 
specifications  given  previously  in  this  article.  When 
good  conditions  obtain,  there  is  almost  absolute  control 
of  the  balsncing  of  the  gas  values.  The  proper  pro- 
portion of  CO,  H^  and  CH,  can  be  maintained.  It  has 
been  found  that  for  some  engines  a  hydrogen  content 
of  more  than  18  per  cent  produces  preignition,  while 
for  furnace  work  all  that  can  be  made  adds  to  the  value 
of  the  gas.  The  latter  is  especially  pertinent  for  small 
flames. 
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In  the  table  are  given  analyses  of  random  eight-hour 
samples  taken  when  good  operating  conditions  were 
maintained.  All  are  from  machines  using  Li'  to  3  tons 
per  hour.  The  samples  were  chemically  analyzed  and 
computed  and  checked  with  the  calorimeter.  The  tar 
was  being  returned  in  all  cases. 


ANALYSES  OF  RANDOM  EIGHT-HOUR  SAMPLES 


CO2 


Hi 


CH4 


N2 


3  9 

27.1 

16.6 

5.5 

46.9 

49.2 

50.8 

209 

8  3 

21.3 

20.3 

5.2 

44.9 

46.8 

53.2 

198 

7  5 

22.1 

19.7 

5.2 

25.5 

47,0 

53.0 

199 

3  9 

26.9 

17.5 

4  6 

47.1 

49.0 

51.0 

202 

7  5 

21.7 

17.6 

6  1 

47.1 

45  4 

54.6 

200 

3  8 

26.9 

16.0 

5  5 

47.8 

48.4 

51.6 

206 

5  4 

25.0 

16.3 

5  6 

47.7 

46.9 

53  1 

202 

4  0 

25  9 

17  7 

5  6 

46.8 

49  2 

50  8 

210 

9  5 

19  5 

21.4 

6  6 

43.0 

47  5 

52  5 

211 

In  the  tabulation  the  C„H^  is  grouped  with  CH^.  Ex- 
cess steam  produced  high  H,  and  CO,  and  lower  CO,  but 
the  total  is  supported  by  extra  H,  and  CH„  so  that  the 
final  heat  value  of  200  B.t.u.  is  not  much  affected.     In 


1918  a  freak  eight-hour  sample  for  which  no  tangible 
clue  has  ever  seemed  logical,  ran  as  follows:  CO,,  15 
per  cent;  CO,  14.9  per  cent;  H„  33.6  per  cent;  CH„  9.3 
per  cent;  N..,  27.2  per  cent;  combustible,  57.8  per  cent; 
inerts,  42.2  per  cent;  B.t.u.,  266.  No  sample  since  has 
approached  this  heat  value  nearer  than  227  B.t.u. 

With  the  conditions  previously  enumerated,  the  pro- 
duction of  200-B.t.u.  producer  gas  can  be  considered 
standard,  and  the  cost  of  the  gas  delivered  in  the  mains 
at  the  furnaces  and  engines  should  not  exceed  $3.50  to 
$3.75  per  ton  of  coal,  supplying,  say,  110,000  cu.ft. 
Another  year  will  see  the  general  adoption  of  ammonia 
recovery  in  large  plants,  and  this  will  help  to  reduce 
the  cost  for  fuel.  It  is  feasible  to  use  clean  200-B.t.u. 
gas  for  city  distribution,  since  gas  lighting  is  now  a 
negligible  quant'ty,  and  also  for  various  industrial  pur- 
poses, including  heat  treating,  drop  forging,  tempering, 
bath  work,  enameling,  soldering,  etc. 


Electric  Welding  Machines — Factors 
Influencing  Their  Operation 

By  L.  W.  WEBB 

Master   Electrician,    United   States   Navy   Yard,    Norfolk,   Virginia 


Various  types  of  welding  nmchines  have  charac- 
teristics common  to  all.  A  machine  should  not  be 
chosen  from  the  standpoint  of  power  input  to 
power  delivered  at  the  arc  alone — amount  of  work 
produced  should  be  one  of  the  deciding  factors. 
Variable  reactance  should  be  used  in  all  ivelding 
circuits.  A  curve  is  given  showing  the  amount 
of  reactance  required  in  a  welding  circuit  for  dif- 
ferent values  of  current. 


A  LL  THE  different  types  of  constant-potential  and 

/-*  constant-current  welding  machines,  described  in 
X  A.  the  Aug.  10  and  17  issues,  possess  features 
common  to  each  but  each  one  has  some  individual 
characteristic  peculiar  to  itself  and  which,  the  manufac- 
turer claims,  possesses  certain  advantages  over  the 
others.  Some  of  these  machines  have  been  designed  to 
be  of  the  slowspeed,  three-  or  four-bearing,  continuous- 
duty  type  with  rugged  frames  and  commutators,  which 
would  insure  long  life  and  reliability ;  while  others  have 
been  designed  for  high  speed,  of  the  two-bearing  type 
with  a  rating  for  normal  load  of  one  hour,  and  are  as 
small  and  compact  as  possible,  which  makes  them  lighter 
and  more  easily  portable  than  some  of  the  others. 

Both  of  these  types  possess  advantages  and  disad- 
vantages, depending  more  upon  local  conditions  as  to 
their  use  than  any  real  m.erits  or  demerits  in  the  in- 
dividual machines  themselves.  Some  of  them  have 
motors  that  show  small  percentages  of  drop  in  speed 
from  no  load  to  full  load,  which  is  a  desirable  feature 
and  assists  greatly  in  making  the  welding  operation 
more  stable  at  the  instant  of  striking  the  arc.  Other 
types  allow  greater  drop  in  speed  between  no  load  and 
full  load  and  depend  upon  supplying  reactance  of  higher 
value  to  care  for  this  drop  in  speed  at  the  instant  the 
arc  is  struck. 

The  efficiency  of  the  various  machines  ranges  from 


about  50  to  65  per  cent.  The  over-all  efficiency  depends 
somewhat  upon  the  manner  in  which  it  is  calculated  and 
whether  the  machines  are  designed  on  a  continuous- 
duty  cycle  or  on  one-hour  rating.  These  efficiency 
assumptions  are  made  strictly  from  the  input  and  out- 
put standpoint  and  do  not  consider  any  losses  in  the 
external  circuit,  which,  in  some  of  the  machines  supply- 
ing reactance  having  high  values,  amounts  to  con- 
siderable. 

The  fact  that  one  machine  is  more  efficient  than 
another  from  the  standpoint  of  power  input  to  power 
delivered  to  the  arc,  however,  is  not  of  the  greatest 
material  advantage  after  due  consideration  is  given 
to  the  fact  that  the  pay  of  the  operator  is  usually  many 
times  that  of  the  cost  of  power  and  the  value  of  the 
work  produced  is  much  more  than  both  combined.  The 
machine  that  is  capable  of  producing  5  to  10  per  cent 
moi-e  work  than  another  machine,  even  though  it  had 
an  efficiency  of  20  per  cent  less,  might,  from  the  stand- 
point of  cost  of  work  produced  be  much  more  economical 
to  use.  One  of  the  determining  factors  in  deciding 
upon  the  general  adaptibility  of  any  type  of  machine 
should  be  work  produced  rather  than  efficiency  from  the 
power-consumption  standpoint. 

It  is  desirable  at  all  times  to  have  machines  that  are 
efficient  but  require  very  little  maintenance;  that  are 
reliable  in  operation  and  simple  to  operate;  that  can 
be  depended  upon  at  all  times  not  to  break  down  or 
heat  up  excessively  under  abnormal  conditions  of  rush 
jobs,  etc;  and  that  are  easy  for  ordinary  operators  to 
use.  Machines  having  these  characteristics  would  in 
most  instances  be  preferable  to  others  that  might  be 
far  more  efficient  and  that  could  be  purchased  at  less 
cost  than  these. 

For  this  reason  in  general  it  is  usually  just  as  efficient 
to  do  welding  with  machines  of  the  60-volt  constant- 
potential  type  as  with  those  of  the  so-called  constant- 
curi-ent  type,  as  experience  shows  that  with  these  higher 
voltages  the  operator  can,  in  the  course  of  a  day's  work, 
usually  produce  more   work  than  with  the  other  type 
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of  machine.  Thi.s  i.s  e.specinlly  triio  where  .several  oper- 
ators aro  KToupod  in  clo.sc  proximity  ant!  can  he  .supj)lied 
from  nuiltiple-opcrator  tyi)e  constant-potential  60-volt 
machines,  and  in  .such  a  ca.sc  not  only  i.s  the  maintenance 
of  the  whole  equipment  lessened,  but  the  time  saved  in 
startin^r  and  stopping  weldinfj  operations  amounts  to 
considerable.  Where  machines  have  to  be  portable,  mo.st 
of  tho.se  of  the  constant-iwtential  type  on  the  market  are 
nece.s.sarily  of  hiKher  rating  than  those  of  the  constant- 
current  types,  and  are  therefore  much  heavier;  but  one 
machine  in  particular  is  an  exception  to  this,  and  this 
one  is  very  compact  and  weighs  less  than  most  of  the 
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REACTANCE   AND   CURRENT    FOR   SUITABLE    WELDING 
CONDITIONS 

constant-current  types  of  motor-generators.  As  the 
efficiency  of  this  machine  is  very  much  higher  than  that 
of  many  of  the  constant-current  types,  its  over-all  weld- 
ing efficiency  is  not  very  much  lower  when  compared 
from  power  input  to  power  delivered  to  the  arc  stand- 
point. This  type  of  machine  will  produce  as  much  or 
more  work  in  the  course  of  a  day  than  some  of  the 
so-called  constant-current  types. 

Efficiency  Not  Governing  Factor 

Therefore,  while  in  the  descriptions  of  the  individual 
machines  in  the  previous  articles,  mention  was  made  of 
the  fact  that  some  showed  a  higher  over-all  efficiency 
than  others,  and  also  the  fact  that  the  constant- 
current  type  of  machine  is  more  efficient  than  the  con- 
stant-potential type  from  the  standpoint  of  power  input 
to  power  delivered  to  the  arc,  and  while  the  manu- 
facturers themselves  lay  great  stress  on  these  efficiency 
values,  they  alone  should  not  be  considered  from  an 
economical  standpoint  of  cost  of  total  work  produced. 

In  each  of  the  descriptions  of  the  machines  it  was 
noted  that  certain  reactances — usually  connected  in  the 
external  circuit,  some  of  them  partly  variable  but  usually 
of  the  fixed  type — ^were  furnished  with  each  machine  and 
the  amount  of  reactance  on  the  individual  machine 
^  varied  considerably. 

As  can  be  clearly  recognized,  each  type  of  machine 
has  common  to  itself  certain  definite  machine  reactance 
due  to  its  series  field  windings,  etc.  This  would  seem 
to  indicate  that  external  reactances  provided  with  them 
were  of  such  values  that  the  sum  of  the  two  reactances 
would  make  a  certain  definite  total  reactance  in  each 
welding  circuit,  for  the  best  conditions  of  arc  stability 
and  ease  on  the  operator.     However,  most  of  the  manu- 


facturers have  neglected  this  to  a  certain  degree,  itonni- 
l)ly  due  to  the  rush  in  getting  out  designs  or  standard- 
izing their  sets.  Some  manufacturers  supply  reactance 
of  high  values  so  that  any  operator,  even  though  inex- 
perienced, can  maintain  an  arc  and  do  welding  with 
the  machine  without  any  special  instructions;  other 
manufacturers  have  provided  only  the  amount  of  re- 
actance that  should  be  required  by  an  experienced  oper- 
ator holding  the  proper  arc  length,  and  which,  if  the 
arc  were  drawn  out  too  long,  would  cau.se  it  to  blow  out. 
The  latter  point  is  an  excellent  one  from  the  .standpoint 
of  preventing  poor  welding  due  to  an  inexperienced 
operator  holding  too  long  an  arc.  It  keeps  him  strictly 
on  the  job  at  all  times  and  makes  him  maintain  the 
proper  arc  length  and  prevents  him  from  becoming  care- 
less. Experienced  operators,  however,  do  not  have  this 
trouble,  as  they  are  not  likely  to  get  careless  and  allow 
the  arc  to  be  drawn  out  too  long. 

The  correct  amount  of  reactance  is  such  that  when 
the  arc  is  lengthened  out  beyond  a  point  where  poor 
welds  would  be  made,  self-regulation  of  the  machine 
should  be  such  that  the  arc  is  immediately  blown  out. 
Also,  it  can  be  easily  seen  that  for  best  results  this  re- 
actance must  vary  with  the  current  used  and  the  nature 
of  the  weld.  A  variable  type  of  reactance  for  best  weld- 
ing should  be  provided  with  each  machine,  rather  than 
the  fixed  type,  as  is  at  present  furnished  by  most  of 
the  manufacturers.  Even  though  this  aUds  materially 
to  the  cost  of  the  machine,  it  is  justified  by  the  better 
results  that  should  be  obtained  in  the  welding  itself. 

Tests  Made  to  Determine  Reactance  Required 

To  obtain  a  general  idea  of  how  the  reactance  re- 
quired varies  with  different  current  values  used,  a 
storage  battery  delivering  about  600  amperes  at  60  volts 
for  one  hour,  continuous  rating,  was  connected  through 
a  non-inductive  resistance  and  a  variable  reactance  to  a 
welding  circuit.  By  varying  the  reactance  to  get  suit- 
able welding  conditions  for  currents  from  60  to  200 
amperes,  the  curve  plotted  in  the  figure  with  currents 
as  abscissas  and  reactance  as  ordinates  was  obtained. 

All  wiring  was  run  in  duplex  wire  with  straight  leads 
to  eliminate  all  circuit  reactance,  consequently  the  vari- 
able reactance  would  then  be  total  in  each  case.  It  was 
noticed  that  from  60  to  100  amperes  the  reactance  re- 
quired was  easy  to  ascertain,  and  from  125  to  150  am- 
peres more  difficult;  from  150  to  200  amperes  no  per- 
ceptible difference  could  be  noticed  with  all  reactance 
cut  out.  This  was  particularly  noticeable  and  indicates 
that  the  lower  currents  do  not  have  arc  stability  and 
require  stiffening  much  more  than  the  higher  currents. 
These  results  were  obtained  by  close  observation  and 
using  the  most  experienced  operator  available.  He  was 
not  allowed  to  know  when  the  reactances  were  varied 
or  whether  higher  or  lower  values  added.  Three  or  four 
checks  were  made  before  the  final  value  was  determined 
upon.  It  is  believed  that  much  more  accurate  results 
could  be  obtained  by  the  use  of  an  oscillograph,  but  as  no 
apparatus  was  available  it  was  done  in  the  manner 
described.  Also,  as  the  voltage  was  reduced  from  60, 
more  reactance  was  required,  and  the  more  stable  the 
voltage  the  less  the  reactance.  Therefore  machines  that 
are  slow  to  regulate  should  have  higher  reactances  than 
those  which  regulate  quickly.  Also,  the  more  stable  the 
circuit  voltage  and  the  machine  speed,  the  easier  it  is 
to  weld  with  less  reactance.  In  every  case,  however, 
the  reactance  should  be  variable  for  different  currents 
used  within  the  range  of  the  machine. 
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Since  Leaving  College  Two-Score  Years 
Ago,  Mr.  Dean  Has  Given  Much  Time  and 
Thought  to  Improving  the  Design  of  Boil- 
ers, Steam  Engines,  Pumping  Machinery, 
etc.  Many  Important  Modifications  in 
Construction  and  Operation  Are  the  Re- 
sults of  His  Efforts. 


DURING  the  world  conflict  in  1917  the  United 
States  was  faced  with  the  tremend()us  task  of 
quickly  transporting  overseas  to  the  scene  of  the 
struggle  miUions  of  men  and  vast  quantities  of  food, 
clothing  and  ammunition.  The  task  was  seemingly  im- 
possible, and  even  the  Germans  ridiculed  the  idea  of  a 
nation  three  thousand  miles  away  being  an  effective 
opponent.  There  were  not  nearly  enough  ships  to  trans- 
port troops  and  supplies  in  the  quantity  needed.  The 
United  States  Shipping  Board  Emergency  Fleet  Cor- 
poration was  formed  to  consider  ways  and  means  of 
facilitating  the  construction  of  the  much-needed  shipl. 
Not  the  least  important  part  of  this  task  was  the  design 
of  an  efficient  boiler  for  use  in  wooden  vessels.  F.  W. 
Dean,  who  for  a  decade  had  been  interested  in  improv- 
ing the  design  and  construction  of  boilers  and  who  had 
done  much  good  work  in  this  direction,  was  selected  to 
take  direct  charge  of  a  series  of  tests  to  determine  on  a 
standardized  boiler  for  use  in  the  wooden  ships  which 
the  United  States  Shipping  Board  was  planning  to  con- 
struct in  great  numbers.  Both  coal  and  oil  were  used 
in  the  tests.  A  number  of  modifications  in  the  design  of 
boilers  were  suggested  by  Mr.  Dean,  which  were  adopted 
as  standard.  This  work  did  not  end  with  the  war,  but 
formed  the  basis  of  further  investigation  and  improve- 
ment. 

The  outstanding  characteristics  of  Mr.  Dean  are  pains- 
taking care  and  conscientiousness  in  his  work.  The  per- 
formance of  these  boilers  furnishes  ample  proof  of  the 
ability  of  the  man  who  designed  them. 

His  work,  however,  was  not  confined  to  boiler  tests. 
A  number  of  experiments  with  steam  engines  were  con- 
ducted, and  at  present  he  is  testing  out  an  experimental 
uniflow  engine  with  the  object  in  view  of  obtaining  data 
on  the  performance  under  varying  conditions  of  this 
type  of  engine. 

Mr.  Dean  was  born  in  Taunton,  Mass.,  in  1852.  After 
completing    his    primary    education    at    that    place,    he 


entered  the  Lawrence  Scientific  School  where  he  studied 
civil  engineering.  In  1874  he  became  an  instructor  of 
civil  engineering  in  the  Lawrence  Scientific  School.  He 
resigned  in  1882  and  entered  the  office  of  E.  D.  Leavitt, 
Cambridge,  Mass.,  as  an  assistant.  Later,  he  became  a 
draftsman,  inspector  of  machinery  and  chief  draftsman, 
which  position  he  held  from  1886  to  1889.  Mr.  Leavitt, 
his  employer,  had  the  reputation  of  being  one  of  the  most 
conscientious  and  expert  engineers  on  the  design  of 
mining  machinery  and  pumping  engines  in  the  country. 
At  all  times  he  sacrificed  economy  for  perfection  of  con- 
struction. Mr.  Dean  received  valuable  experience  here 
and  became  so  appreciative  of  the  engineering  ability 
of  his  employer  that  he  wrote  a  review  of  his  work. 
In  1889  he  opened  an  office  in  Boston  as  the  head  of 
the  firm  of  Dean  &  Main,  engineers  and  architects. 
While  a  member  of  this  firm  he  had  as  clients  a  number 
of  large  manufacturers,  including  the  American  Woolen 
Co.,  the  Lowney  Chocolate  Co.  and  the  Walter  Baker  & 
Co.,  Ltd.,  of  Dorchester,  Mass.,  and  Canada. 

He  also  designed  the  power  plant  of  the  Massachu- 
setts Genernl  Hospital  at  Boston. 

Mr.  Dean's  interests  at  this  time  were  varied,  and 
much  research  work  was  done  by  him  on  the  design 
of  boilers,  pumping  machinery,  utilization  of  pulverized 
fuel,  compound  engines,  etc. 

In  connection  with  his  pumping-machinery  tests  in 
1894,  he  prepared  the  design  for  a  new  suction  system 
for  the  City  of  Taunton.  During  the  same  year  he 
was  retained  as  expert  for  the  Louisville  Water  Co., 
Louisville,  Ky.  With  Dexter  Brackett,  expert  for  the 
I.  P.  Morris  Co.,  of  Philadelphia,  the  builders  of  a  new 
pumping  engine  at  Louisville,  a  contract  trial  of  six 
days'  duration  was  held.  The  engine  ran  144  hours 
and  10  minutes  without  a  stop,  the  longest  test  run  then 
on  record,  and  established  itself  as  the  most  economical 
compound  engine  that  had  been  tested  up  to  that 
time.     A  short  time  later  he  conducted  an  experiment 
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with  ;i  i-ompDund  ciij?iiu'  workinjf  with  hiKh-pres.suro 
.sti'iini  with  the  idea  of  ostaldishinjr  the  oconomy  of 
IH'rformiince  of  nn  enjriiie  of  this  ihiirartiT. 

For  sovenil  yeiir.s  prior  to  IDIT)  Mr.  Dfim  had  hecii 
impressed  with  the  value  of  corruKided  furnaces  for 
vertical  boilers.  A  great  deal  of  exi>eriniental  work  on 
the  desitrn  of  fire-tul)e  boilers  and  steam  drums  has  been 
done  by  him,  embracinjr  every  phase  of  construction, 
and  in  a  paper  presented  at  the  annual  meeting  of  the 
American  Society  of  Mechanical  Knginecrs  in  1915, 
he  brought  out  very  clearly  (he  need  for  care  in  detail 
of  con -.truction  and  pointed  out  various  remediable 
faults  of  boilers.  He  also  suggested  changes  which 
would  eliminate  many  of  the  prevalent  faults. 

No  matter  how  eflicient  the  boiler  or  engine  may  be, 
nia.ximum  performance  cannot  be  obtained  unless  the 
best  fuel  is  u.sed.  Mr.  Dean  is  now  turning  to  pulver- 
ized coal  as  the  ideal  fuel.  He  is  firm  in  his  belief  that 
this  method  of  burning  coal  when  carried  out  on  a 
scientific  basis  will  give  the  best  results. 

Mr.  Dean,  while  modest  and  unassuming,  has  never 
hesitated  to  give  the  benefit  of  his  wide  experience  to 
fellow  engineers. 

The  following  papers  presented  to  the  American  So- 
ciety of  Mechanical  Engineers  indicate  subjects  which 
have  been  in  direct  line  with  his  professional  work  and 
in  which  he  has  specialized:  "Distribution  of  Steam  in 
the  Strong  Locomotive";  "Some  Experiments  with  the 
Throttling  Calorimeter";  "Trials  of  a  Recent  Compound 
Engine  with  a  Cylinder  Ratio  of  7  to  1";  "Trial  of  the 
Leavitt  Pumping  Engine  at  Louisville,  Ky.";  "Report 
of  Committee  on  Standard  Method  of  Conducting  Duty 
Trials  of  Pumping  Engines" ;  "Power  Plant  of  the  Mas- 
sachusetts General  Hospital,  Boston,  Mass.";  "Forcing 
Capacity  of  Fire-Tube  Boilers";  "Comparative  Tests  of 
Steam  Boilers  with  Different  Kinds  of  Coal";  "Calorific 
Power  of  Weathered  Coals" ;  "Burning  Anthracite 
Culm";  "Best  Form  of  Longitudinal  Joint  for  Boilers." 

He  is  a  member  of  the  American  Society  of  Mechani- 
cal Engineers  (vice  president,  1895-7),  Boston  Society 
of  Civil  Engineers  (vice  president,  1907-9),  N.  E. 
Water  Wc/ks  Association,  Engineers'  Club,  New  York; 
Harvard  Union,  Cambridge,  and  Exchange,  Boston. 

Mr.  Dean  is  an  ardent  lover  of  music  and  manages 
occasionally  to  steal  away  from  the  cares  of  business  to 
attend  concerts  and  recitals. 

"Type  A"  Power-Plant  Oil  FUter 

On  oil  filter  that  should  interest  power-plant  engineers 
is  manufactured  by  the  Richardson-Phenix  Co.,  Mil- 
waukee. This  filter  operates  on  the  so-called  dry  prin- 
ciple of  filtration,  in  which  the  oil  is  not  passed  through 
water.  It  is  designed  to  accomplish  purification  both  by 
precipitation  and  by  filtration  through  closely  woven 
cloth.  By  the  former  process  the  oil  is  brought  prac- 
tically to  rest,  and  entrained  water  and  heavy  particles 
of  foreign  matter  are  allowed  to  settle  out.  The  incom- 
ing dirty  water  is  heated  to  lower  its  viscosity  and 
reduce  its  ability  to  retain  water  and  foreign  particles 
in  suspension.  The  oil  then  takes  a  long  path,  .flowing 
at  low  velocity  over  shallow  trays  v;here  precipitation 
takes  place,  and  finally  through  the  filtering  medium. 
The  oil  is  stored  in  a  clean-oil  compartment  ready  for 
re-use.  When  necessary,  it  is  passed  over  cooling  coils 
after  being  filtered. 

Referring  to  Fig.  1,  the  dirty  oil  enters  the  filter 
through    the    removable    strainer   box   A,   where   large 


particles  of  foreign  matter,  Buch  aH  wantc,  etc.,  are 
removed.  It  then  pHH.ses  to  the  heating  tray  //,  where 
its  vi.scosity  is  so  reduced  that  it  becomes  extremely 
thin  and  is  unable  to  retain  the  water  and  solid  matter 
in  suspension.  The  heating  tray  is  ho  arranged  that 
the  oil  flows  over  the  heating  coil  C  in  a  thin  stream. 

After  passing  over  the  heating  tray,  the  oil  flows 
through  compartment  />  and  down  through  the  funnel 
E.  Passing  down  through  the  conductor  F,  it  is 
spread  out  by  the  baflle  (i.  Under  the  action  of  the 
greater  head  that  can  build  up  in  the  conductor  F,  the 
oil  is  forced  to  take  a  zigzag  course  upward,  passing 
under  the  trays,  //,  /,  J  and  K,  as  shown  by  the  lines 
of  flow,  and  out  through  R  to  the  filtering  compartment. 

As  the  oil  passes  over  the  tray  at  a  very  low  velocity 
( n.  ft.  per  minute  at  the  normal  capacity  of  the  filter) 
the  heavy  particles  of  dirt  and  water  settle  to  the  bot- 
tom of  these  trays;  and  as  the  water,  in  settling,  takes 
a  course  at  a  right  angle  to  the  direction  of  the  flow  of 
the  oil,  the  movement  of  the  latter  offers  no  resistance 
to  the  precipitation  process. 

The  separated  water  collects  in  the  bottom  of  the 
trays  and  is  bypassed  directly  to  the  bottom  of  the  pre- 
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FIG.    1.       SECTION    THROUGH    PRECIPITATIOX    COMPART- 
MENT  AND  AUTOMATIC   WATER    EJECTOR 


cipitation  compartment  by  means  of  the  funnels  L,  M, 
N,  and  0,  and  does  not  come  in  contact  with  the  oil 
where  it  might  be  picked  up  again.  The  water  in  the 
bottom  of  the  precipitating  compartment  is  automati- 
cally ejected  by  the  adjustable  water-overflow  tube  P. 
The  column  of  water  in  the  pipe  balances  the  column 
in  the  precipitation  compartment,  which  is  made  up 
largely  of  oil  and  partly  of  water.     As  oil  is  lighter 
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than  water,  the  top  of  the  tube  Q  is  a  little  lower  than 
the  overflow  level  of  oil  in  the  precipitating  compart- 
ment, the  overflow  is  always  water  sealed  and  can  be 
£0  adjusted  that  oil  will  not  pass  out  through  it. 

The  level  in  the  top  tray  is  maintained  constant  by  a 
skimmer.  R,  Fig.  2.  The  oil  then  flows  through  the  pipe 
S  into  the  filtering  compartment,  which  contains  nine 
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SECTION  THROUGH  FILTER,  SHOWING  FILTERING 
COMPARTMENT 


non-collapsible  filtering  units,  passing  from  the  outside 
to  the  inside  and  then  out  through  the  nozzle  T. 

The  clean  oil  occupies  all  the  space  in  the  bottom  of 
the  filter  under  the  precipitation  and  filtration  compart- 
ments and  also  the  space  alongside  the  filtering  com- 
partment, which  is  about  one-half  the  width  of  the  filter. 
The  clean  oil  is  piped  off  through  a  fitting  in  the  center 
of  the  bottom  of  the  filter. 

Simple  Rules  for  Operating  Hand-Fired 
Boilers  When  Using  Low  B.t.u.  Coal 

By  W.  a.  Darter 

The  thickness  of  the  fuel  bed  should  depend  upon 
the  nature  of  the  fuel,  whether  lumpy  or  slack,  hard 
or  soft,  also  upon  the  draft,  whether  weak  or  strong. 
If  the  draft  is  strong,  a  thick  fuel  bed  can  be  carried, 
because  the  air  can  be  forced  through  the  fuel.     If  a 


thick  bed  of  slack  coal  is  carried,  air  cannot  easily 
pass  through  it,  hence  a  thin  fire  or  fuel  bed  is  neces- 
sary. 

With  a  given  load  on  a  boiler  a  given  amount  oi 
coal  has  to  be  burned,  and  this  amount  of  coal  will  re- 
quire a  given  thickness  of  fuel  bed  and  therefore  a 
given  draft. 

To  get  the  best  results  from  the  fuel,  it  is  necessary 
to  keep  the  grates  free  from  ashes  and  clinkers,  be- 
cause t^hey  keep  the  air  from  entering  the  fuel  bed, 
and  without  air  the  coal  cannot  burn. 

With  very  slack  coal  keep  the  fuel  bed  about  three 
inches  thick.  The  more  lumpy  the  coal  the  thicker  the 
fuel  bed  can  be  kept.  With  forced  draft  and  thin 
fuel  beds  air  holes  will  form  and  give  an  excess  of 
air.  Thick  fuel  beds  have  a  tendency  to  form  clinkers 
and  give  trouble.  Keep  the  fuel  bed  level  and  all  the 
holes  filled  up. 

Stoking  and  Firing 

It  is  better  to  systematically  stoke  the  furnace  at 
short  intervals  than  to  fire  it  at  long  intervals.  The 
intervals  depend  upon  the  load  the  boiler  is  carrying. 
If  lightly  loaded,  the  intervals  can  be  longer.  While 
firing,  do  not  keep  the  furnace  doors  open  any  longer 
than  necessary,  because  cold  air  rushes  in  and  chills 
the  boiler. 

Only  a  part  of  the  furnace  should  be  fired  at  one 
time,  because  if  coal  is  thrown  over  the  entire  grate 
surface  there  is  an  interval  in  which  the  steam  pres- 
sure will  drop  and  then  rise.  This  change  in  pressure 
is  not  desirable  and  is  wasteful  of  fuel. 

The  grates  should  be  shaken  just  enough  to  get  rid 
of  the  ashes,  but  not  enough  to  shake  coal  through  into 
the  ashpit.  The  fires  should  not  be  stoked  any  more 
than  it  is  necessary,  because  stoking  causes  clinkers 
— the  melting  of  ashes  together. 

All  coal  burned  should  be  weighed  and  the  water 
metered,  in  order  to  figure  the  evaporation.  Watch 
the  draft  gages  to  see  that  the  boiler  does  not  have 
too  much  draft  for  the  load.  With  the  damper  set 
at  the  right  position,  the  draft  gages  will  show  when 
the  fire  has  holes  in  it  or  when  the  fire  is  choked. 

Blowing  Down  Boilers 

The  interval  at  which  boilers  are  to  be  blown  down 
depends  on  the  nature  of  the  water  that  is  used.  Very 
hard  water  containing  vegetable  matter  will  require 
more  blowing  down  than  water  that  is  free  from  such 
matter.  With  good  water,  blow  down  the  boilers 
about  one  inch  every  twenty-four  hours ;  with  poor  feed 
water,  blow  down  from  two  to  three  inches  every  eight 
hours.  The  water  column  should  be  blown  dovra  on 
every  shift  to  make  sure  that  the  water  level  in  the 
boilers  shows  true.  Don't  open  or  close  blowdown  valves 
with  a  jerk,  but  open  them  wide. 

The  poot  on  the  tubes  should  be  blown  out  at  least 
every  shift,  w'hen  the  boiler  is  carrying  full  load,  and 
the  blowing  should  be  done  with  high  steam  pressure. 

Control  of  the  Draft 
The  draft  can  be  controlled  in  two  ways — by  operat- 
ing the  dam.per  and  by  closing  the  ashpit  doors.  When 
too  much  draft  is  used  for  the  thickness  of  fuel  bed 
or  the  coal  used,  then  an  excess  of  air  is  used,  which  is 
the  greatest  enemy  to  proper  combustion  of  coal.  The 
better  way  is  to  control  the  draft  by  the  damper 
and  not  by  the  ashpit  doors.  Controlling  the  draft  by 
the  ashpit  doors  causes  a  greater  suction  on  the  entire 
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boiler  setting,  nnd  all  crack.s  and  porou.s  orick.s  will 
admit  more  cold  air.  thcrehy  rediuiiijr  the  elFKiency  of 
the  boiler. 

The  djiiiper  .should  In-  ki-pt  as  nuurl.\'  tlosed  as  pos- 
sible and  still  keep  up  the  required  steam  pressure. 
The  retpiired  position  of  the  damper  for  every  load 
should  be  tested  out  and  marked. 

The  less  draft  with  which  a  boiler  can  be  operated 
without  Kivinjr  out  smoke,  the  better  will  l)e  the  effi- 
ciency. The  CO,  machine  should  not,  ordinarily  re- 
cord over  12  per  cent.  Kxcess  air  will  reduce  the 
percentage  of  CO..  The  greater  the  amount  of  damper 
opening,  the  greater  the  amount  of  heat  that  will  go 
up  the  chimney. 

When  using  dumi)ing  grates,  clean  one  section  at  a 
time  and  try  to  clean  the  fire  when  the  steam  pre.ssure 
is  normal  or  above  normal  and  when  plenty  of  water 
is  in  the  boiler. 

To  clean  one  section,  push  the  fire  to  the  back  end 
of  the  section  to  be  cleaned,  dump  the  front  half  of 
the  grate  and  pull  out  all  the  large  clinkers.  Then 
pull  all  the  fire  to  the  front  of  the  section  and  dump 
the  back  half  of  the  section,  and  rake  out  all  the 
clinkers.  Then  distribute  the  fire  evenly  over  the  sec- 
tion and  cover  with  coal. 

After  the  steam  has  reached  normal,  clean  the  other 
section  and  so  on  until  the  entire  grate  is  cleaned.  To 
clean  stationary  grates,  push  the  good  fire  from  one 
side  toward  the  center  of  the  boiler  and  rake  out  the 
ashes  and  clinkers.  Then  distribute  the  fire  evenly 
over  the  clean  section  and  cover  with  coal.  After  the 
steam  is  again  normal,  clean  the  other  side  and  so  on 
until  the  entire  grate  has  been  cleaned.  Never  clean 
the  whole  grate  at  one  time  because  the  boiler  will 
become  chilled  and  there  is  always  danger  of  the  steam 
pressure  dropping.  When  a  boiler  is  running  heavily 
loaded,  the  fires  should  be  cleaned  about  every  three 
hours. 

To  remove  ashes  by  hand  with  the  least  heat,  al- 
ways throw  sufficient  water  on  them  to  kill  the  live 
fire.  If  more  water  than  this  is  used,  it  makes  the 
ashes  water-soaked  and  hence  heavier  to  handle. 

Live  ashes  should  not  be  dumped  near  wooden  struc- 
tures or  any  material  that  is  likely  to  catch  fire.  Be- 
fore removing  ashes  from  the  ashpit  the  fire  should 
be  thoroughly  cleaned  and  all  clinkers  pulled. 

Banking  Fires — Method  No.  1 

Push  the  fire  back  to  the  bridge  wall  and  cover  it 
with  green  coal  and  then  with  some  ashes  if  needed. 
Close  the  furnace  tight. 

When  the  boiler  is  needed,  spread  the  fire  evenly 
over  the  grate  and  add  coal.  When  a  boiler  remains 
idle  only  a  part  of  a  day,  it  is  best  to  bank  the  fire, 
because  the  walls  and  boiler  retain  their  heat  and  a 
great  amount  of  contraction  and  expansion  is  avoided. 

Banking  Fires — Method  No.  2 

To  bank  a  fire  flat,  cover  the  entire  fuel-bed  surface 
with  green  coal  and  close  the  furnace  tight.  To  start 
the  boiler  up,  open  the  draft  and,  after  shaking  the 
grates,  add  more  coal.  Sometimes  fires  are  banked  at 
the  front  of  the  grates,  in  which  case  the  boiler  can 
be  fired  up  much  quicker. 

To  bank  a  150-hp.  boiler  24  hours  will  take  about 
1,000  lb.  of  coal  when  method  No.  1  is  used.  To 
bank  the  same  boiler  24  hours  by  method  No.  2  will 


take  about  1,400  lb.  The  HCcond  method  will  keep  the 
boiler  furnace  heated  up  more  evenly,  and  flat  banking 
is  not  .satisfactory  when  volatile  cobIh  are  used. 

(  ONTROI-LINC  the  RTEAM    PRKSSURK 

With  every  given  load  there  should  be  a  given  posi- 
tion for  the  damper.  The  greater  the  load  the  greater 
will  the  draft  have  to  be.  When  there  is  no  load 
on  the  boiler,  the  dampers  .should  be  closed  tight,  and 
the  front  of  the  boiler  clo.sed. 

Set  the  damper  at  the  proper  position  and  fire  up 
the  boiler.  Keep  the  furnace  doors  closed  as  much  as 
possible,  because  the  cold  air  cools  the  furnace  gases 
and  heat  is  lost.  When  the  steam  pressure  begins  to 
approach  the  blowoff  point,  the  ashpit  door  should  be 
closed  in  r.rder  to  keep  the  air  from  entering  the 
fuel  bed  iuid  burning  the  coal  when  the  heat  is  not 
needed. 

If  the  steam  pressure  still  rises  and  the  water  level 
of  the  boiler  is  below  normal,  pump  feed  water  a 
little  faster  into  the  boiler  in  order  that  it  may  absorb 
part  of  the  heat. 

When  the  ashpit  doors  have  to  be  closed  too  often, 
it  is  a  sign  that  the  damper  is  open  too  wide. 

Zelnicker  "Ever-Tyte"  Piston  Ring 

A  simple  form  of  multi-piece  piston-ring — three 
rings  locked  together  with  a  right-angle  interlock — 
known  as  the  "Ever-Tyte,"  is  manufactured  by  the 
Ever-Tight  Piston  Ring  Co.,  1620  Kingston  Ave.,  St. 
Louis,  Mo.    The  inner,  or  keeper,  ring  is  the  width  of 
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the  groove  of  the  piston  and  is  grooved  on  the  outside 
surface  to  take  the  flanges  of  the  two  outside  rings, 
which  fill  up  the  groove  on  the  keeper  ring.  The  out- 
side rings  are  held  in  place  by  a  dowel  pin  so  that  the 
joints  are  staggered,  thus  reducing  the  amount  of  gas 
leakage.  The  construction  of  the  ring  forms  a  right- 
angle  interlock  which  closes  the  points  of  contact  be- 
tween the  members  and  seals  all  gaps  and  compression, 
thus  preventing  waste  of  power.  This  ring  is  designed 
for  use  in  internal-combustion  engines,  ammonia  com- 
pressors and  in  steam  engines. 
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Need  of  an  Hydraulic  Laboratory 

THE  American  people  are  apparently  to  embark 
upon  an  extensive  campaign  of  water-power  de- 
velopment. The  passage  by  Congress  of  the  water- 
power  bill,  the  increasing  price  and  precarious  supply 
of  coal,  the  possibilities  of  electrical  transmission,  the 
growing  possibility  of  great  interconnected  systems  to 
which  they  may  be  tributary,  the  growing  demand  for 
power  through  the  electrification  of  railways  to  which 
many  as  yet  undeveloped  water  powers  within  reason- 
able distance  of  which  the  roads  pass  could  be  contribu- 
tory, all  favor  an  early  and  intensive  movement  in  this 
direction. 

The  observer  who  looks  back  upon  the  developments 
of  the  next  thirty  years  in  the  light  of  the  knowledge 
of  1950  will  doubtless  see  many  errors  and  failures; 
much  that  could  have  been  better  done,  much  waste  and 
loss  that  could  have  been  avoided.  How  many  of  these 
mistakes  may  be  shunned,  how  much  more  effectively 
may  we  spend  our  money  and  our  effort  in  developing 
our  water  power  resources  if  it  is  gone  about  in  a  sys- 
tematic and  intelligent  fashion? 

In  the  past  twenty  years  the  attained  efficiency  of 
the  water  turbine  has  been  increased  from  about  eighty 
to  ninety-odd  per  cent.  This  leaves  little  to  be  accom- 
plished in  this  direction,  but  this  is  only  one  of  the  fac- 
tors. Recent  developments  have  made  it  possible  to  op- 
erate turbines  efficiently  at  high  speeds  under  low  heads. 
This  means  the  use  of  lighter  and  less  expensive  wheels 
and  generators  and  a  reduction  in  the  installation  cost 
per  horsepower  or  kilowatt.  One  of  the  most  grievous 
difficulties  about  the  operation  of  a  waterpower  is  the 
loss  of  head  due  to  back  water.  At  the  very  time  that 
the  greatest  amount  of,  energy  is  coming  down  the 
river,  in  a  state  of  flood,  the  available  fall  is  so  reduced 
by  the  backing  up  of  the  water  below  the  falls,  the 
incapacity  of  the  channel  to  carry  away  the  increased 
flow,  that  the  plant  is  unable  to  convert  as  much  of  this 
energy  as  in  times  of  moderate  flow.  To  install  and 
maintain  units  enough  to  meet  the  maximum  demand 
under  the  lesser  head  and  to  lie  idle  most  of  the  time 
is  costly.  Efforts  are  being  made  to  provide  for  utiliz- 
ing, with  the  units  installed  to  meet  the  requirements 
under  ordinary  conditions,  enough  of  the  energy  of  the 
surplus  water  to  make  up  the  deficiency  due  to  the  loss 
of  head;  to  get,  by  the  use  of  a  greater  quantity  of 
water  under  a  lesser  head,  as  much  power  as  with  the 
lesser  amount  under  the  greater  head,  for  which  the 
turbines  were  designed,  and  this  with  the  same  ma- 
chines. A  lowering  of  the  efficiency  is  not  material  at  a 
time  when  water  is  so  plenty  as  to  be  a  nuisance.  These 
and  other  possible  improvements  will  make  profitable 
the  development  of  powers  that  might  otherwise  be 
unavailable,  or  the  development  to  better  advantage  of 
others  more  advantageously  situated. 

Are  we  going  into  this  development  feeling  our  way 
with  our  eyes  shut  and  commit  blunders,  or  are  we 
going  to  systematically  and  scientifically  study  the  sub- 
ject and  let  our  heads  save  our  hands — and  money? 


What  is  needed  is  a  national  hydraulic  laboratory 
equipped  for  the  scientific  study  of  the  flow  of  water 
and  its  conversion  into  power.  Clemens  Herschel  in  a 
paper  presented  at  the  last  meeting  of  the  American 
Society  of  Mechanical  Engineers  urges  the  establish- 
ment of  such  a  laboratory  and  presents  a  weir  the  idea 
of  which  had  lain  latent  in  his  brain  for  twenty  years 
for  lack  of  an  opportunity  to  try  it  out. 

The  eflFective  development  of  its  water  powers  is  of 
moment  enough  to  the  nation  to  warrant  the  establish- 
ment and  operation  of  such  a  laboratory  by  the  Govern- 
ment. At  least  it  might  fol'ow  the  example  of  the 
British  Government  and  contribute  toward  the  estab- 
lishment and  support  of  such  a  laboratory  a  dollar  for 
every  dollar  furnished  by  private  enterprise.  The  power 
companies,  the  companies  interested  in  the  development 
of  hydraulic  machinery  and  those  who  would  profit  less 
directly  in  the  accelerated  and  perfected  development  of 
our  water  powers  could  well  afford  to  provide  one-half 
the  cost.  The  Engineering  Foundation  or  the  Engineer- 
ing Committee  of  the  Research  Bureau  could  appropri- 
ately serve  as  the  collectors  and  conservators  of  the 
fund.  Perhaps  it  would  be  a  proper  activity  for  the 
new  Federated  American  Engineering  Societies  to  tr.v 
its  lance  upon. 

Roof  Condensation 

MANY  power  plants  in  the  northern  section  of  this 
country  and  in  Canada,  where  temperatures  below 
zero  are  common  in  winter,  have  trouble  with  so-called 
"sweating"  of  the  engine  room  roof.  This  is  particularly 
troublesome  and  annoying  where  there  is  installed  elec- 
trical equipment  that  must  be  kept  dry.  In  some  cases 
tar-paper  covered  structures  must  be  erected  over 
motors,  generators  and  switchboards  to  protect  them 
from  these  drips. 

The  cause  of  this  roof  condensation  is  due  to  varia- 
tions in  the  humidity  of  the  air  in  the  engine  room.  The 
air  around  the  engines  or  turbines  is  heated  and  its 
absolute  capacity  to  carry  moisture  is  thereby  increased. 
It  tends  to  saturate  itself  with  any  moisture  available 
such  as  that  escaping  from  steam  leaks  at  valve  stems, 
piston-rod  packing,  glands  or  other  places.  This  heated, 
highly  humidified  air  rises  to  the  roof.  In  contact  with 
the  cold  roof  it  loses  much  of  its  heat  by  conduction  and 
radiation  and  its  temperature  drops.  The  dew  point  for 
the  amount  of  moisture  present  is  soon  reached  and 
moisture  is  deposited  on  all  the  exposed  cold  surfaces  of 
the  roof,  particularly  on  the  metal  beams  because  of 
their  greater  heat  conductivity.  The  moisture  collects 
in  drops  and  falls  down  on  machinery  and  equipment. 
The  air  having  now  become  much  cooler  descends  to 
the  floor  level,  where  it  is  again  heated  and  humidified 
and  the  process  is  repeated. 

The  trouble  can  be  lessened  by  making  the  roof  of 
special  heat-insulating  construction  with  dead  air  spaces, 
layers  of  building  paper  and  a  wood  sheeting.  This, 
however,  generally  is  very  expensive.  Another  method 
is  to  build  the  roof  of  gypsum  blocks,  but  these  are  also 
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expensive.  Neither  of  these  metiioda  pr(^'ents  coruien- 
sntioii  on  tho  steel  roof  nioinhers.  Still  imothtT  plan  is 
to  provide  heatiiijr  coils  uiidi-r  tihe  roof.  TheMe  jrt'iu'raliy 
will  prevent  londenantion  Uiit  are  rather  extravagant  in 
the  use  of  steam. 

A  nlan  developed  hy  our  of  the  large  enKineerinjf- 
const ruction  companies  bids  fair  to  provide  the  most 
satisfactory  cure  for  thi."*  trouble.  The  coolinjj  air  from 
the  turbo-penertitors  can  be  regulated  so  that  the  dis- 
charge is  suft'uien.'"  hotter  than  the  room  to  be  used 
for  heating  the  buildiim.  This  air  is  normally  carried 
by  a  duct  to  the  forced-draft  stoker-fan  inlet,  but  may  \ye 
directed  toward  the  roof  of  the  engine  room  by  a  damper 
in  this  duct,  which  opens-  directly  upward  in  the  oper- 
ating room.  The  temperature  and  also  the  absolute 
humidity  of  the  air  entering  the  generator  are  kept  low 
by  an  air  washer  which  is  furnished  with  cold  water 
from  the  condenser  supply.  Hence  when  this  air  leaves 
the  turbo-generator  it  is  hot,  but  with  very  low  relative 
humidity.  It  rises  directly  to  the  roof  absorbing  any 
moisture  with  which  it  comes  in  contact.  The  turbo- 
generator draws  air  through  the  air-washer  from  the 
operating  room  so  that  the  circulation  of  air  in  this 
room  is  very  rapid.  The  warm  air  does  not  stay  long 
enough  in  contact  with  the  roof  to  cool  down  near  its 
dew  point,  so  that  no  roof  condensation  occurs.  When 
the  air  is  cooled  during  its  passage  through  the  cold 
air-washer  sprays,  the  moisture  that  has  been  picked  up 
is  effectively  removed.  This  system  presents  no  operat- 
ing difficulties  and  appears  to  be  a  most  satisfactory 
solution  of  the  problem  of  roof  condensation,  as  well  as 
providing  good  ventilation  for  the  operating  room.  It 
would  be  interesting  to  know  how  others  have  attempted 
to  overcome  this  trouble  and  with  what  success  they 
have  met. 

Ultimately  Worth  While 

THE  effect  of  the  railroad  rate  increases  upon  coal 
prices  is  variously  estimated.  That  an  immediate 
increase  in  coal  prices  will  result  in  most  districts  seems 
inevitable.  The  exact  magnitude  of  the  increase,  how- 
ever, will  depend  more  upon  the  temper  of  the  coal 
man  than  upon  the  Interstate  Commerce  Commission 
decision  itself,  it  appears.  The  ultimate  effect  is,  how- 
ever, less  obvious  though  apparently  no  less  certainly 
favorable  to  the  coal  user. 

By  limiting  coal  priorities  to  New  England  and  the 
Northwest,  with  the  exception  of  assigned  cars  for 
public  utility  coal,  the  Commission  in  a  sense  estab- 
lished itself  as  a  fuel  administration,  fixing  the 
price  of  coal  for  utilities  and  these  favored  districts. 
It  might  as  well  have  said  that  the  buyer  will  here- 
after determine  coal  prices  instead  of  the  seller,  for 
if  coal  may  not  move  in  other  directions  until  given 
quantities  go  here,  the  purchaser  in  these  particular 
districts  can  in  a  large  measure  determine  the  maximum 
price  which  he  is  willing  to  pay  and  thereby  limit  the 
prices  charged. 

The  freight  rate  order,  however,  has  an  entirely 
different  effect.  As  stated  above  it  means  an  immediate 
increase  in  coal  delivery  cost  and,  therefore,  probably 
in  coal  prices  as  well.  However,  it  means  improved 
facilities  and  equipment  of  the  railways,  eventually  and 
probably  very  soon.  The  ability  to  move  coal  should 
thereby  be  greatly  increased  and  the  benefit  of  the  im- 
proved transportation  should  then  eliminate  the  oppor- 
tu-nity  for  famine  prices  of  fuel,  assuming,  of  course, 


that  the  car  shortage  is,  as  has  l)een  claimed,  the  great- 
est factor  in  the  present  coal  situation.  Another  season 
wibh  f:ivorable  income  and  opportunity  for  accomplish- 
ment of  deferred  maintenance  should,  it  .'<eemH,  eliminate 
the  extnivagant  cfwii  prices  with  which  the  fuel  user 
ha/<  had  to  contend  during  the  current  year. 

Why  JVol  Co-oprrate? 

THE  Country  has  at  last  been  brought  to  a  stem 
realization  of  the  nece.ssity  for  conservation  of  fuel, 
both  coij  and  oil.  C-on.sequently,  engineers  are  every- 
where looking  to  greater  u.se  of  water  power,  and  the 
recently  enacted  Water-Power  Bill  is  expected  to 
.stimulate  such  development. 

There  are  many  sites  which  can  best  be  developed 
under  private  initiative  with  the  .safeguards  provided 
in  the  \A'ater-Power  Bill.  There  are  other  sites  so 
situated  as  to  make  it  difficult  to  attract  private  capital, 
and  in  these  cases  the  Government  should  take  the 
initiative.  Great  Falls  on  the  Potomac  comes  within 
this  latter  class.  Special  provision  was  made  in  the 
Water-Power  Bill  for  its  investigation.  Yet,  at  the 
first  hearing  on  this  project  a  few  days  ago  in  Washing- 
ton, the  local'electric  company  interposed  strong  objec- 
tions. It  appears  that  the  company  has  acquired  certain 
rights  or  option.s,  but  admits  that  it  .has  no  plans  for 
development  and,  moreover,  no  intention  of  developing 
the  falls.  However,  it  was  intimated  that  the  company 
would  be  willing  to  relinquish  them  to  the  Government 
at  a  substantial  profit.  Meantime,  the  company  is  pay- 
ing high  prices  for  coal,  is  doing  its  share  to  exhaust 
the  supply,  and  presumably  its  customers  are  helping  to 
pay  the  interest  on  these  non-productive  options. 

Such  an  attitude  is  economically  unsound.  Why  not  en- 
courage the  Government  to  develop  the  site  and  through 
some  equitable  agreement  sell  in  bulk  to  the  local  com- 
pany, which,  in  turn,  would  distribute  as  at  the  present 
time?  The  existing  steam  plant  of  the  company  would 
provide  the  required  reserve  for  periods  of  low  water  or 
peak  load.  The  plan  is  being  worked  to  advantage  on  the 
Pacific  coast  and  would  seem  just  as  feasible  in  the 
East.  It  is  high  time  that  such  problerns  were  viewed 
broadly  and  in  a  spirit  of  co-operation  rather  than 
competition. 

May  Cut  off  Natural  Gas 

FIVE  public-Service  commission's  will  meet  on  Sep- 
tember tenth  to  decide  important  policies  with 
respect  to  industrial  natural-gas  supplies.  These  com- 
missions ai-e  considering  joint  action  looking  to  rules 
that  win  cut  off  natural  gas  from  those  who  use  it  for 
boiler  firing,  brick  making,  ceramic  manufacture,  glass 
production  and  similar  large-scale  industrial  uses.  The 
states  involved  are  Pennsylvania,  West  Virginia,  Ohio, 
Maryland  and  New  York. 

Users  of  natural  gas  for  boiler  firing,  unless  they 
have  very  special  demands  which  can  demonstrate  the 
right  of  priority,  will  doubtless  find  it  necessan,'  to  look 
to  other  fuels  during  the  coming  winter,   and   if  thej 
program   proposed    is    adopted    by    these   commissions, 
these  users  probably  \vi\\  never  be  supplied  with  natural ' 
gas  for  boiler  firing  again,  even  at  low-load  seasons. 
This    policy    seems    to    be    essential    in    order    that! 
appropriate  resting  of  wells  may  be  accomplished  dur-l 
ing  light-load  seasons,  therefcy  increasing  the  available 
rate  of  production  for  domestic  users  during  peak-load 
periods. 
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Operating  Alternators  in  Parallel  Belted 
From  the  Same  Shaft 

My  attention  has  just  been  attracted  by  an  article 
in  your  July  13  issue  of  Power  entitled  "Operating 
Alternators  in  Parallel  Belted  from  the  Same  Shaft." 
In  February,  1916,  the  San  Joaquin  Light  and  Power 
Corporation  completed  and  put  into  operation  a  hydro- 
electric plant  on  the  Merced  River  at  Merced  Falls.  It 
was  considered  a  rather  unique  installation  at  the  time, 
inasmuch  as  two  separate  alternators  were  to  be  belted 
to  a  single  waterwheel  and  operated  in  parallel. 

The  figure  shows  the  general  arrangement  of  the 
power  house  with  two  225-kw.  600-r.p.m.  3-phase,  2,300- 
volt  generators  belted  to  the  one  water\\^heel.     One  of 


GENERAL  ARRANGEMENT  OF  WATERWHEEL 
AND  GENERATORS 

the  units  has  a  direct-connected  exciter,  while  the  other 
is  belted  to  its  exciter.  The  exciters  are  not  arranged 
for  parallel  operation.  Each  generator  has  its  main  oil 
switch  en  the  main  bus.  The  total  output  from  the  bus 
feeds  through  an  oil  switch  to  a  single  bank  of  trans- 
formers, where  it  is  stepped  up  to  distribution  voltage. 
The  operation  of  the  plant  is  much  more  simple  than 
might  be  supposed.  If  it  is  desired  to  shut  the  plant 
down  the  load  is  reduced  to  zero  and  the  transformer 
switch  is  then  opened.  The  generator  switches  and  field 
switches  are  left  closed  and  the  excitation  gradually  dies 


out  as  the  generators  slow  down.  Getting  the  units 
back  on  the  line  is  quite  as  simple.  None  of  the  switches 
having  been  opened,  the  waterwheel  is  started  and  the 
units  are  brought  up  to  speed,  the  excitation  building 
up  and  holding  the  generators  in  step.  When  the  point 
of  synchronism  is  reached  the  transformer  switch  is 
closed,  connecting  the  plant  on  the  system.  While 
essentially  a  block-load  plant,  the  waterwheel  is  con- 
nected with  a  Woodward  oil  pressure  governor  which 
controls  the  speed  should  the  plant  at  any  time  be  run- 
ning separate  from  the  system  carrying  the  local  distri- 
bution. 

There  is  a  slight  surging  or  exchange  of  current  be- 
tween the  generators  due  to  belt  slippage,  but  it  is  not 
serious  as  the  voltage  is  not  affected.  No  trouble  has 
been  experienced  in  the  division  of  load  by  the  gene- 
rators or  their  holding  in  step.  In  fact  the  operation 
has  been  very  satisfactory.  As  the  present  belts  are 
badly  worn  it  is  proposed  in  the  near  future  to  couple 
the  generators  T;ogether  mechanically  and  drive  them 
with  one  new  belt,  which  will  result  in  a  trifle  better 
efficiency  and  eliminate  the  surging.  This  was  tried  out 
recently  and  demonstrated  to  be  perfectly  feasible. 
R.  C.  Denny,  Operating  Engineer. 

Fresno,  Cal.  San  Joaquin  Light  &  Power  Co. 


Back  in  1908  I  operated  a  plant  where  two  2-pha3e 
2,200-volt  60-cycle  alternators  were  connected  in  paral- 
lel from  the  same  driving  shaft,  and  I  do  not  recall  anv 
particular  operating  difficulties.  The  machines  were  the 
same  size,  200-kva.,  with  voltage  controlled  by  a  Terrill 
regulator,  and  each  machine  had  its  own  exciter. 

In  1899  a  plant  consisting  of  three  3-phase  440-volt 
compensated  winding  alternators  was  installed  to  oper- 
ate from  the  same  driving  shaft.  A  fourth  machine 
was  added  later.  This  plant  operated  without  any  seri- 
ous difl^culty  for  twenty  years.  In  this  case  also  the 
machines  were  all  the  same  size  and  make.  With  two 
machines  of  different  capacities  the  story  might  be  dif- 
ferent. However,  so  many  queer  stunts  have  been  pulled 
off  with  alternating-current  machinery  that  I  would 
hesitate  to  say  that  it  could  not  be  done. 

Paterson,  N.  J.  W.  H.  MoORE. 


We  have  been  operating  in  Derby  three  belted  ma- 
chines from  the  same  shaft  for  the  last  fifteen  years 
and  have  had  no  trouble  in  the  operation  of  them. 
The  installation  consists  of  four  waterwheels  belted 
through  two  belts  to  a  common  line  shaft,  this  line  shaft 
operating  two  200-kw.  2,300-volt  600-r.p.m.  machines; 
also  one  450-kw.  360-r.p.m,  machine.    All  three  machines 
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arc  placed  npproximntcly  2!i  ft.  from  tho  main  line  shaft. 
U  e  foiiiul  .some  diflicuity  at  first  in  makinjf  the  machines 
take  their  proper  amount  of  load.  All  machines  arc 
furnished  with  pafier  pulleys,  consequently  hy  turninor 
down  the  pullevs  to  a  plipht  extent  we  were  able  to  Ret 
the  machines  to  operate  with  a  proper  division  of  load. 
There  is  alisolutely  no  trouble  in  brinpinp  the  machines 
in  parallel  operation.  The  incominp  machine  havinp  no 
load,  of  course  always  runs  somewhat  faster  than  the 
machine  carrying  the  load.  The  usual  division  of  load 
between  these  three  machines  has  been  about  4r)0  kw. 
on  the  larper  machine  and  ir)0  kw.  on  one  of  the  smaller 
machines  and  75  to  100  on  the  second  smaller  machine. 
This  takes  in  the  full  capacity  of  our  waterwheels.  We 
are  also  able  to  make  a  very  material  change  in  the 
amount  of  load  on  the  smaller  machines  by  a  very  slight 
adjustment  of  the  tension  of  their  belts. 

M.  M.  ECKHARDT,  Supt.  Elec.  Dept., 
Derby,  Conn.  Derby  Gas  Company. 


In  the  July  13  issue  of  Poioer  T  note  Mathew  King 
desires  to  operate  a  75-kw.  and  120-kw.  alternator  in 
synchronism  from  a  common  shaft  and  that  the  editor 
states  this  is  highly  impractical.  I  operated  a  plant  for 
two  years  which  consisted  of  three  120-amp.  monocyclic 
alternators  driven  from  a  common  jackshaft  by  belts. 

Two  of  these  machines  were  synchronized  in  the  usual 
way  and  operated  on  the  day  load.  The  third  machine 
was  synchronized  in  with  the  other  two  for  the  evening 
lighting  load.  While  two  of  the  machines  operated 
Together  and  took  their  share  of  the  load,  yet  we  were 
never  able  to  get  the  third  machine  to  take  its  share. 
The  belt  on  the  third  machine  would  chirp  continually, 
indicating  a  continual  slip. 

All  of  these  machines  operated  at  the* same  speed,  had 
Th°  same  size  pulleys  and  same  width  of  belt.  All  ma- 
chires  had  friction  clutches,  which  also  allowed  for  some 
s.'irnage.  The  plant  was  installed  in  1893  and  operated 
r:ipht  and  day  until  1907,  at  which  time  two  3-phase 
200-kw.  machines,  each  driven  by  its  own  engine,  were 
installed. 

These  old  monocyclic  alternators  were  installed  before 
the  modern  oil  switches  were  used.  Hence  w-e  had  only 
open  3-pole  knife  switches.  One  peculiar  thing  which 
we  did  not  understand  in  those  days  was,  No.  1  or  No.  2 
alternator  could  be  disconnected  from  No.  3,  but  No.  3 
could  never  be  taken  away  from  Nos.  1  or  2,  because  it 
could  not  be  made  to  drop  its  load,  but  the  load  could  be 
reduced  on  the  other  two  by  cutting  down  the  exciter 
voltage.  WTien  the  load  was  heavy  the  only  way  we 
could  separate  the  alternators  was  by  slowing  down  until 
it  was  safe  to  open  the  switch.  We  were  always  troubled 
with  cross  currents.  This  was  apparent  from  a  con- 
tinual swinging  or  darting  of  the  ammeter  needle. 

These  alternators  had  a  great  many  peculiar  char- 
acteristics w-hich  I  will  not  attempt  to  narrate  here,  but 
I  would  advise  Mr.  King  to  get  one  alternator  large 
enough  to  carry  the  load  or  else  divide  the  load  between 
the  two  machines  and  not  attempt  to  operate  them  in 
synchronism.  WALDO  WEAVER. 

Canton,  Ohio. 


In  answer  to  Mather  King's  letter  in  the  July  13  issue, 
would  say  that  we  have  two  100-kva.  2,300-volt  900- 
r.p.m.  alternators  belted  from  the  same  shaft  and  have 
never  been  able  to  run  them  in  parallel  satisfactorily.  We 


changed  the  pulleys  and  turned  them  down  .scvcrHJ  times 
but  tho  only  way  the  machines  would  operate  together 
was  by  slackening  tho  belt  on  the  high  unit  and  letting 
it  slip.  It  was  impossible  to  got  them  tho  Hamo  speed. 
We  finally  divided  the  load  and  ran  the  machines  .sep- 
arately. Bernard  G.  Brown. 
Attawaugan,  Conn. 


In  the  figure  is  shown  the  general  arrangement  of 
shafting  in  a  water-power  plant  in  New  Hampshire 
where  three  alternators  driven  from  the  same  shaft  are 
operated  in  parallel.  The  belts  marked  B  run  from  the 
waterwheel  shaft  to  the  main  line  shaft.  Tho.se  marked 
M  are  belts  to  the  three  generators,  and  E,  E,  E  are 
driving  pulleys  to  three  1.5-kw.  exciters.  Nos.  1,  2  and  3 
represent  the  electrical  end  of  the  station  driven  by 
water  power  and  No.  4  is  an  engine-driven  unit,  located 
5 J  miles  away,  for  auxiliary  service.     These  machines 
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BELT,  SHAFTING  AND  ELECTRICAL  LAYOUT 

may  be  connected  in  parallel  or  operated  independently. 
The  two  250-kw.  machines  were  installed  when  the  sta- 
tion was  first  built  in  1894. 

When  the  water  power  and  steam  stations  are  used  at 
the  same  time  we  always  let  the  waterwheels  take  all 
the  load  they  can  and  allow  the  engine  to  govern  and 
take  care  of  the  peaks,  since  this  gives  us  the  best  econ- 
omy in  operation.  R.  A.  Cultra. 

Cambridge,  Mass. 


We  have  had  considerable  experience  in  days  gone  by 
in  operating  alternators  in  parallel  off  the  same  jack 
shaft.  There  has  been  quite  a  number  of  plants  oper- 
ated in  this  way  for  years  without  any  serious  difficulty. 
In  putting  these  generators  into  service  it  is,  of  course, 
necessary  to  get  pulleys  of  exactly  the  same  size.  In  a 
number  of  cases  this  has  been  done  by  using  wooden 
pulleys  or  by  lagging  iron  pulleys  and  making  final 
adjustment  to  size  by  sandpapering  the  pulleys  with 
s:andpaper  fastened  on  a  block. 

In  measuring  the  diameter  of  the  pulleys  a  steel  tape 
should  be  used  and  the  circumferences  made  as  nearly 
the  same  as  is  possible  before  starting  to  sjTichronize. 
It  may  take  two  or  three  trials,  under  operating  condi- 
tions, to  get  the  pulleys  to  the  proper  diameter  so  the 
machines  will  run  without  cross  currents.  The  machines 
may  have  to  be  thrown  in  a  little  out  of  step  in  synchro- 
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nizing  unless  one  wants  to  go  to  the  trouble  of  slacking 
off  the  belt  on  the  incoming  machine.  Machines  once  in 
parallel  will  stay  together  and  the  load  can  be  adjusted 
by  belt  tension.  N.  L.  Rea,  Const.  Eng., 

Schenectady,  N.  Y.  General  Electric  Co. 


The  power  equipment  in  our  plant  consists  of  one  150- 
and  one  175-hp.  Corliss  engine — connected  to  a  lineshaft 
by  means  of  belts  running  on  clutch  pulleys.  To  this 
lineshaft  are  belted  two  120-kw.  440-volt  3-phase  60- 
cycle  generators  which  were  installed  over  20  years  ago. 
These  machines,  while  they  are  identically  the  same, 
were  never  operated  in  parallel  until  about  a  year  ago, 
after  some  of  the  armature  coils  burned  out  on 
one  of  the  units.  After  replacing  the  coils  it  was  de- 
cided to  parallel  the  machines.  As  soon  as  this  was 
done  I  noted  the  load  sTiift  to  the  repaired  generator. 
A  rumbling  noise  started  and  a  moment  later  one  of  the 
coils  burned  out.  Since  then  the  machines  have  bsen 
run  separately.  Of  late  the  load  has  been  too  heavy  for 
one  generator  and  we  divided  it  into  two  separate  sys- 
tems. Joseph  Villiger. 

Dixon,  ID. 


In  taking  charge  of  a  plant  that  had  two  alternators 
operating  in  parallel  from  the  same  lineshaft,  I  was 
told  that  when  I  got  around  to  it  I  might  investigate 
why  one  machine  took  more  load  than  the  other.  Think- 
ing that  one  machine  had  a  tendency  to  run  faster  than 
the  other,  I  sprinkled  a  little  water  on  the  belt  of  the 
machine  taking  the  heaviest  load,  the  temporary  slipping 
of  the  belt  caused  the  load  to  be  shifted  to  the  other 
machine.  After  this  I  turned  the  pulleys  down  several 
times  in  an  endeavor  to  obtain  the  proper  speeds  to 
divide  the  load  properly,  but  found  it  impossible  except 
for  short  periods.  Finally  we  belted  each  machine  to 
its  own  prime  mover  and  had  no  further  trouble. 

I  am  of  the  opinion  that  it  is  not  practical  to  run  two 
machines  from  the  same  lineshaft  if  you  want  each 
generator  to  carry  its  share  of  the  load.  I  might  add 
that  although  it  was  almost  impossible  to  tell  which 
machine  was  running  the  faster,  using  a  stop  watch  and 
counter,  the  slight  difference  in  speeds  gave  a  load  of 
220  kw.  on  one  machine  against  90  kw.  on  the  other. 

Pawtucket,  R.  I.  Richard  Dilworth. 


order  to  divide  the  load  properly  it  is  only  necessary  to 
loosen  the  belt  slightly  on  the  alternator  tending  to  take 
more  than  its  share  of  the  load  or  to  tighten  the  belt  on 
the  other  machine. 

At  the  start  it  is  evidently  necessary  to  see  that  the 
pulley  diameters  are  correct;  that  is,  such  that  the  two 
alternators  tend  to  run  at  almost  exactly  the  same  speed. 

Aspen,  Col.  C.  E.  Doolittle,  Mgr. 

Roaring  Fork  Electric  Light  &  Power  Co. 


Referring  to  the  article  in  Poioer  for  July  13,  1920. 
in  regard  to  "Operating  Alternators  in  Parallel  Belted 
from  the  Same  Shaft,"  in  one  of  the  hydro-electric  plants 
of  this  company  we  operated  for  five  years  two  200-kw. 
600-r.p.m.  60-cycle  alternators  belted  to  pulleys  on  the 
same  waterwheel  shaft.  Only  one  alternator  was  used 
during  the  day,  but  both  were  run  in  parallel  every 
night.  The  armature  windings  of  the  two  generators 
are  quite  different,  one  having  form-wound  coils  in  open 
slots,  the  other  having  semi-closed  slots. 

The  same  alternators  are  still  in  use,  but  owing  to 
changes  and  reconstruction  in  the  plant,  they  are  nov/ 
driven  from  separate  waterwheels.  As  a  matter  of  fact 
we  found  it  much  easier  to  synchronize  the  generators 
when  belted  to  the  same  shaft  than  when  driven  from 
different  waterwheels  as  at  present. 

The  point  is  that  all  belts  slip  more  or  less,  making  it  , 
vjasy  by  a  slight  adjustment  of  belt  tension  on  one  or  the 
other  of  the  alternators  to  bring  the  two  into  synchro- 
nism.    After  throwing  the   generators   in   parallel,   in 


[Other  discussion  letters  have  been  submitted 
to  date  on  Mr.  King's  problem.  G.  E.  Lyons,  Wood- 
haven,  N.  Y.,  expressed  the  opinion  that  it  is  impracti- 
cable to  operate  the  two  alternators  in  parallel  when 
belted  to  the  same  lineshaft.  A.  C.  Barker,  Oxford 
Electric  Co.,  Mechanic  Falls,  Me.,  states  that  his  com- 
pany has,  in  one  of  their  plants,  been  successfully  oper- 
ating two  alternators  in  parallel  belted  to  the  same  shaft. 
T.  H.  Dion,  Draper  Corp.,  Hopedale,  Mass.,  reports  oper- 
ating two  alternators  in  parallel  for  20  years  which  are 
belted  to  the  same  lineshaft.  J.  H.  Bender,  super- 
intendent Municipal  Light  &,  Water  Department,  Clay- 
ton, N.  M.,  says  he  has  for  2  J  years  operated  fairly  suc- 
cessfully two  alternators  in  parallel  arranged  according 
to  Mr.  King's  proposed  .scheme.  These  machines  are 
now  driven  by  separate  engines ;  however,  this  is  not 
en  account  of  any  difficulty  encountered  in  the  operation 
of  the  machines,  but  to  additions  being  made  to  the 
plant.  L.  S.  Henley,  National  Park,  N.  J.,  reports 
installing  two  80-kw.  2-phase  alternators  which  were 
made  to  operate  successfully  in  parallel  when  driven 
from  the  same  lineshaft.  Mr.  Henley  r!so  tells  of 
another  installation  where  successful  operation  of  two 
alternators  in  parallel,  of  different  makes,  was  obtained 
with  the  lineshaft  driven  by  a  waterwheel  and  steam 
engine  jointly.  G.  E.  Shaw,  Central  Falls  Mazda 
Lamp  Division,  General  Electric  Co.,  Central  Falls,  R.  I., 
explains  how  he  has  made  two  150-kw.  alternators  op- 
erate in  parallel  when  driven  from  the  same  lineshaft, 
and  these  machines  operate  in  parallel  with  a  460-kw. 
waterwheel-driven  alternator.  Division  of  load  between 
the  machines  is  taken  care  of  by  changing  the  tension 
of  the  belts.  It  is  regretted  that  space  limitation 
will  not  allow  publishing  in  full  all  the  discussion  letters 
submitted. — Editor.] 

Cement-Lined  Stoker  Coal  Chutes 

About  a  year  ago  Joseph  Davis,  superintendent  of 
construction  for  the  Illuminating  Company  of  Cleve- 
land, Ohio,  installed  some  automatic  .stokers.  From 
previous  experience  he  had  found  that  the  taper  chutes 
connecting  the  storage  hopper  and  the  stoker  hoppers 
had  a  tendency  to  wear  in  a  short  time,  and  as  an  ex- 
periment he  lined  them  with  mortar  made  of  one  part 
cement  and  two  parts  sand.  The  mortar  was  1]  in. 
thick  and  reinforced  with  common  poultry  wire.  The 
chutes  being  on  a  steep  angle,  it  was  necessary  to  place 
the  material  rather  dry  in  order  to  hold. 

Recently,  one  of  these  chutes  was  removed  and  an 
examination  showed  that  the  mortar  had  not  cracked, 
nor  did  it  show  any  signs  of  wear,  although  it  had  been 
in  use  for  at  least  a  year. 

The  company  is  planning  to  adopt  this  method  on  all 
of  its  automatic  .stokers,  using  a  cement  gun  for  placing 
the  mortar  on  future  work.  J.  H.  Williams. 

Cleveland,  Ohio. 
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Dotoriniiiiiig  Wrijjht  of  Amiiionia 
in  (liroiilatioii 

Mr.  Gavett'.s  melhotis  of  t;ikulatiiig  the  weiRht  of 
ammonia  in  liiriilation  in  a  refriKcratinfr  plant,  as 
described  in  ['inrrr  for  June  29  are  interesting. 

In  the  first  method  (pressure-volume),  it  seems  that 
the  whole  calculation  hinges  on  the  reading  of  the  tem- 
perature of  the  ammonia  gas  at  the  end  of  compression 
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(point  D,  Fig.  1 ;  Fig.  3  in  Mr.  Gavett's  article) .  So 
far  as  I  know,  no  method  has  yet  been  commercially 
developed  that  will  give  one  a  reading  of  this  vital 
temperature.  Without  it,  the  whole  of  Mr.  Gavett's 
analysis  falls  down.  Fig.  3  shows  an  approximate 
pressure-volume  diagram. 

The   ordinary   mercury    test   thermometer   in    an    oil 
well  will  not  give  accurate  readings  of  temperature  of 
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hypor-thermomoter  and  that  indicated  by  the  mercury 
thermometer  in  an  oil  bath  na  high  as  85  deg.  C.  (153 
(leg.  F.)  at  low  pressure  (17,0«4  kg.  per  sq.m.,  or  24.2 
11).  per  sq.in.)  falling  to  43  deg.  C.  (78  deg.  F.)  at  the 
pressure  of  60.930  kg.  per  s(|.m.,  or  95  lb.  per  sq.in.  In 
general  he  believes  that  in  many  cases  where  the  tem- 
perature has  been  measured  by  the  mercury  thermom- 
eter in  an  oil  bath,  the  temperaturtsof  superheat  is  much 


■\  superheated  gas,  according  to  the  Belgian  authority. 
M.  Armand  Duchesne  (in  Revue  de  Mecanique,  March 
31,  1912).  He  found  that  in  measuring  the  tempera- 
ture of  superheated  steam  the  mercury  oil-bath  ther- 
mometer is  unreliable.  He  found  that  there  was  a 
difference  between  the  temperature  as  indicated  by  the 
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FIG.    3.      APPROXIMATE  TEMPERATURE-VOLU.ME 
DIAGRAM 


higher  than  the  measurement  would  indicate.  Where  a 
hyperthermometer  cannot  be  used,  an  ordinary  mercury 
thermometer  placed  direct  in  the  steam  will  show  the 
temperature  sufficiently  correct  for  most  practical  pur- 
poses. 

TEMPERATURE  OF  SATURATED  AMMONIA 
(For  use  with  accompanying  MoUier  Diagram.) 


ure.  Lb.  per 

Temperature, 

Pressiire,  Lb.  per 

Temperature 

Sq.In. 

Deg.  F. 

Sq.In. 

Deg.  F. 

5 

—62 

50 

22 

6 

—57 

60 

30 

7 

—52 

70 

38 

g 

—48 

80 

45 

9 

—44 

90 

51 

10 

—40 

100 

56 

II 

—37 

120 

66 

12 

—34 

140 

74 

13 

—31 

160 

82 

15 

—25 

180 

89 

17 

—22 

200 

96 

19 

—18 

240 

107 

21 

—14 

280 

118 

23 

—10 

320 

127 

25 

—  7 

360 

135 

30 

—  0 

400 

143 

35 

6 

450 

152 

40 

12 

500 

160 

45 

17 

550 

158 

50 

22 

600 

175 

fcO 

30 

70 

38 

80 

45 

Not  only  will  the  discharged  temperature  as  read  by 
an  ordinary  test  thermometer  in  an  oil  well  in  the  dis- 
charge pipe  be  incorrect  as  indicated  above,  but  also 
the  temperature  of  the  discharge  if  correctly  known  is 
not  the  temperature  at  the  end  of  compression,  namely 
at  point  B  of  Mr.  Gavett's  diagram.    The  following  quo- 
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tation  is  from  a  paper  by  J.  H.  H.  Voss,  read  at  the 
December  meeting  of  the  American  Society  of  Refriger- 
ating Engineers  entitled  "Heat  Balance  of  the  Ammonia 
Compression  System."  Referring  to  his  Fig.  7  (here 
Pig.  2),  Mr.  Voss  says: 

"From  point  6  to  point  7  the  temperature  rises  rapidly 
during  the  compression  of  gas.  During  the  expulsion 
period  there  is  a  drop  in  temperature,  which  is  note- 
worthy because  the  compressor  is  cooled  by  it.  Un- 
fortunately, no  observations  as  to  the  extent  of  this 
drop  are  available,  and  it  seems  difficult  to  calculate  it 
accur.itely.    Investigation  of  this  point  seems  desirable." 


in  1910  or  1911  by  Charles  Jonnson  of  New  York.  He 
olaim.ed  that  this  rise  in  temperature  was  in  inverse 
proportion  to  the  cylinder  diameter,  or 

T      J             ,      .        669degF    .     , 
Inside  superheat  =  jy (inches) 

irrespective  of  speed,  type,  etc.  Whether  or  not  we 
agree  with  Mr.  Jonnson  in  detail,  his  formula  gives  a 
first  approximation.  A  Mollier  diagram  (Fig.  4)  is 
here  shown  to  assist  the  reader. 

For  the  case  in  point,  namely,  an  8-in.  diameter  cylin- 
der, the  inside  superheat  by  the  above  formula  would 


,1.00         1.04       1.08 


l.3g        1.56         lAO        1.44       L46         \32        1.56         L60        I.6A        1.68        l:7Z 


-a08    -004       QOO      0.04       008 


0.16        0.20         024       028        Q32       035        0.40        0.44       0.48       0.62       056        Q60 
C  n  t  r  o  p  y 


FIG.  4.     THE  MOLLIER  DIAGRAM  FOR  AMMONIA 
(By  the  Late  W.  E.  Mosher,  University  of  Illinois  Bulletin.) 


A  further  examination  of  Mr.  Gavett's  data  indicates 
the  danger  of  calculating  refrigeration  by  this  method. 

The  suction  gas  pressure  was  29.2  lb.  abs.  with  a 
temperature  entering  compressor  of  46.5  deg.  F.  As- 
suming that  there  was  no  further  heating  of  the  gas 
during  the  suction  stroke,  then  during  adiabatic  com- 
pression (to  point  D)  to  discharge  pressure  of  82.7  lb. 
abs.,  the  gas  temperature  would  be  increased  to  about 
180  deg.  F.    Mr.  Gavett's  reading  was  only  138.5  deg.  F. 

As  a  matter  of  fact,  there  is  heating  of  the  gas  during 
suction  stroke.  An  empirical  formula  for  the  amount 
of  the  "inside  superheat,"  i.e.,  temperature  rise  within 
the  cylinder  during  the  suction  stroke,  was  advanced 


be  83.5  deg.  F.  Adding  83.5  deg.  F.  to  the  suction  gas 
temperature  of  46.5,  gives  a  temperature  at  end  of 
suction  stroke  of.  130  deg.  F.  With  adiabatic  compres- 
sion from  29.2  lb,  abs.  to  82.7  lb.  abs.,  the  temperature 
at  the  end  of  compression  (point  D,  Fig.  1)  would  rise 
to  about  280  deg.  F.  I  do  not  put  forward  280  deg.  F. 
as  the  accurate  temperature,  for  it  is  based  on  an 
assumption  (Jonnson's)  ;  but  it  is  much  nearer  correct 
than  138.5  deg.  F. 

In  conclusion,  I  would  make  the  suggestion  that  those 
with  the  scientific  equipment  available,  solve  this  prob- 
lem once  for  all  by  use  of  hyperthermometers. 

New  York  City.  G.  H.  Crawford. 
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Should  TiiCHC  CoiiditioiiM  Continue? 

Durinjf  the  last  few  month-s  I  have  visited  twenty-ono 
power  plants,  to  r.sccrtjiiii  for  my  own  information  the 
I'.xistinp  conditions.  Those  plants  ranjrc  from  one  hun- 
ilrcd  to  six  hundred  boiler  horsepower.  Out  of  the 
twenty-one  plants  four  had  furnaces  equipped  with 
draft  frajrcs,  which  were  the  only  instruments  provided 
for  the  economical  use  of  fuel.  A  few  of  these  plants 
were  modern  in  every  respect  as  to  the  building  and 
the  power  equipment,  but  in  the  majority  there  is  a 
waste  of  20  to  30  per  cent  of  the  fuel.  The  enjrineers 
or  firemen  did  not  take  the  interest  they  should  in  the 
economical  use  of  the  fuel,  and  the  management  was  too 
busy  with  production  to  look  into  the  matter 

In  one  plant  in  particular  there  are  two  hand-fired 
horizontal  return-tubular  boilers  that  are  used  for 
heating  and  drying  purposes.  I  visited  this  plant  on 
the  first  of  June  and  the  two  boilers  were  in  use.  In 
passing  through  the  plant,  I  noticed  that  the  radiators 
were  warm,  while  the  windows  were  open.  The  man- 
ager told  me  that  they  intended  to  put  in  another  boiler 
to  take  care  of  the  heating  of  a  new  addition  to  the 
plant.  The  two  boilers  that  they  have  at  present  will 
take  care  of  all  the  heating  and  process  work  they 
require.  The  fireman  does  not  know  what  a  draft  gage 
is  or  what  the  chimney  damper  is  used  for.  He  was 
firing  the  furnaces  with  the  ashpit  doors  closed  and 
the  chimney  damper  wide  open.  Who  should  be  blamed 
for  this  waste  of  fuel  and  poor  management? 

On  presenting  my  card  to  a  manager  of  a  six 
hundred  horsepower  plant,  he  looked  me  over  as 
though  I  were  a  bandit,  and  before  I  could  say  anything 
regarding  my  errand,  informed  me  that  he  had  had 
all  the  expert  advice  that  he  cared  for.  After  explain- 
ing to  him  that  I  was  not  trying  to  impose  upon  him 
to  take  any  advice  or  to  retain  my  services,  he  told  me 
of  a  man  that  had  come  to  him,  claiming  to  be  a  com- 
bustion engineer,  and  that  he  could  save  him  25  per 
cent  of  his  fuel.  After  hanging  around  the  plant  for 
seven  days  and  charging  a  fee  of  $10  per  day,  the  condi- 
tions were  the  same  as  before  he  started  to  save  the 
25  per  cent,  besides  the  loss  of  a  good  fireman. 

In  another  case  the  management  of  a  plant  was  com- 
plained of  because  of  the  smoke  issuing  from  the  chim- 
ney. The  expert  that  was  called  in  on  this  occasion 
gave  the  intelligent  advice  to  install  a  mechanical  soot 
blower  to  keep  the  tubes  cleaned,  which  would  do  away 
with  the  smoke. 

There  should  be  something  done  to  enlighten  the 
operators  and  management  of  the  small  plants  to  re- 
duce this  waste  of  fuel  to  a  minimum.  The  small  plant 
has  to  pay  the  same  high  price  for  fuel  as  the  larger 
ones,  and  as  long  as  this  waste  goes  on  the  mines 
must  produce  an  extra  amount  to  supply  the  demand, 
which  has  a  tendency  to  keep  the  prices  up. 

There  should  be  some  means  whereby  men  that  fol- 
low the  business  of  expert  adviser  for  power  plants 
should  be  compelled  to  undergo  examination  to  prove 
their  ability  to  give  such  advise.  These  examinations 
should  be  held  by  a  board  of  experts  of  long  standing 
in  this  business.  If  the  board  finds  the  applicant 
capable,  he  should  be  awarded  a  certificate  of  merit, 
which  should  be  registered  with  some  responsible  official 
in  the  vicinitj-  where  he  is  to  ply  his  business,  thereby 
assurirg  the  management  of  power  plants  against  in- 
competent persons.  C.  J.  Miller. 

North  Tonawanda,  N.  Y. 


Diiy  ViTHUH  INiglil  Krpuir  Work 

In  every  power  plant  there  Ih  a  certain  amount  of 
small  repair  work  that  is  usually  left  for  the  operating 
crews  to  clean  up;  that  is,  the  routine  repair  work  that 
is  not  large  enough  to  take  up  the  regular  repair  crew'g 
time.  This  condition  has  created  an  intense  argument 
between  the  day  and  the  night  crews  in  a  large  plant, 
where  it  is  cu.stomary  to  leave  a  goodly  portion  of 
routine  repairs  for  the  night  crew.  About  three-fourths 
of  the  night  crew  work  a  steady  night  turn,  not  a 
change  turn.  The  man  in  charge  at  night  works  week 
about.  The  men  working  a  regular  night  shift  come  on 
at  5  :30  p.m.  and  are  relieved  at  7«  a.m.  For  the.se  extra 
one  hundre:l  hours  per  month  they  get  an  average  of 
$10  per  month  more  than  their  respective  reliefs  on  the 
day  turn. 

The  man  who  has  charge  of  this  station  never  worked 
a  night  trick.  He  doesn't  understand  the  various  con- 
ditions that  rob  a  night  man  of  his  valid  share  of  rest. 
He  doesn't  know  anything  about  the  long,  hard  hours 
on  a  night  watch,  after  midnight,  for  a  man  who  has  to 
keep  awake  to  watch  monotonous  operation. 

The.-efore  this  superintendent  thinks  nothing  of 
leaving  a  cylinder  head  to  be  slugged  up  or  a  set  of 
piston-rings  to  be  fitted  to  a  new  piston,  by  the  night 
operating  crew.  Another  one  of  his  pet  hobbies  is 
to  leave  a  lot  of  pipe  work  to  be  done  on  the  night 
turn.  Another  is  to  complete  the  cleaning  and  re- 
pairs on  a  boiler  that  has  been  down  for  probably  a 
week  and  have  the  night  crew  cut  it  in  during  the  night, 
and  cooling  off  some  other  boiler  for  repairs.  Regard- 
ing the  last-named  practice,  there  should  be  a  law 
against  the  criminal  practice  of  manipulating  high- 
pressure  boilers  on  the  night  turns  in  any  power  plant. 

The  recent  explosion  at  East  Chicago  is  ample  reason 
for  calling  it  criminal  practice.  There  is  no  possible 
excuse  for  the  insane  contention  harbored  by  far  too 
many  bosses,  that  the  night  crew  in  their  plants  must  be 
kept  busy.  And  there  is  still  less  excuse  for  any  super- 
intendent or  foreman  who  has  boilers  cut  in  or  out 
during  a  night  watch. 

Why  impose  on  the  night  men  around  a  plant?  They 
do  a  good  deal  of  work  that  the  day  crew  takes  as  a 
matter  of  course,  but  at  the  same  time,  if  the  crew 
should  be  reversed,  it  would,  in  nine  cases  out  of  ten, 
turn  the  organization  almost  inside  out.  This  is  meant 
to  apply  to  large  plants  where  the  operation  is  com- 
plicated. 

We  are  not  looking  for  a  feather-bed  because  we  work 
nights;  we  do  not  expect  something  for  nothing.  We 
fellows  merely  want  fair  play.  We  feel  that  we  have 
done  our  bit  when  we  have  operated  our  equipment  to 
the  best  of  our  ability  and  are  making  station  records 
consistent  with  good  operation  in  our  respective  plant. 
And  on  account  of  the  long  hard  hours  it  is  not  just  to 
expect  us  to  do  a  lot  of  extra  repair  work  as  well  as 
take  care  of  our  operation.  While  we  believe  in  con- 
sistent effort  (hard  work  never  hurt  anyonte),  we  also 
believe  that  there  is  a  limit  to  a  night  man's  endurance; 
we  believe  there  is  a  limit  to  kJs  physical  worth,  who 
puts  in  thirteen  hours  on  a  night  watch. 

Operating  engineers  do  not  want  to  be  misconstrued 
in  this  matter;  they  are  not  looking  for  a  well-oiled 
volume  of  sympathy,  but  they  feel  that  they  have  just 
grounds  for  an  earnest  appeal  for  more  considerate 
treatment  of  the  fellows  who  have  to  work  nights. 

Chicago,  111.  J.  J.  Jahobart. 
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OF  GENERAL 

INTEREST 


Beading  Tube   Ends   of   Fire  Tube   Boilers — How   is   the 

holding    power   of    tubes    of   fire    tube    boilers    affected    by 
beading-over  the  ends  ?  R.  A. 

The  operation  of  beading  over  the  tube  ends  has  a  ten- 
dency to  drive  the  expanded  tube  from  the  hole  in  the  tube 
sheet  and  thus  impair  the  tightness  of  the  joint  and  exces- 
sive beading  produces  granulation  and  reduction  of  strength 
of  the  material.  But  when  the  operation  of  beading  is  care- 
fully performed  on  good  tube  material,  the  holding  powers 
of  beaded  and  flared  tubes  are  about  the  same,  with  the 
advantage  of  greater  durability  of  beaded  tube  ends  over 
those  that  are  simply  flared  in  resisting  the  burning  action 
of  the  fire. 


Condenser  Pressure  Not  Ascertainable  from  Temperature 

— Why  cannot  condenser  pressure  be  known  by  simply  ob- 
taining the  temperature  and  ascertaining  the  correspond- 
ing pressure  from  tables  of  the  properties  of  steam  ? 

W.  A. 
The  absolute  pressure  within  a  condenser  is  made  up  of 
the  pressure  due  to  the  steam  or  water  vapor  present  and 
the  pressure  due  to  the  gases  present,  generally  called  air 
as  the  greater  part  of  such  gases  usually  consists  of  air. 
The  total  condenser  pressure  cannot  be  obtained  from  steam 
tables  because  the  temperature  is  that  corresponding  to 
the  pressure  of  only  the  saturated  steam  that  is  present, 
which  would  be  something  less  than  the  total  pressure,  de- 
pending on  the  amount  of  "air"  contained  in  the  mixture. 


Specific  Gravity  Corresponding  to  Baume  Degrees — What 
are  the  specific  gravity  values  corresponding  to  gravities 
of  petroleum  oils  quoted  in  Baume  degrees  ?  L.  P. 

The  corresponding  values  of  the  Baume  scale  and  srie- 
cific  gravity  within  limits  most  used  in  connection  with 
petroleum  are  as  follows: 


Baume  Deg. 

Spec.  Grav. 

Baume  Deg. 

Spec.  Grav 

20 

0.9333 

34 

0.8536 

22 

0.9210 

36 

0.8433 

24 

0  9090 

38 

0.8333 

26 

0.8974 

40 

0.8235 

28 

0.8860 

42 

0.8139 

30 

0.87.50 

44 

0.8045 

32 

0,8641 

46 

0.7954 

Heat  Energy  Realized  per  Pound  of  Coal — What  per  cent 
of  the  heat  energy  in  the  fuel  is  realized  by  an  engine  in 
I  a  plant  where  the  coal  used  contains  12,000  B.t.u.  per  pound, 
I  the  evaporative  economy  of  the  boilers  is  7  lb.  of  water 
i  per  pound  of  dry  coal,  the  economy  of  the  engine  is  32  lb. 
!  of  water  per  i.hp.,  and  the  mechanical  efficiency  of  the 
I    engine  88  per  cent?  R.  H.  D. 

With  evaporation  of  7  lb.  of  water  per  pound  of  coal,  the 
fuel  consumption  would  be  32  -h  7  =  4.57  lb.  of  coal  per 
i.hp.-hr.  and  for  88  per  cent  mechanical  efficiency,  the  en- 
ergy realized  would  be  ^^'^4^5^  ^"  X  0.80  =  346,608  ft.  lb. 

or  346,608  -=-  778  =;  445.5  B.t.u.  per  pound  of  the  coal; 
and  for  coal  containing  12,000  B.t.u.  per  pound,  the  per  cent 
of  heat  energy  realized  would  be  445.5  X  100  ->  12,000  = 
3.7  per  cent. 


Permissible  Back  Pressure  for  Heating  Feed  Water — To 

what  extent  is  it  economical  to  increase  the  back  pressure 
of  a  non-condensing  engine  for  raising  the  temperature  of 
boiler-feed  water  delivered  by  an  exhaust-steam  feed-water 
heater?  A.  R.  D. 

Within  moderate  limits,  the  total  steam  consumption  of 
an  engine  increases  substantially  in  direct  proportion  to 
the  increase  of  the  load,  or  increase  of  mean  effective  pres- 
sure, and  each  additional  pound  of  average  back  pressui-e 
increases  the  total  steam  required  for  a  given  load  the 
same  as  though  the  load  had  been  increased  to  requix-e 
as  much  additional  mean  effective  pressure  as  the  added 
back  pressure.  Under  average  conditions,  where  an  ex- 
haust-steam feed-water  heater  is  employed  only  for  heating 
water  for  generation  of  steam  supplied  to  a  non-condensing 
engine,  for  one  pound  of  additional  back  pressure  on  the 
engine  there  will  be  obtained  an  increase  of  about  3  degrees 
additional  temperature  of  feed  water,  depending  on  the 
efficiency  of  the  exhaust-steam  feed-water  heater,  and  for 
each  degree  of  feed  water  there  will  be  a  saving  of  about  1^ 
of  one  per  cent  of  heat  required  for  generation  of  the  steam 
used  by  the  engine.  Under  these  conditions,  the  limit  of 
advantage  is  reached  when  the  cost  per  degree  increase  of 
the  feed  water  is  J  lb.  per  sq.in.  of  additional  back  pressure, 
and  when  for  each  degree  rise  of  feed-water  temperature 
the  increase  of  back  pressure  amounts  to  ^V  of  one  per 
cent  of  the  mean  effective  pressure. 


Connecting  Water  Column  of  R.  T.  Boiler — How  should 
a   water  column   be   connected  to  a   return-tubular  boiler? 

R.  M.  P. 

The  pipes  connecting  the  water  column  to  the  boiler 
should  be  not  less  than  1  in.,  with  the  steam  connection 
taken  from  the  top  of  the  shell,  or  the  upper  part  of  the 
head,  and  the  water  connection  should  be  of  brass  pipe 
taken  from  a  point  not  less  than  6  in.  below  the  center  of 
the  shell  and  provided  with  plugged  cross  fittings  at  angles 
to  facilitate  cleaning.  The  water  column,  or  water  con- 
nection, should  be  provided  with  a  drain  cock  or  drain  valve 
with  suitable  connection  not  less  than  5  in.  to  the  ash  pit 
or  other  safe  point  of  waste.  Both  the  water  and  steam 
connections  should  be  provided  with  a  shutoff  consisting 
of  either  outside  screw  and  yoke  type  gate  valve  or  stop 
cock  with  permanent  lever  and  such  valves  or  cocks  should 
be  locked  or  sealed  open  and  located  as  close  as  practicable 
to  the  boiler.  The  water  column  should  be  provided  with 
water  glass  stop  and  drainage  fittings  set  at  such  height 
that  the  lowest  visible  part  of  the  glass  gage  will  be  not 
less  than  4  in.  above  the  upper  row  of  tubes,  and  unless 
there  are  two  water  columns  located  on  the  same  horizontal 
line  and  not  less  than  2  ft.  apart,  the  water  column  should 
be  provided  with  at  least  three  gage  cocks  located  within 
the  range  of  the  visible  length  of  the  water  glass,  unless 
the  boiler  is  otherwise  provided  with  the  same  number  of 
gage  cocks  located  at  similar  levels. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Some  Fraliires  of  Modi^rii  Hvdro-Eleetric  Practice* 


By  H.  M.  turner 


THE  modem  wntor-powor  station  was  not  developed 
until  after  the  middle  of  the  last  century,  and  in  the 
last  twenty  year.-^  it  has  reached  its  present  state  of, 
one  mijrht  almost  say,  perfection. 

The  modern  turbine  is  distinct  from  other  types  of 
wheels — the  old  waterwheels  and  the  modern  impulse 
wheel,  which  operates  in  the  same  manner  as  the  paddle 
wheel  on  a  steamer,  a  jet  of  water  at  hijrh  velocity  turn- 
injr  the  veins  on  a  wheel  with  which  it  comes  in  contact — 
in  that  the  turbine  wheel  is  always  full  of  water,  the 
buckets  of  the  wheel  are  complete-ly  filled,  and  the  passaRe 
from  the  headrace  above  to  the  tail  water  below  is  prac- 
tically completely  a  solid  column  of  water,  the  power  being 
obtained  from  the  reaction  of  the  water  against  the 
bucket  of  the  waterwheel.  In  the  modem  waterwheel  the 
water  enters  all  the  way  around  the  wheel  and  discharges 
inward  and  downward.  In  the  impulse  wheel,  which  is 
used  only  for  very  high  heads,  it  is  a  jet  which  impinges 
on  veins  on  the  edge  of  a  wheel  and  then  falls  dead  into 
the  pool  below,  in  the  air.  The  head  over  which  the  water 
falls  is  usually  divided  into  two  portions — the  head  acting 
on  the  wheel  direct  in  the  form  of  pressure,  and  a  head 
acting  in  the  form  of  the  suction  of  a  column  of  water  after 
it  leaves  the  wheel  in  the  draft  tubes. 

The  early  types  of  wheels  had  small,  short  draft  tubes, 
but  the  modern  wheel  is  set  well  above  the  tail  water  and 
has  a  column  of  water,  per- 
haps 18  or  20  ft.,  pulling 
down  on  the  wheel.  This 
long  draft  tube  has  a  dis- 
tinct advantage.  The  head 
or  power  in  water  can  exist 
as  pressure  head  or  as  what 
is  called  velocity  head;  that 
is,  water  moving  at  high 
speed  has  a  power  in  it  due 

to  its  velocity  corresponding  to  a  certain  definite  height  or 
pressure  of  still  water.  The  water  in  the  turbine  leaves  the 
runner  at  high  speed.  It  may  be  15  or  20  ft.  per  sec.  or 
higher.  This  represents  considerable  energy  in  the  water 
which,  if  it  were  allowed  to  discharge  at  that  rate,  would  be 
w^asted.  The  draft  tube  provides  a  means  of  gaining  back 
that  velocity  head,  that  power  in  the  speed  of  the  water. 
By  gradually  enlarging  the  draft  tube  so  that  the  water 
is  "stilled  down"  we  can  bring  the  velocity  at  the  outlet 
of  the  draft  tube  to  perhaps  four  or  five  feet  per  second 
and  discharging  at  that  low  speed  little  head  is  lost.  That 
is  one  of  the  improvements  of  the  modem  waterwheel. 

The  other  improvements  in  recent  years  have  given 
high  speeds  and  greater  efficiency.  The  development  of 
electrical  generators  direct-connected  to  waterwheels  has 
required  the  watei-vvheel  designer  to  get  the  speed  up  as 
high  as  he  can  to  reduce  the  generator  cost  of  the  unit. 
Waterwheels  have  now  reached  a  stage  where  an  efficiency 
above  90  per  cent  can  be  reached,  sometimes  as  high  as 
91  or  92  per  cent  at  the  point  of  speed  and  gate  opening 
which  is  most  efficient.  That  is  usually  something  less 
than  full  gate,  that  is,  something  less  than  the  widest 
opening  of  the  wheel  gates.  The  efficiency  then  usually 
drops  off  as  the  gates  are  opened  wider,  until  the  usual 
waterwheel  will  have  an  efficiency  of  somewhere  above  80 
per  cent  at  its  point  of  greatest  power,  or  full  gate.  On 
the  other  side — that  is,  on  the  part  load  side — going  dowm 
from  the  highest  point  of  efficiency,  the  efficiency  is  main- 
tained pretty  well  up  to  half -load  or  half -power;  it  may 
be  above  75  per  cent,  and  from  that  point  on  it  rapidly  de- 
clines. That  gives  us  a  curve  that  at  the  best  point  of 
efficiency  reaches  90  per  cent,  and  at  any  point  between 
three-quarters  and  full  load  it  will  be  above  80  per  cent. 
Formerly,  with  sn>all  units,  the  open  flume  was  frequently 


To  those  "Power"  readers  who  are  not  fa- 
miliar with  water-power  plant  practice,  this 
hydro-electric    abstract    will    be    of    interest 


•From  a  paper  by  the  author  before  the   New  England   T^oad 
Dispatchers'  Club. 


used.  That  was  suitable  for  small  units.  In  that  form 
of  setting,  which  was  a  good  one,  the  velocity  of  the 
water  has  to  be  kept  low  to  get  the  best  effi'lency  and  to 
eliminate  eddies.  The  next  step  was  the  closed  flume, 
where  the  water  is  introduced  to  the  wheel  in  a  closed, 
usually   a   metal,   casing. 

To  be  efficiently  used,  the  course  of  the  water  must  be 
free  from  abrupt  turns.  Abrupt  enlargements  or  con- 
tractions are   not   permitted   as  they  cause   eddies. 

The  modern  low-head  unit  uses  a  large  vertical  runner 
with  a  so-called  scroll  case,  or  spiral  case,  where  the 
water  is  brought  down  to  the  wheel  and  then  carried  in  a 
spiral  passage  of  gradually  decreasing  section  around  the 
rim  of  the  wheel,  so  that  the  velocity  change  Is  kept  at  a 
nearly  constant  rate.  That  installation  has  anothei*  ad- 
vantage, in  that  the  gate  rigging,  the  arms  that  operate 
the  gates  around  the  waterwheel,  can  be  takerj  put  into 
the  open,  where  it  can  be  inspected,  whereas  with  the  older 
form  of  horizontal  waterwheel  units  in  a  case,  if  they 
were  a  pair  of  wheels  particularly,  the  gate  rigging  on 
one  wheel  would  have  to  be  submerged.  The  higher-head 
units  are  often  made  horizontal.  Developments  in  the 
gates  and  gate  mechanism  have  helped  produce  the  high 
efficiency  obtained  today. 

The  other  chief  development  in  recent  years  has  been  in 
the  size  of  units  as  well  as  in  their  efficiency.    The  Keokuk 

development  was  one  of  the 
early  installations  of  large 
single  units  set  in  concrete 
cases,  which  practice  is  now 
being  followed.  This  type 
gives  the  efficiency  of  the 
vertical  setting,  with  good 
water  passages,  and  the 
spiral  case  gets  rid  of  any 
bearing  under  water,  the 
bearing  being  carried  either  on  top  of  or  immediately  below 
the  generator,  between  the  waterwheel  and  the  generator 
itself. 

Drainage  area  is  as  essential  a  part  as  is  head  itself. 
The  character  of  the  drainage  area  is  important,  too.  The 
amount  of  natural  storage  and  its  elevation  count  materially 
in  the  yield  had  from  the  drainage  area.  The  dry  periods 
of  summer  and  the  flow  conditions  of  spring  represent  a 
tremendous  contrast.  The  water-power  plant  has  season- 
able variations  in  flow  and  yearly  variations  in  flow,  good 
years  and  bad  years,  dry  years  and  wet  years.  The  average 
water-power  plant  does  not  use  more  than  one-third  to 
one-half  of  the  water  that  flows  down  the  river,  so  irregu- 
lar are  the  streams  in  their  discharges.  On  the  Connecti- 
cut, for  instance,  the  greatest  flood  amounts  to  20  cu.ft.  per 
second,  while  the  minimum  in  the  dry  period  will  not  be 
more  than  0.3  cu.ft.  per  sec. 

Both  those  conditions  of  river  flow,  both  the  low-water 
period  in  summer  and  the  very  high  flood  conditions  in  the 
spring,  limit  the  output  of  the  water-power  plant.  The 
waterwheel  will  not  take  more  than  so  much  water.  In  the 
flood  season  the  river  rises  below  the  wheel,  and  the  head  is 
cut  down  because  of  the  rise  of  water  in  the  river.  At  the 
time  we  have  the  greatest  amount  of  raw  material  (water), 
the  amount  of  power  available  is  cut  down.  This  is  some- 
thing that  should  be  corrected  and  storage  seems  the  only 
practicable  way  to  do  it. 

Pondage  near  the  power  plant  to  provide  for  the  daily 
fluctuation  in  load  is  important.  In  modem  water-power 
development  great  attention  is  paid  to  the  pond  and  its 
regulation.  In  the  older  plants  the  dams  were  built  solid 
across  the  stream  without  provisions  for  waste  or  sluice 
gates  for  maintaining  flash  boards  on  the  dam.  To  pre- 
vent these  flash  board:  being  washed  out  by  every  rise  of 
water,  sluice  gates  or  waste  gates  are  provided  to  take 
the  water  under  or  around  the  dam,  so  that  the  boards 
may  be  maintained  in  place. 


August  31,  1920 


POWER 


353 


Elaborate  provisions  have  been  made  in  some  cases  for 
landling  the  flash  boards.  There  is  a  plant  out  in  Spokane, 
[Washington,  which  has  a  flash  board  consisting  of  three 
•oiling  lift  dams.  The  flash  board  is  19  ft.  high  and 
)perates  with  large  rollers  which  roll  up  on  a  geared  track, 
10  that  they  can  be  handled  as  a  large  movable  dam.  Dur- 
ng  flood  seasons  they  are  elevated  and  the  flood  passes 
mder  them.  During  the  seasons  of  dry  water  they  are 
owered,  thus  the  plant  gains  the  benefit  of  that  19  ft. 

We  are  very  much  more  bothered  with  questions  of  ice, 
vhich  are  likely  to  interfere  with  any  structure  of  that 
;oi-t  acrosr  the  top  of  the  dam  itself.  Heavy  ice  pretty 
jearly  requires  an  even,  clean  spillway  during  high  water 
n  order  to  get  rid  of  it,  and  any  obstructions  in  the  shape 
)f  piers  are  usually  unwise;  but  we  get  around  it  by  means 
»f  putting  on  temporary  flash  boards  and  providing  these 
fates,  and  perhaps  methods  of  handling  the  flash  boards 
vhen  there  is  water  flowing  over  them  so  as  to  keep  them 
in  as  long  as  possible  and  as  much  of  the  year  as  possible. 

Another  factor  of  importance  is  that  of  relief,  or  you 
night  call  it  the  safety  valve,  necessary  in  case  of  a 
ludden  shutdown.  The  long  or  short  column  of  water  in 
he  penstock  has  a  large  amount  of  energy.  In  case  of  a 
ihort-circuit  the  wicker  gates  are  closed  by  the  turbine 
governor.  The  energy  in  the  moving  column  of  water  must 
)e  dissipated  in  some  way.  Some  relief  must  be  provided, 
md  is  usually  had  by  means  of  a  tank  which  takes  the 
lurges  of  the  water.  At  Turners  Falls,  at  the  Cabot  sta- 
ion,  there  is  a  lai'ge  forebay  pond  immediately  at  the  head 
(f  the  power  station  which  serves  the  same  purpose.  Not 
>nly  in  case  of  a  sudden  shutdown,  but  also  in  case  of  a 
ludden  load  coming  on  the  wheel,  relief  of  that  sort  is 
lecessary.  A  sudden  load  coming  on  tends  to  draw  dovsm 
he  canal.  In  cases  of  a  long  pipe  line  it  has  been  known 
o  draw  the  water  out  of  the  pipe  line.  High-head  plants 
isually  have  elaborate  surge  tanks  provided  to  take  care 
if  the  fluctuations  in  head  due  to  sudden  changes  in  the 
velocity  of  the  water  leading  to  the  wheel. 

There  is  a  limit  to  the  overload  capacity  on  the  water- 
)ower  plant  which  is  not  true  to  the  same  extent  of  the 
iteam  turbine.  Once  the  waterwheel  gates  are  open  wide, 
10  more  power  can  be  had  from  the  wheel — no  momentary 
iverload  is  pennissible  as  it  will  slow  down  the  wheel.  It 
s  advisable  to  run  the  waterwheel  with  its  gates  only 
)art  way  open.  With  such  opening  not  only  is  best 
sfficiency  had  but  it  also  gives  reserve  capacity  in  the 
iase  of  a  sudden  draft. 


Hearing  on  Great  Falls  Power  Project 

Advantages  to  be  obtained  from  the  development  of  power 
it  Great  Falls,  on  the  Potomac,  were  painted  in  roseate 
;olors  at  a  hearing  before  the  Federal  Power  Commission 
Vug.  24.  Representatives  of  the  civic  bodies  in  the  Dis- 
rict  of  Columbia  and  witnesses  from  nearby  points  in 
klaryland  and  Virginia  urged  the  development  of  the  project, 
lepresentatives  of  the  Potomac  Electric  Power  Co.  ap- 
)eared  in  opposition  to  the  project. 

S.  R.  Bowen,  vice-president  of  the  Potomac  Electric  Power 
Do.,  explained  that  his  company  had  secured  the  power 
•ights  at  Great  Falls,  with  the  expectation  of  developing 
t,  but  examinations  by  its  engineers  led  to  the  conclusion 
hat  the  project  could  not  be  developed  as  a  commercial 
)roposition  under  existing  conditions.  He  admitted  that 
he  company  at  this  time  has  no  plans  for  utilizing  this 
vater  power.  Any  hydro-electric  plant  that  might  be 
!stablished  would  have  to  be  duplicated  by  a  steam  plant 
.0  take  care  of  needs  during  periods  of  low  water.  When 
Secretary  Payne  asked  if  the  company  would  be  willing  to 
lispose  of  its  rights  at  the  Falls  Mr.  Bowen  replied  that 
t  would  do  so  for  adequate  compensation.  This  led  Judge 
'ayne  to  ask  if  it  would  become  suddenly  very  valuable  if 
he  Government  should  think  of  taking  over  the  rights.  Mr. 
Jowen  replied  frankly  in  the  affirmative. 

R.  Walton  Moore,  the  representative  in  Congress  of  the 
/■irginia  district  which  adjoins  the  District  of  Columbia, 
lointed  out  how  manufacturing  could  be  stimulated  within 


a  radius  of  200  miles  around  the  Falls  if  the  maximum 
amount  of  power  were  developed. 

The  Engineer  Commissioner  of  the  District  of  Columbia, 
Col.  Charles  W.  Kutz,  urged  the  development  of  the  power 
project,  even  if  no  reduction  in  the  existing  rates  results. 
Such  a  development  would  carry  with  it  a  reduction  of 
the  smoke  evil  in  the  capital  and  would  permit  a  diversion 
of  considerable  quantities  of  coal  for  other  purposes.  He 
suggested  that  the  large  steam  plant  of  the  Potomac  Elec- 
tric Power  Co.  should  be  utilized  in  connection  with  the  de- 
velopment and  could  either  be  purchased  by  the  Govern- 
ment or  operated  under  an  agreement  with  the  company. 

W.  B.  McCaleb,  representing  the  Pennsylvania  Railroad 
Co.,  stated  that  his  company  is  not  interested  in  electrifi- 
cation at  this  time  because  of  financial  considerations.  While 
he  admitted  that  his  company  is  interested  in  cheap  power 
at  any  point  on  its  lines,  his  position  is  that  the  transition 
from  steam  to  electricity  requires  a  greater  capital  outlay 
than  would  be  justified  in  Washington  and  its  vicinity.  The 
repi'esentative  of  the  Washington  Terminal  Co.,  which  is 
owned  jointly  by  the  Pennsylvania  and  the  Baltimore  & 
Ohio  Railroads,  testified  that  no  serious  thought  has  been 
given  to  the  electrification  of  the  terminal. 

Col.  Lafe  Pence  proteste'd  against  the  construction  of 
finy  dam  which  would  prevent  the  use  of  the  right-of-way 
of  the  Chesapeake  &  Ohio  Canal  for  a  railway  outlet.  By 
filling  in  this  canal,  a  right-of-way  for  the  Western  Mary- 
land, Norfolk  &  Western  and  the  Cumberland  Valley  Rail- 
roads would  be  provided,  forming  the  best  grade  from  the 
coal  fields  to  tidewater. 

The  matter  of  securing  an  additional  water  supply  for  the 
District  of  Columbia  also  was  considered  at  the  hearing. 
All  witnesses  favored  the  development  of  the  water  supply 
for  the  District  as  a  separate  project  from  the  power 
development. 

The  hearing  was  presided  over  by  the  Secretary  of  War, 
who  is  chairman  of  the  Federal  Power  Commission.  Sec- 
retaries Payne  and  Meredith  and  Executive  Secretary  0.  C. 
Merrill  were  in  attendance. 


Agreement  Between  Bureau  of  Mines 
and  Coal  Exchange 

Much  importance  is  attached  to  the  co-operative  agree- 
ment which  has  been  entered  into  by  the  Bureau  of  Mines 
and  the  Sewalls  Point  Coal  Exchange.  The  agreement  pro- 
vides for  an  analysis  of  the  coal  shipped  to  tidewater  pools 
with  the  idea  of  improving  the  grading  and  classification. 
The  negotiations  for  the  Bureau  of  Mines  were  conducted  by 
0.  P.  Hood.  The  agreement  is  signed  by  the  Secretary  of 
the  Interior;  F.  G.  Cottrell,  Director  of  the  Bureau  of 
Mines;  G.  H.  Caperton,  president  and  S.  T.  Snead,  secretary 
of  the  Sewalls  Point  Coal  Exchange,  Inc.  The  text  of  the 
agreement  in  part  is  as  follows: 

The  United  States  Bureau  of  Mines  and  the  Sewalls 
Point  Coal  Exchange,  Inc.,  Norfolk,  Va.,  desiring  to  conduct 
investigations  concerning  preparation  of  coal  with  a  view 
to  increasing  efficiency  agree  that  all  works  shall  be  directed 
by  the  Bureau  of  Mines  according  to  a  program  as  mutually 
agreed  upon  between  the  Bureau  and  the  Exchange. 

In  the  district  to  be  investigated,  the  Bureau  agrees  to 
complete  a  list  of  mine  samples  and  analyses  and  to  obtain 
at  the  mine  tipple,  point  of  delivery  or  other  place  as 
agreed  upon,  representative  samples  of  the  commercial  coal 
as  shipped  by  the  several  mines. 

The  Bureau  agrees  to  make,  at  its  Pittsburgh  laboratory, 
proximate  analyses  and  B.t.u.  determinations  of  all  samples 
which  are  acceptable  to  the  Bureau,  and  ultimate  analyses 
and  fusing  temperature  of  ash  determinations  of  such  sam- 
ples as  may  be  mutually  agreed  upon. 


The  report  of  the  Department  of  Commerce,  Bureau  of 
Foreign  and  Domestic  Commerce,  Washington,  on  domestic 
exports  from  the  United  States  of  refrigerating  machinery 
during  June  shows  that  machinery  valued  at  $245,045  was 
exported.  Japan  leads  in  imports  valued  at  $130,252;  Cuba 
is  second  with  imports  valued  at  $38,571,  and  Brazil  is 
third  with  imports  valued  at  28,222. 
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In  a  letter  to  all  district  iittorneyB,  the  Attornoy-Gcnernl 
n>rnin  has  iiillod  attention  to  the  necessity  for  tnkinfr  rig- 
orous action  ajrninst  those  who  unduly  enhance  the  price 
of  coal.     The  letter  reads: 

In  connection  with  previous  instructions  to  investiKate 
and  institute  prosecutions  in  cases  where  unreasonably 
iiijrh  i)rices  have  lieen  exacted  in  the  sale  of  bituminous  coal, 
you  are  instructed  to  invcstifrate  cases  where  the  price  to 
the  consumer  has  been  enlianced  through  repeated  resales 
by  dealers  successively  buyin>r  and  selling  the  same  coal, 
and  to  institute  prosecutions  ajjainst  such  dealers,  where  the 
facts  warrant,  for  enpafrinjr  in  an  "unfair  or  deceptive  or 
wasteful  practice  or  device"  or  a  "conspiracy,  combination, 
agreenient,  or  arranfjenient" -to  enhance  the  price  of  coal 
by  such  practice  or  device,  in  violation  of  Section  4  of  the 
Lever  Act,  as  amended  by  the  Act  of  Oct.  22,  1919. 


Production   of  crude   oil    in   the   United    States   this  yc 
plus    imports   will    exceed    r)()(),()0(),000   bbl.,   accordintr   to 
prediction  by  the  GeoloKrical  Survey.  The  prediction  is  baaa 
upon    the    record    of    production    for    the    first    half    of  th 
present  year  which  shows  an  output  of  214,y8(;,000  bbl.  a 
compared   with    1 7K,;ir)r),()00   bbl.  durinj;  the  .same    period 
1919.     The  toUil  outi)ut  for  .June  is  ^iven  at  :{7,219,000  I. 
as  compared  with  .■Ui,9:n,000  bbl.   in   May.     'i  he  daiiy  uv. 
tiKC  production  during  June  -1,240,633  bbl. — was  the  grMi 
est  on  record. 

The  Division  of  Power  Resources  of  the  United  State 
Geolopical  Survey  has  jf'ven  out  statistics  of  electrici 
power  production  for  the  first  four  months  of  1920.  Th 
average  daily  production  of  electricity  in  kilowatt-hours  wa 
as  follows:  January,  124,700,000;  February,  119,700,000 
March,  120,800,000;  April,  119,700,000.  These  fijfures  u 
based  on  returns  received  from  about  2,800  power  plants  « 
100  kw.  capacity  or  more,  engaged  in"  public  service. 


Personals 


iiiiiK  Corp..  liuftjilo'.  X.  v..  which  Kpccial- 
izi'S  in  hydro-electric  devclopincnt  and  th» 
design   of   imlp.    paper   and   ftluT   mills. 


Jamrx  A.  Noxon.  formerly  with  Du  Pont 
KnKineorinK  Co.,  janesville.  Wis.,  is  now 
superintendent.  Rock  Cut  Stone  Co..  Syra- 
cuse, N.  Y. 

ChnrleN  T.  Porter,  formerly  with  the 
Naval  Aircraft  Factory,  Philadelphia,  Pa., 
is  now  associated  with  the  Huff.  Daland 
&  Co..  Ogdensburg,  N.   Y. 

CliarleN  Entew  AVood,  formerly  teacher 
in  metallurgy.  University  of  Cincinnati,  is 
now  designer  and  draftsman  with  the  Lun- 
kenheimer    Co.,    of    Cincinnati. 

Louis  A.  Delane.v,  formerly  mechanical 
engineer  with  F.  X.  Hooper  Co..  Glenarm, 
Md..  is  now  manager  of  the  .American  Sheet 
Metal  Corporation,  of  Philadelphia,  Pa. 

Harry  de  Lapotterie  has  resigned  his  po- 
sition with  the  Townsend  Company,  of  New 
Brighton.  Pa.,  to  become  industrial  engi- 
neer of  the  Falls  Rivet  Company,  of  Kent, 
Ohio. 

William  D.  Cecil  has  severed  his  con- 
nection as  resident  material  inspector  with 
the  Baltimore  &  Ohio  Railroad  and  is  now 
connected  with  the  Magnus  Metal  Co.,  of 
St.   Louis,  Mo. 

H.  Boyd  Brydon,  mechanical  engineer  of 
the  Byllesby  Engineering  and  Management 
Corj)..  has  been  appointed  a  member  of  the 
Prime  Movers  Committee  of  the  National 
Electric   Light   Association. 

Norris  M.  Perris,  formerly  engineer  with 
the  Aluminum  Castings  Co..  Cleveland, 
Ohio,  is  now  industrial  engineer  of  the  In- 
dustrial Management  Council  of  the  Roches- 
ter  (X.  Y.)   Chamber  of  Commerce, 

wniiani  C.  Briggs,  formerly  sales  engi- 
neer and  X'ew  Y'ork  City  manager  of  the 
Shepard  Electric  Crane  and  Hoist  Co.,  has 
become  vice  president  in  charge  of  manu- 
facturing of  the  Franklin  Moor©  Co.,  Win- 
sted.   Conn. 

Henry  C.  Berrian.  formerly  engineer  of 
the  engine  scientific  department.  Federal 
Shipbuilding  Co..  Kearney.  N.  J.,  is  now 
In  the  engineering  dei)artment  of  the  New- 
port News  Shipbuilding  and  Dry  Dock  Co., 
Newport  Xews,   Va. 

Herbert  H.  Van  Winkle  has  resigned  his 
position  as  chief  engineer  with  The  Vogt 
Brothers  Manufacturing  Co.  of  Louisville, 
and  is  now  associated  with  The  John  H. 
McGowan  Co..  of  Cincinnati.  Ohio,  in  the 
capacity   of   chief   engineer. 

Karl  K.  Kennison  has  resigned  as  plant 
engineer  of  the  Emergency  Fleet  Corpora- 
tion in  charge  of  shipyard  and  drydock 
construction  in  Xew  Orleans,  La..  Jlobile. 
Ala.,  and  Pensacola,  Fla.,  and  has  opened 
an  office  as  a  power-plant  engineer  at  18 
Tremont  St..  Boston. 

J.  Jacqaes  Stunzi,  plant  study  engineer 
of  the  engineering  department  of  the  E.  L 
du  Pont  de  Nemours  &  Co.,  has  resigned 
his  position  and  accepted  an  offer  as  con- 
sulting engineer  of  the  Lancaster  Steel 
Products  Corporation,  a  subsidiary  of  the 
General    Motors    Corporation. 

Stephen  E.  Preble,  for  many  years  asso- 
ciated with  the  L  W.  Jones  Co..  Milton. 
N.  H..  has  been  elected  vice  president  and 
general    manager    of    the    Industrial    Plan- 


Society  Affairs 


t 


The  llluniinatiiig  'KngmeerinK  Sor{rt.v'H 
convention,  which  was  to  hiive  been  held 
in  Cleveland  Sept.  27-30.  will  be  held  in 
that  city  Oct    7-10. 

The  .\nierioan:  InHtitute  of  Electrical 
Engineers  at  a  recent  meeting  of  the  Board 
of  Directors  adopted  a  resolution  to  become 
a  charter  member  of  the  Federated  Amer- 
ican  Engineering  Societies. 

Long  Brandi  Association,  N.  A.  S*  E., 
No.  17,  of  Xew  Jersey,  was  organized  by 
State  Deputy  John  Reddy  on  Saturday, 
August  14.  There  were  66  names  signed  to 
the  charter  and  National  President  John  J. 
Callahan   installed  the  new  ollicers. 

Engineering  Societies  throughout  the 
United  States  have  received  invitations  to 
become  charter  members  of  the  Federated 
American  Engineering  Societies,  and  also 
to  appoint  delegates  to  attend  the  first 
meeting  of  the  American  Ertgingering 
Council,  which  will  be  held,  this  fall  at  a 
date   to   be   selected  later. 

The  American  Chemical  Society  will  hold 
its  fall  meeting  with  the  Chicago  Section, 
September  6  to  10  inclusive.  Hotel  head- 
quarters will  be  made  at  the  Congress 
Hotel.  The  entertainment  committee  have 
arranged  a  banquet,  smoker  and  excursions. 
A  number  of  interesting  papers  and  ad- 
dresses axe  on  the  schedule. 

The  Societv  of  Naval  Architects  and  ^la- 
rine  Engineers,  29  West  39th  St..  New  York 
City,  will  hold  its  twenty-eighth  annual 
meeting,  Xov.  11-12.  in  the  Engineering 
Societies  Building.  A  committee  has  been 
apf)Ointed  to  arrange  for  an  excursion  to 
points  of  interest  in  the  vicinity  of  Xew 
York  City  on  Saturday.  Nov.  13.  Members 
will  be  entertained  at  a  banquet  on  Friday 
evening. 

The  New  England  Water  Works  Asso- 
ciation will  hold  its  thirty-ninth  annual 
convention,  at  Holyoke.  Mass..  Sejit.  7-10. 
Headquarter?  will  be  at  the  Hotel  Mono- 
tuck.  A  number  of  interesting  papers  will 
be  read,  including  "Experience  with  an 
Exploded  Pressure  Boiler  and  Check  Valve 
on  Service  Pipes."  by  Edward  J.  Looney. 
Suiit.  Water  Works.  Belmont,  Mass..  and 
"Comparative  Cost  of  Pumi)ing  by  Steam 
and  Hydraulic  Power  at  Manchester.  X  H.." 
by  James  H.  Mendell.  Supt.  Manchester 
Water  Works.  Auto  trips,  theater  parties, 
golf,  etc.,  have  been  arranged  by  the  enter- 
tainment committee  for  the  amusement  of 
the   delegates. 

The  Association  of  Iron  and  Steel  Elec- 
trical 'Engineers  will  hold  its  fourteenth 
annual  convention  at  the  Hotel  Pennsyl- 
vania. Xew  Y'ork  City.  Sept.  20-24.  The 
convention  will  open  with  transaction  of 
routine  business,  after  which  the  following 
papers  will  be  read  at  the  various  sessions : 
"Practical  Education  of  Steel  Mill  Elec- 
tricians," W.  A.  Cornwell  ;  "Relations  of 
Standardization  in  Electrical  Equipment  to 
Safety,"  W^alter  Greenwood  ;  "Power  Trans- 
mission for  Industrial  Plants."  D.  M.  Petty ; 
"Underground  Transmission."  A.  L.  Freret ; 
"Some  Considerations  in  the  Determination 


of  Auxiliary  Drives."  Gordon  Fox  ;  "K>'[)or 
of  Eli-clrical  Development  Commillii-  fo 
TJ20."  K.  S.  Jeffries;  "The  Ri-versing  Klac 
trie  Mill  Considered  from  the  .Standpoint  o 
Tonnage,"  K,  A.  Pauly ;  "Centralij* 
Turbine  Generating  Stations  for  StM 
Mills,"  T.  E.  Keating;  "Current  Limit  Re 
aclance,"  R.  Jl.  Keil  ;  "Report  of  Electrl 
Furnace  Committee  for  1920."  E.  T.  Moon 
and  "Standardization  Committee  Biport, 
W.  T.  Snyder.  The  entertainment  commit 
tee  have  arranged  several  excursions  an 
a  banquet  for  the  J}enefit  of  the  visitor 
and   members. 


Miscellaneous  News 


The  Wfwt  Penn  Power  Co.  has  complete! 
installation  of  one  of  the  two  2.').000-kva 
■units  at  the  $6,000,000  central  station  a 
Springdale.  The  second  unit  should  b 
operating  by  Sept.    1. 

If  the  Supreme  Court  of  the  Unit«< 
States  upholds  the  decision  of  the  Circui 
Court  of  Appeals  at  Asherville  in  the  Lam 
berts  Hun  case.  Rush  Butler,  counsel  fO! 
the  National  Coal  Association,  declares  tha 
it  will  mean  an  abrupt  end  for  the  practla 
of  assigning  cars  in  the  coal  trade. 

In    an     Effort     to    Curtail     Speculation    il 

coal,  a  special  report  has  been  made  to  thi 
president  of  the  X'ational  Coal  Association 
recommending  that  operators  be  requirw 
to  satisfy  some  competent  authority  tha 
they  can  give  immediate  disposition  of  tin 
slUnmeiit.  before  cars   are  furnished. 

Since    the    Signing    of    the    Water    Pow 
Bill    by    President    W'ilson    ajjplications   '" 
more  than   500,000  hp.   in  water  power  li^ 
been  filed  with  the  Forestry  Service  of  i 
Department  of  Agriculture      Increased  fut 
costs     and     transportation     difficulties     ari 
))robably     the     reasons     for     this     unusua 
demand. 

Hydro-electric  development  in  Arkaiis 
to  cost  in  the  neighborhood  of  $300.000 j 
is  being  planned.  Two  dams,  fifty  and  si.\ 
feet  high  respectively,  with  a  total  gencr; 
ing  capacity  of  16,500  kw.  are  to  be  erect 
Transmission  lines  130  miles  in  length  ;t 
expected  to  deliver  the  22,000  hp.  cum 
for  light  and  power. 

The      Eastern      Wisconsin      Railway      a; 
Light  Co.   is  to   build   a   large   power   pi: 
in    Fond    du    Lac    soon,    according    to 
announcement    by    the    Kelsey-Brower    < 
of   Grand   Rapids.   Mich.      A   bond    issue 
$1,200,000   is  to  finance  the  plant  and  al- 
improve    the    company's    property    at    Sht 
boygan  and  Oshkosh. 

t'n<»-r  the   New   Railroad   Rates   the   ti'i 

water  rate  on  smokeless  coal  will  be  $2  ' 
This  is  an  increase  of  100  per  cent  sii 
March.  1917.  In  making  application  i 
increased  rates,  public  utilities  in  Wa^ 
ington.  D.  C  estimate  that  the  ri' 
freight  rates  will  add  90  cents  per  ton 
the   cost   of   their   coal. 

The    Pacific    Gas    and    Electric    Co.    v 

supply  the  city  of  Stockton.  Cal..  w 
hydro-electric  power  according  to  an  : 
nouncement  made  by  Irving  Martin,  railrr 
commissioner.  At  a  hearing  which  to 
place  recently  in  Stockton,  it  was  decide , 
that  the  Pacific  company  should  extend  iU 
maln«  to  supply  the  city. 
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The    Cpiitral    Illinois    Public    Service    Co. 

has  "hooked  up"  the  last  link  in  a  high- 
power  transmission  line  which  is  now  1,355 
niilte  long  and  joins  the  tour  states  of 
Illinois,  Kentucliy,  Indiana  and  Iowa.  This 
single  line  crosses  thirty-one  counties.  It 
starts  at  the  hydro-electric  development  at 
Keoliuk   and   ends   at    Louisville,    Ky. 

Mkiin?   Companies   of   Grass   Valle.v,    CaU 

are  urged  by  the  railroad  commission  to 
economize  as  much  as  possible  in  the  use 
of  electricity.  It  is  said  that  a  serious 
shortage  will  result  if  this  is  ignored.  No 
rationing  plan  has  been  suggested  and  it 
is  hoped  this  may  be  avoided  by  the  volun- 
tary action  of  the  companies  already  in 
force  with  some  of  the  larger  concerns. 

John  A.  Britton,  general  manager  of  the 
Pacific  Gas  and  Electric  Co..  San  Fran- 
cisco, Cal.,  has  notified  the  city  engineer's 
office  that  an  increase  of  15  per  cent  will 
be  paid  by  the  corporation  for  the  power 
it  buys  from  the  Hetch  lletchy  iiroject.  The 
increase  recently  allowed  by  the  railroad 
commission  will  net  the  city  about  $8,000 
a  month  extra. 

The  Interstate   Commerce  Commission  has 

announced  that  coal  mines  will  continue  to 
have  priority  of  use  of  oi)en-top  cars  for  a 
period  of  ninety  days  from  June  21.  the 
date  of  the  original  order.  The  effort  of 
representatives  of  public  utilities  companies 
to  have  the  assigned  oar  feature  of  the 
order  made  to  apply  to  coal  for  storage, 
as  well  as  to  that  for  daily  needs,  was 
unsuccessful. 

The  Work  of  the  Federal  Water  Power 
Commission,  which  will  have  charge  of  all 
development  under  the  recently  enacted 
water  power  act,  has  been  divided  into 
seven  departments:  Engineering  account- 
ing, statistical,  regulatory,  licensing,  legal 
and  operation.  The  engineering  department 
will  be  in  charge  of  Lieut. -CoL  William 
Kelly,  who  has  been  detailed  by  the  Army 
Department  as  the  engineer  officer  of  the 
Commission.  A  general  investigation  of 
the  electric  power  industry.  i)ower  sites, 
costs,  and  development  will  be  conducted 
by  this  department,     A  report  covering  the 


results  of  the  investigation  will  be  made 
to  Congress. 

Eastland,    Texas,    Oil     WellR    are    to    be 

pumped  and  drilled  by  electric  power  in 
central  west  Texas  fields  when  the  power 
plant  of  the  Oil  Fields  Electric  Co.  is 
finished.  The  first  unit  is  already  in  oper- 
ation. Transmission  lines  are  being  con- 
structed to  all  parts  of  the  i)etroleum  pro- 
ducing region,  and  within  a  short  time 
electric  jjower  will  be  used  for  pumping 
several  hundred  Vifells  and  drilling  many 
others. 


Business  Items 


The  Detroit  Valve  and  Fittings  and  De- 
troit Brass  Work:,  manufacturers  of  iron 
and  brass  goods,  announce  that  the  name 
of  the  firm  has  been  changed  to  Detroit 
Brass  and   Malleable   Works. 

The  Pennsylvania  Pump  and  Compressor 
Co.,  of  Easton.  Pa.,  announce  the  opening 
of  additional  sales  offices  in  the  following 
cities:  Buffalo,  N.  Y..  J.  B.  Laird,  man- 
ager ;  Cleveland.  Ohio,  L.  J.  Wakefield, 
manager  ;  St.  Louis,  Mo.,  Corby  Supply  Co.  ; 
Minneapolis,  Minn..  L.  E.  Pollard  Co.,  and 
Omaha,   Neb.,   L.   E.   Pollard   Co. 

The  I'eliling:  Instrument  Co.,  71  Broad- 
way, New  York  City,  manufacturer  of 
fuel-economy  equipment,  announces  that  it 
is  now  represented  in  the  New  England 
States  by  the  Smith  Engineering  and  Sup- 
ply Co..  89  State  St..  Boston,  manufac- 
turers' agents  and  engineers  specializing  in 
power-plant  equipment.  S.  W.  Smith,  jiresi- 
dent  of  the  latter  company,  was  until 
recently  associated  with  the  Uehling  In- 
strument Co.  with  headquarters  in  the  New 
York   Office. 

Dr.  E.  Vernon  Hill  announces  the  forma- 
tion of  a  new  company  in  Chicago  known 
as  the  E.  V.  Hill  Co..  .\erologists.  with 
offices  at  117  North  Dearborn  St.  "Aerol- 
ogy" is  a  new  term  for  ventilation,  but 
has   a    broader   meaning,    since    it    includes 


the  physical,  chemical  and  bacteriological 
phases  of  ventilation  work  as  well  as  the 
mechanical  side.  For  the  last  eight  years 
Dr.  Hill  has  been  engaged  in  organizing 
and  conducting  the  Ventilation  Division  of 
the  Chicago  Health  Department.  During 
this  period  he  found  it  necessary  to  design 
new  instruments  and  methods  for  test  work, 
and  he  now  projioses  to  place  some  of  these 
instruments  on  the  market  for  the  benefit 
of  engineers  engaged  in  this  line  of  work. 


Trade  Catal 
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Charles  T.  Slain,  designing,  consulting 
and  supervising  engineer  for  water-power 
projects,  Boston,  has  published  a  32-page 
booklet  entitled  "Hydro-Electric  Develoi)- 
ments,"  the  iiurpose  of  which  is  to  show  the 
work  of  the  organization  of  Charles  T. 
Main  in  the  design  and  supervision  of 
water-power  structures  and  hydro-electric 
systems.  Photographic  reproductions  of 
work  accomplished  are  shown,  together 
with  brief  descriptions  of  plants  or  special 
features  connected  with  the  same.  The 
frontispiece  contains  a  discussion  of  the 
water-power  situation.  This  is  followed  by 
an  index  of  the  plants  where  work 
was  done. 

Uehliner  Instrument  Co.,  71  Broadway 
New  York  City,  has  issued  Bulletin  No.' 
111.  describing  Style  U  Uehling  CO..  Equip- 
ment. This  is  a  new  design  built  in  single 
and  multiple  forms,  the  latter  serving  any 
number  of  steam  boilers  simultaneously, 
up  to  a  total  of  six.  The  purpose  of  this 
equipment  is  to  save  fuel  bv  burning  it 
with  the  proper  air  supply.  Among  the 
notable  features  of  the  new  machine  are 
speedy  action,  re.':ulting  from  a  new  form 
ot  aspirator,  ab.sence  of  chemical  solutions 
greater  simplicity  and  the  unique  plan  of 
providing  an  auxiliary  boiler  front  CO.. 
indicator,  which  guides  the  fireman,  while" 
the  CO-2  recorder,  installed  in  the  chief 
engineers  or  superintendent's  office,  makes 
a  continuous  record  showing  all  changes  in 
boiler  adjustments. 
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New  Construction 


PROPOSED    WORK 

Mass.,  Boston — The  Supt.  of  Lighthouses 
will  receive  bids  until  September  7  for  fur- 
nishing independent  beam  air  pump. 

Mass.,  Longrmeadow — Carl  Withe  is  in 
the  market  for  a  J  hp.,  220  volt,  60  cycle, 
2  phase,  1,800  r.p.m.,  pulley  4|  diam.,  IJ 
in.  face  motor. 

Conn..,  Bridgeport  —  Fletcher,  Thompson. 
Inc.,  Engrs..  East  Main  .St.,  will  soon  award 
the  contract  for  a  power  plant  addition  for 
the  Bridgeport  Brass  Co.,  East  Main  St. 
About  $14,000. 

Conn.,  Hartford — The  Bd.  Educ.  will  re- 
ceive bids  until  September  7  for  a  3  story, 
90  X  160  ft.  high  school  on  Maple  Ave. 
including  steam  heating  system.  About 
$750,000.  Whiton  &  McMahon.  36  Pearl 
St.,  Archts. 

Conn.,  Middletown — Buck  &  Sheldon,  Inc., 
Engrs.,  60  Prospect  St..  Hartford,  will  soon 
award  the  contract  for  a  1  story.  30  x  40 
ft.  boiler  house  for  the  Ooodyear  Rubber 
Co.,    114   Church   St.      About  $30,000. 

Conn.,  New  Britain — The  Bd.  Educ.  will 
soon  award  contract  for  a  3  story.  60  X  240 
ft.  school  including  steam  heating  system 
on  Tremont  St.  About  $350,000.  D.  K 
Perry,   27  West  Main  St.,   Archt. 

Conn.,  New  Haven — The  Yale  University 
plans  to  build  a  2  story  chemical  labora- 
tory including  steam  heating  system.  About 
$250,000.  Delano  &  Aldrich.  126  East  38th 
St.,  New  York   City,  Archts.   and  Engrs. 

Conn.,  Windsor  tooks — The  Conn.  River 
Co.,  c/o  C.  H.  Tenney  &  Co..  201  Devon- 
shire St..  Boston.  Mass..  plans  to  build  a 
dam.  30  ft.  high  and  2,000  ft.  long,  for 
power  purposes. 

N.  Y.,  Brooklyn — Maurice  E.  Connolly, 
Pres.  of  the  Borough  of  Brooklyn.  Queens 
Subway  Bldg.,  68  Hunterspoint  .\ve..  Long 
Island  City,  will  receive  bids  until  S.r'ptem- 
ber  S  for  furnishing  and  erecting  one  high 
pressure  stationary  boiler  setting,  etc.,  in 
the   Far   Rockawav  disposal  plant. 


X.  y.,  Buffalo — The  State  Hospital  Comn.. 
Capitol.  Albany,  will  receive  bids  until 
September  29  for  additions  to  central  heat- 
ing plant  and  for  coal  and  a.'ih  handling 
equipment  at  the  Buffalo  State  Hospital, 
here. 

N.  Y.,  Great  Neck,  I..  I. — W.  S.  Bessell, 
Archt.  and  Engr.,  56  West  45th  St..  New 
York  City,  will  receive  bids  until  Septem- 
ber 10  for  a  2  story  school  including  steam 
heating  system  for  Bd.  Educ.  About  $400,- 
000.     Noted  August  24. 

N.  Y.,  New  York — The  Union  Sulphur  Co.. 
17  Battery  PI.,  is  having  plans  prepare<l  for 
a  14  story,  30  x  89  ft.  office  building  in- 
cluding a  steam  heating  system  on  Rector 
and  West  Sts.  About  $400,000.  Henry 
Otis  Chapman.  334  5th  Ave.,  Archt.  and 
Engr. 

N.  v..  Ossining — Chas.  D.  Rattigan.  Supt. 
of  State  Prisons.  Capitol.  Albany,  will  re- 
ceive bids  until  September  15  for  addition 
to  power  house  at  Sing  Sing  Prison. 

N.  Y.,  Schenectady — F.  F.  Proctor.  1564 
B'way.,  New  Y'ork  City,  is  having  plans  pre- 
pared for  a  theater  building,  including 
steam  heating  system.  About  $400,000. 
J.  M.  Merron.  1564  B'way,  New  York  City, 
Archt.    and   Engr. 

N.  J.,  Glassboro — F.  H.  Bent,  Archt.. 
142  West  State  St.,  Trenton,  will  soon 
award  the  contract  for  a  3  story.  125  x 
301  ft.  state  normal  school  and  a  1  storv, 
41   X    48    ft.    boiler   plant.      About    $700,000. 

N.  .1.,  Newark — J.  H.  &  W.  C.  Ely.  .A.rchts.. 
Firemen's  Trust  Bldg.,  will  soon  award 
contract  for  a  16  story.  100  x  200  ft,  office 
building  at  Broad  and  Clinton  Sts.  including 
a  steam  heating  system  for  the  Merchants' 
Natl.  Bank,  770  Broad  St. 

N.  J.,  West  Orange — The  Bd.  Educ.  plans 
to  build  a  school  including  steam  heating 
system.  About  $450. onn.  Guilbert  &  Be- 
telle,   2  Lombardi   St.,  Newark,   Archts. 

N.  .!.,  West  New  York  (Weehawken  P.  O.) 
— Thq  Bd.  Educ.  received  bids  for  heating 
and  ventilating  systems  for  the  new  Pub- 
lic School  No.  1,  from  Edward  Beck  at 
$60,968. 

Pa.,  Blossburg  — The  Blossburg  Hospital 
will  soon  award  the  contract  for  a  1  story. 


sinnnn  ^t.  power  plant  and  laundry.  About 
II"-,  ,  •,  u^  ?,  ^''e"-  ""5  Chestnut  St.. 
Philadelphia,    Engr.   and   Archt. 

Pa.,  New  Ca.stle  — The  Lehigh  Portland 
Cement  Co.,  718  Hamilton  St.  Allentown 
bad  plans  prepared  for  a  3  story  44  x  140 
tt.  new  waste  heat  installation  power 
house  here. 

Md.,  Frederick  — The  City  Council.  City 
Hall,  plans  to  install  one  125  kw.  generator 
at  municipal  plant,  in  connection  with  the 
change  from  arc  and  incandescent  lighting 
^^^^""1  '°  ^"  incandescent.  C.  L.  I^eden 
Consult^'^'En^"''    ^^'"^*°^^    ^*'    Baltimore, 

Bid.,  Mount  Airy —  The  Hagerstown  & 
Frederick  Ry.  Co.,  Hagerstown.  plans  to 
construct  a  1  story.  25  x  75  ft.  substation, 
etc.,   here.     M.   A.   Pooler,   Genl.   Mgr. 

Md.,  Salisbury— The  Shoreman's  Hotel 
Corp.  will  soon  award  the  contract  for  a 
5  story.  71  x  149  ft.  hotel  including  heat- 
ing system.  About  $250,000.  T.  W  Pietsch 
American  Bldg.,  Baltimore.  Archt  •  j' 
Posey,  11  East  Pleasant  St.,  Baltimore, 
Engr. 

Va..   Richmond — The  Amer.  Tobacco  Co 
24th   and    Gary   Sts..    is   in   the   market   for 
boilers  for  curing  tobacco. 

W.  Va.,  Shinnston — The  Paquet  Glass  Co 
IS  in  the  market  for  60  or  80  hp.  steam 
engines  and  an  air  compressor.  P  J 
Paquet.   Pres. 

Tcnn.,  Clarksville  —  The  Kentucky  Pub. 
Serv.  Co.  is  in  the  market  for  boilers,  en- 
gines, turbines,  steam  machinery  and  elec- 
trical equipment  to  be  installed  in  the  new 
electric  power  plant  to  be  located  at  11th 
St.   and   the  L.   N.   tracks.      Noted   June   29. 

Ky..  Henderson — The  City  is  in  the  mar- 
ket for  a  new  boiler  for  the  municipal  power 
plant.      L.    P.    Hite,  6upt. 

O.,    Cleveland — The   City,    c/o    Dir.    Pub. 

Safety.  City  Hall,  plans  to  build  a  3  story 
hospital  on  Scranton  Rd.  including  steam 
heating  system.  About  $3,500,000.  J.  H. 
MacDowell,  City  Hall.  Archt.  ;  Dr.  S. 
Gold  water,  1  East  100th  St..  New  Y< 
N.   Y..  Consult,   .-\rcht 


fork. 
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O..  riFvrlnnil— Tlii<  SumT\  Islng  Archl.. 
Tr.'iiMUr.v  Hipl.  Wn»hltiiHim,  l>  «'  rc- 
Crlviil  I>|i|h  fur  liiNdilllnK  n.w  l.oll.r  iinil 
rnncMlollnif  old  our  In  t|,.<  Mm  In.  IIi>n|>I(iiI 
liiTt',  fruin  JoH.  H  I'uHrv  r<>  Chli'iiito  111 
J.K..1IJ0;    n...-k..r    S,.|.l,.|    Co.    ri..v..|.in.i;    n.: 

n.     cip%igiinii    iipIbIiu    (WiiiT.n»vlil«>    iv 

O)  Tlw  K.I  i:.liu-.  en  K  K  Urviiii.  n- 
PoIv.mI  low  IiIiIh  for  iiow.-r  pliiiit  on  Iat  U<1 
■H  foll.>\vH:  K't-niTiil  rontriict  froin  Philip 
KIrs.hn.r.  Ill|.po.lromo  BIcIk  .  <'l.Vfliiiui. 
Jn.aSL':  pIpImk.  Wiinl.-n  >%  U-.-H.  L'ir.o  IVoh- 
'A'''.  .•'>v.'..  »18.:T,(I:  phlmii.'.v.  Alphon»<' 
t  iiMtoilla  ChlntDi'V  (^n..  9S  Na.sHiiu  St..  N<'W 
^«rk  N.  Y.  :  ii.sli  nil.  i-oal  and  ;imIi  lum.llInK 
mii.hlnory.  TIw  Jjnk  Belt  Co..  RockfoUor 
BIdtr..    Clevfland.     $IH.4.10 

.„*>■.  Tolrdo — U  .1  nick«-r.  S4.T  Spttxer 
in<lK  .  Is  in  th,.  marki-l  for  ftvp  BO  hp.,  22n 
\  lilt,  fin  cycU:  :i  phaHp  motor.i  and  an  elec- 
trically   driven    contrlfuKal    pump. 

Ind..  Ht'il  ford— The  Bedford  Slepl  & 
Constr.  Co.  KnKra.  are  preparlnK  plans 
for  a  eannlnK  factory  to  Include  conv.-vlnB 
sy.steni.s,  conveyors,  motors,  etc.  Owtior's 
iian>.    withhold. 

Ind..  IndlnnapnIlH — The  .American  Hominy 
Co..  HOil-l.-,  KI,.tclur  Savings  &  Trust  lildK.. 
phiMS  to  hulld  a  t  story  ad.iition  to  its 
holler  and  pow.'r  house  and  install  new 
hollers,  generators  an.l  other  equipment  in 
same.     Tot.tl  estimated   cost.   $90.00i>. 

Ind.,  IndlimnpoliN  —  The  Westinshouse 
Lamii  Co..  WatsossinR  Ave..  Rloiimlleld.  X. 
J.,  will  soon  award  the  contract  for  a  4 
story,  100  x  200  ft.  factory  on  La  Salle  St. 
here,  including  steam  heating  system.  About 
12.000,000. 

Mich..  Detroit — The  Tempi.'  Beth  El.  580 
Wooilward  Ave.,  plans  to  l)Uil(l  a  2  story. 
l.">;!  X  200  ft.  temple,  including  steam  heat- 
ing and  ventilating  systems.  About  $1,- 
000. OOO.  Albert  Kahn.  Marquette  Bldg.. 
Arch,  and  Engrr. 

Mich..  Grand  Rapid8 — The  city  is  having 
plans  prepared  for  an  additional  water- 
works system  including  a  pump  house  and 
2  pumps  having  a  dailv  capacitv  of  8.000.- 
000  gal.,  etc.     C.   A.  Paige.  City  Hall,  Engr. 

Mich..  .Saginaw — The  Amer.  Safetv  Navi- 
jration  Co..  c  o  Managing  Secy..  Bd.  of 
Commerce,  is  having  tentative  "plans  pre- 
pared for  first  unit  of  plant  to  consist  of 
a  1  story  factory  and  6  story  office  build- 
ing. Plans  include  a  steam  heating  plant 
and  power  equipment.  Total  estimated  cost. 
$10,000,000. 

III..  Chicago — A.  Finkel  &  Sons  Co..  1326 
Cortland  St..  plans  to  construct  a  1  story, 
32  X  98  ft.  heat  treating  plant.  About  $20.- 
000,  E.  M.  Newman.  80  West  Washington 
St.,  Archt. 

Wis.,  Grafton — The  Jungers  Stove  Range 
Co.  plans  to  install  a  steam  heating  system 
and  several  electric  motors  for  power  in  its 
proposed  stove  factory  on  Main  St. 

lown,  Manchester — The  City,  c/o  T.  Wil- 
son. Clk..  is  having  survey  made  of  pump- 
ing station  with  view  to  electrifying  equip- 
ment. A  survey  of  the  municipal  power 
plant  may  be  made  later.  W.  E.  Skinner, 
15  South  5th  Street.  Minneapolis.  Minn., 
EngT. 


I'OW  K  K 


N.  ».,  I-ar«o— The  ITnlon  I.lKhl,  limit  & 
1  .iwer  I  o  phinM  to  repair  eleclrlo  and  Kiia 
phiril   hire.     M     I,    lllbbard.  UenI    AlKr. 

.M.I.,  llutler— Th.'  Cll.\  vol.'d  |.tir..iMi(i  hondM 
lo  Imll.i  an  eirclric  power  piunl.  J.  K. 
Snillh.   clk. 

M.I..  Mt.  l.oiiU  The  Mlllo  SIslerH  of  th<- 
1  oor  ar..  havInK  pliiiiM  prepared  for  addition 
to  InHiltiiilon  iMilldInK  iind  enhirif.-ment  of 
preH.nt  li.atinK  plant  About  $25(1,000.  U-e 
*    llUMh,    Syndicjil.-   TruHt    Uldg.,    Archl. 

Mo..  SI  I.oiiU-  Wldman,  Walah  &  Pan- 
'.'"•  .•^':'''"'''  Walnwrlght  HI. Ik.,  will  r.-- 
c.'lve  III. Is  until  S.ptemli.r  15  for  a  I  Hlorv 
III  X  2;.o  ft.  olllee  building  Inclu.lliiK  Ht.ain 
healing  Myat.-m  on  Ollve  St  for  the  l.owi-n- 
Hleln  llroB.  H,.al  Kstate  Co.  Walnwrlght 
Hldg.      About   $750.11(1(1. 

.)-*!>"'^  ^'"  '-""•''— The  Sisters  of  Charity. 
.1.1.19  Pin.'  nivd.,  are  having  plans  prepared 
for  a  hospital  on  Pine  St.  Including  a  power 
house  for  heating  Hystem.  About  $2,000,1100. 
Lee  &   Hush,  Syndicate  Trust   Bldg.,   Archts. 

Tex.,  AuHlln— The  Bd.  E.luc,  c  o  A  W 
Blanton.  Secy.,  will  soon  award  the  con- 
tract for  administration  and  dormitory 
buildings  .-inii  heating  plant.  Ross  &  Read 
208  Bankers'  Trust  Bldg.,  Waco.  Archts. 

Tex.,  Cleburne  —  The  Cleburne  Water- 
works plans  to  install  a  150  hp.  motor  anil 
a  compressor  with  a  daily  capacity  of 
1,250,000   gal.      W.   S.    Hockaday,    Supt. 

Tex.,  Clifton — The  Planters  Gin  Co.  plans 
to  install  one  130  hp.  oil  engine.  F.  T.  Oraf- 
fenreid,   Pres. 

Tex.,  I>alluH — The  Texas  Hosiery  Mills. 
1-107-09  South  Ervay  St..  i)Ians  to  buHd  a 
hosiery  factory  and  is  in  the  market  for 
electrically  driven  knitting  machine™  for 
same.     James  C.   Dol)son,  Mgr.  ' 

Okln.,  Lawton — V.  V.  Long  &  Co..  Consult. 
Engrs.,  1300  Colcord  Bldg..  Oklahoma  City, 
has  prepared  report  for  new  sew.age  dis- 
posal plant  and  sewage  pumping  station 
here.      About    $200,000. 

Okla.,  Stigler — V.  V.  Long  &  Co..  Consult. 
Engrs.,  1300  Colcord  Bldg..  Oklahoma  City, 
have  prei)ared  report  for  extensions  to 
waterworks  here,  including  pumping  station. 
About    $35,000. 

Col.,  Denver — The  Denver  Gas  &  Electric 
Light  Co.  plan.s  to  liuild  a  50  x  59  ft.  boiler 
room  and  install  one  750  hp.  boiler  in  same. 
About    $39,000. 

Itah.    Salt    Lake    City  —  The    Bonneville 

Irrigation  Dist.  has  voted  to  issue  $600,000 
in  Ijonds  for  the  construction  of  an  irriga- 
tion pumping  system  including  a  i)o\ver 
house.  Two  500  hp.  and  two  90O  hp.  motors 
are  to  be   installed   in   the  pumping  station. 

Cal.,  Los  Angeles — A.  R.  Erlanger.  214 
West  42iid  St..  New  York.  N.  Y.,  plans  to 
build  a  theater,  including  steam  heating 
ing  system.  About  $500,000.  T.  R.  Ander- 
son, 214  West  42nd  St.,  New  York  City, 
Archt.   and   Engr. 

Cal.,  San  Francisco — A.  R.  Erlanger,  214 
West  42nd  St..  New  York.  N.  Y.,  plans  to 
build  a  theater  lic-re,  including  steam  heat- 
ing system.  About  $500,000.  T.  R. 
Anderson.  214  West  42nd  St.,  New  York 
City.    Archt.    and    Engr. 
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Mn««,      llolyokr        Th..     Lyman     MIIIh.     71 

Iront     St  .     hax    jiwur. th.-    .oiitrael     for 

all.-rliiK     Ihi'     p.iw.r     plant     to     the     (•am)er 
llang.r  (  .mHlr.  Co,   20   Bond  SI.,  at  $20,000 

l{.   I..  I'nnrliickel— The  What  Cheer  Ch.m- 

leal  (  .1.  Orotio  Ave.,   haH  award.-<l  th,    .    r^ 
traet  for  a  3  «tory,   40   x   02  ft    Imll.r  i       . 
addition     to    J.     K.    (;„|e.     81     Nlagar.. 
Provl.lence,    at    $60,000, 

<  on«„    .Montvllle      Hobert    Galr   &    Co      60 
WaNlilnglon      St.,      Hro.iklyn.      N       Y        has 
award. 'd   th.'   contract    for  a   2   slory   '•'""    - 
noo     ft.    manufacturing    bullillng    ami 
Htory.  no  x  SO  ft.  power  plant  to  the  .\  n 
I  o..    217    H'way.    Now    York   City,    at    !'. 
000.      Noted   June   29. 

N.  Y.,  New  York— The  John  J.  Buckley 
.Syndicate,  233  H'way,  has  awarded  the  con- 
tract for  an  8  story  printing  crafts  build- 
ing   including    a    steam    h. -at Ing    system    on 

9th    Ave.    betw n    33(1    and    34th    Sts.    to   the 

John     O.     Devlin    Constr.    Co.,     233     B'way. 
About    $3,500,000. 

N.  J..  UiiJon  Hill — The  Consumers'  Hy- 
gienic Ice  Co.  has  awarded  the  contract  fop 
an  addition  lo  Its  Ice  and  refrigeration  plant 
to    the    Selbach-Meyer    Co.,    $29,000. 

Pa.,  KaHton — The  Y.  M.  C.  A..  9  Centre 
Sq..  has  awarded  the  contract  for  a  4  story, 
105  X  125  ft.  Y.  M.  C.  A.  building  Including 
a  steam  heating  system  to  Wark  &  Co.. 
1239  South  Hroad  St..  Philadelphia,  at 
$400,000.      Noted  March   30. 

O.,   Columbus — The  Columbus  Ry.     Po 
&  Light  Co..  102  North  Ohio  St..  has  aw  i  ■ 
ed    the  contract   for   a    3    story,    25    x    Ul   i:. 
substation  on  East  Rice  St.  to  E.  J.  Spen- 
cer,  Huntington   Bank   Bldg.,   at  $25,000. 

III.,  Chicago — The  United  States  Indus- 
trial Alcohol  Co.,  Inc.,  27  William  St..  New 
York.  N.  Y.,  has  awarded  the  contract 
for  a  warehouse  on  37th  St.  and  Western 
Ave.,  here,  including  steam  heating  svs- 
tem,  to  George  A.  Fuller  Co..  175  5th  A\.-, 
New   York   City.      Estimated   cost.    $500,0nii 

Wis.,  Sheboyean — The  Jenkins  Machiii.' 
Co..  c/o  A.  H.  Studeman.  315  North  Sih 
St.,  has  awarded  the  contract  for  a  2  st.ji  y. 
150  X  200  ft.  machine  shop  to  Verhul.-^t 
Bros..  IB  15  Erie  Ave.,  and  is  in  the  mar- 
ket   for    motors. 

Wis.,    Sheboygan — The    St.   Nicholas    Hos- 
pital   Assn.    has    awarded    the    contract    for 
furnishing  boilers  and   all   material  and    i"- 
stalling  same   in   power   house   at   the   in   • 
tution     to    Chas.     Honold,     821     Penn     ,\ 
Noted  August  17. 

Minn.,  Minneapolis — The  Flour  State  V.. 
ing  Co..  E.  C.  Foley,  Secy.,  12th  and  Min; 
haha  Aves.,  has  awarded  the  contract  f'  i 
heating  system  to  be  installed  in  the  nev 
storv.  60  X  150  ft.  bakery  plant  at  500  i: 
37th  St.  to  J.  J.  Egan.  c/o  owner.  T<i 
estimated  cost.   $250,000. 

Mo.,  St.  Louis — The  Boyd  Clothing  C 
7th  and  Olive  Sts..  has  awarded  the  contr:  ■ 
for  a  6  story.  88  x  150  ft.  mercanr  • 
building,  including  steam  heating  syst.  - 
About  $400,000.  T.  P.  Barnett  Co..  Arc:,' 
Bldg..    Archts.    and    Engrs. 
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New  York,  September  7,  1920 
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Participate  in  the  Activities 

of 

Your  Society 


FIFTY  years  ago  the  artisan  went 
about  his  daily  task  with  little 
regard  to  what  his  fellow  worker 
did;  the  merchant  paid  scant  attention 
to  others  in  the  trade,  save  to  regard 
them  as  competitors,  and  the  professional 
man  dealt  with  his  problems  as  an  in- 
dividual, jealously  guarding  the  knowl- 
edge gained  by  his  experience. 

While  this  practice  lasted,  progress 
was  limited  to  the  capacity  of  the  indi- 
vidual. Today  all  is  changed.  We  are 
living  in  an  age  of  collective  effort.  No- 
where is  this  more  apparent  than  in  the 
engineering  field,  as  exemplified  by  the 
various  engineering  associations. 

There  are  two  classes  of  such  associ- 
ations— those  that  cater  largely  to  the 
social  side,  and  those  whose  principal 
object  is  to  uplift  the  individual  and 
render  a  service  to  society.  Benefits 
from  membership  in  the  former  are 
likely  to  be  transient  and  confined  to 
an  extended  acquaintanceship.  Member- 
ship in  the  latter,  however,  offers  oppor- 
tunities limited  only  by  the  effort  which 
the  individual  puts  into  the  society. 

The  initiative  in  most  societies  is 
borne  by  a  comparatively  small  group 


while  the  majority  hold  aloof,  some- 
times through  indifference,  but  more 
often  through  modesty  which  restrains 
the  member  from  offering  his  services 
unless  called  upon.  This  lack  of  active 
participation  frequently  fosters  discon- 
tent and  sometimes  envy  of  those  who 
rise  to  positions  of  distinction  in  the 
councils  of  the  society.  But  let  it  be 
remembered  that  this  rise  to  distinction 
is  seldom  through  preferment  or  any 
unusual  qualifications,  but  rather  be- 
cause the  member  is  always  ready  to 
give  the  best  there  is  in  him  to  the  cause. 

This  is  an  opportunity  that  is  open  to 
every  member  if  he  will  attend  the 
meetings,  join  in  the  discussions  or  the 
presentation  of  papers,  do  committee 
work  and  mix  with  the  members  gener- 
ally. 

The  most  valuable  privilege  that  mem- 
bership in  the  vocational  or  professional 
society  offers  is  the  opportunity  for 
service.  The  influence  of  any  society 
is  measured  by  the  activities  of  its  mem- 
bers, and  in  turn,  the  greater  the  in- 
fluence of  the  society  the  greater  will  be 
the  value  of  membership  in  it  to  the 
individual. 
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riie  New  Lakeside^  Pulverized-Coal 
Plant-,  Milwaukee 


L«r«;rsl  INnvrr  Sinlioii  in  llir  \\  <»rl(l  i{iiriiiii<;  I'liKrri/.rd  (ioal  I  IliiiiaU-  (ianacity  To 
Uv   20(M)(K>    kil<i\vutt»>  Initial    Installation    «»i     HMXM)    Kilowatts    Now  <;oin^    in 

Foaliir«'8  Arc  Long,  Low,  Run<i;alow  Tyj»e  of  Hnilding,  .S|M'riaI  (>oaMlan<lling  and  I'rep 
aration  Eqnipnicnl,  Rnrni'is  of  the  Horizontal  an<l  Vrrti<-al  TypcH  anil  a  5()()-Kilowatt 
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THE  Milwaukee  Electric  Railway  and  Lipht  Co. 
ha.s  started  the  construction  of  what  will  be  the 
largest  central  power  station  in  the  world  utilizing 
pulverized  coal  for  steam  generation.  The  ultimate 
installed  capacity  will  be  200,000  kw.  The  design  is 
such  that  the  plant  can  be  constructed  in  units.  The 
first  will  contain  equipment  sufficient  for  producing 
40,000  kw.;  the  second  and  third  units.  80,000  kw.  each. 
In  conjunction  with  the  present  sy.stem  the  plant  will 
supply  current  for  the  street  railways,  street-  and 
house-lighting  circuits  and  power  demands  of  the  many 
industries   of   Milwaukee  and   surrounding   towns. 

With  its  site  one  mile  south  of  Milwaukee,  directly 
on  the  shore  of  Lake  Michigan,  the  new  Lakeside  power 
plant  will  have  an  ideal  location  for  several  reasons. 
The  water  from  the  lake  will  be  used  for  condensing 
purposes  and  also  for  boiler  feed.  Its  qualities  are  such 
that  no  purifying  treatment  will  be  necessary.  Eventu- 
ally, piers  will  be  built  out  into  the  lake  at  which 
colliers  can  be  unloaded  by  a  mechanical  conveying  and 
storage  system  that  will  deliver  coal  directly  through 
the  crushing  plant  on  the  shore.  For  the  present  coal 
will  be  transported  bj-  railroad  cars  and  unloaded  by 
means  of  a  car  dumper. 

FiEST  Unit  Will  Meet  Present  Needs 

Construction  now  under  way  embraces  the  rail  con- 
nections, cold-storage  yards,  coal-handling  and  crush- 
ing plants,  a  breakwater  for  impounding  cooling  water 
and  the  cooling-water  intake  and  discharge  tunnel.s, 
each  of  a  capacity  sufficient  for  a  total  output  of 
200,000  kw.  Present  needs  will  be  met  when  the  first 
unit  of  the  station  is  completed.  As  the  demand  for 
current  increa.ses  the  other  units  will  be  installed,  and 
it  will  be  necessary  only  to  add  to  the  boiler  room, 
turbine  room,  coal-pulverizing  plant  and  switchhouse 
equipments,  and  to  the  respective  buildings  for  housing 
them. 

In  the  main  building  of  the  plant  are  the  boiler 
room,  turbine  room  and  switchhouse  arranged  in  the 
order  named.  The  coal-pulverizing  plant  is  in  a  sep- 
arate building  about  fifty  feet  back  of  the  boiler  room. 
Between  these  two  buildings  are  two  concrete  chimneys, 
each  of  which  serves  four  boilers.  On  one  side  of  the 
main  building  opposite  the  turbine  room  is  a  connect- 
ing building  in  which  v.ill  be  located  the  operating 
engineers'  offices,  a  blacksmith  shop,  a  pipe  shop  and 
a  machine  shop.    All  these  shops  will  be  equipped  fully 


for  repairing  worn  and  broken  parts  of  the  power 
station  apparatus.  The  work  will  be  done  by  the  oper 
ating  men  with  the  idea  of  educating  them  in  the  con 
struction  and  care  of  the  machinery  they  are  runnin^' 
The  remaining  building  is  the  crusher  plant,  which  i 
on  the  .shore  of  the  lake  about  400  ft.  distant  fn 
the  pulverizing  plant.  The  illu.stration  on  the  oppo.s, 
page  shows  the  layout. 

Coal  Handling  a  Feature 

In    this    .station    the    coal-handling    and    preparatioi 
equipment   differs    widely    from    that    of   plants    usinj 
stokers  or  hand  firing.    It  is  best  described  by  followinf 
the  course  of  the  coal  from  the  storage  yards  to  thi 
boiler  furnaces.     The  coal  is  received  in  gondola  cars 
these    are    shunted    onto   a   system    of   parallel    track 
between   which   the   coal   is   piled   by  three  locomotive 
cranes  equipped  with  2-yd.  clamshell  buckets.     The  co 
.stored  in  this  manner  is  for  emergency  use  only.     F 
every-day  consumption  coal  trains  are  passed  through  i , 
revolving  car  dumper,  one  car  at  a  time,  at  a  maximuB 
rate  of  about  twenty  cars  per  hour.     This  dumper  ii 
located   on   a   bluff   running   along   the   lake,   and   coa 
passes  by  gravity  through  the  crushing-plant  machinerj 
in  the  following  order:     After  being  fed  from  the  hop- 
pers under  the  dumper,  it  is  carried  by  a  48-in.  belt 
conveyor  to  a  rotary  grizzly.     The  head  pulley  of  thf 
conveyor  is  highly  magnetized  and  carries  tramp  iror 
to   its   under  side,   thus   separating   it   from   the  coal 
The  grizzly  screens  out  coal  2   in.  and  over  and  dis-  . 
charges  it  into  a  two-roll  crusher  which  reduces  it  tc 
2  in.  and  under.     The  crushed  coal,  together  with  that  , 
passed  through  the  grizzly,  is  fed  through  a  hammer  , 
mill,   which   reduces    it   to    i    in.   in   size,   and   onto  a 
36-in.    belt   conveyor   which    leads    to   the   pulverizing 
plant. 

The  crusher  plant,  when  operating  as  described,  will  , 
handle  150  tons  per  hour.     When  fine  coal  is  received  , 
it  is  bypassed  directly  to  the  belt  conveyor  under  the  . 
hammer  mill,  and  250  tons  per  hour  can  be  handled.  . 
The  crusher  building  is  designed  to  accommodate  two 
grizzlies,  cru.shers  and  hammer  mills,  and  when  these 
are   installed   it  will  be   necessary  only  to  double  the 
speed  of  the  conveyor  to  double  the  capacity  of  the  lay- 
out as  a  whole. 

The  belt  conveyor  leading  to  the  pulverizing  build- 
ing is  36   in.  wide  and  in   its  length  of  385  ft.  rises  ^ 
91  ft.     It  discharges  onto  a  reversible  cross-belt  con- 
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veyor  of  the  same  width,  which  distributes  the  crushed 
coal  to  three  parallel  conveyors  equipped  with  automatic 
trippers  which  pass  over  the  green-coal  storage  bins  in 
the  pulverizing  building  and  maintain  an  even  supply 
in  them.  There  are  seven  of  these  bins,  having  a  com- 
bined capacity  of  3,500  tons.  Under  the  bins  run  three 
12-in.  screw  conveyors  arranged  to  discharge  through 
automatic  scales  into  three  indirect-fired  rotary  driers 
5  ft.  6  in.  in  diameter  and  42  ft.  long.  These  driers 
reduce  the  moisture  in  the  coal  to  about  1  per  cent  by 
means  of  hot  gases  from  individual  furnaces  fired 
with  pulverized  coal.  After  being  exhausted  from 
the  drier,  the  gas  is  blown  through  collectors  14  ft.  in 
diameter,  which  recover  any  coal  dust  it  carries  away 
in  passing  through  the  agitated  coal.  The  hot,  dried 
coal  is  next  transported  to  the  mill  feed  bins  by  means 
of  parallel  arrangements  of  16-in.  screw  conveyors  and 
continuous-bucket  elevators,  each  set  having  a  capacity 
of  60  tons  per  hour,  which  is  also  the  combined  capacity 


of  openings  in  the  front  wall  of  the  furnace.  These 
openings  are  fitted  with  top-hung  doors  used  for  reg- 
ulating the  air  supply.  The  remaining  two  boiler  fur- 
naces each  have  four  Fuller  burner  nozzles.  These 
are  of  the  horizontal  type  and  are  placed  in  the  front 
furnace  wall.  Air  for  combustion  is  admitted  partly 
with  the  fuel  and  partly  induced  through  an  annular 
space  around  the  nozzle.  The  idea  of  installing  two 
different  schemes  for  burning  is  to  compare  them  under 
actual  operating  conditions,  with  the  view  to  adopt  the 
better  type  in  case  of  future  additions  that  may  be 
made  to  the  station. 

When  operating  either  of  these  burning  systems  the 
flame  temperature  never  will  be  allowed  to  rise  high 
enough  to  slag  the  ash  content  of  the  coal,  hence  this 
will  be  deposited  partly  on  the  hearth  and  partly  car- 
ried away  with  the  flue  gases  in  the  form  of  dust. 
What  amount  collects  in  the  furnace  will  be  removed 
through  cleanout  doors  in  the  boiler-room  basement  and 
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of  the  three  driers.  The  idea  is  to  provide  spare  capac- 
ity in  case  of  breakdown. 

There  are  eight  mill  feed  bins,  each  holding  25  tons 
and  placed  over  its  respective  mill.  Fuller-Lehigh  ball 
pulverizing  mills  utilizing  the  air  separation  system 
will  be  used,  and  they  will  have  a  total  hourly  capacity 
of  48  tons.  With  the  air-separation  method  no  screens 
are  needed;  an  exhauster  driven  by  the  mill  shaft  draws 
a  current  of  air  over  the  bull  ring  in  the  mill,  and 
the  velocity  of  this  air  is  such  that  it  picks  up  only 
those  particles  that  have  been  ground  to  the  necessary 
fineness.  The  dust  thus  formed  is  forced  through  a 
collector  which  separates  the  coal,  and  the  air  is  con- 
ducted back  to  the  mill  to  be  drawn  through  again, 
thus  making  a  continuous  circuit.  From  the  collectors 
the  pulverized  coal  is  conveyed  to  a  50-ton  storage  bin 
supplying  a  pneumatic  conveying  system  which  trans- 
ports it  to  four  sets  of  bins  over  the  firing  aisle  in 
the  boiler  room.  One  set  of  bins  will  hold  150  tons  of 
coal. 

Six  of  the  boiler  furnaces  will  each  be  fired  by  three 
duplex  burners  (Combustion  Engineering  Co.  type) 
set  vertically  through  the  top  of  a  dutch  oven.  About 
15  per  cent  of  the  necessary  air  is  blown  in  with  the 
coal  dust,  and  the  rest  is  admitted  through  a  number 


fed  by  hand  into  the  pipe  line  of  a  vacuum  conveying 
system,  which  will  carry  it  to  a  conveniently  located 
ash  hopper. 

In  the  station  the  main  power  equipment  will  be 
two  20,000-kw.  turbo-generators,  each  equipped  with  a 
35,000-sq.ft.  three-pass  surface  condenser.  Steam  at 
265  lb.  pressure  and  200  deg.  F.  superheat  will  be 
supplied  from  eight  water-tube  boilers,  each  rated  at 
1,306  hp.,  but  to  be  operated  at  250  per  cent  of  rating. 
An  economizer  having  7,503  sq.ft.  of  heating  surface 
will  be  installed  in  the  rear  of  each  boiler  and  also  an 
individual  exhaust  fan  for  assisting  the  natural  draft 
in  drawing  the  gases  through  it.  Dust  removed  from 
the  economizer  tubes  will  fall  into  hoppers  from  which 
it  will  be  carried  away  by  connections  to  the  vacuum 
ash  system. 

In  a  gallery  between  the  boiler  and  turbine  rooms 
the  principal  auxiliaries  will  be  located.  An  elevated 
hotwell  tank  will  supply  feed  water  to  two  Hoppes  open 
heaters,  from  which  the  water  will  flow  through  a 
V-notch  meter  on  the  floor  below.  Under  the  meter  will 
be  placed  four  boiler-feed  pumps,  two  motor-driven  and 
two  turbine-driven.  It  is  estimated  that  the  feed-water 
temperature  leaving  the  pumps  will  be  120  deg.  F.  and 
under  a  pressure  of  325  lb.  gage.    In  addition  there  will 
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lie  oiu'  SOO-K.p.ni.  ci'iitririiKiil  nu)tor-clriviM\  mnkoiip 
pump  and  two  r)00->r.i).m.  motor-drivt'ii  <t'ntritii>.riil 
houso-scrvico  pumps. 

A  uiii(|Uo  feature  of  the  plant  will  he  a  f)()()-kw.  (urho- 
K'eneiator  which  will  supply  current  at  480  volts  for 
station  use.  The  turbine  end  of  this  machine  will  he 
equipped  with  a  diaphrajrm  operated  governor  con- 
trolled hy  a  thermostatic  device  located  in  the  feed- 
water  heaters.  The  purpo.se  of  such  an  arraiifrement  is 
to  retrulate  the  temperatures  of  the  feed  water  hy  vary- 
ing the  amount  of  the  exhaust  steam  passing  into  the 
heaters  from  this  turbine.  The  electrical  load  on  the 
generator  side  will  he  balanced  with  a  transformer 
connected  to  the  main  station  busses.  With  the  aid  of 
this  unit  the  main  turbo-generators  can  be  started 
under  a  vacuum  in  ca.ses  of  complete  i.solation  from  an 
outside  source  of  power,  as  the  electrical  auxiliaries 
of  the  condenser  can  be  operated  with  current  sup- 
plied from  it. 

The  main  condenser  auxiliaries  will  comi)rise  a  motor- 
driven  centrifugal  condensate  pump  discharging  through 
a  heater  to  the  elevjited  hotwell  tank,  two  24-in.,  18,000- 
g.p.m.  circulating  water  pumps,  one  motor-driven  and 
one  turbine-driven,  and  a  steam-jet  air  pump  for  emer- 
gency use.  The  main  generators  will  be  cooled  with 
washed  air  taken  from  inside  the  turbine  room  and 
discharged  into  the  boiler  room,  thus  utilizing  the  heat 
lost  in  one  department  to  warm  the  air  going  into  the 
boiler  furnaces. 

As  a  whole  the  plant  will  be  modern  in  every  respect. 
The  best  materials  will  be  used  throughout,  and  every 
precaution  has  been  taken  in  the  design  to  insure  effi- 
cient and  easy  operation.  At  every  point  necessary, 
recording  or  indicating  instruments  will  be  installed 
so  that  each  piece  of  apparatus  will  be  run  at  its  best 
efficiency. 

The  design  is  the  conception  of  John  Anderson,  chief 
engineer  of  power  plants  for  the  Milwaukee  Electric 
Railway  and  Light  Co.,  who  has  already  demonstrated 
the  many  advantages  of  pulverized  fuel  in  the  Oneida 
Street  Plant,  which  has  been  operating  successfully 
for  the  last  three  years.  The  plans  were  prepared 
and  the  construction  work  will  be  carried  on  by  the 
engineering  staff  of  the  company. 


I\«*H  Tvpr  of  rransfonnrr  Kiisliin^ 

and  ll()iisiii<; 

A  new  tyi)e  of  bushing  and  housing  for  outdoor 
transformers  of  moderate  voltage  has  been  developed. 
This  bushing,  which  has  been  approved  by  the 
Inspection  Department  of  the  Associated  Factory  of 
.Mutual  Fire  Insurance  Companies,  should  make  it  pos- 
sible to  dispense  with  transformer  houses.  Transformer 
houses  are  specified,  in  some  localities,  by  insurance 
companies,  their  construction  being  determined  by 
the  requirements  of  insurance  companies  and  .safety- 
first   considerations. 

Gknkrai.  Ariianokmknt  ok  Connections 

The  scheme  provides  that  all  circuits,  as  shown  in 
Fig.  1,  generally  above  GOO  volts,  be  brought  to  the 
housing  in  inclosed  cables.  This  cable  is  above  ground, 
in  a  metal  duct  that  is  securely  fastened  to  the  trans- 
former cover,  all  expo.sed  parts  being  at  ground  poten- 
tial and  waterproof.  The  waterproof  feature  is  essen- 
tial, from  the  underwriter's  standpoint,  in  making  it 
safe  for  firemen  to  play  streams  on  burning  buildings 
near  the  transformers.  Since  the  circuits  to  the  trans- 
former will  generally  consist  of  waterproof  lead-covered 
cable,  provision  is  made  in  the  outboard  portion  of  the 
housing  for  inclosing  a  standard  end  bell,  corresponding 
to  the  circuit  voltage. 

The  installation  shown  in  Fig.  1  is  that  of  three  self- 
cooled  oil-insulated  transformers,  with  corrugated  tanks 
and  radiators  for  cooling  the  oil,  located  outside  of  an 
industrial  building.  The  general  method  employed  in 
bringing  the  conduits  and  conductors  into  the  trans- 
former, so  as  to  make  a  clean  and  neat  in.stallation, 
is  clearly  indicated. 

The  lower  portion  of  the  bushings  are  similar  to  the 
standard  General  Electric  Co.'s  high-voltage  bushing; 
the  upper  portion  is  shown  in  Fig.  2.  Ample  clearance 
is  provided  in  the  housing.  The  transformers  re- 
ceive standard  high-potential  test  with  housings  in 
position  and  without  any  taping  or  other  insulation  on 
the  bushings.  As  regards  voltage  the  use  of  these 
transformers  is  limited  only  by  the  voltage  limits  of 
the  underground  cable. 


FIG.  1.     OUTDOOR  TRANSFORMER  INSTALLATION 


FIG.    2.      BUSHINGS    IN   TOP   OF  TRANSFORMER 
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Measuring  River  Flow  for  Hydro-Electric 
Plant  Operation 

Problem  of  Calculating  River  Flow — River  Flow  Charts  Used  in  the  Operation  of 

One  Installation — Methods  of  Checking  Capacity  of  Ponds — In  Calculating 

Capacity  of  Pond,  Hydraulic  Gradient  Must  Be  Considered 


By  R.  D.  DE  wolf 

Chief  Operating  Engineer,    Rochester  Gas  and  Electric  Corporation 


IN  the  combined  operation  of  steam-driven  and  hy- 
draulically  driven  generating  plants  very  substantial 
economies  can  be  effected  by  the  proper  distribution 
of  load  between  two  generating  stations  or  between 
several  steam  and  hydraulic  stations,  especially  in  cases 
where  the  river  flow  for  the  hydraulic  stations  is  vari- 
able. The  problem  of  measuring  this  river  flow  in  some 


the  power  required  all  the  time  or  not.  If  the  river  flow 
is  not  sufficient  to  supply  the  maximum  amount  of  power 
required,  then  during  the  peak-load  period  on  the  plant 
the  waterwheels  will  be  using  the  total  river  flow  and 
in  addition  will  be  drawing  a  certain  amount  of  water 
from  the  pond.  During  the  summer  of  1919  the  writer 
devised  for  use  on  the  power  system  of  the  Rochester 
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FIG.S.  1  AND  2.   CHARTS  FOR  ESTIMATING  POND  CAPACITV      .\XD   RIVER   FLOW 


easy,  practical  manner,  so  as  to  give  the  load  dispatchers 
a  fairly  accurate  basis  to  divide  their  load  on,  is  funda- 
mental. 

The  most  accurate  method,  of  course,  would  be 
through  the  installation  of  a  weir  in  the  river  by  means 
of  which  the  actual  quantity  of  water  flowing  could  be 
measured.  This  is  not  only  expensive,  however,  but  in 
many  cases  practically  out  of  the  question,  and  conse- 
quently some  other  method  has  to  be  devised. 

In  almost  every  case  any  hydro-electric  generating 
plant  has  some  storage  capacity  above  the  dam,  and  the 
pondage  is  used  to  a  greater  or  less  extent,  depending 
upon  whether  the  river  flow  is  sufficient  to  provide  all 


Gas  and  Electric  Corp.,  Rochester,  N.  Y.,  a  method  of 
measuring  the  river  flow',  making  use  of  the  foregoing 
characteristic. 

A  determination  was  first  made  of  the  capacity  of  the 
pond  in  cubic  feet  so  that  the  volume  of  water  contained 
in  the  pond  for  any  elevation  was  known.  Knowing  the 
amount  of  water  contained  in  the  pond,  the  head  on  the 
wheels,  and  the  turbine  and  generator  efficiency  for  a 
given  load,  it  is  evident  that  the  number  of  kilowatt- 
hours  that  can  be  generated  at  that  load  if  all  the  water 
in  the  pond  were  passed  through  the  wheels  can  be  cal- 
culated. Assuming  that  the  hydro-electric  plant  would 
be  supplied  only  with  water  from  the  pond  and  that  no 
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additional  water  was  cntorinR.  the  curvi's  shown  in 
Vin.  1  were  plotted.  In  these  curves,  instead  of  using 
lubie-feet  pond  capacity,  the  capacity  is  expressed  in 
thou.sands  of  kilowatt-hours.  At  an  elevation  of  .'J')l  ft., 
for  instance,  the  capacity  of  the  pond  when  the  water 
is  used  at  maximum  elliciency  is  r)0,5()0  kw.-hr.  In  the 
ca.se  of  the  two  i:2,000-kw.  jrenerators  u.sed  for  the  par- 
ticular installation  for  which  the.se  curves  were  calcu- 
lated, the  maximum  elliciency  is  at  10,000  kw.  with  very 
little  chanjje  in  elliciency  for  any  load  between  9,000  and 
11,000  kw.  on  the  unit.  If  the  load  on  the  unit  is  above 
or  below  this  amount,  the  elliciency  at  which  the  water 
is  used  is  decreased;  con.sequently,  when  a  given  amount 
of  water  is  pas.sed  through  the  wheels,  a  .smaller  num- 
ber of  kilowatt-hours  will  be  generated,  due  to  the  de- 
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creased  efficiency  in  the  use  of  the  water.  Therefore 
curves  for  other  loads  than  the  9,000-  to  11,000-kw. 
loads  were  calculated  and  plotted  on  the  chart.  For  ex- 
ample, with  a  load  of  5,000  kw.,  the  kilowatt-hours  in 
the  pond  at  an  elevation  of  391  ft.  amount  to  only 
44,500,  a  loss  of  6,000  kw.-hr.  due  to  the  decreased  effi- 
ciency at  which  the  wheels  are  operated. 

The  load  dispatchers  are  provided  with  a  form  for 
entering  the  necessary  data  to  calculate  the  river  flow 
as  shown  in  Fig.  2.  This  shows  for  each  hour :  The  total 
kilowatt-hours  generated  for  the  hour,  average- load  for 

9one  machine  for  the  hour,  the  kw.-hr.  capacity  of  the 

«pond  for  the  average  load  at  the  end  of  the  hour,  the 

-lifw.-hr.  removed  from  the  pond,  the  kw.-hr.  replaced  in 

■i^a'pond  and  the  kw.  river  flow. 

-iBcri^f  illustrate  the  use  of  the  method,  let  us  assume 

bthe  f oJlowing  data: 

on  JSer*S  lum.  the  pond  elevation  is  391  ft.  and  at  10  a.m. 


the  elevation  is  390  ft.  and  the  total  generation  by  two 
generators  for  the  hour  has  been  20,(»()0  kilowatt-hours, 
cMiuivali-nt  to  an  average  load  of  10,000  kw.  on  each 
generator. 

Referring    to    the    chart    wc    get    the    following    in- 
formation: 

I'niiil  i-nparity  iit  <)  n  lii.,  nt  n  loiul  <if   lU.OOO  k»  50.500  i\H    lir 

I'liiid  ciipiiniy  nt   10  I.  Ill  .  Ill  n  linul  ,if  10.000  kw     44,500 

Kilim'iitt-)iiiiir»  ri'iiMivi'il  from  tlii'  poml  ilnriirg  Itie  hour 6,000 

Total  kw.-hr  rciiitiiImI  iluriiiB  Itii'  lupiir  20,000 

I.i-iui  kw.-hr.  ri-iiiuvi>(l  from  poml  d.OOO 

1  )ifli'n'iic<>  niualii  rivpr  flow  14,000 

By   making   this   calculation    every    hour   continuous 
check  can  be  ke[)t  on  the  river  (low. 

In  the  left-hand  column  of  Fig.  2,  the  half-hour 
periods  are  put  in  during  the  time  when  the  system  load 
is  changing  rapidly.  During  this 
period  half-hour  readings  are  taken, 
but  the  kilowatt  river  flow  estimated 
from  the.se  readings  is  not  used  ex- 
cept as  a  very  rough  check  on  the 
river  conditions.  We  have  found 
from  experience  that,  with  the  con- 
ditions existing  in  the  pond,  half- 
hour  period  readings  do  not  seem 
to  be  long  enough  to  iron  out  various 
inconsistencies  and  give  reliable  data. 
We  have  therefore  made  it  a  practice 
in  estimating  the  kilowatt  river  flow 
to  use  only  hourly  periods.  The 
hourly  tabulation  is  arranged  in  the 
various  vertical  groups  so  as  to  give 
space  for  totalizing  each  group  and 
figuring  average  results  for  each 
group.  Our  load  conditions  are 
such  that  we  have  found  it  conven- 
ient to  divide  the  day  into  four 
periods — from  midnight  to  7  a.m. ; 
7  a.m.  to  noon;  noon  to  7  p.m.,  and 
7  p.m.  to  midnight.  For  convenience 
the  readings  from  11  p.m.  to  mid- 
night, from  6  a.m.  to  7  a.m.,  from 
11  a.m.  to  noon,  and  from  6  p.m.  to 
7  p.m.  are  repeated.  These  repeti- 
tions ai'e  not  necessary,  but  our  op- 
erators have  found  it  convenient  to 
handle  it  in  this  way.  In  figuring 
the  river  flow  for  each  group  this 
overlapping  of  one  hour  gives  a  more 
reliable  average  figure.  The  various 
vertical  groups  contain  a  different 
number  of  units,  depending  upon  how  many  half-hour 
periods  happen  to  fall  in  a  given  group. 

One  factor  entering  into  this,  which  tends  to  make 
the  results  more  or  less  deceptive,  is  the  effect  of  the 
hydraulic  gradient  of  the  pond  itself,  in  those  cases 
where  the  point  at  which  the  pond  level  is  measured  is 
at  the  dam  or  at  the  intake.  If  we  start  out  with  the 
surface  of  the  pond  absolutely  level  from  the  intake  back 
upstream  to  the  upper  limits  of  the  pond  and  then  use 
water  at  a  rate  greater  than  that  at  which  it  is  flowing 
into  the  pond,  it  is  evident  that  the  level  at  the  intake 
will  fall  a  larger  amount  than  the  level  farther  up  the] 
pond,  owing  to  the  hydraulic  gradient,  or  difference 
in  head  required  to  make  the  water  run  downstrear 
The  more  rapid  the  rate  at  which  the  pond  level 
falling,  the  greater  will  be  the  difference  in  the  pond 
elevation  at  the  intake  and  at  the  upstream  end,  especW 
ally  in  those  cases  where  the  pond  is  shallow  and  uncov-^ 
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s  considerable  ground  area  as  the  level  falls.  As  the 
5vation  at  the  intake  is  the  lowest  in  the  pond,  it  is 
A^er  than  the  true  average  level  for  the  entire  pond, 
le  figure  for  the  number  of  kilowatt-^hours  taken  out 
the  pond  will  therefore  be  greater  than  is  actually  the 
se,  if  it  is  based  upon  the  elevation  of  the  lowest  point 
ther  than  the  average  elevation.  The  effect  of  this  is 
give  a  river  flow  lower  than  the  true  flow.  This  error, 
wever,  is  not  one  that  need  cause  the  operators  to 
>rry  for  fear  the  water  will  give  out  before  they  ex- 
ct  it  to,  as  it  is  on  the  safe  side  and  means  there  is 
tually  somewhat  more  water  available  than  the  fig- 
es  indicate.  In  those  cases  where  the  pond  elevation 
n  be  measured  at  a  point  that  gives  a  figure  that  is 
)re  nearly  the  average  pond  elevation,  this  error  will 
practically  eliminated. 

In  constructing  the  curves  shown  in  Fig.  1,  it  is  not 
solutely  essential  to  have  a  survey  of  the  pond,  as 
ise  curves  can  be  constructed  by  a  series  of  approxi- 
itions  from  the  operating  data  only.  Assuming  that 
ly  very  rough  information  is  available  in  regard  to 
;  pond  capacity,  a  set  of  curves  could  be  plotted  based 
on  this  rough  estimate.  In  the  course  of  operation 
;re  will  be  periods  when  the  amount  of  power  being 
nerated  by  the  plant  will  be  only  a  relatively  small 
lount  greater  than  the  river  flow,  so  that  the  rate  of 
1  of  the  pond  will  be  slow,  thus  minimizing  the  effect 
hydraulic  gradient.  These  operating  results  will 
re  certain  river-flow  figures.  Taking  the  average 
these  figures  over  a  period  of,  say,  three  hours,  a  de- 
•mination  can  then  be  made  along  the  general  lines 
iicated  in  the  following  calculation: 


rage  flow,  in  kw.,  for  a  period  of  three  hours 

d  capacity,  in  kw.-hr.,  from  given  curves  at  end  of  this  time 

>watt-hours  generated  during  next  period  of  five  hours 

Acity,  in  kw.-hr.,  from  given  curves,  at  end  of  the  five  hour  period. 

-hr.  generated  by  river  flow  of  1 5,000  kw.  for  five  hours 

-hr.  actually  supplied  by  pond 

-hr.  apparently  supplied  by  pond  as  shown  by  cur\*e 

>rin  pond  capacity  in  kw.-hr 


15,000 
50,000 
100.000 
20,000 
75,000 
25,000 
30,000 
5,000 


By  choosing  a  period  during  which  it  is  fairly  certain 
it  the  river  flow  is  constant  over  the  assumed  period 
five  hours,  as  given,  this  method  can  be  used  to  de- 
mine  the  inaccuracy  in  the  assumed  chart,  and  after 
;h  determination  a  corrected  chart  can  be  made.  This 
•rected  chart  can  be  again  checked  in  the  same  way 
i  a  third  chart  made  which  will  be  more  nearly  correct 
in  the  second. 

Phe  results  secured  by  the  foregoing  method  can  be 
icked  by  still  another  scheme.  During  periods  of 
;ration  when  the  pond  is  drawn  down  low  during  the 
ivy-load  period  of  the  day  and  allowed  to  fill  up  dur- 
:  the  light-load  period,  if  we  start  at  a  time  when  the 
id  is  full  and  take  hourly  readings  during  the  period 
en  the  pond  is  being  emptied  and  filled,  it  is  evident 
it  at  the  end  of  the  filling  period  the  river  flow  will 
re  been  sufficient  to  generate  the  total  kilowatt-hours 
lerated  from  the  start.  The  average  river  flow  will 
in  be  the  total  kilowatt-hours  generated,  divided  by 
(  total  time.  For  any  hour  a  comparison  can  be 
de  between  the  kilowatt-hours  removed  from  the  pond 
determined  by  subtracting  the  average  river  flow 
im  the  total  kilowatt-hours  actually  generated  for 
it  hour,  and  the  kilowatt-hours  removed  from  the 
id  as  determined  from  the  chart  by  the  method  out- 
ed  in  the  foregoing. 

Even  in  cases  where  an  accurate  survey  of  the  pond 
available,  the  methods  outlined  can  be  used  to  check 
I  pond  from  time  to  time  to  determine  the  amount 
it  it  has  silted  up. 


In  order  to  assist  the  load  dispatcher  in  estimating 
the  number  of  hours  that  he  will  be  able  to  carry  a 
given  load  with  a  pond  at  any  given  level,  the  chart 
shown  in  Fig.  3  was  drawn  up.  The  curves  on  this 
chart  represent  the  rate  at  which  the  pondage  is  being 
depleted.  For  example,  if  the  pond  elevation  was  387 
ft.  and  the  load  carried  by  the  station  such  that  6,000 
kw.-hr.  were  being  taken  out  of  the  pond  every  hour, 
these  curves  show  that  this  load  could  be  can-ied  for 
about  six  hours,  at  the  end  of  which  time  the  pondage 
would  be  all  used  up.  These  curves  are  based  upon  an 
assumed  operation  of  the  wheels  at  their  highest  point 
of  efficiency.  In  case  the  wheels  are  not  operated  at  this 
point  but  at  a  less  economical  load,  use  is  made  of  the 
conversion  factors  shown  in  Fig.  4.  In  the  case  cited,  for 
instance,  if  the  load  being  carried  by  each  machine  was 
only  7,000-kw.,  then  the  length  of  time  that  the  pondage 
would  last  would  be  only  93  per  cent  of  six  hours,  or  5 
hours  and  34  minutes. 

The  load  dispatcher  can  also  make  use  of  an  estimat- 
ing sheet  on  which  he  can  put  down  the  estimated  load, 
river  elevation,  etc.,  for  each  hour  for  an  entire  day's 
operation,  checking  up  the  results  actually  gotten  at  the 
end  of  each  hour  and  changing  his  estimate  if  condi- 
tions are  such  as  to  make  this  advisable.  With  an  esti- 
mating sheet  of  this  kind  he  can  cover  any  period  and 
any  variation  in  load. 

This  system  has  been  in  use  for  a  number  of  months, 
and  on  the  whole  the  results  have  been  found  very  satis- 
factory. Irregularities  in  the  pond  capacity  have  been 
found  and  corrections  made  from  time  to  time  to  over- 
come these  errors.  A  great  deal  has  been  learned  about 
hydraulic  gradient  and  its  effect  on  the  load  conditions, 
and  from  experience  the  dispatcher  makes  allowance  for 
the  effect  of  this  factor. 


A  Large  Semi-Diesel  Engine 

Certain  industries,  especially  rice  irrigation  and 
cotton  ginning,  have  fairly  large  power  requirements 
for  a  few  months  each  year.  During  the  remainder  of 
the  year  the  power  plant  is  idle.  Even  though  the  fuel 
economy  of  the  Diesel  engine  is  much  better  than  that 
of  any  other  prime  mover  the  interest  charge  per  oper- 
ating day  is  large  in  such  plants.  The  surface-ignition 
or  semi-Diesel  oil  engine,  while  using  more  oil  per 
horsepower,  is  frequently  the  most  advisable  type  to 
install,  since  the  interest  charge  is  lower;  in  addition, 
the  surface-igniaon  engine  operator  need  not  be  as 
high-grade  as  the  Diesel  engineer. 

Heretofore  most  of  the  semi-Diesel  manufacturers 
have  confined  the  engine  cylinders  to  a  maximum  of 
about  17  inches.  It  has  been  quite  generally  felt  by  the 
designer  that  this  diameter  was  the  largest  that  could 
be  employed  in  a  two-cycle  engine  without  recourse  to 
some  form  of  piston  cooling.  Piston  cooling,  while 
customary  with  two-cycle  Diesels,  has  not  in  the  past 
met  with  favor  in  the  semi-Diesel  field.  It  is  undoubt- 
edly true  that  a  so-called  dry  type  semi-Diesel  or  sur- 
face-ignition oil  engine  would  require  piston  cooling  if 
manufactured  in  large  cylinder  sizes.  With  the  wet 
type  engine,  or  an  engine  using  water  injection  into  the 
working  cylinder,  it  is  claimed  by  several  builders  that 
the  water  thus  introduced  keeps  the  temperature  of  the 
piston  head  low  enough  to  avoid  danger  of  fracture  or 
cylinder  scoring  regardless  of  the  diameter  of  the 
cylinder. 
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With  tlu'  fxperii'iue  df  Huiiiy  yoars  of  oil  ctij^iiie  con- 
.striK-tioii  to  jriiide  tht-ni  tho  I'owit  MamifiKturinjr  Co. 
of  ^rnrion,  Ohio,  has  for  .some  timo  lu'en  buildinjf  the 
rritnm  .surfnie-ijrnitioii  eiijfine  in  .sintrle-cyiiiuier  unit.s 
with  a  cylinder  diameter  of  22  inches.  Thi.s  single-cyl- 
inder unit  develojxs  150  hp.  at  200  r.p.m. 

To  meet  the  demand  for  a  2r)0-  to  .'iOO-hp.  enjrine  for 
jrin  and  irrijration  i)lants,  this  company  has  desi^rned  a 
two-cylinder  enjrine  havin>r  cylinders  22  inches  in  diam- 
eter by  24  inch  stroke.  Kit?.  1  is  a  view  of  the  pumji 
side  of  the  enjrine,  while  Vig.  2  is  a  cross-section  show- 
ing the  movinj;:  parts.  The  frame  is  a  one-piece  castinvr 
containing  housing  for  three  .shaft  bearings.  At  the 
head  end  the  frame  has  t\yo  cavities  to  receive  the  cyl- 
inders. It  will  be  seen  that  the  front  or  crank  ends  of 
the  cylinders  act  as  the  compressors  for  the  scavenging 
air.  The  air  is  admitted  through  a  poppet  valve  mounted 
on  the  side  of  the  frame.  As  the  piston  uncovers  the 
exhaust  pipe,  the  scavenging  air  rushes  into  the  cylinder 
through  the  upper  ports  and  completes  the  scavengin;j 
process. 

Injection  Watkr  Under  Control 

The  injection'*  water  is  fed  into  the  air  transfer 
ports  and  is  picked  up  by  the  air  entering  the  cylinder. 
The  velocity  of  the  air  serves  to  break  up  the  water  into 
a  fine  mist.  This  water  vapor  passes  across  the  piston 
head  and  removes  a  great  amount  of  the  heat  absorbed 
during  the  early  part  of  the  power  stroke.  The  amount 
of  water  injection  is  controlled  by  the  governor,  while 
a  special  form  of  check  valve  prevents  the  entrance  of 
the  water  into  the  air  passage  save  during  the  period  of 
exhaust  and  air  scavenging.  This  timed  injection  of 
water  removes  a  great  deal  of  the  objection  that  is  so 


|)lunger  is  driven  by  a  push  rod  from  the  shaft  eccmj 
trie.  The  dog  limits  the  travel  of  the  pump  plunger  orl 
its  suction  stroke.     At  an  increase  of  speed  the  goveroeil 
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frequently  raised  by  engineers  to  the  wet  type  of  engine. 
Doubtless  if  the  water  is  allowed  to  drip  onto  the  piston 
the  lubricating  oil  will  be  washed  off.  Regulation  of  the 
timing  places  the  water  in  the  cylinder  at  the  proper 
time  to  be  most  effective. 

The  governor  is  of  the  centrifugal  flyball  type  and  is 
driven  by  a  bevel  gear  mounted  on  the  crankshaft.  The 
governor  sleeve  is  connected  to  a  rocker  arm  on  the  fuel 
pump,  as  appears  in  Fig.  3.  This  rocker  has  a  dog  which 
fits  into  a^notch  cut  into  the  fuel  pump  plunger.     The 


shifts  the  pump  rocker.  The  dog  then  engages  the 
pump  plunger  earlier  in  the  suction  stroke  and  the 
amount  of  fuel  entering  the  pump  is  thereby  reduced. 
On  the  twin  cylinder  en- 
gines, the  pump  is  double 
acting,  allowing  the  use  of 
a  single  eccentric  and  push 
rod. 

The    atomizer    or    spray 
nozzle  is  the  Primm  stan- 
dard design  and  enters  the 
cylinder  at  the  top.  The  oil 
as   it   enters   the   cylinder, 
strikes  the  hot  plug  in  the 
cylinder    head.      The    fuel 
injection      timing      varies 
with  the  load.    At  full  load 
the  beginning  of  injection 
is  about  20  deg.  ahead  of 
dead  center  and  the  injec- 
tion ceases  at  dead  center. 
The    ignition   plug   follows 
the    usual    Primm    design. 
It  is  heated  by  a  torch  and 
then  slipped  into  the  cylin- 
der   head    and    locked    by 
means    of   a    screwed   cap. 
The  engine  is  not  devoid  of  striking  features.     It  is 
much  simpler  than  a  Diesel  engine  and  can  be  operated 
by  any  average  mechanic.     In  many  engines  the  frame 
becomes  rather  warm  from  the  heat  absorbed  by  the 
cylinder  and  piston.     In  this  engine  the  cooling  water 
enters  the  frame  in  front  of  the  main  bearings.    Cored 
passages   allow   the   water    to   pass   toward  'the   cj'lin- 
ders,  in  this  way  keeping  the  engine  frame  at  all  time.- 
much  cooler  than  is  customary  with  the  usual  design 
of  two-cycle  semi-Diesels. 
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Connections  Between  Brushes  and  Brush-Holders 

Tendency  Is  Toward  the  Use  of  Flexible  Connections  Between  Brushes  and  Brush 
Holders — Voltage  Drop  Between  Brush  and  Holder  May  Represent  an  Appre- 
ciable Loss — Load  Current  Passing  from  Brush  to  Holder  Causes  Serious 
Injury  to  Both — Three  Methods  of  Connecting  Shunts  to 
Brushes  and  Their  Relative  Merits 


By  warren  c.  kalb 

Gennal    Manager,    Corliss    Cai'toon    Company 


DURING  the  last  few  years 
there  has  been  a  rapidly 
growing  tendency  on  the  part 
of  manufacturers  of  electrical  ma- 
chinery toward  the  use  of  flexible 
connections  between  brushes  and 
brush-holders  or  some  portion  of  the 
brush-supporting  rigging.  These  flex- 
ible connections  are  usually  termed 
shunts  or  pigtails.  Some  of  the 
reasons  making  the  use  of  such  a 
connection  desirable  are  the  elimina- 
tion of  the  voltage  drop  between 
brushes  and  brush-holders,  the  pre- 
vention of  the  passage  of  load  cur- 
rent through  the  tension  spring  of 
the  brush-holder,  the  reduction  of 
side  burning  and  the  insuring  of 
equal  distribution  of  current  among 
all  the  brushes.  Referring  to  the 
first  reason  given,  the  voltage  drop 
between  brush  and  brush-holder  may 
not  seriously  impair  the  efficiency  of  a  high-voltage 
machine,  but  on  a  machine  of  relatively  low  voltage 
the  percentage  of  loss  due  to  poor  contact  between 
the  brush  and  brush-holder  may  represent  an  appre- 
ciable loss  of  efliciency.  This  drop  may  be  as  much 
as  two  or  three  volts  or  even  more  should  the  brush 
become  coated  with  grease  or  oil.  On  a  32-volt 
machine  such  as  used  for  farm  lighting,  it  will  be 
seen  that  this  will  represent  6  to  10  per  cent  loss  in  effi- 
ciency, which  would 

be  a  prohibitive  fig-       

ure  when  it  is  so 
easily  overcome  by 
establishing  a  low- 
resistance  flexible 
connection  between 
the  brush  and  brush- 
holder.  This  condi- 
tion applies  princi- 
pally to  box  -  type 
holders  in  which  the 
brush  has  a  free 
movement  within 
the  holder  guides. 
The  use  of  a  shunt 
is  not  so  important 
on  clamp-type  hold- 
ers where  much  bet- 
ter contact  is  secured 
between  the  holder 
and  the  brush.  This 
contact,  however,  is 
not    as    low    in    re- 


FIG.   1.      EFFECTS   OF  OPERATING 
BRUSH  WITHOUT   A  SHUNT 


FIGS.    2    TO    8.      METHODS    OF   SOLDERING    SHUNTS    TO  BRUSHES 


sistance  as  can  be  obtained  by  the 
use  of  a  properly  connected  shunt, 
and  for  this  reason  shunts  are  used 
tc  a  considerable  extent  even  on 
holders  of  the  clamp  type. 

The  most  serious  difficulty  arising 
from  the  passage  of  load  current 
through  the  tension  spring  of  the 
brush-holder  is  the  heating  that  will 
result,  with  the  possibility  of  de- 
stroying the  temper  of  the  spring. 
Where  this  takes  place,  unequal  ten- 
sion on  the  brush  is  a  certain  result, 
leading  to  such  troubles  as  excessive 
vibration,  sparking  and  overheating 
of  the  brushes  on  which  heavy  ten- 
sion  remains. 

In  addition  to  considerable  cur- 
rent passing  through  the  tension 
spring  when  no  shunt  is  used,  a  large 
amount  will  go  directly  from  the 
brush  to  the  sides  of  the  brush- 
holder.  This  will  not  be  evenly  distributed  over  all 
the  available  bearing  surface,  but  will  be  localized  in 
a  few  points  of  contact  at  which  the  current  density 
will  be  quite  high.  The  play  of  the  brush  in  the 
holder  causes  frequent  interruption  of  the  current  at 
these  points  of  contact,  resulting  in  the  drawing  of 
small  arcs,  which  rapidly  burn  away  both  the  brush 
and  the  interior  surfaces  of  the  holder.  Fig.  1  shows 
a  brush  operated  without  a  shunt,  and  how  serious  this 

side  burning  may 
become  under  severe 
load  conditions.  The 
use  of  a  flexible  con- 
nection between  the 
brush  and  holder 
will  almost  entirely 
eliminate  such  ac- 
tion, even  under  very 
severe  conditions. 

Equal  distribution 
of  load  current 
among  all  the 
brushes  cannot  be 
too  greatly  empha- 
sized and  constitutes 
one  of  the  most  im- 
portant reasons  for 
the  use  of  flexible 
connections.  Un- 
equal distribution 
of  current  not  only 
causes  serious  injury 
to   the  brush   which 
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is  fans  inp  nn  excossivt'  share,  hut  through  tho  plow- 
injr  atul  s]mrkii))r  so  prodiurd  may  caiiso  serious  injury 
to  tho  copinuitator,  luvossitat iiifr  ('xpousivo  repairs. 
Kvon  whoro  shunts  are  used,  unequal  distribution  will 
sometimes  exist  if  they  are  not  properly  ecuinected  to 
the  hrush  or  if  the  connection  to  the  brush-holder  is 
poor,  whether  due  to  dirty  contact  or  to  u  loose  screw. 
Troubles  due  to  unetiual  distribution  on  machines  where 
the  brushes  are  eiiuij)ped  with  .shunts  may  often  be 
eliminated  by  deaninp  and  tiRhteninjr  the  contacts  of 
all  the  i)i}rtail  terminals. 

The  method  of  connecting  the  flexible  cable  of  the 
shunt  or  piirtail  to  the  bru.sh  is  of  the  greatest  impor- 
tance. In  the  first  place,  the  connection  should  be  of 
low  electrical  resistance.  As  an  aid  to  this  character- 
istic, it  should  have  as  large  an  area  of  contact  as 
possible  and  the  contact  should  be  firm  at  all  points. 
The  use  of  solder  is  of  considerable  advantage  in  secur- 
ing low  resistance,  but  care  .should  be  taken  in  the 
construction  of  the  connection  .so  that  there  are  no 
pockets  where  an  excess  of  solder  can  gather  to  drop 
out  on  the  commutator  or  cause  the  brush  to  stick  in 
the  holder  should  a  temperature  be  encountered  during 
operation  sufficient  to  cause  the  solder  to  melt. 

A  second  feature  of  importance  is  the  mechanical 
security  of  the  connection.  Many  connections  are  used 
successfully  which  depend  entirely  on  solder  to  secure 
the  cable  to  the  brush.  Such  connections  are  subject  to 
failure,  however,  when  high  temperatures  are  reached, 
and  a  connection  that  is  secured  mechanically  inde- 
pendent of  the  use  of  solder  possesses  an  appreciable 
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FIGS.    9   TO   13.      MECHANICAL   .METHODS   OF   CONNECTING 
SHUNTS  TO  BRUSHES 


advantarje  over  the  former  typs. .  Mechanical  connec- 
tions should  also  be  free  from  a  tendency  to  loosen 
under  vibration  or  from  the  expansion  ol  the  metallic 
parts  when  heated.  In  this  respect  a  screw-type  con- 
nection possesses  an  advantage  over  the  riveted  type, 
inasmuch  as  it  can  be  drawn  up  firmly  while  hot, 
whereas  the  riveted  type  is  always  attached  to  a  cold 
brush.    The  metal  is  subject  to  greater  expansion  than 
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the  carbon  when  the  brush  becomes  healed  in  service. 
All  connections  should  be  able  to  withstand  a  moderate 
pulling  strain  without  breaking  away  from  the  brush, 
but  excessive  strain  of  this  nature  will  not  be 
encountered  in  service,  so  that  the  fact  that  a  cable 
can  be  pulled  from  the  brush  by  hand  is  not  in  itself 
suHicient  reason  for  condemning  a  connection. 

A  third  jwint  to  be  considered  in  the  method  of  con- 
necting the  cable  to  the 
bru.sh  is  simplicity.  This 
applies  particularly  to  the 
machining  operations  re- 
quired upon  the  carVwn 
it.self.  Carbon  cannot  be 
machined  efficiently  with 
steel  tools,  inasmuch  as  it 
rapidly  dulls  the  cutting 
edge  of  a  tool  of  this  char- 
acter. All  operations 
should  be  done  with  grind- 
ing wheels  where  they  can 
possibly  be  applied.  Of 
course,  in  drillinjf,  counter- 
boring  and  similar  opei-a- 
tions  the  use  of  a  steel  tool 
is  necessary.  kig.  u.    eow-kesistanck 

Methods    of    connecting  ^^^^^  with  shunt 

the  shunt  to  the  brush  may 

be  grouped  in  three  classes — soldered  connections,  me- 
chanical connections  and  the  combination  of  these  two. 
Figs.  2  and  3  illustrate  the  simplest  form  of  the 
soldered  connection,  consisting  of  a  hole  drilled  into 
the  top  of  the  brush  through  which  the  cable  is  inserted, 
spread  out  in  a  counterbore  drilled  in  the  edge  or  side 
of  the  brush  and  there  soldered.  In  this,  as  in  all 
.soldered  connections,  it  is  necessary  that  the  brush  be 
copper  plated. 

Fig.  4  is  a  modification  of  Figs.  2  and  3,  in  that  the 
cable  is  inserted  in  a  hole  drilled  through  the  width 
of  the  brush,  countersunk  at  one  end  for  soldering  and 
slotted  at  the  other  end  to  give  clearance  to  the  shunt 
and  avoid  interference  with  the  side  of  the  brush-holder 
box.  This  connection  is  somewhat  better  than  that  in 
Figs.  2  and  3,  inasmuch  as  the  solder  will  draw  back 
along  the  cable  and  give  a  larger  area  of  contact  between 
cable  and  brush.  Fig.  5  is  a  modification  of  the  type 
Fig.  4,  and  is  quite  commonly  used  on  brushes  with 
both  top  and  face  bevels.  The  only  essential  difference 
between  Figs.  4  and  5  is  that  the  edge  of  the  brush  is 
shouldered  instead  of  slotted  in  the  latter  case. 

Figs.  6,  7  and  8  show  strictly  soldered  connections. 
While  there  is  a  metal  cap  over  the  top  of  the  brush 
in  each  of  these  types  under  which  the  cable  is  spread 
out,  giving  a  large  area  of  contact,  the  connection 
depends  entirely  upon  solder  for  its  security.  These 
connections,  particularly  those  in  Figs.  6  and  7,  are 
of  very  low  electrical  resistance. 

Of  the  mechanical  tj'pes  there  are  numerous  forms 
in  which  the  cable  is  secured  to  the  brush  by  means  of 
a  screw  or  nut.  The  brush  in  this  case  may  be  either 
plain  or  copper  coated,  the  latter  form  usually  being  of 
slightly  lower  electrical  resistance  than  the  former.  An- 
other mechanical  type  in  use  to  a  considerable  extent 
has  the  same  appearance  as  the  soldered  type  illustrated 
in  Fie-  5,  the  difference  being  that  the  flat  cable,  which 
may  be  opened  up  into  tubular  form,  is  pressed  into  firm 
contact  with  the  interior  of  the  brush  and  there  secured 
by  a  pin  of  the  proper  size,  driven  in  from  the  oppo- 
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site  edge  to  that  visible  in  the  illustration.  A  modifica- 
tion of  this  type  is  shown  in  Figs.  9  and  10,  in  which 
the  cable  is  secured  by  a  tubular  rivet  passing  through 
the  width  of  the  brush  and  spun  over  on  the  end.  A 
detachable  type,  Fig.  11  is  extensively  used  by 
one  manufacturer,  but  is  subject  to  the  fault  that  a 
portion  of  the  connection  extends  beyond  the  side  of  the 
brush,  necessitating  a  deep  slot  in  the  brush-holder. 

Fig.  12  shows  the  preparation  of  a  brush  for  what 
is  known  as  the  saddle-type  connection.  This  connec- 
tion consists  of  a  heavy  sheet-copper  clip  or  saddle 
fitting  into  the  recesses  of  the  brush  shown  in  the  fig- 
ure and  secured  thereto  by  bolts  and  nuts.  Flexible 
cable  is  attached  directly  to  this  saddle.  This  type  is 
quite  expensive  from  the  standpoint  of  the  preparation 
of  the  bruch  as  well  as  the  cost  of  the  saddle,  and  as 
a  result  it  is  rapidly  passing  out  of  use. 

For  metal-graphite  composition  brushes  in  which  the 
percentage  of  metal  is  very  high,  the  connection  in  Fig. 
14  is  often  used.  In  some  cases,  particularly  on  small 
metal-composition  brushes,  the  cable  is  often  secured 
to  the  brush  merely  by  inserting  a  pin  or  screw  along- 
side of  the  cable  or  through  it  after  it  has  been  inserted 
into  a  snug-fitting  hole  in  the  brush. 

One  other  type,  Fig.  13,  quite  extensively  used,  comes 
under  the  classification  of  mechanical  connections.  In 
this  type  a  single  hole  is  drilled  into  the  brush,  usually 
through  the  top  or  from  a  beveled  upper  corner.  The 
diameter  of  the  hole  is  larger  than  that  required  to 
accommodate    the    cable,    and    the    hole    is    sometimes 
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slightly  undercut  or  enlarged  at  the  bottom.  After 
inserting  the  cable  into  the  brush,  copper  powder 
specially  prepared  for  this  purpose,  or  a  conducting 
:ement  having  the  characteristic  of  hardening  after  a 
short  period,  is  tamped  in  alongside  the  cable,  estab- 
ishing  firm  contact  and  mechanical  security  between 
:he  cable  and  the  brush.  This  connection  has  a  pro- 
nounced advantage  from  the  standpoint  of  simplicity, 


but  is  lacking  in  mechanical  security.  It  also  has  a 
comparatively  small  area  of  contact,  and  while  the  elec- 
trical resistance  may  be  low,  there  are  failures  when 
heavy  currents  are  carried  by  an  individual  brush. 

Of  the  combination  types.  Figs.  15,  16,  17  and  18 
illustrate  the  two  forms  most  commonly  used,  Figs. 
15  and  16  being  a  screw-type  connection  and  Figs.  17 
and  18  a  modification  in  which  the  cable  is  secured  by 
a  hollow  rivet   inserted   through   the  thickness   of  the 


i="ie.  19  FIG.  ao  Fie.  21 

KU!S.  19  TO  21.     BRU.SHES  EQUIPPED  WITH  LIFTING  CLIPS 

brush  and  spun  over  on  the  ends.  These  types,  as  will 
be  noticed  from  the  figures,  can  be  made  with  or  with- 
out a  metal  clip  extending  over  the  top  of  the  brush  to 
prevent  wear  under  the  tension  spring  of  the  brush- 
holder.  Other  modifications  of  this  type  are  illustrated 
in  Figs.  19,  20  and  21,  which  show  various  forms  of 
lifting  clips  attached  to  the  top  of  the  brush.  These 
are  used  on  interpole  rotary  converters,  started  from 
the  alternating  current  side,  to  lift  the  load  carrying 
brushes  out  of  contact  with  the  commutator  during  the 
starting  period.  All  the  combination  types  here  illus- 
trated may  be  attached  to  copper-coated  brushes  with- 
out the  use  of  solder,  but  the  electrical  conductivity  is 
so  greatly  improved  by  the  use  of  solder  that  this  has 
become  the  almost  universal  practice. 

Two  forms  of  copper  cable  are  used  for  pigtail  con- 
nections, the  braided  form  illustrated  in  Fig.  7  and  the 
stranded  form,  Fig.  6.  Braided  cable  is  of  advantage 
where  flat  contact  surface  is  desirable,  as  in  the  con- 
nection, Fig.  7,  or  where  a  rivet  or  pin  is  to  be  inserted 
in  the  cable,  as  in  Figs.  9  and  10.  Braided  cable,  how- 
ever, is  not  as  flexible  as  stranded  cable,  and  for  this 

CARRYING  CAPACITIES  OF  VARIOUS  STANDARD  SIZES  OF 
STRANDED  CABLES 


"dumber 

B.&S. 

Circular 

f  Wires 

Gage  No. 

Mils 

105 

40 

1,038 

63 

36 

1,575 

105 

36 

2,625 

161 

36 

4,025 

238 

36 

5,950 

392 

36 

9,800 

525 

36 

13,125 

6''/4 

36 

16.100 

R'3 

36 

20,800 

1.050 

36 

26,250 

Approximate 

Diameter 

Carrying 

of  Cable 

Capacity 

Inches 

Amperes 

^ 

8 

A 

10 

A 

13 

A 

19 

A 

25 

i 

37 

A 

48 

58 

tV 

73 

a 

90 

reason  the  latter  is  preferable  in  most  instances.  Wire 
of  No.  36  B.  &  S.  gage  is  fine  enough  to  give  the  neces- 
sary degree  of  flexibility  in  all  but  the  smallest  cable, 
in  which  case  wire  as  fine  as  No.  40  B.  &  S.  gage  may 
be  used.  In  the  table  is  given  a  list  of  carrj'ing  capa- 
cities for  various  standard  sizes  of  stranded  cable. 
Thece  figures  have  been  determined  from  actual  indus- 
trial applications  and  have  sufficient  margin  of  safety 
that  no  appreciable  heating  will  occur  until  the  overload 
capacity  of  the  brush  has  been  greatly  exceeded. 
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AFKW  ri'niark.>*  as  to  the  theory  of  air  compres.»»ion, 
ami  particularly  the  indicator  diaKram.  The 
^.  theoretical,  siiijrle  .sta^e,  no  clearance,  adiabatic 
(no  coolinp),  no  valve-loss  indicator  diaKram  is  shown 
in  Kijr.  1.  From  /)  to  A  is  the  intake  line  correspondinK 
to    the    atmospheric    pressure.      Adiabatic    compression 


S:nq!e   S+oiqe 


Compound 


FIGS.    1    .\.NU    2.      TIIIOOKKTHWI.    CO.MrKESSION    DI.\OR.\.MS 

takes  place  from  A  to  B;  at  B  the  discharge  valves  open 
and  the  air  is  discharged  from  B  to  C  at  a  pressure 
corresponding  to  the  air  system.  At  C  the  piston  comes 
to  rest,  the  discharge  valves  close  and  the  pressure  in 
the  cylinder  immediately  falls  to  D,  when  the  inlet  valve 
again  opens,  to  repeat  the 


This  article  deals  with  the  theory  of  air 
compression  and  with  receivers,  intake 
duct  sizes,  steam,  air  and  water  piping, 
regulators,  lubrication  and  other  things 
of  interest  to  the  man  who  operates  air 
compressors. 


cycle.  In  Fig.  2  is  shown 
a  theoretical  diagram  of  a 
compound  compressor.  In 
this  case,  at  B  the  air  is 
discharged  along  BC  cor- 
responding to  the  inter- 
coo  1  e  r  pressure.  The 
length  BC  also  represents 
the  volume  occupied  by 
the  heated,  compressed 
air  which  was  originally 

represented  by  the  length  AD,  as  cold  free  air.  When 
the  air  BC  has  passed  through  the  intercooler  it  has 
become  cooled  and  the  volume  will  be  represented  by 
length  EC.  If  the  intercooling  has  been  complete,  so 
that  the  air  coming  out  of  the  intercooler  is  at  the  same 
temperature  as  that  entering  the  low-pressure  cylinder 
AD,  the  point  E  will  be  on  the  isothermal  curve.  The 
isothermal  curve  represents  the  relation  of  volumes 
and  pressures  if  the  air  could  be  kept  at  the  same 
temperature  by  some  means  of  cooling  all  during  the 
period  of  compression. 

The  length  EC  then  represents  the  volume  of  cooled 
air  compressed  to  intercooler  pressure  which  enters  the 
high-pressure  cylinder.  Compression  in  the  high-pres- 
sure cylinder  then  takes  place  along  the  adiabatic  EF 
and  discharge  at  line  pressure  takes  place  along  FG. 

As  point  E  with  complete  intercooling  is  on  the  iso- 
thermal line,  which  started  at  A,  it  means  that  the 
product  of  the  absolute  pressure  and  volume  at  E  is  the 
same  as  the  product  of  the  absolute  pressure  and  vol- 
ume at  A.    Thus  we  can  say 

Abs.  press.  A  X  vol  AD  =  abs.  press.  E  X  'vol.  EC,  or 

,     ,  vol  AD 
Abs.  press.  E  =^  ahs.  press.  A  X  ^^i  ^q 

This  means  that  the  absolute  intercooler  pressure  is 
the  product  of  the  absolute  initial  pressure  (atmo- 
spheric) and  the  ratio  of  the  cylinder  volumes. 


As  an  example,  supi>OHe  that  the  low-pressure  cylinder 
volume  is  2.65  times  the  high-pre.ssure  cylinder  vol- 
ume, then  the  ah.solute  intercooler  pressure  will  be  14.7 
X  2.(55  38.9  lb.  Subtracting  14.7  lb.,  the  intercooler 
gage  will  read  24.2  lb. 

If  the  compression  had  been  single-stage,  or  even  two- 
stage,  without  aril)  intercoolinf),  the  entire  diagram 
AIIGD,  which  is  the  same  as  ABCD  in  Fig.  1,  would 
have  repre.sented  the  work  of  compression.  However, 
by  compounding,  giving  a  change  for  intercooling,  the 
work  is  repre.sented  by  ABEFGD,  the  saving  by  inter- 
cooling being  area  BHFE. 

With  compound  compression  to  100  lb.  the  theoretical 
saving  is  about  15  per  cent  of  the  single-stage  work, 
and  all  of  this  saving  is  due  to  intercooling  only.  Ex- 
cepting for  the  intercooling  there  is  no  saving  of  power 
by  compounding,  and  unless  a  machine  is  properly  de- 
signed the  pressure  losses  through  the  valves  and  inter-  ■ 
cooler  passages  may  largely  offset  the  gain  by  compound- 
ing. A  high-class  compressor  will  show  about  13  per 
cent  saving  in  power  over  a  single-stage  machine  at 
100  lb.  pressure. 

Aside    from   power    saving   there    are   several    other 
advantages    due    to    com- 
~~  j       pounding.   One  of  these  is 

a  higher  volumetric  effici- 
ency, because  the  amount 
of  air  trapped  in  the  clear- 
ance spaces  of  the  low- 
pressure  cylinder  at  inter- 
cooler pressure  will  be  less 
than  if  the  pressure  were 
of  the  discharge-pipe  sys- 

^ :        tem.     Another   advantage 

of  compounding  is  the 
condensation  and  separation  of  a  good  deal  of  the  mois- 
ture in  the  air,  and  still  another  is  the  fact  that  with  a 
compound  unit  the  bearing  pressures  caused  by  the  dis- 
charge pressure  of  each  cylinder  upon  its  own  piston  are 
much  less  than  for  compression  in  a  single  stage,  with 
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FIGS.     3    AND    4.       COMPOUND    COMPRESSION 
ACTUAT.   DIAGRAMS 

a  machine  of  the  same  air  capacity  and  same  final  dis- 
charge pressure. 

In  Figs.  3  and  4  are  shown  the  actual  indicator  dia- 
grams of  a  single-stage  and  a  compound  compressor 
of  the  plate-valve  type.     The  lines  AB  and  MN  repre- 
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sent  the  atmospheric  line  in  both  cases,  and  CD  and  FG 
represent  the  discharge  lines.  The  areas  below  AB  and 
above  CD  and  FG  represent  the  excess  work  required 
to  force  the  air  through  the  valves,  into  and  out  of  the 
cylinder.  It  is  in  the  reduction  of  these  excess  areas 
that  a  great  deal  of  the  engineering  talent  is  directed 
in  valve  improvements.  At  equal  rotative  and  piston 
speeds  a  machine  of  the  poppet-valve  type  will  show- 
much  greater  excess  work  areas  on  the  indicator  dia- 
gram than  a  plate-valve  machine.  There  are  other 
items,  also,  such  as  heating  and  leakage,  that  are  of 
equal  importance  in  the  matter  of  economy.  The  elimi- 
nation of  all  these  bad  features  and  the  securing  of 
durability,  reliability  and  accessibility  combine  to  pro- 
duce a  high-grade  air  compressor. 

It  is  best  to  connect  the  piping  the  full  size  of  the 
openings 
in  the  com- 
pressor. The 
outlets  are 
designed  in 
accordance 
with  the  pul- 
sating d  i  s- 
charge  of  the 
cylinders.  Be- 
yond the  re- 
ceiver the 
pipe  lines  may 
b  e  smaller, 
because  the 
flow  will  then 
be  steady  and 
non-pu  Isat- 
ing,  and  the 
pipe  sizes 
may  be  deter- 
mined by  the 
velocity  to  be 
allowed.  The 
allowable 
velocity     will 

depend  upon  the  length  of  pipe  and  how  much  pressure 
drop  is  permissible.  In  various  handbooks  there  are 
several  formulas  and  tables  for  figuring  pressure  drop 
in  compressed  air  flowing  in  a  main.  Ordinarily,  for 
steady  flow,  a  velocity  of  2,500  ft.  per  min.  is  conserva- 
tive where  distances  are  short.  Beyond  the  receiver  this 
may  be  figured  by  the  well-known  formula, 

Quantity 
Quantity  =  Velocity  X  Area,  or  Area  ^  _        .-— 

In  this  case  the  quantity  is  the  compressed  air  vol- 
ume, and  to  obtain  this  we  must  remember  that  the 
volumes  are  inversely  proportional  to  the  absolute  pres- 
sures and  directly  proportional  to  the  absolute  tempera- 
tures. The  absolute  pressure  is  obtained  by  adding  the 
atmospheric  pressure  (14.7  lb.  at  sea  level)  to  the  gage 
pressure,  and  the  absolute  temperature  is  obtained  by 
adding  460  to  the  Fahrenheit  temperature. 

With  air  at  100  lb.  gage  pressure,  from  a  compound 
compressor,  the  temperature  in  the  first  part  of  the  dis- 
charge pipe  will  be  about  200  deg.  F.,  so  we  have : 
Compressed-air  volume  =  Free  vohime 

4.7  200  X  460 

'^  100  X  14.7  ^   60  X  460 
This  assumes  that  the  initial  temperature  of  the  free 
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air  was  60  deg.  F.,  which  is  a  fair  average,  and  we  have 

^                  ,      ,              Free  volume 
Compressed  volume  ;= R^y-' 

For  a  close  figure  we  can  then  say  the  hot  compressed 
volume  of  the  air  is  one-sixth  of  the  free-air  volume 
when  the  pressure  is  around  100  lb. 

As  an  example,  suppose  the  compressor  delivers  2,800 
ft.  of  free-  air  per  minute,  then  the  compressed  air 
beyond  the  receiver  will  be  about  466  cu.ft.  per  min., 
with  air  around  100  lb.  gage  pressure,  and  applying  the 
formula, 

Area  =  „  -qq  =  0.186  sq.ft. 

or   26.8   sq.in.,   corresponding   closely   to   a   6-in.    pipe. 
Under   these   conditions   the   pre.ssure   drop   will   be   a 

little  less 
than  i  lb.  per 
100  ft.  of 
pipe.  For  a 
longer  dis- 
tance 7-in. 
pipe  would  be 
better  giving 
about  1,700 
feet  velocity 
and  a  pres- 
sure loss  of 
2  lb.  per  1,000 
feet  of  pipe. 
Based  upon 
the  pulsating 
flow  directly 
from  the  dis- 
charge of  the 
compressor, 
the  intermit- 
tent velocity 
would  reach 
a  figure  much 
higher  than 
the  assump- 
tion of  steady  flow  wouM  indicate.  For  this  reason  it  is 
customary  for  some  builders  to  provide  much  larger 
cylinder  outlet  connections  for  the  pipe  joining  the 
cylinder  and  air  receiver. 

If  there  is  a  stop  valve  in  the  discharge  line  from  the 
compressor  it  is  essential  that  a  good-sized  safety  valve 
be  located  in  the  pipe  between  the  compressor  and  the 
stop  valve.  If  this  is  not  provided  there  is  serious 
danger  of  starting  the  compressor  with  the  stop  valve 
closed,  which  may  result  in  the  bursting  of  the  com- 
pressor cylinder. 

The  Air  Receiver  Should  Be  Near 
THE  Compressor 

The  air  receiver  should  be  as  near  the  compressor  as 
practicable,  and  there  should  be  a  separate  pipe  from 
each  compressor  to  the  receiver.  The  practice  of  con- 
necting a  battery  of  compressors  to  a  long  header  pipe 
leading  to  a  receiver  outside  the  building  is  not  good. 
Under  certain  conditions  this  produces  pressure  surges 
in  the  air  moving  down  the  long  pipe,  which  materially 
increases  the  power  required  to  drive  the  compressor. 
These  surges  require  energy  to  produce  and,  as  they 
serve  no  useful  purpose,  are  a  direct  waste  of  power. 
It  is  better  to  have  a  receiver  for  at  least  every  two 
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compressors  and  o:uh  niachiiic  coniiPited  through  a 
separate  pipe  of  its  owd.  tlu'  pipiiij;  to  the  receiver  hein^ 
as  short  as  possible  and  the  full  size  of  the  compressor 
outlet. 

There  is  no  established  rule  for  the  size  of  the  re- 
ceiver. If  the  character  of  the  work  is  intermittent  u 
more  generous  receiver  capacity  is  advisable.  However, 
it  is  pos.sible  in  most  cases  to  store  only  a  relatively 
small  amount  of  air  in  a  receiver  with  permissible  pres- 
sure fluctuation.  A  rou^h  rule  is  to  provide  a  storage 
of  approximately  one  minute's  supply  of  air.  Thus  for 
the  2,800-cu.ft.  compressor  we  would  have  approxi- 
mately 4()6  cu.ft.  of  comiiressed  air  per  minute,  so  a 
cubic  content  of  400  cu.ft.  would  be  liberal  receiver 
capacity.  This  would  be  about  66  in.  in  diameter  by 
18  ft.  long.  The  pipe  leading  the  air  from  the  com- 
pre.'^.'^or  should  enter  the  receiver  near  the  top  and  leave 
near  the  bottom  to  assist  separation  of  moisture  and  oil. 

Intake  Air  Duct 

Conditions  of  economy  dictate  that  the  compressor 
inlet  should  be  connected  to  the  outside  air,  instead  of 
connecting  with  the  engine-room  cellar.  It  is  a  fact 
that  the  power  to  compress  a  cubic  foot  of  air  measured 
at  intake  conditions  does  not  depend  upon  the  intake 
temperature,  but  the  amount  of  "stuff"  delivered  to  the 
work  (where  the  air  is  used)  does  depend  upon  this 
temperature. 

To  illustrate  this,  suppose  that  the  compre.ssor  handles 
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FIG.  6.  PLATE  VALVE.  SHOAVIXG  FLEXIBLE  CEXTER 

1,000  cu.ft.  of  free  air  per  min. ;  let  the  season  be 
summer  and  the  engine-room  cellar  be  at  100  deg.  F., 
while  the  outside  temperature  is  80  deg.  F.  By  the 
time  the  air  reaches  the  work  radiation  will  have  cooled 
it  to  about  80  deg.  If  we  take  1,000  cu.ft.  of  air  from 
the  engine  room  at   100   deg.   F.   this  will   amount  to 

1,000  X  100  V  4fi0  ^^  ^^'^  cu.ft.  of  free  air  at  the 
work.    If  this   air  had   come   from   outside    it   would 

have  been  1,000  X  gO  y  460  "^  ^'"^^^  cu.ft.  of  free  air 

at  the  work.  This  is  a  gain  of  over  3  per  cent  in  air 
quantity  for  the  same  amount  of  power  expended  or  of 
fuel  saved  for  an  equal  amount  of  air,  in  favor  of  the 
outside  air  duct. 
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lubrication    or    upkeep 
In   a  cold   climate   the 


Now  assume  moderate  winter  conditions:  say,  out- 
side temperature  20  deg.  F.,  engine-room  cellar  88  dej. 
F.  and  final  air  temjjerature  in  the  shoj)  7:5  deg.  F. 
The   1,000  cu.ft.  of  air  taken   in  from  the  engine-room 

cellar  would  then  be,  at  the  work,    1,000   X    oL   w   t^ 
970  cu.ft.;  but  if  taken  in  from  out  of  doors  we  have 

1,000  X  20  V  4fi0  "     1.100  cu.ft.  delivered  to  the  work. 

This  is  a  gain  of  14.4  per  cent  in  air  quantity,  or  fuel 
saved  by  the  outside  air  duct.     Averaging  summer  and 
winter        tempera- 
tures     the      actual 
saving    in    a    mild 
climate     can     thus 
easily   be   8   to    10 
per     cent     of    the 
power.    This   is  80 
to  100  hp.  in  1,000, 
and  is  obtained  by 
a  simple  air  duct, 
which    needs    no    attention    or 
when   once   properly   installed, 
saving  would  be  even  greater. 

Mention  was  made  that  the  intake  duct  should  be 
properly  installed.  This  should  be  emphasized,  because 
the  very  heavy  pulsations  in  an  intake  duct  will  de.stroy 
it  if  poorly  built.  A  wooden  duct  is  almost  surely  fore- 
doomed unless  constructed  with  extreme  care  and 
strength.  A  concrete  duct,  or  large  iron,  steel  or  terra 
cotta   pipe  makes  an   excellent   intake  passage. 

For  intake  ducts  it  is  best  to  keep  the  velocities 
dovni.  The  lower  the  velocity  the  less  the  pulsations 
and  the  less  the  power  consumed.  A  velocity  of  1,600  ft. 
per  min.  is  high  enough  except  for  very  short  intake 
pipes.  If  the  pipe  or  duct  is  20  ft.  long  it  would  be 
better  to  go  even  lower,  say  1,200  to  1,300  ft.  Being 
intake,  or  "free"  air,  the  velocity  may  be  figured  directly 
from  the  uncompressed  volume  handled.  For  the  2,800 
cu.ft.  compressor  an   intake  duct  should  have  an  area 

2  800 
of  not  less  than  -( nr<.f\  X  144  -=^  310  sq.in.,  correspond- 
ing to  20-in.  diameter  if  round. 

Not  only  is  slow  inlet  velocity  an  advantage  in  reduc- 
ing air  friction  and  consequent  pressure  drop  and  power 
loss,  but  it  also  tends  to  stop  the  pulsations  or  pressure 
waves  which  often  occur.  Under  suitable  conditions 
these  pulsations  m.ay  actually  serve  to  increase  the  vol- 
umetric efficiency  and  air  output  of  a  compressor  by 
the  inrush  of  air  building  up  a  pressure  in  the  air 
cylinder  just  at  the  end  of  the  suction  stroke  and  the 
beginning  of  the  compression  stroke.  It  is  sometimes 
claimed  that  volumetric  efficiencies  of  over  100  per 
cent  have  been  obtained  by  this  means,  but  this  is 
only  "apparent"  and  by  indicator  diagram  measui-ement. 
Actual  air-quantity  measurement  by  a  nozzle  will  in- 
stantly show  that  the  other  losses,  such  as  clearance 
re-expansion,  heating  of  intake  and  leakage,  tend  to 
keep  the  actual  air  quantity  appreciably  less  than  the 
cylinder  displacement. 

Gain  in  volumetric  efficiency  by  intake  surge  is  not 
always  to  be  desired,  because  the  extra  air  has  to  be 
paid  for  in  extra  power  and  at  no  specially  economical 
rate.  This  may  even  put  a  constant  and  troublesome 
overload  on  the  electric  equipment  of  a  motor-driven 
unit. 
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One  bad  practice  is  to  put  the  air-discharge  pipes 
through  the  intake  duct.  This  serves  directly  to  defeat 
the  gain  of  the  cool  duct,  because  the  hot  discharge  pipe 
heat.s  the  incoming  air.  The  writer  knows  of  such 
an  installation  where  the  incoming  air  was  heated  6  deg. 
F.  by  the  presence  of  the  discharge  pipe  in  the  intake 
duct.  This  was  a  direct  throwing  away  of  about  li  per 
cent  of  power.  Why  deliberately  throw  away  11*  lb. 
of  coal  every  time  1,000  lb.  is  shoveled  into  the  furnace, 
all  summer  and  all  winter,  day  in  and  day  out? 

In  estimating  such  a  heating  loss  a  rough  figure  is 
1  per  cent  loss  for  each  5  deg.  F.  intake-temperature 
rise. 

Steam  Piping  and  Water  Piping 

In  installing  steam-driven  compressv^rs  it  is  of  course 
essential  that  steam  pipes  be  amply  large  to  avoid  steam 
pressure  drop.  Another  essential  is  a  steam  separator 
at  the  compressor  steam  cylinder  entrance;  connect  this 
separator  drain  to  a  steam  trap.  Some  of  the  most 
highly  economical  steam-driven  compressors  are  built 
with  piston  valves,  and  it  is  well  known  that  these 
valves  cannot  handle  slugs  of  water  as  freely  as  the 
flat  type.  These  piston  valves,  however,  lend  themselves 
to  automatic  cutoff  governor  control  and  to  superheat, 
thus  securing  high  economy.  The  steam  separator  is  a 
good  piece  of  insurance  when  properly  drained  to  a  trap; 
but  it  is  curious  to  note  that  separators  are  sometimes 
seen  without  any  drain  pipe.  What  mysterious  influ- 
ence the  operator  attributes  to  such  a  device  is  hard 
to  see. 

Next  in  importance  to  air  and  steam  piping  comes 
water  piping  for  jacket  cooling  and  intercooling  and 
sometimes  aftercooling.  The  jackets  do  not  need  as 
much  water  as  do  the  intercooler  and  aftercooler,  as 
there  is  much  less  chance  for  absorption  of  heat  through 
the  jackets.  The  principal  function  of  the  water  jack- 
ets is  the  preservation  of  the  lubricant,  while  the  inter- 
coolers  are  a  direct  source  of  power  saving.  For  every 
10  deg.  F.  that  the  high-pressure  inlet  temperature 
exceeds  the  low-pressure  intake  temperature  there  is 
an  increase  of  power  of  closely  1  per  cent.  Both  inter- 
cooler and  aftercooler  serve  to  remove  moisture  from 
the  air  by  condensation. 

Jacket  Water  Should  be  Warm  to  the  Hand 

For  the  jackets  of  a  compound  unit  the  total  water 
required  for  the  two  cylinders  need  not  usually  exceed 
1  to  li  gal  per  100  cu.ft.  of  free  air.  Thus,  with 
reasonably  cold  water  (60  or  70  deg.  F.)  the  2,800  cu.ft-. 
compound  compressor  could  get  along  nicely  on  35  gal. 
per  min.  for  the  two  cylinder  jackets  alone.  For  the 
intercooler  of  a  high-grade  compound,  100-lb.  unit,  it 
is  usually  safe  to  figure  on  from  21  to  3  gal.  per  100 
cu.ft.  of  actual  free  air.  On  this  basis  the  intercooler 
of  the  2,800-ft.  unit  would  require  from  70  to  85  gal. 
per  min.,  if  the  intercooler  were  of  efficient  design. 

For  most  compressors  a  water  pressure  approximat- 
ing 20  lb.  per  sq.in.  is  usually  sufficient,  and  if  possible 
it  is  best  to  have  the  outflow  water  piping  discharge  into 
an  open  funnel.  By  this  means  both  the  quantity  and 
temperature  may  easily  be  observed.  It  is  best  to 
adjust  jacket  water  so  that  as  it  leaves  it  just  begins 
to  feel  warm  to  the  hand.  Any  more  than  this  is  really 
a  waste  of  water  and  any  less  may  quickly  become  hot 
and  cause  excess  cylinder  heating  and  oil  carbonization. 

Water  for  intercoolers  and  aftercoolers  is  best  regu- 
lated by  a  thermometer  in  the  air  leaving  the  cooler. 


Theia  is  a  point  beyond  which  even  an  enormous  in- 
crease in  water  quantity  will  not  produce  appreciably 
better  intercooling.  Of  course  all  water  jackets  should 
be  so  piped  that  they  may  be  completely  drained  to 
insure  against  freezing  in  case  the  engine  room  should 
become  cold.  All  first-class  compressors  are  designed 
to  provide  for  this,  but  the  water  piping  should  be 
arranged  to  accommodate  this  condition  also.  This  also 
applies  with  equal  force  to  intercoolers  and  aftercoolers. 
It  is  a  good  thing  to  clean  out  the  sediment  and  scale 
which  may  accumulate  in  the  jackets.  Large  machines 
often  have  handholes  in  the  outer  jackets  to  assist  in 
this  cleaning,  and  the  occasional  application  of  scrapers 
and  a  waterhose  will  help  on  all  sizes.  Intercooler  and 
aftercooler  tubes  need  this  attention  occasionally.  Most 
coolers  are  made  so  that  the  tube  nest  may  be  removed 
for  inspection,  repairs  and  cleaning. 

Regulator  Piping 

Piping  which  leads  air  to  and  from  the  various  regu- 
lating devices  deserves  serious  consideration.  In  the 
first  place,  as  distances  may  be  appreciable,  it  is  well 
to  provide  good-sized  connecting  piping  so  that  a  suf- 
ficiently large  volume  of  air  may  be  passed  to  operate  the 
regulators  promptly.  Certainly  nothing  less  than  «-in. 
piping  should  be  used  even  for  moderate  distances. 

There  are  two  broad  classes  of  regulators — those 
which  control  the  speed  of  the  compressor  to  suit  the 
demand  for  air  and  those  which  regulate  the  air  quan- 
tity independent  of  speed.  In  the  first  class  come  the 
Corliss  engine-driven  units  and  also  the  well-known 
type  of  "air  ball  governor."  With  these  devices  which 
take  up  definite  positions  relative  to  the  air  demand,  it 
is  usually  essential  to  give  them  a  little  "life"  or  move- 
ment by  connecting  the  pressure-regulating  pipe  to  the 
discharge  pipe  of  the  compressor.  By  this  means  the 
pulsations  of  the  air  being  discharged  will  serve  to 
keep  the  governor  parts  in  a  condition  of  free  move- 
ment. On  the  other  hand,  if  the  regulator  is  such  that 
it  does  not  operate  until  the  air  pressure  reaches  some 
definite  predetermined  point  it  is  best  to  have  the 
regulator  as  free  from  pulsations  as  possible  by  con- 
necting the  regulating  piping  to  the  air  receiver.  Unless 
this  is  done  the  pulsations  may  cause  the  regulator  to 
go  on  and  off  many  times  due  simply  to  pressure  waves 
.set  up  in  the  discharged  air.  If  the  connection  is  made 
to  the  receiver  nothing  will  happen  until  a  definite  pres- 
sure is  reached,  and  there  should  be  no  continued  flut- 
tering of  the  regulator. 

Speed  Control  When  Pressure  Falls 

With  the  governors  that  control  the  compressor  speed 
according  to  the  demand  for  air,  there  is  usually  a 
piston  balanced  by  a  spring  or  weight,  or  both,  this 
piston  being  connected  to  the  governor  in  such  a  way 
as  to  close  or  open  the  steam  supply  or  alter  the  steam 
cutoff  independently  of  the  centrifugal  part  of  the  gov- 
ernor. In  this  type,  then,  the  centrifugal  action  serves 
merely  as  an  upper  speed  limit,  and  the  compressor  can- 
not exceed  a  certain  speed  no  matter  how  low  the  air 
pressure  may  fall.  Such  a  governor  should  be  so  ad- 
justed that,  if  the  air  mechanism  fails  or  the  air  pres- 
sure fails,  the  centrifugal  mechanism  will  surely  hold 
the  machine  within  safe  limits  of  speed.  The  air 
piston  should  move  freely,  but  of  course  should  not  be 
such  a  loose  fit  as  to  allow  leakage. 

To  prevent  the  governor  piston  from  becoming  rusted 
bv  the  moisture  that  will  come  over  with  the  air  through 
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Ihf  reRulator  pipinK  »  muihII  lorrivor  .should  \tv  jirovidi'd 
to  catch  tho  water  just  heloro  it  reaches  the  retruhitor. 
Thi.s  receiver  may  be  easily  constructed  of,  say,  a  4-in. 
pipe  about  12  in.  ionjr  and  do.sed  at  each  eni'  with  a 
pipe  cap.  Standinjr  this  re<-eiver  on  end,  the  reKulator 
piping  from  the  air  system  should  enter  the  top  and  also 
leave  from  the  top  to  no  to  tho  rejrulator.  A  drain 
valve  should  be  tappe<l  into  the  bottom  of  thi.s  small 
receiver  and  care  taken  that  the  condensed  moisture  is 
blown  out  of  it  at  least  once  a  day. 

Of  course  the  air  piston  of  the  regulator  should  be 
properly  lubricated;  a  lubricator  is  invariably  provided 
by  the  builder. 

Relief  Valves  Reduce  "No  Load"  Power 

Regulators  of  the  constant-speed  class — that  is,  those 
which  act  suddenly  at  predetermined  pressures — are 
often  of  the  "all-on  and  all-ofT"  type.  With  these  regru- 
lators  some  form  of  pilot  valve  controlled  by  the  air 
pressui*e  actinp  upon  a  piston  or  diaphrapni,  resii^ted  by 
a  sprinp  or  weifrht,  or  both,  admits  air  to  the  piston  of 
the  regulator  proper.  Thus,  when  the  pilot  valve  has 
moved  to  a  certain  point,  a  port  is  uncovered  that  pa.sses 
air  to  throw  the  main  regulator  piston.  This  piston 
moves  a  valve  in  the  intake  pipe,  which  closes  off  the 
air  supply  to  the  compressor,  drawing  a  high  vacuum 
and  greatly  reducing  the  horsepower  of  the  compressor 
during  the  unloaded  period. 

With  these  regulators  which  close  the  intake  it  is 
often  customary  to  provide  some  sort  of  automatic  relief 
valve  which  at  the  same  time  opens  the  discharge  to 
the  atmosphere.  This  prevents  excessively  high  com- 
pres.vion  of  what  little  air  leaks  through  the  intake  regu- 
lator, which  would  be  from  the  vacuum  in  the  intake  to 
the  full  discharge  pressure  of  the  line.  It  also  reduces 
the  "no  load"  power,  by  compressing  the  air  in  the 
cylinder  only  to  atmosphere  instead  of  the  full  discharge 
pressure. 

Owing  to  the  undesirability  of  controlling  large  com- 
pressors of  the  electrically  driven  type  by  this  sudden 
single  step  from  full  power  to  minimum  power,  there 
are  some  regulators  built  which  control  the  machine  in 
graduated  steps.  One  of  these  as  built  by  the  Ingersoll- 
Rand  Co.  operates  by  adding  clearance  pockets  to  the 
ends  of  the  cylinders,  part  of  the  air  being  compressed 
into  the  pocket  and  part  being  discharged  as  soon  as  the 
pressure  in  the  pocket  has  reached  discharge  pressure. 
By  providing  four  pockets  for  each  cylinder,  two  at 
each  end,  each  large  enough  to  contain  half  the  air 
in  one  end  of  the  cylinder,  it  is  so  arranged  that  the 
unloading  is  in  four  steps:  Three-quarter  load,  half 
load,  quarter  load  and  no  load.  With  this  type  of  regu- 
lator by  the  useful  re-expansion  of  the  pocketed  air  the 
reduction  in  cylinder  power  is  in  remarkably  close  rela- 
tion to  the  reduction  in  air  capacity,  thus  tending  to 
high  partial-load  economy.  In  a  compound  unit  the 
action  is,  of  course,  the  same  in  both  cylinders. 

Advantages  of  the  Step  Controller 

One  convenient  and  economical  feature  of  this  four- 
step  controller  when  used  with  electric  drive  is, that  it 
may  be  so  set  that  at  no  time  will  the  machine  operate 
at  more  than  a  predetermined  partial  load.  This  is 
convenient  for  repair  work  at  night  or  on  holidays,  when 
only  a  small  amount  of  air  is  required.  Thus,  the  ma- 
chine may  be  so  locked  that  it  cannot  take  more  than, 
say,  half  load,  and  so  it  is  necessary  to  run  a  generator 
only  large  enough  to  take  the  smaller  load.    If  this  were 


not  so  arranged  it  would  l)e  noc«'HHary  to  run  a  generator 
of  full  capacity  and  this  would  run  unloaded  most  of  the 
time,  and  consc(|uently  with  |)oor  economy. 

When  electric  power  is  purcha.sed  the  unit  mte  is 
.sometimes  ba.sed  upon  the  maximum  demand,  so  that 
this  form  of  stop  or  lock  may  serve  directly  to  cut  the 
maximum  demand  and  thu.s  the  unit  rate. 

For  some  types  of  steam-driven  compre.s.sors  fitted 
with  a  speed  governor  and  air-cylinder  regulator  it  is 
customary  to  provide  a  steam  regulator.  This  device 
is  usually  controlled  by  the  same  pilot  valve  which  actu- 
ates the  air-cylinder  regulators,  and  its  purpo.se  is  to 
slow  the  machine  down  to  the  minimum  speed  neces- 
sary to  insure  rotation  during  the  unloaded  period.  By 
this  reduction  in  speed  while  the  air  end  is  unloaded, 
less  steam  is  consumed  than  if  the  centrifugal  governor 
were  allowed  to  maintain  full  speed. 

Still  another  type  of  regulator  for  intermittent  service 
with  electric  drive  is  the  automatic  .start  and  stop. 
With  this  device  a  pilot  valve  or  switch  actuated  by  the 
air  pressure  starts  and  stops  the  motor  automatically. 
Also,  to  relieve  the  motor  of  the  heavy  inrush  of  current 
at  starting,  special  unloading  devices  unload  the  com- 
pressor before  starting  or  after  stopping.  In  this  way 
the  motor  can  start  under  light  torque,  and  when  at 
or  near  full  speed  the  regulator  is  again  automatically 
thrown  to  put  full  load  upon  the  compressor,  which  then 
pumps  air  until  again  stopped  by  the  controller. 

Such  an  equipment  as  last  described  should  be  used 
only  when  very  intermittent  service  is  required,  such  as 
for  fire  whistles  or  for  air  charging  an  automatic 
sprinkler  system.  Care  should  be  taken  to  keep  all  the 
electric  contacts  in  good  condition  and  to  see  that  the 
starting  unloadcr  is  in  order  so  as  to  save  the  motor 
during  starting  periods  and  also  to  keep  down  the 
power  consumption. 

Direction  of  Rotation 

One  question  always  of  interest  is:  What  is  the  best 
direction  of  rotation  for  compressor?  In  a  power-driven 
machine,  in  which  all  the  driving  power  is  applied  to 
the  fhaft,  either  through  a  wheel  or  by  a  motor  mounted 
on  the  shaft,  the  m.achine  should  run  "under."  Rota- 
tion in  this  manner  with  a  power-driven  machine  tends 
to  keep  the  crosshead  down  on  the  lower  guide,  pre- 
venting the  knock  that  would  be  produced  by  the  lift- 
ing of  the  crosshead  if  the  guides  and  shoes  became 
worn.  Considering  the  outward  stroke  the  crankpin 
draws  the  connecting  rod  outward  and  dowTiward,  and 
considering  the  inward  .stroke  the  crankpin  pushes  the 
connecting  rod  inward  and  downward.  Thus  the  cross- 
head  is  held  down  on  the  lower  guide. 

The  described  series  of  motions  and  forces  in  a  power- 
driven  machine  are  usually  easily  understood,  but 
the  conditions  in,  say,  a  steam-driven  compressor  of 
the  straight  line,  or  tandem  construction,  are  not  so 
universally  understood. 

To  study  this  matter,  consider  a  tandem  machine  with 
the  steam  cylinder  between  the  crosshead  and  the  air 
cylinder,  and  imagine  the  machine  to  run  "over,"  as  in 
most  steam  engines.  Starting  with  the  outward  stroke, 
the  steam  pressure  in  the  steam  cylinder  is  at  its  maxi- 
mum and  the  air  pressure  at  its  minimum.  Under  these 
circumstances  the  excess  power  goes  into  the  flywheels, 
causing  the  machine  to  accelerate;  the  thrust  of  the 
piston  rod,  with  the  rising  connecting  rod,  certainly 
tends  to  depress  the  crosshead.  Somewhat  beyond  mid- 
stroke  the  air  pressure  has  built  up  and  the  expanding 
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steam  pressure  has  decreased  so  that  the  steam  and  air 
loads  may  be  equalized.  At  this  instant  all  the  steam 
power  goes  directly  into  the  air  piston.  Beyond  this 
point  the  air  load  will  increase  and  the  steam  load 
decrease,  so  that  the  air  load  will  far  exceed  the  steam 
load. 

The  extra  power  now  required  to  compress  and 
discharge  the  air  must  come  from  the  flywheels,  hav- 
ing been  stored  therein  at  the  beginning  of  the  stroke 
as  previously  described.  During  this  latter  part  of  the 
stroke  the  power  is  coming  from  the  crankpin,  just  as 
in  the  power-driven  machine;  but  with  the  compressor 
running  "over"  in  this  case  the  crosshead  will  tend 
to  rise. 

Consideration  of  the  inward  stroke  reveals  the  same 
situation :  During  the  first  part  of  the  stroke  the  cross- 
head  will  be  drawn  down,  and  during  the  latter  part  of 
the  stroke  it  will  be  thrust  upward.  If,  now,  the  direc- 
tion of  rotation  be  reversed  and  the  series  of  events 
again  analyzed  the  same  conditions  will  apply.  For 
this  reason  a  tandem  steam-driven  compressor  may  run 
either  way  so  far  as  the  raising  or  depressing  of  the 
crosshead  is  concerned.  This  applies  equally  well  to 
cross-compound  or  duplex  units.  In  the  construction 
of  certain  machines,  however,  the  builders  have  pro- 
vided oiling  devices  that  will  function  in  one  direction 
and  not  in  the  other,  therefore  it  usually  is  essential 
to  run  the  machine  in  the  direction  intended  by  the 
builders. 

Compressor  Lubrication 

One  of  the  most  important  items  in  running  an  air 
compressor  is  lubrication.  In  modern  machines  the  run- 
ning parts  are  usually  inclosed  in  a  crankcase  and  run 
in  oil.  The  oil  is  made  to  circulate  from  the  bottom  of 
the  bed  over  all  the  bearings,  pins  and  guides  and  then 
runs  back  into  the  bottom  of  the  bed  again. 

The  air  cylinders  are  sometimes  lubricated  by  a  sight- 
feed  oiler  so  designed  that  the  pulsation  of  the  air 
pressure  assists  the  feed  of  the  oil.  Also,  sometimes 
the  air  cylinders  are  lubricated  with  a  positively  driven 
oil  pump. 

Two  principles  should  be  maintained  in  lubricating 
an  air  cylinder.  The  first  is  to  use  only  the  right  kind 
of  oil  and  the  second  is  to  use  it  sparingly.  To  be  the 
right  kind,  air  oil  should  be  rather  light-bodied  and 
have  a  flash  point  above  300  deg.  F.  It  should  not  car- 
bonize under  air-cylinder  temperatures.  These  tempera- 
tures range  around  260  deg.  F.  for  compound  compres- 
sion to  100  lb.  pressure  and  360  to  375  deg.  F.  for 
single-stage  to  the  same  pressui-e. 

Row  TO  Obtain  the  Right  Kind  of  Oil  for 
Air  Cylinders 

Probably  the  best  way  to  secure  the  right  oil  for  air 
cylinders  is  to  buy  oil  specially  m.ade  and  recommended 
by  only  first-class  and  highly  reputable  oil  concerns. 
Being  in  the  business  and  having  highly  skilled  chemists 
and  engineers  in  their  employ,  as  well  as  reputations  to 
maintain,  their  judgment  is  usually  a  good  guide.  At 
any  rate  a  short  trial  of  a  sample  will  soon  demonstrate 
the  quality  of  an  oil  for  air-compressor  service. 

As  to  the  second  principle — to  use  the  air  cylinder  oil 
sparingly — after  a  machine  has  been  well  run  in  three 
or  four  drops  per  minute  are  enough  for  a  good-sized 
cyHnder.  If  too  much  oil  is  used  it  will  certainly  result 
in  excessive  carbonization.  Another  evidence  of  too 
much  oil  is  to  see  it  coating  the  outsides  of  the  cylinders 


and  piping,  having  worked  its  way  through  the  joints. 
This  is  bad  practice. 

One  very  important  point  is  to  see  that  the  air 
receiver  has  all  the  accumulated  oil  drained  out  of  it 
every  little  while.  If  too  much  oil  is  used  or  the  re- 
ceiver is  not  properly  drained,  gases  may  be  formed 
which  may  ignite  spontaneously  and  cause  a  bad  explo- 
sion. This  is  a  point  that  should  be  scrupulously 
observed  in  order  to  secure  safety  as  well  as  continuity 
of  service. 

It  is  often  recommended  that  a  solution  of  soft  soap 
or  laundry  soap  and  water  be  fed  to  the  cylinder  at 
stated  intervals  to  clean  out  carbon  deposit.  This  solu- 
tion may  be  fed  through  the  regular  air-cylinder  lubri- 
cating devices.  Of  course,  after  this  treatment  the 
interior  of  the  cylinder  may  rust  quickly  unless  the 
i^oap  solution  is  followed  up  with  oil  for  some  time 
before  shutting  down.  Never,  under  any  circumstances, 
should  kerosene  or  ga.soline  be  used  to  clean  out  an  air- 
compressing  cylinder.  Its  use  may  easily  lead  to  a 
disastrous  explosion. 

Excessive  Back  Pressure 

A  flour  mill  of  120  barrel  capacity  which  is  driven  by 
a  360-hp.  Diesel  oil  engine  fails  to  mill  up  to  its  rated 
capacity.  It  was  felt  by  the  management  that  the 
engine  was  too  small  for  the  load.     It  is  quite  true  that 
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a  larger  engine  would  have  been  more  suitable.  Never- 
theless, with  a  proper  installation  the  engine  would  have 
fully  met  the  load  demands. 

Like  most  Diesel  plants,  no  indicator  cards  were  ever 
taken  by  the  engineer.  In  fact  no  attempt  was  ever 
made  to  set  the  engine  valves  other  than  by  measuring 
the  valve  rocker-arm  clearances.  In  changing  the 
atomizer  the  factory  engineer  had  occasion  to  use  his 
indicator.  The  diagram,  taken  from  No.  1  cylinder, 
fairly  represents  the  condition  of  aifairs  in  all  four  of 
the  cylinders.  It  is  apparent  that  the  exhaust  valve 
opened  entirely  too  late.  This  does  not  explain  the 
excessive  back  pressure  which  served  to  lower  the  brake 
horsepower  of  the  engine  considerably.  It  was  found 
that  the  exhaust  pipe  ran  horizontally  about  fifty  feet 
and  then  rose  vertically  along  the  wall  of  the  flour  mill. 
The  total  length  of  the  exhaust  line  was  more  than 
100  ft.  and  included  two  90-deg.  and  two  45-deg.  elbows. 
The  pipe  had  not  been  increased  in  size  to  compensate 
for  its  length. 

Unfortunately,  no  alteration  has  yet  been  made,  and 
the  engine,  of  course,  still  fails  to  carry  the  mill.  In 
installing  oil  engines  precaution  should  always  be  taken 
to  secure  a  short  exhaust  line,  although  it  should  always 
he  carried  out  of  the  engine  room. 
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SINCK  1914.  the  yonr  in  which  the  annual  conven- 
tion of  the  National  Assm-iation  of  Stationary 
Kn^'inoers  was  last  held  in  Milwaukee,  there  has 
not  hoi-n  nuiih  new  construction  in  the  jiower  plants  of 
the  city.  The  stations  that  were  listed  then  in  I'oicer'n 
convention  number,  Sept.  1,  1914,  are  still  of  interest, 
however,  and  worthy  of  a  visit.  Besides,  a  few  small 
plants  have  been  installed,  and  additions  have  been 
made  to  older  plants  which  should  be  instructive  to  the 
visitor.  As  all  engineers  know,  Milwaukee  is  a  manu- 
facturing city  of  the  first  rank  with  a  varied  line  of 
products,  many  of  which  are  equipment  for  the  power 
plant.  These  manufacturers  are  well  known,  and  an 
in.spection  of  the  shops  and  the  products  turned  out  will 
be  welcomed.  Also  Milwaukee  is  one  of  the  greatest 
coal-distributing  points  on  the  Upper  Lakes,  and  its 
facilities  for  handling  this  fuel  should  prove  attractive. 
Then  there  are  the  breweries  with  their  large  refriger- 
ating and  ice-making  plants,  the  municipal  pumping 
station  at  North 
Point,  the  tanneries, 
knitting  mills,  candy 
manufactories  and  a 
great  variety  of  in- 
dustrial plants  of 
interest.  Probably 
the  one  particular 
plant  that  will  be  of 
paramount  intere.st 
is  the  powdered-coal 
installation  at  the 
Oneida  Street  Sta- 
tion of  the  Milwau- 
kee Electric  Railway 
and  Light  Co.  As 
told  in  Power,  March 
2,  1920,  five    468-hp. 

water-tube  boilers  are  equipped  to  burn  pulverized 
fuel  and  there  is  the  necessary  equipment  for  pul- 
verizing, drying,  conveying  and  blowing  the  fuel 
into  the  furnace.  Through  many  vicissitudes  and 
changes  in  furnace  volume  and  shape,  the  installa- 
tion has  been  brought  to  a  satisfactory  condition,  where 
its  operation  compares  favorably  with  the  most  modem 
and  recent  methods  of  combustion.  The  plant  has 
created  much  interest  in  engineering  circles  and  will 
be  in  full  operation  during  the  convention.  By  the 
same  company  construction  work  has  been  started  on 
the  new  Lakeside  Plant  designed  initially  for  burning 
pulverized  coal.  The  initial  installation  is  to  consist 
of  eight  1,306-hp.  boilers  supplying  steam  to  20,000-kw. 
turbines.  The  installation  is  not  far  enough  along 
for  inspection,  but  the  storj'  of  the  plant  will  be  found 
on  other  pages  of  this  issue. 

To  those  who  have  not  had  a  previous  opportunity,  a 
visit  to  Commerce  Street  Station  of  this  company  should 
have  its  attractions.  It  is  the  largest  power  station  in 
Milwaukee,  having  a  generating  capacity  of  61,900  kw. 
and  17,000  hp.  in  boilers,  but  with  its  vertical  engines, 
discharging  into  low-pressure  turbines  and  its  high- 
pressure  vertical  Curtis  turbines,  it  ranks  among  the 
older  stations.  Since  the  last  convention  the  only  change 
of  any  moment  was  equipping  17  of  the  24  boilers  with 
new   underfeed   stokers.      Depending   upon   the   capac- 


It  is  to  be  expected  that  such  an  industrial  city 
as  Milwaukee  will  have  many  interesting  power 
plants.  The  visitor  will  not  be  disappointed. 
The  pulverized-coal  burning  installation  in  the 
Oneida  Street  Station  is  one  of  the  most  widely 
discussed  in  engineering  circles.  The  largest 
station  in  the  city  is  the  Commerce  Street  plant. 
For  labor-saving  devices  and  apparatus  for 
checking  performance,  the  Phoenix  Knitting 
Works  takes  first  rank. 


ities  of  the  boilers,  these  stokers  use  Hevcn,  eight  or 
nine  retorts,  and  each  is  driven  through  a  silent  chain 
by  a  variable-speed  motor  of  the  direct-current  shunt 
type.  One  of  these  stokers  is  shown  in  an  accompany- 
ing illustration. 

One  of  the  smaller  .stations  of  recent  origin  is  the 
new  power  plant  of  the  Phoenix  Knitting  Works.  It 
has  a  capacity  of  only  750  hp.,  but  is  ho  completely  fur- 
nished with  labor-.saving  devices,  meters  and  instru- 
ments that  it  is  of  decided  interest.  With  the  older 
plant,  of  500  hp.  capacity,  it  is  serving  seven  of  the 
ten  buildings  used  by  the  company.  The  boiler  room 
has  four  300-hp.  vertical  water-tube  boilers  equipped 
with  Type  E  stokers.  Being  a  lake  port,  Milwaukee 
formerly  received  much  of  its  coal  from  Pittsburgh 
and  West  Virginia,  so  that  underfeed  stokers  are  in 
common  u.se.  Of  late,  Elve  screenings  from  southern 
Illinois  have  been  burned  with  excellent  results.  The 
plant  uses  about  800  tons  of  fuel  per  month  with  an 

average  evaporation 
of  about  8  lb.  of 
water  per  pound  of 
coal  and  on  test  8.92 
lb.  Each  boiler  has 
a  steamflow  meter, 
an  efliciency  meter, 
a  CO,  recorder  used 
in  common  and  a 
portable  indicating 
instrument,  a  feed- 
water  regulator,  an 
automatic  stop  valve 
and  dampen  regu- 
lation at  each  up- 
take and  the  stack. 
There  is  overhead 
bunker  service,  the 
coal  being  elevated  in  a  continuous  bucket  conveyor. 
Ashes  are  removed  by  a  steam-jet  conveyor.  In  addi- 
tion the  plant  has  a  water  softener,  an  open  metering 
heater  and  an  air-conditioning  outfit  with  temperature 
regulation  supplying  75,000  cu.ft.  of  washed  air  per 
hour  to  the  mills.  Exhaust  fans  draw  out  impure  air. 
In  the  engine  room  there  is  one  unit,  a  750-hp.  poppet- 
valve  engine  driving  directly  a  three-wire  direct-current 
generator  to  supply  the  direct-current  variable-speed 
motors  in  the  mills.  The  plant  is  centrally  located  and 
the  distance  of  transmission  short,  so  that  the  line 
loss  is  comparatively  low.  The  svritchboard  has  the 
usual  instruments  and  equipment  and  in  addition  a 
recording  wattmeter  to  register  the  output.  An  engine 
stop  protects  the  generating  unit. 

Because  all  exhaust  steam  is  utilized  the  year  around 
for  drying,  in  the  dyehouse,  and  for  heating  the  build- 
ings and  feed  water,  the  economy  obtained  in  the  plant 
is  exceptionally  high. 

For  years  the  Pfister  &  Vogel  Co.  has  maintained 
one  of  the  industrial  show  plants  of  the  city  at  the 
Menominee  Tannery.  It  has  3,100  hp.  in  horizontal 
reaction  turbines,  six  water-tube  boilers  equipped  with 
chain  grates,  an  imm.ense  water-softening  plant  having 
a  capacity  of  150,000  gal.  per  hour  and  an  air  washer 
capable  of  supplying  40,000  cu.ft.  per  minute  to  the 
office  building,   with   thermostatic   control   to   turn   on 
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Top  L«ft — Boiler  Room,  Phoenix  Knitting  Works.  Top  Right — Forced  Draft  Chain-Grate  Installation  Burning  Coke  Breeze,  Mil- 
vaukee  Coke  and  Gas  Co.  Middle — New  Factory  and  Power  Plant,  Robert  A.  Johnson  Co  Lower  Right — Motor-Driven  Under- 
'eed    Stoker.s,    Commerce    St.    Station.      Lower    Right — Pawling   &    Harnischfeger   Co.    Boiler   Room. 
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(lin<»*  radiation  when  the  room  Icmporatiiro  drops  helow 
70  (li'jr.  Tlicrp  are  spi'i-ial  facilitie.s  for  coal  and  a.sh 
handlinjr  and  in  tho  liasoment  a  central  hydraulic  sys- 
tem for  twelve  elevators.  At  the  Kay  view  Tannery, 
not  far  away,  two  1,000-kw.  turbines  have  been  recently 
installed. 

Pawling  &  Harnisciikkgkr  Plant 

Farther  west  on  the  South  Side  is  the  new  power 
plant  of  Pawlinp  &  llarni.^^chfeper,  which  was  put  into 
operation  early  in  191S.  It  has  1,000  hp.  in  three  water- 
tube  boilers  equipped  with  underfeed  stokers  driven  by 
individual  direct-current  variable-speed  motors.  The 
forced-draft  fans  also  are  motor-driven.  The  operating 
pressure  is  150  lb.  and  the  superheat  125  dep.  Artesian 
water  for  the  boilers  required  a  softening  plant  which 
is  used  durinjr  the  four  summer  months  when  there  are 
no  returns  from  the  heating  system  to  give  a  pure  water 
supply.  Coal  is  handled  by  an  electric  monorail  hoi.st 
from  railway  car  to  storage  or  to  the  overhead  bunker. 
A  steam-jet  conveyor  discharges  the  ashes  into  an  open 
pit,  from  which  they  may  be  transferred  to  a  railway 
car  by  the  hoist  previously  mentioned. 

In  the  engine  room  there  are  a  poppet-valve  engine 
driving  a  500-kw.  direct-current  generator,  a  100-kw. 
direct-connected  Corliss  unit  and  three  air  compressors. 
The  plant  is  well  equipped  with  instruments  to  indi- 
cate the  efficiency  of  operation.  It  has  differential 
draft  gages  connected  over  the  lire  and  at  the  uptake,  a 
CO.  recorder,  recording  thermometers  on  the  feed 
water  and  the  steam  lines,  and  a  recording  steam- 
pressure  gage.  A  tunnel  connecting  the  plant  with  the 
shop  buildings  carries  on  racks  in  the  usual  way  the 
heating  mains,  the  returns,  water  piping  and  the  elec- 
tric supply  cables,  the  main  distributing  board  being 
located  in  the  shop. 

Johnson  Plant  to  Be  Highly  Economical 
Two  blocks  away  the  Robert  A.  Johnston  Co.  is  com- 
pleting a  new  seven-story-and-basement  factory  build- 
ing for  the  making  of  fancy  biscuits  and  candies.  It 
will  be  served  by  a  power  plant,  installed  in  a  building 
of  its  own,  which  should  prove  highly  economical  owing 
to  utilization  of  the  exhaust  steam  to  the  fullest  extent. 
Exhaust  steam  supplemented  by  live  steam  will  be 
required  for  cooking;  it  will  be  utilized  for  heating  the 
building  and  in  the  operation  of  a  150-ton  absorption 
system  installed  for  the  making  of  ice  and  the 
refrigeration  of  a  chocolate-hardening  room.  The  com- 
bination for  utilizing  the  exhaust  is  thus  ideal — heating 
in  the  colder  months,  refrigeration  in  summer  and  a 
constant  demand  throughout  the  year  for  coking.  The 
economy  should  be  many-fold  that  obtained  in  the  aver- 
age industrial  power  plant  or  in  fact  in  the  most  highly 
developed  condensing  installation. 

Four  return-tubular  boilers  equipped  with  super- 
heaters will  supply  steam  at  150  lb.  pressure  and 
150  deg.  superheat.  Rocking  grates  are  temporarily 
installed,  but  provision  is  made  for  stokers,  an  overhead 
bunker  and  conveyor.  A  vacuum  steam-jet  system  is 
to  handle  the  ashes.  There  are  two  generating  units 
driven  by  combination  poppet-valve  and  uniflow  engines, 
movement  of  a  control  valve  determining  whether  the 
engine  will  operate  on  the  counterflow  or  uniflow  prin- 
ciple. The  generators  are  240-volt  three-phase  60-cycle 
machines.  Their  output  will  be  used  directly  for  light- 
ing and  constant-speed  motors.  Direct  current  for 
variable-speed    motors    will    be    obtained    through    a 


lOO-kva.  synchronous   rnotor-KenerHlor  si.      KtTort  haw 
been  exerted  to  make  the  plant  attractive  and   to  con- 
tribute to  the  comfort  of  the  oi)eniting  forca  by  in,stall-« 
injr  shower  baths,   toilets,   locker   rooms,   etc. 

A  recent  installation  that  has  been  attracting  wid^ 
spread  interest  in  Milwaukee  and  vicinity  is  the  four 
new  water-tube  boilers  of  the  Milwaukee  Coke  and  Gai 
Co.,  equipped  with  Coxe  forced-draft  chain-grate 
stokers  for  burning  coke  breeze.  The  boilers  are  rated, 
at  412  hp.  each.  The  two  boilers  first  installed  were 
furnished  with  stokers  8  ft.  8S  in.  wide  and  15  ft 
long,  giving  an  effective  grate  area  of  1.30.5  scj.ft, 
which  bears  a  ratio  to  the  heating  surface  of  1  to  31. .57. 
In  the  next  installation  and  in  the  unit  now  going  in 
the  same  width  of  stoker  was  retained,  but  the  length 
was  reduced  to  1.3  ft.  8  in.  The  grate  surface  is  thu» 
119  sq.ft.  and  the  ratio  to  the  heating  surface  1  to 
34.6.  Through  a  series  of  gears  the  stokers  are  driven 
by  1}-  to  3-hp.  motors  with  a  speed  range  of  from 
400  to  1,600  r.p.m.  The  boilers  operate  at  165  lb. 
pressure.  They  are  equipped  with  steam-flow  meters 
and,  to  afford  a  check,  a  venturi  meter  on  the  feed 
water.     Overhead  bunkers  are  provided. 

In  daily  operation  the  best  results  have  been  obtained 
at  150  per  cent  rating.     The  load  is  variable,  dropping 
below  this  average  at  night  and  pulling  up  to  200  per 
cent  of  rating  during  the  day.     On  ten-hour  tests  at 
1.50   and    175   per  cent   rating   conducted   on   the   fir- 
two   units,   an   over-all   efficiency    of   72   per  cent  w:, 
obtained  when  burning  straight  breeze  having  the  fol 
lowing  proximate  analysis  on  a  dry  basis:  Fixed  carbon. 
78  per  cent;  volatile,  7..57  per  cent;  ash,  14.43  per  cen' 
The  moisture  in  the  fuel  ran  about  18  per  cent.     A 
fired,  24.5  and  27.7  lb.  of  breeze  per  square  foot  of  grat. 
per  hour  was  burned  at  the  two  ratings  given.     On  ; 
dry  basis  these   figures  reduce  to   20.11   and   22.8   H 
respectively.     With  the   boilers   operating   at    150   p' 
cent  rating  the  ash  analyzed  27.75  per  cent  fixed  carbon, 
0.31  per  cent  volatile  and  71.94  per  cent  ash.     The  gen- 
eral  operation   has   been   most   satisfactory,    and   with 
continued  experience  improvement   is  anticipated. 

Eight  Boilers  Fired  with  Exhaust  Gas 
In  the  older  part  of  the  power  plant  there  are  eight 
waste-heat  boilers  running  on  the  exhaust  gas  from 
the  ovens.  Steam  is  supplied  to  the  generating  and 
pumping  plants.  '  The  exhaust  is  used  partly  for  heating 
purposes  and  the  remainder  passes  to  mixed-pressure 
turbines  to  be  converted  into  electrical  energy. 

The  manufacturing  end  of  the  plant  is  most  interest- 
ing and  will  be  open  for  inspection.  The  company  is 
a  maker  of  furnace  coke  and  is  equipped  to  recover 
such  byproducts  as  light  oils,  benzol,  naphthalene,  tar, 
ammonia  and  ammonium  chloride,  and  when  all  byprod- 
ucts have  been  recovered,  the  waste  or  sui-plus  gas  is 
sold  to  the  city.  The  entire  equipment,  including  a 
complete  ammonia  concentration  plant,  is  interesting  as 
the  opportunity  of  viewing  such  an  installation  is  sel- 
dom afforded. 


Faulty  oil  distribution  is  probably  the  cause  of  ovei 
heating  as  frequently  as  anything  else.  The  oil  ma. 
be  fed  into  the  bearing  at  the  wrong  point  or  perhaps 
the  grooves  do  not  convey  the  oil  to  all  part-  of  the 
bearing.  The  feed  pipe  may  not  be  of  sufficiei  t  size  to 
supply  the  bearing  with  an  adequate  amount  of  oil  cr  i 
the  oil  reservoir  may  be  too  small  to  permit  of  proper 
cooling. 
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Tof — Ctiierating    I'liit.    Phoenix    Knitting    Works.      Middle — Tui  bine    Room,    Pfister    &    Vogel     Plant.       Bottom — (JJeneratins    I.'nit. 
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Electric  Elevator  Macliinery — Thrust  Bearings 

By  M.   a.  MYKRS 

RliTlil.til    Kiinlii.-.  I.    Th.-    Mnlnl.DMii..-    <'i.inpfiiiy.    N^  w    Yolic    City 


ltiill-ly|M-  of  ihriiHt  iM>arinju;H  jim  wril  uh  hulloii  ant]  iIihIi 
ly|>r>t  urr  <lis4>iisH«>4l.     Tin-Mr  lyprH  ar«'  ilivitird    iiil<»  Iwo 
clussrs        ihosr    wliirli  iirr    loralcil    on  «'a<-li   rii<l   of  llnr 
%v4>riii-!4liari   aiul    ihosr   localrti   on    llic    fr«- 
worm   .shaft   onl\.      I'lir  a!4H4'niltlin^  of  llirH« 
in<.;s  an<I  (lirir  ailjuf^tnirnt  in  fxpluined. 


OBSERVING 
Kip.  I.  it  will 
be  seen  that 
an  o  ve  r  count er- 
woijrlited  car  will 
produce  a  forward 
thrust  of  the  worm 
toward  the  motor,  as 
shown  by  the  arrow. 
It  makes  no  differ- 
ence if  part  of  the  counterweights  are  car  weights,  as 
the  car  is  simply  lightened  by  that  much.  Reverse  the 
conditions,  making  the  car  heavier  than  the  weights, 
and  the  worm  thrust  naturally  changes  toward  the  rear. 
Means  must  be  provided  to  take  care  of  these  thrusts  on 
suitable  bearings  in  the  gear  case  or  otherwise,  and  the 
thrust  bearings  must  be  liberally  designed,  as  their  duty 
is  severe. 

A  type  of  worm-gear  reduction  requiring  no  thrust 
bearings,  known  as  a  tandem  gear,  is  shown  in  Fig.  4. 
Two  worms  and  wormwheels  are  used,  and  the  load  and 
wear  are  distributed  between  them.  The  worms  are 
respectively  left-  and  right-hand  cut,  and  the  worm- 
wheels  are  meshed  to  each  other  as  well  as  to  the  worms. 
The  thrusts  of  the  worms  being  opposed  and  equal, 
the  use  of  thrust  bearings  is  unnecessary.  Where  the 
duty  is  severe  and  room  for  the  installation  is  suffi- 
cient, the  tandem-gear  machine  has  commendable  fea- 
tures. 

Fig.  2  shows  a  worm  complete  with  A,  the  front 
wormshaft  bearing;  B  and  B,  the  front  and  back  ball- 
thrust  bearings;  D,  the  back  wormshaft  bearing;  and 
G,  the  stuffing  box  to  prevent  oil  leakage.  These  parts 
are  shown  separated  in  Fig.  3,  which  gives  a  clear 
indication  of  their  form.  Each  ball-thrust  bearing  con- 
sists of  two  hardened-steel  raceway  pktes,  P,  bearing 
respectively  against  the  worm  flanges  and  the  front 
and  back  bearing  faces;  and  the  balls  held  in  a  bronze 
cage  or  retainer. 

The  parts  of  the  wormshaft  and  bearings  are  so  pro- 
portioned and  machined  that  when  assembled  within  the 
gear  case  and  the  worm  bearings  bolted  fast,  the  worm 
will  turn  freely  with  practically  no  end  play.  A  slight 
allowance  must  be  made  for  expansion  due  to  increased 
temperature  in  operation.  A  sixty-foui'th  to  a  thirty- 
second  inch  will  be  ample.  Any  slight  adjustment  may 
be  made  by  varying  the  thickness  of  the  gaskets  under 
the  worm  bear- 
ing (or  bonnet) 
flanges.  For 
larger  adjust- 
ments recourse  is 
sometimes  taken 
to  filler  plates  or 
shims  behind  the 
steel  raceways. 
The  flange  gas- 
kets may  be  of 
paper,  ordinary 
tar  paper  giving 
good  results.  Ball 
thrust     bearings. 


rn«l   of  th<; 
llirn8t  liear- 


Drvm, 


properly  fitted  and 
liberally  de.signed, 
should  show  little 
wear.  If,  however, 
through  lack  of  oil, 
poor  oil,  grit  or 
other  rea.sons,  the 
balls  and  races  be- 
c  0  m  e  worn  and 
rough,  the  fact  will 
be  manifested  in  grinding,  groaning  or  both,  and  the 
only  remedy  is  new  thrust  parts,  both  balls  and  race- 
way plates. 

Fig.    5    shows    a    sy.stem    of    alternate   bronze    and 
^  ^  h  a  r  dened-steel 

Drum  Counterweight  Cable-*  rings  for  the  front, 

"^<\  and     alternate 

Vibrator  ft  ^T\-^  bronze     and     steel 

"buttons"  for  the 
back  thrusts.  They 
are  assembled  sim- 
ilarily  to  the  ball 
thrusts  ju.st  de- 
scribed. Such 
thrusts  are  made 
adjustable  to  take 
up  the  wear.  The 
adjusting  screw 
and  locknut  are 
located  in  the  back 
wormshaft  b  e  a  r- 
ing.  The  front  and 
back  buttons  are 
provided  with  in- 
tegral "tongues"  to 
fit  in  grooves  in  the 
end  of  the  shaft 
and  the  end  of  the 
adjusting  screw  to 
prevent  wear  of 
either.  Sometimes 
the  front  and  back 
rings  in  the  front 
thrust  are  likewise 
tongued  or  pinned,  to  prevent  turning.  The  bronze 
buttons  and  rings  are  grooved  for  oil.  This  type  of 
thrust  bearing  i.''  being  superseded  to  a  large  extent 

by  ball  thrusts. 
Occasionally,  ad- 
justable front 
thrust  bearings 
will  be  found  on 
the  order  of  those 
shown  in  Figs.  6, 
7  and  8.  Fig.  6 
shows  what  is 
known  as  the 
wedge  thrust 
bearing,  in  which 
the  inner  edge  of 
the  front  worm- 
shaft    bearing    is 


FIG.  1.     SrXGLEJ-GEAHED 
ELEVATOR  ItACHINB 


WORMSHAFT    AXD    THRUST    BEARINGS 
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FIG.   3.      SAME  AS   KIG.    2.   WITH  PARTS  OF  THRUST   BEARING   SEPARATED 


beveled  as  at  A. 
A  hollow  wedge 
W  encompassing 
the  wormshaft  is 
fitted  to  slide  on 
this  bevel  and  is 
held  in  adjust- 
ment by  the  ad- 
justing bolts  S 
and  S\  The  bear- 
ing edge  has  a 
squared  projec- 
tion or  tongue  T, 
which  acts  as  a 
guide  to  the 
wedge.  The  thrust 
rings/2,  J?'andi2" 

are  of  bronze,  between  which  are  thin  hardened-steel 
rings.  The  ring  R  is  provided  with  four  pins  P  which 
project  within  the  hollow  of  the  wedge,  preventing  the 
ring  from  turning  but  not  interfering  with  the  adjust- 
ing of  the  wedge.  Ring  R"  is  pinned  to  the  worm 
flange  as  shown.  If  it  is  desired  to  adjust  the  worm 
toward  the  rear,  it  is  only  necessary  to  loosen  the  lock- 
nuts  NN\  and  unscrew  S,  and  screw  up  S'  until  the  de- 
sired position  is  obtained, 
and  vice  versa.  Another 
type  of  adjustable  front 
bearing  thrust  is  shown  in 
Fig.  7.  C  is  a  bushing  ma- 
chined to  a  good  sliding  fit 
in  the  front  head  A.  The 
head  is  tapped  for  the  ad- 


FIG.    4.      TANDEM-GEARED   EI.BVATOR    MACHINE 

justing  bolts  S  and  S,  which  are  squared  at  D  for 
a  wrench  and  provided  with  threaded  extensions  for 
the  stuffing-box  gland  G  and  which,  at  the  other  end 
are  recessed  into  the  sliding  bushing,  preventing  it 
from  turning.  To  adjust  the  worm  toward  the  rear, 
simply  loosen  the  stuffing-box  gland  and  the  locknuts  N 
and  N,  and  screw  the  adjusting  bolts  S  and  S  in 
evenly,  which  will  force  the  bushing  C  toward  the  rear. 
If  it  is  desired  to  shift  the  wormshaft  toward  the 
motor,  unscrew  the  adjusting  bolts  and  bring  up  the 
worm  by  means  of  the  rear-thrust  adjusting  bolt  to  the 
required  amount, 

Fig.  8  is  similarly  adjusted  by  loosening  the  stuflSng- 
box  gland  G  and  the  large  locknut  A^  and  screwing  the 
threaded  bushing  C,  which  also  constitutes  the  worm- 
shaft  bearing,  either  in  or  out  as  desired.  In  the  cases 
of  l"lgs.    6,   7   and   8,   the   back   thrust  bearing   is   an 


ordinary  adjust- 
a  b  1  e-button  ar- 
rangement, simi- 
lar to  that  shown 
in  the  rear  worm- 
shaft  bearing  of 
Fig.  5.  In  adjust- 
ing the  front  or 
back  thrusts,  care 
must  be  taken  not 
to  jam  the  worm- 
shaft  too  tightly 
between  them.  A 
Hindley  worm, 
which  is  curved 
to  fit  the  arc  of 
the  wormwheel, 
as  in  Fig.  9,  must,  if  it  has  adjustable  thrusts,  neces- 
sarily be  adjustable  both  ways  to  keep  the  worm  accur- 
ately centered,  to  avoid  binding  and  cutting.  To  adjust 
such  a  worm  the  handhole  of  the  worm  case  should  be 
opened  and  the  worm  and  wormwheel  adjusted  accord- 
ing to  the  manufacturer's  markings. 

The  type  of  thrust  shown  in  Fig.  .5  has  the  advantage 
of  sturdiness  and  simplicity.     The  disadvantage  rests 

Sronze 
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FIG.    5.      WORM    WITH    STEEL    AND    HRONZE   THRUST 
BEARINGS 

in  the  fact  that  when  the  front  thrust,  which  is  usually 
the  first  to  wear,  must  be  repaired  or  renewed,  it  is 
necessary  to  remove  the  worm  from  the  case  to  make 
such  repairs  or  renewals.  To  overcome  this  objection, 
both  thrusts  may  be  placed  in  a  case  or  bonnet  at  the 
end  of  the  rear  wormshaft  bearing  or,  as  it  may  be 
termed,  at  the  free  end  of  the  wormshaft. 

A  patented  adjustable  thrust  of  this  character  is 
shown  in  Fig.  10.  The  free  end  of  the  wormshaft  is 
turned  down,  as  at  P,  and  threaded  vdth  a  left-hand 
thread  for  the  combination  double  ball  race  and  "bull 
ring"  F.  The  end  of  the  wormshaft  is  shouldered  again 
at  Q  and  threaded  right-handed  for  the  flanged  locknut 
H.  To  assemble  this  thrust,  the  rear  head  A  is  bolted 
in  place  on  the  gear  case  and  the  front  adjusting  ring  C 
is  screwed  in  place  into  it.  The  raceway  plate  D  is 
placed  in  the  recess  of  C  as  shown.  Then  comes  the  first 
ball  cage  and  balls  E,  after  which  the   bull   ring   is 


Section  i-i, 
FIG.   6     WEDGE-TYPE  ADJUSTABLE  THRUST  BEARING 

screwed  in  place  by  means  of  a  spanner  wrench  in  holes 
F  in  its  periphery.  The  washer  /  is  placed  and  the 
locknuts  H  set  up  tightly.     Then  the  second  ball  cage 
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K'.  is  put  in  plaii',  aflor  which  the  hack  adjusliiiK'  pl»K 
G.  with  the  hail  raceway  plate  D'  set  in  it.s  recess,  is 
screweil  into  the  casting  end.  The  front-thrust  atljust- 
injr  rinjr  is  lirst  adjusted  hy  means  of  a  spanner  wrench 
in  the  holes  .i  ami  .r,  cover  M  heiuK  removed  for  this 
operation.  The  adjustinjr  rinjt  and  pluK  f»  i«  then  .set 
up  hy  u  spanner  wrench  in  the  holes  x'  and  x'  to  give 
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the  wormshaft  the  proper  freedom  without  end  play. 
Adjusting  ring  C  and  plug  G  are  provided  with  a  num- 
ber of  slots  on  their  peripheries  in  which  the  setscrews 
A'  and  A'  are  set.  The  greater  the  number  of  slots  the 
finer  the  adjustment.  For  example,  if  there  are  five 
threads  per  inch  and  twelve  slots,  adjustments  of  one- 
sixtieth  of  an  inch  will  be  obtained.  The  thrust  case 
is  finally  filled  with  gear  oil  and  the  cover  M  bolted 


Fig.  12  represents  a  free  end  ring  and  button  thruKt 
such  as  used  by  the  A.  H.  See  Klevator  Co.  The  worm- 
shaft  end  is  threaded  and  keyseated  at  /'.  The  instal- 
lation order  is  first  the  thrust  ring  li"  which  iH  pre- 
vented from  turning  by  pins  into  the  head  casting  A; 
then  thrust  ring  A"  and  thrust  ring  R,  which  is  pinned 
to  the  "bull-ring"  nut  N  and  screwed  with  it  to 
the  shaft  and  the  straight  key  inserted  at  P.  But- 
ton li"  is  pinned  to  the  shaft  end  and  is  next  put 
in  place.  li,  which  is  pinned  to  the  threaded  adjusting 
cap  C,  with  B'  are  put  in  place  with  the  cap  and  the 
latter  .screwed  into  place.  C  is  locked  by  a  wrench-like 
arrangement  W  or  a  similar  device.  The  thrust  actions 
are  directly  against  the  head  casting  A  for  forward 
thrust  and  against  the  adjusting  cap  C  for  back  thrusts. 

Fig.  13  represents  a  type  of  ball  cage  used  with  per- 
fect flat  ground  raceway  plates,  sometimes  found  in 
elevator  machines.  It  is  u.sed  to  advantage  when  replac- 
ing ordinary  ring  thrusts  with  ball-bearing  thrusts. 

No  di.scussion  of  elevator  thru.st  bearings  would  be 
complete  without  mention  of  the  old  "prism"  thrusts. 
Fig.  14,  which  are  still  to  be  found  on  old  machines  of 
the  Otis  Elevator  Co.  The  general  idea  is  to  increase 
the  wearing  surface  over  that  offered  by  plain  button 
thrusts,  by  means  of  flanged  bronze  sleeves  or  bushings 
A,   in   addition   to   the   hardened-steel   buttons   B,   anc" 


HIXDLEY  TYPK  WOIIM  AXP 
GEAR 


FIG.    10.      ADJUSTABLE   TYPE   DOUBLE     FIG.    11.      ADJUSTABLE  TYPE  SINGLE 
BALL-BEARING  THRUST  BEARING  BALL-BEARING  THRUST  BEARING 


down.  When  the  thrust  is  forward,  the  bull  ring  is 
pulled  against  the  front  balls ;  when  the  thrust  is  toward 
the  back,  the  bull  ring  is  pushed  against  the  rear  baUs. 
In  either  case  the  thrust  is  transmitted  through  the 
raceway  plates,  the  adjusting  ring  or  plug,  as  the  case 
may  be,  to  the  head,  which,  being  bolted  to  the  gear 
case,  transmits  the  thrusts  thereto. 

A  thrust  bearing  in  which  both  front  and  back 
thrusts  are  taken  by  a  single  set  of  balls  is  shown  in 
Fig.  11.  The  free  end  of  the  wormshaft  is  machined 
to  a  smaller  diameter  at  P  and  threaded  at  the  end  Q 
The  thrust  parts  in  their  installation  order  are  the 
inner  raceway  plate  C,  which  bears  against  the  shoulder 
formed  by  the  shaft  reduction;  ball  cage  with  balls  D; 
outer  raceway  plate  C;  filler  plate  E,  which  is  keyed  to 
the  shaft  by  a  Woodruff  key ;  plain  filler  plate  F ;  nut 
and  locknut  G,  or  there  may  be  but  one  nut  with  a 
cotter  pin  through  it  and  the  shaft ;  and  the  bonnet  H. 
With  a  forward  thrust  the  raceway  plate  C  is'  pulled 
against  the  balls  and  the  thrust  transmitted  through  C 
to  the  head  A.  With  a  backward  thrust  C  is  pushed 
against  the  balls  and  the  thrust  transmitted  through  C 
to  the  bonnet  H,  which  is  bolted  to  the  head.  Adjust- 
ments can  be  made  by  means  of  thin  filler  plates  and 
varying  the  thickness  of  the  bonnet  gasket. 


pairs  of  small  levers  or  prisms  C  and  C,'  to  equalize 
the  thrusts  between  sleeves  and  buttons.  Like  with 
ordinary  button  thrusts,  the  back  thrust  T  is  located 
at  the  end  of  the  wormshaft,  but  the  front  thrust  T  is 
mounted  ahead  of  the  motor  in  a  housing  bolted  to  the 


FIG.    12.      RING    AND    BUTTON    THRUST    ON    FREE    END   OF 
AVORMSHAFT 

motor  bearing.  The  rear  bronze  sleeve  bears  against 
the  worm  flange  and  is  prevented  from  turning  by  a 
tongue  D  on  its  flange,  which  fits  into  a  groove  in  the 
back  cast-iron  bonnet.     This  sleeve  also  becomes  the 
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rear  wormshaft  bearing.  The  front  bronze  sleeve  bears 
against  a  hardened-steel  ring  F  which  in  turn  is  fitted 
against  a  shoulder  on  the  motor  shaft  and  is  held  from 
turning  by  a  round  pin  P.  Two  diametrically  opposite 
tongues  E  sliding  in  slots  in  the  bronze  sleeves,  prevent 
the  hardened-steel  buttons  B  from  turning.  The  bronze 
sleeves  are  also  slotted  at  G,  into  which  the  prisms  fit 


The  combination  brake  pulley  and  coupling  of  these 
machines  is  split  parallel  to  the  shafts.  In  assembling, 
the  armature  is  placed  in  its  central  position  in  the 
motor  frame  with  its  eno  thrust  bearing  applied  and 
adjusted;  the  worm  thrust  bearing  is  also  adjusted. 
A  cylindrical  fiber  filler  of  the  same  diameter  as  the 
shaft   is   used  to  fill  the   space  between   the   armature 


FIG.    13.      BALL    PLATE    FOR    THRIST   HEARING 

and  are  held  in  this  position  by  the  adjusting  screws  H. 
The  knife-edge  prisms  or  levers  bear  against  the  but- 
tons and  sleeves  in  one  direction  and  against  the  adjust- 
ing screws  in  the  opposite  direction.  An  enlarged  view 
of  the  prisms  is  given  below  T  and  T' ,  showing  how  they 
are  designed  to  knuckle  together.  It  will  be  seen  that 
if  the  sleeves  and  buttons  wear  unequally,  the  prisms 
will  tend  to  rock  one  way  or  the  other,  thus  keeping 
the  thrusts  equalized  between  buttons  and  sleeves.  Obvi- 
ously, the  thrusts  may  be  exposed  for  inspection  by 
merely  removing  the  bonnets.  Adjusting  screws  are 
often  found  screwed  up  tightly  with  several  thin  shimr 
under  their  heads,  instead  of  locknuts  as  shown  in  the 
figure.  Adjustments  are  then  made  by  simply  removing 
■yr  adding  to  the  shims. 


FIG.   H.      PRTS.M-TVI'K  THRUST  I;K.\RTNG 

shaft  and  the  wormshaft,  and  the  split-pulley  coupling 
installed.  It  is  sometimes  found  advisable,  instead  of 
adjusting  the  prism  thrusts  for  backlash,  to  open  the 
coupling  and  insert  a  longer  fiber  filler. 

An  elevator  worm  must  not  be  allowed  to  have  back- 
lash. An  apparently  insignificant  backlash  rapidly  be- 
comes aggravated,  and  serious  damage  may  result. 
When  abnormal  end  play  is  noticed  (and  it  is  particu- 
larly noticeable  when  the  machine  is  brought  to  a  stop) 
immediate  stepo  should  be  taken  to  adjust  or  repair  the 
thrust  bearings. 


Effects  of  Voltage  and  Frequency  Changes  on 
Induction-Motor  Operation 

By  FRASER  JEFFREY 

Elpctrical    Knginet-r.    .\lli.'<-( "liiiliniT.'i    Mamifaoturins    Company 


A  N  INDUCTION  motor  .should  not  be  used  on  a 
/%  circuit  of  voltage  diff'erent  from  that  for  which 
X  A.  it  is  intended.  If  the  voltage  is  high,  the  iron 
loss  is  increased  and  the  copper  loss  decreased.  If  the 
voltage  is  low.  the  iron  loss  is  decreased  and  the  copper 
loss  increased.  The.se  variations  tend  toward  a  localiza- 
tion of  the  heat  either  in  the  iron  or  in  the  copper,  and 
if  the  variations  are  large  enough  ,the  concentration 
rather  than  a  distribution  of  the  losses  insures  the 
liability  of  future  burnouts  and  troubles.  It  should  also 
be  borne  in  mind  that  the  torque  of  an  induction  motor, 
the  frequency  remaining  constant,  varies  as  the  squares 
of  the  applied  voltages,  so  that  this  feature  has  to  be 
given  due  consideration  in  addition  to  the  localized 
heating  effects  in  either  the  iron  or  copper  circuits. 

If   a   motor   designed    for   60   cycles    is   operated   at 
rated  voltage  on  50-cycles,  the  results  are  as   follows: 


The  field  strength  is  increased  but  the  iron  loss  re- 
mains about  constant.  Magnetizing  current  is 
increased.  The  constant  losses — core  loss,  windage  and 
friction — remain  approximately  the  same  or,  if  any- 
thing, are  slightly  reduced,  because,  while  the  flux  densi- 
ties increase  20  per  cent,  resulting  in  a  probable  slight 
increase  in  core  loss  even  on  50  cycles,  the  reduction  in 
windage  and  friction  at  the  lower  speed  is  likely  to  more 
than  offset  any  added  core  loss.  The  reactance  on  50 
cycles  is  lower  than  at  60  cycles,  thus  increasing  the 
short-circuit  current,  .starting  and  pull-out  torques. 

Assuming  a  constant  horsepower  output  at  either 
frequency,  then  the  power  factor  is  lower,  owing  to  the 
increased  magnetizing  current,  and  the  decreased  power 
factor  slightly  increases  the  copper  loss. 

If  anything,  the  efficiency  will  tend  to  increase 
slightly,   but   in  general   it  may   be   stated  that  it  re- 
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nuiin.s  aliout  i-oiistant  hocniiso  the  total  In.ssc^  remiiin 
approximatoly  i-onstant.  Thi.s  latter  naturally  nieaiiH 
that  the  motor  tem|H>rature  iiicrense.s,  becaii.se  the  speed 
ami  hence  the  natural  ventilation  are  decrea.sed. 

The  table  shows  some  test  results  on  a  !»-hp.  440-volt 
three-phase  GO-eyi-le  1.200  r.p.rn.  (synchronous  speed) 
squirrel-caire  motor  operated  on  both  GO  and  50  cycles. 

■||\lt.\C"TKUISrKS()r$-ll.l'.  I.NDltCTION  MOTOU  \Mli;.\  ol'KU.VTIli 

ON  60  rYri.Ks,  \i..so  50  fYCi.i;s 

MiiKiirtiiinft  aiitport'H 
No  loii.l  l>w.s  ill  wnlt.H 
I'ull  l..:i.l  p  f    (  5  lip  I 

lull  l(i:i.l    .-II     (5  hp)  IMTWIlI 

M»\iiiiiiiii  ntnrtiiiK  timiiio  in  ix-rciMitoxr  of  iioriiiHl 
Mnxiiiiuiii  8tiirtini^  curriMil  in  pcrrciitaarof  iioniinl 
.Miixiiiium  toniup  11)  prrrpntuK)' <>f  noniinl. 
I  lilt  lest  spot   trniporntiiro  riiu-.  (Irg  C 

Oi-dinarily.  any  reduction  in  speed  should  be  accom- 
panied with  a  corresponding  change  in  the  horsepower 
rating  because  it  is  obvious  that  a  continuous  rated 
motor  with  a  temperature  rise  in  the  hottest  spot  of 
50  deg.  C.  would  get  too  hot  at  a  lower  frequency.  The 
chances  are  that  the  terminal  voltage  would  also  have 
to  be  reduced  to  keep  the  temperature  within  safe  limits. 

Operation  on  Increased  Frequency 

Under  these  conditions  and  assuming  a  moderate 
increase  in  frequency,  the  opposite  effects  to  operation 
on  low  frequency  can  be  noted.  The  net  result,  the 
voltage  and  output  remaining  constant,  is  as  follows: 

The  field  strength  is  decreased,  but  the  iron  loss  re- 
mains about  constant  and  the  magnetizing  current  is 
decreased.  The  constant  losses,  if  anything,  are 
increased,  principally  owing  to  the  increased  windage 
and  friction  at  the  higher  speed.  The  reactance  is 
higher,  thus  decreasing  the  short-circuit  current,  start- 
ing and  pull-out  torques.  Power  factor  is  higher,  owing 
to  the  decreased  magnetizing  current.  Copper  loss  is 
decreased  because  of  the  decreased  power  factor.  Effi- 
ciency will  tend  to  be  lower,  by  reason  of  the  increased 
constant  losses,  which  are  likely  to  more  than  offset  the 
decreased  copper  losses.  Theheating  will  be  less,  owing  to 
the  ventilation  being  increased  by  the  increase  in  speed. 

Operation  on  Low  Voltage 

With  the  power  output  and  frequency  remaining  con- 
stant, the  effect  of  operating  an  induction  motor  on 
low  voltage  is  somewhat  the  same  as  when  operating 
on  increased  frequency.  The  chief  difference  comes  in 
the  localization  of  the  losses  as  noted  here : 

The  field  strength  and  iron  loss  are  decreased.  Mag- 
netizing current  is  decreased.  Constant  losses  are  de- 
creased owing  to  the  decreased  core  loss.  The  reactance 
remains  constant,  therefore  the  short-circuit  current, 
starting  torque  and  pull-out  torque  are  decreased. 

Owing  to  the  decreased  magnetizing  current  the  power 
factor  is  higher.  On  account  of  the  increased  load  cur- 
rent resulting  from  the  lower  voltage  the  copper  loss  is 
increased.  The  efl[iciency  may  be  lower  because  of 
increased  copper  losses,  which  are  likely  to  more  than 
offset  the  decreased  iron  losses.  Under  the  foregoing 
condition  the  worst  feature  of  operation,  provided  the 
torque  characteristics  are  satisfactory,  is  the  fact  that 
the  added  losses  are  not  uniformly  distributed  but  be- 
come localized  in  the  copper,  the  iron  losses  actually  de- 
creasing. These  copper  losses  increase  as  the  squares 
of  the  currents  and  for  this  reason  are  likely  to  cause 
dangerous  localized  heating. 

With  the  power  output  and  frequency  remaining  con- 


slant,  the  circct  of  operating  an  induction  motor  on 
increa.sed  voltage  is  .somewhat  the  same  aH  when  oper- 
ating on  decrea.sed  fn'(|uency.  The  chief  difference 
comes  in  the  localiziition  of  the  lo.sses  an  noted  here: 

The  field  .strength  and  iron  lo.s.s  are  increa.sed.  Mag- 
netizing current  is  increased.  Con.stant  lo.sses  are 
increased,  owing  to  the  increa.sed  core  loss.  The  re- 
actance remains  constant,  therefore  the  short-circuit 
current,  starting  toniue  and  pull-out  torque  are 
increa.sed.  Owing  to  the  increa.sed  magnetizing  current 
the  power  factor  is  lower.  Since  the  voltage  is  higher 
the  copper  loss  is  decreased  due  to  the  decrea.sed  load 
current.  Becau.se  the  decrea.sed  copper  lo.sse.s  are  likely 
to  more  than  off.set  the  increa.sed  iron  loss,  the  efficiency 
will  be  higher. 

Under  this  condition  of  operation  the  lo.sses  are  not 
uniformly  distributed  but  are  localized  in  the  iron,  the 
copper   los.ses    in    this    case   being   actually    decrea.sed. 

Operation  on  Low  Voltage  and  Frequency 

If  both  the  frequency  and  the  voltage  decrease,  as 
when  the  speed  of  the  supply  alternator  drops,  the  effects 
previously  outlined  are  combined.  Since  the  drop  in 
voltage  is  accompanied  with  a  simultaneous  decrease  in 
the  frequency,  the  magnetizing  current  remains  practi- 
cally unchanged  w-ithin  certain  limits.  On  account  of 
the  decrease  in  voltage  the  output  decreases,  but  not  as 
if  the  decrease  in  pressure  took  place  without  the  ac- 
companying decrease  in  frequency.  The  output  de- 
creases in  direct  proportion  to  the  voltage  and  not  as  the 
squares  of  the  voltages,  as  would  be  the  case  if  the  fre- 
quency remained  unaltered. 

An  increase  in  frequency  is  equivalent  to  weakening 
the  motor  field,  while  a  decrease  is  equivalent  to 
strengthening  it.  On  the  other  hand,  a  decrease  in 
voltage  tends  to  weaken  the  field,  while  an  increase 
strengthens  it,  and  if  both  voltage  and  frequency  de- 
crease together,  the  field  strength  will  remain  practically 
constant.  The  speed  decreases,  however,  and  the  output 
becomes  less. 


Steel  Melts  From  the  Inside 

"Steel  Melts  from  the  Inside"  is  the  claim  made  by 
G.  P.  Blackiston,  a  practical  steel  man,  of  Canton,  Ohio. 
Metal,  before  melting,  is  packed  in  pots.  In  the  mix- 
ture used  at  the  time  of  the  discovery  numerous  pieces 
of  octagon  bar  steel  had  been  packed  in  pots  and  placed 
in  the  furnace.  When  the  melting  was  well  under  way, 
one  of  the  pots  broke  and  was  immediatelj'  removed 
from  the  furnace  and  set  aside.  After  the  pot  was 
cooled,  it  was  observed  that  chunks  of  metal  were 
present  which  seemed  to  have  the  original  shape  they 
possessed  at  the  time  they  were  inserted  in  the  vessel. 
Investigation  showed  the  pieces  to  be  hollow. 

Pure  iron  has  a  higher  melting  point  than  steel,  and 
the  more  carbon  there  is  in  the  steel  the  lower  its  melt- 
ing temperature.  The  outer  layer  of  these  bars  of  tool 
steel  received  the  heat  first,  but  this  heat  was,  no  doubt, 
immediately  transferred  to  the  inner  portion.  As  the 
heat  continued  to  be  added,  it  is  believed  that  the  car- 
bon was  burned  out  of  the  outer  layer  and  that  it 
became,  in  fact,  a  low-carbon  steel  approximating  iron 
itself.  The  inner  layer  still  retained  its  carbon  and 
would  of  course  melt  at  a  lower  temperature,  which 
explains  why  it  had  entirely  melted  while  the  outer 
laver  was  intact. 
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Rebabbitting  Engine  Parts — I 

By  H.  HAMKENS 

Consulting    Engineer,    Newton.    New    Jersey 


The  first  of  fvo  articles  giving  complete  and 
easily  understood  directions  for  rebabbitting 
engine  bearings  and  other  parts. 

THERE  are  a  few  parts  of  an  engine  that  keep  an 
engineer  guessing.  One  of  theme  is  the  babbitt  in 
the  bearing.s.  A  bearing  will  get  hot  once  in  a 
while  for  some  reason  or  other,  and  if  it  is  babbitted 
the  question  is,  How  long  will  the  babbitt  stand  before 


FIG.    1.      COMMON    TYPE   OK   MAIN    BE.VRINO 

it  begins  to  run?  It  may  be  nursed  along  with  oil, 
grease,  soap,  graphite,  water  and  even  ice  until  the 
ominous  little  bright  drops  finally  begin  to  ooze  out  at 
the  sides  or  are  spattered  over  engine  base  and  floor 
and  there  is  no  help  for  it  but  to  stop  the  engine. 

Occasionally,  the  nursing  process  can  be  stretched 
out  till  "the  whistle  blows,"  when  a  "beautiful"  job  is 
waiting  for  engineer  and  helpers  to  replace  the  bearing 
or  boxes,  if  he  has  been  wise  enough  to  provide  for  any 

spares;  otherwise  a 
job  of  rebabbitting 
is  to  be  done,  which 
is  often  carried  far 
into  the  night.  The 
principal  parts  of 
an  engine  that  are 
lined  with  babbitt 
are  the  main  bear- 
ing, outer  bearing, 
c  r  a  n  k  p  i  n  boxes, 
crosshead  shoes 
and  occasionally 
eccentric  straps  and 
crosshea  d-p  i  n 
boxes.  In  construc- 
tion size  and  shape 
these  vary  greatly,  as  also  do  the  methods  of  lining  them 
with  babbitt.  The  object  of  lining  certain  surfaces  of  an 
engine  with  babbitt  is  to  prevent  cutting,  which  is  more 
liable  to  occur  where  two  hard  surfaces  run  together, 
and  to  make  the  sui'face  renewable  in  case  of  water. 


F1(J.    2.      UABBITT   GROOVES   FROAl 
RND  TO   END   OF  QTTARTER  ROX 


In  Fig.  1  a  common  type  of  main  bearing  is  shown. 
It  consists  of  lower  and  upper  shells  and  two  quarter- 
boxes.  The  principal  wear  is  in  the  lower  shell,  next 
in  the  quarter-boxes;  the  wear  on  the  upper  shell  on 
horizontal  engines  is  negligible.  The  thickness  of  the 
babbitt  in  the  shells  varies,  according  to  the  size  of 
the  bearing,  from  1  to  ,'  in.  The  babbitt  is  held  in 
place  by  recesses,  grooves,  anchors  or  buttons  of  various: 
shapes.  The  dovetailed  grooves 
seem  to  be  the  favorite  design. 
The  size  and  number  of  the  grooves 
vary,  according  to  the  diameter  of 
the  shaft,  from  s  in.  at  the  narrow 
part  for  a  6-in.  shaft  to  ■;  in.  for  a 
24-in.  diameter;  the  taper  is  about 
30  deg.  and  the  depth  from  I'i  to  i 
in.  In  some  cases  the  babbitt  and 
grooves  are  carried  right  through 
from  end  to  end,  as  shown  in  Fig. 
2,  which  is  considered  to  be  the 
best  practice  on  large  bearings. 
On  bearings  less  than  10  in.  in 
diameter  the  space  for  the  babbitt 
is  generally  chamfered  as  illustrated  in  Fig.  3.  This 
reduces  the  bearing  surface  somewhat  and  also  ex- 
poses the  shaft  to  being  cut  by  the  hard  ridge 
at  the  ends  if  there  is  any  considerable  wear  in 
the  bearing.  It  is  an  excellent  thing  for  an  en- 
gineer to  keep  tab  on  the  wear  of  the  bearings.  This 
can   easily   he    done   l)y    making   a   gage    from   a   fixed 


FIG.   0.    .SPACE  FUl; 

B.^BBITT   CH.A.M- 

FERED 


I'lG.    4.      GAGE   FOR   DETERMINING   WK.AR   OF   MAIN 
BEARINGS 

point  on  the  foundation  plate  or  floor  to  the  center  of 
the  shaft,  as  shown  in  Fig.  4,  or  by  gaging  the  space 
between  the  upper  box  and  the  shaft  by  using  a  feeler. 
An  occasional  try  will  show  whether  the  shaft  goes  down 
or  not.  The  wear  of  the  quarter-boxes  can  be  ascertained 
by   taking  up  the  holts  at  the  end  of  the  pillow  block 
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or  the  wed^e  holts  if  thi-  latter  con»tructi<)a  is  used. 
The  cu.stomary  taper  of  the  wedRCs  is  4  in.  per  inch; 
therefore,  if  the  holts  are  i  in.  in  diameter  with  stand- 
ard threads,  10  per  inch,  one  turn  of  the  nut  cr  holt 
advances  the  ijiiarter-box  u>  X  i  =  -  nV  i'<ih. 

A  conventional  outer  l>enrinK  for  the  amaller  sizes  is 
shown   in   Kijr.   f).     The  wear  is  practically   all   on   the 


FIG.  5.     \\tj;ak  ok  the  outer  be.\kino  is  on  thi: 

LOWER    BOX 

lower  box  and  can  be  readily  measured  on  the  outside. 
If  a  heavy  flywheel  is  used  for  belt  or  rope  transmission 
and  located  near  the  outer  bearing,  the  latter  is  often 
subject  to  greater  wear  than  the  main  bearing,  which 
is  due  to  the  fact  that  the  shaft  rotates  in  the  outer 
bearing  always  in  the  same  position,  while  in  the  main 
bearing  it  is  moved  fonvard  and  back  on  horizontal 
engines. 

Direct-connected  engines  are  provided  with  more 
elaborate  outer  bearings,  similar  in  construction  to  main 
bearings.  As  a  rule  they  are  well  protected  from  oil  leak- 
age or  dirt  by  means  of  shields  and  covers,  as  shown  in 
Fig.  6.  By  removing  the  shield  on  the  outside,  the  end  of 
the  shaft  is  revealed,  and  if  anything  goes  wrong  with 

the  babbitt,  it  can 
immediately  be  de- 
tected. The  lower 
shells  are  some- 
times provided  with 
wedges  as  a  ready 
means  of  taking 
up  wear,  but  al- 
though this  is  quite 
a  convenience  the 
practice  seems  to 
have  been  aban- 
doned by  engine 
builders.  The  ten- 
dency is  to  con- 
struct the  bearings  for  quick  and  easy  removal  of  the 
boxes,  making  the  surfaces  cylindrical,  as  shown  in 
Fig.  7,  instead  of  flat.  Cylindrical  shells  can  be  rolled 
out  by  lifting  the  shaft  slightly ;  the  removal  of  a  flat- 
bottomed  box  is  often  quite  a  problem.  Unless  there 
is  room  enough  between  the  pedestal  and  eccentric  to 
slip  the  box  out  below  the  shaft,  the  latter  has  to  be 
jacked  up  sufficiently  for  the  box  to  be  rolloed  out,  which 
means  a  lift  of  Mo  1  in.  according  to  the  size.  This 
is  quite  a  job  on  a  direct-connected  engine,  for  instance, 
having  an  air  space  of  less  than  1  in.  between  armature 
and  polepieces.  Where  the  taking  out  of  the  boxes 
meets  with  difficulties,  rebabbitting  is  put  off  as  long  as 
possible,  often  to  the  detriment  of  the  shaft. 


FIG.     6.       OUTER    BEARING    FOR 

DIRECT-CONNECTED    ENGINE, 

SHAFT  PROTECTED  BY 

SHIELD 


While  it  is  a  simple  matter  to  babbitt  boxes  in  fac- 
tories where  nil  the  facilities  are  at  hand  and  where  the 
work  is  done  by  men  si)ecially  trained  for  it,  it  is  dif- 
ferent in  an  emergeiuy  case  in  the  engine  room.  Still, 
there  is  nothing  mysterious  about  it  if  some  common 
.<ense  and  a  certain  amount  of  precaution  are  used. 
Cleanliness  is  here  next  to  grxlliness,  just  as  it  is  any- 
v.hcre  else.  If  the  job  is  not  to  be  done  in  u  cleanly 
manner,  it  better  be  left  alone,  unless  a  man  wants  to 
take  chances  in  pouring  and  have  the  metal  thrown 
about  and  he  j'ct  burned.  Molten  babbitt  will  not  stand 
for  any  foolishness. 

There  are  many  kinds  of  mixtures  that  go  by  the 
name  of  "babbitt."     The  metals  used  to  make  babbitt 


FK;.    7.      CYLINDRIfAL    MAIN-nEARIXfl    BOXES 

are  tin,  copper,  antimony,  lead  and  zinc,  in  a  variety  of 
compositions;  different  mixtures  will  serve  different 
purposes.  Anyone  can  make  his  own  mixtures  if  he  has 
the  facilitie.s.  The  accessories  required  to  prepare  a 
mixture  without  copper  in  small  quantities  are  a  forge, 


LADLE  AND  INGOT  MOLD  FOR  BABBITT 


ladle  and  some  ingot  molds.  A  suitable  ladle  and  ingot 
mold  are  shown  in  Fig.  8.  For  larger  quantities  and 
for  alloys  containing  copper  one  or  more  crucibles  and 
a  furnace  will  be  required.  The  composition  of  genuine 
babbitt  is  generally  taken  to  be  89  parts  tin,  3  copper 
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and  8  antimoney.  This  is  a  good  all-round  mixture, 
largely  used  on  engine  work ;  its  expense  is  a  small  item 
where  wearing  quality  is  to  be  considered.  Copper 
requires  a  high  temperature  for  melting.  For  this 
reason  for  i-epair  jobs  alloys  of  zinc  and  tin  in  the  pro- 


TTPE  OF  MAIN  BEARING  WITHOUT  REMOVABLE 
BOTTOM  BOX 


portion  80  zinc  to  20  tin,  or  of  lead,  antimony  and  zinc 
in  the  proportions  of  78,  20  and  2  may  be  used  for 
moderate  pressures  and  speeds  The  metal  having  the 
highest  melting  point  is  melted  first,  and  the  others  are 


vided  with  one  or  two  quarter-boxes.  The  different 
designs  are  shown  in  Fig.  9.  To  rebabbitt  bearings  of 
this  kind  it  is  necessary  to  remove  the  shaft,  then  cut 
out  all  the  old  babbitt  and  clean  out  the  recess  in  the 
pillow  block.  If  no  proper  mandrel  is  available,  the 
bearing  can  be  rebabbitted  by  using  the  shaft,  if  it  is 
in  good  condition,  although  this  is  not  considered  good 
practice.  In  case  the  shaft  is  to  be  used  it  must  be 
blocked  up  in  position,  as  shovvm  in  Fig.  10,  ".4,"  and  for 
the  particular  bearing  shown  wood  strips  and  blocks  are 


■Sharp 
£c/<}es 


••Three  Corner  file 
FIG.    11.      SCKAPEKS  MADfi  iiV  OLD   FILES 

inserted  in  the  pillow  block,  and  molding  sand  or  fire- 
clay rammed  in  on  the  sides,  with  regular  gates  and 
vents  for  pouring  the  metal.  Care  must  be  taken  to  keep 
sand  and  dirt  out  of  the  space  for  the  babbitt.  The 
shaft  should  be  warmed  before  the  metal  is  poured. 
All  openings  at  the  crank  and  collar  must  be  closed  with 
fireclay  to  keep  the  babbitt  from  running  out.  The  metal 
is  poured  from  one  or  both  sides  according  to  the  size 
of  the  shaft. 

After  the  bottom  of  the  bearing  has  been  poured,  the 
clay  or  sand  must  be  removed  and  the  space  for  the 
quarter-boxes  cleaned.  The  latter  are  then  put  into 
place  and  secured  with  wooden  blocks,  as  shown  in  Fig. 


Pouriri!;]  of  Qucirter  boxes 

FIG.   10.     METHOD  OF   BLOCKING   UP  THE  JOURNAL  .\ND 
POURING  THE  BABBITT 


FIG.   12.      CHAMFERED   EDGES   AND   OIL   GROOVES 


idded  gradually.  The  molten  mass  must  be  stirred  to 
make  the  mixture  uniform;  otherwise  the  heaviest 
metal,  like  lead,  will  remain  at  the  bottom. 

Large  numbers  of  engines  are  running  without  any 
removable  boxes  in  the  main  bearing;  others  are  pro- 


10,  "B."  Pieces  of  thin  asbestos  board  are  generally 
placed  under  each  box  to  keep  the  babbitt  apart,  and 
after  all  openings  at  the  ends  have  been  closed  the 
babbitt  is  poured  into  the  boxes.  Finally,  the  cap  is 
put  in  place  and  the  babbitt  is  poured  either  through 


:186 


r  o  w  !•:  R 


Vol.  52.  No.  10 


i>|K'Miiijrs  ill  the  top  or  throiiKh  pates  iil  tlu-  I'liil.s.  It  !.«* 
essential  that  all  part.s  with  which  the  new  buhhitt 
lome.H  in  contact  nui.st  In*  warnunl,  otherwise  the  metal 
will  be  chilled  and  not  till  the  bo.xes. 

The  next  thinn  in  order  will  be  the  removal  of  cap 
and  boxes  and  a  thorough  cleaiiinp  of  the  ])illow  block. 
The  shaft  should  be  lifted  hijrh  enough  so  that  the  bear- 
ing can  be  scraped ;  <iiiarter-bbxi's  and  cap  must  al.so  be 
scraped  and  fitted  to  the  .shaft.  A  tfood  .scraper  can  be 
made  from  a  half-round  fde  or  from  a  pood-si/.ed  three- 
cornered  one,  as  shown  in  Fijj.  11.  In  each  ca.se  the 
end  of  the  file  is  jrround  on  a  fine  emery  wheel  for  a 
distance  of  about  three  inches  and  the  edpes  are  sharp- 
ened on  an  oilstone.  Care  should  be  taken  not  to  draw 
the  temper  of  the  file.  Oil  j^rooves  in  the  bottom  of  the 
bearing  are  of  little  use;  the  sharp  corners  at  the  top 
of  the  grooves  must  be  removed  and  the  edges  cham- 
fered. This  will  lead  the  oil  underneath  the  shaft.  In 
the  quarter-boxes  oil  grooves  may  do  some  good ;  their 
object  is  to  give  the  lubricant  a  good  start  on  its  down- 
ward course.  Fig.  12  shows  the  chamfering  of  the 
edges  of  the  lower  bearing  and  quarter-box  and  the  oil 
grooves  in  the  latter.  The  grooves  may  be  cut  with  a 
cape  chisel  and  smoothed  with  a  round  file. 

Maintaining  Correct  Average  Frequency 

In  synchronous  motor  application  the  latest  departure 
is  the  installation  of  a  very  small  self-starting  motor 
in  a  clock,  where  it  is  used,  in  connection  with  a  high- 
grade  clock  movement,  to  compare  the  speed  of  a  syn- 
chronous generator  with  exact  time,  in  order  to  give 
a  continuous  check  on  generator  frequency.  Since  any 
change  in  the  speed  of  the  generator  is  reflected  in 
the  speed  of  this  small  motor,  whereas  the  clock  speed 
remains  constant,  the  combination  forms  an  accurate 
method  of  maintaining  constant  average  frequency. 

These  small  motors  i;m  also  be  used  on  the  system 
in  place  of  clock  me- 
chanisms to  drive 
graphic  recordin,'- 
instruments,  demand 
meters  and  t  i  m  "^ 
switches.  By  the 
use  of  this  motor 
the  synchronization 
of  records  from 
graphic  meters  and 
demand  meters  will 
be  made  possible 
• — something  that 
has  always  been  de- 
sirable, but  some- 
what  difficult  of  ;'.c- ' 
complishment  here- ' 
tofore.  In  practice 
a  master  clock.  Fig. 
3,  containing  two 
movements,  one 
electrical  and  one 
pendulum  -  operated, 
is  located  near  tlie 
switchboard.  The 
face  is  equipped 
with  two  pointers, 
one  black,  the  other 
gold,  rotating  inde- 
pendently about  the 


FIGS.   1  TO  3.     CLOCK  FOR  CHECKING  GEXERATOR  FREQUENCY 

F\g.  1 — Self-starting  synchronous  motor  for  use  in  clocks.     Fig.  2 — Clock 

dials  and  mechanism.     Fig.  3 — Frequency  clock  complete. 


same  center,  on  a  dial  A,  Fig.  2,  called  the  operating 
dial.  The  black  pointer  is  no  geared  to  the  jH;ndulum 
clock  as  to  make  one  complete  revolution  every  five 
mimites.  The  gold  i)ointer  is  geared  to  the  .small  syn- 
chronous motor  so  that  when  the  frecjuency  is  correct  it 
will  rotate  at  the  .same  speed  as  the  black  hand.  All 
that  the  operator  has  to  do  is  to  hold  the  two  pointers  to- 
gether— he  will  then  have  a  fixed  relation  maintained 
between  standard  time  and  generator  speed,  or  cycles 
and  time.  This  can  be  done  by  adjusting  the  speed 
governors  of  the  prime  movers.  The  master  clock 
does  not  obviate  the  use  of  a  frequency  meter,  or 
indicator,  since  it  will  not  show  instantaneous  fluctu- 
ations in  speed.  Moreover,  by  using  a  fre([uency 
indicator  near  the  master  clock  the  latter  may  be  used 
as  a  constant  check  on  the  accuracy  of  the  former. 

The  little  synchronous  motor,  Fig.  1,  which  is  the 
vital  part  of  the  electric  component  of  the  clock,  i.s  only 
21  X  25  X  2 HI  in.  in  size,  and  is  wound  for  operation  on 
a  110-volt  circuit.  It  con.sumes  less  than  4  watts  at 
110  volts  60  cycles,  but  can  be  made  for  any  one  of 
the  standard  commercial  frequencies.  It  is  self-starting 
under  load,  reaches  .synchronous  .speed  in  less  than  a 
second  and  holds  speed  as  long  as  the  current  is  uninter- 
rupted. 

There  have  been  developed  two  forms  of  master  clock, 
known  as  the  type  "A"  and  type  "B."  The  principal 
difference  in  operation  is  that  in  the  "B"  type  both 
the  motor  and  the  clock  mechanism  act  on  the  same 
index  hand,  through  gearing,  so  that  the  .synchronous 
motor  tends  to  drive  the  hand  in  one  direction,  while 
the  clock  mechanism  tends  to  drive  it  in  the  opposite 
direction. 

If  the  rate  of  the  clock  and  motor  are  the  same  the 
hand  rests  at  zero  on  the  scale,  but  if  the  speed  of  the 
motor  varies  the  hand  is  moved  slowly  in  a  clockwise  or 
counterclockwi.se  direction  according  to  whether  the 
variation    is    a   gain    or   loss    in    .speed.      In    this   way 

the  clock  is  caused 
to  indicate  v  a  r  i- 
ations  in  average 
frequency.  The  in- 
stallation of  these 
master  clocks  w'ill 
not  eliminate  fluctu- 
ations which  are  de- 
pendent to  some  de- 
gree on  load  varia- 
tions, speed-governor 
response  or  steam 
pressure  —  feature  ; 
of  operations  thai 
are  more  or  less 
constantly  encoun- 
tered— but  it  does 
insure  the  mainte- 
nance of  a  more 
uniform  as  well  as 
correct  average  fre- 
quency. The  clocks 
and  motors  are  man- 
ufactured by  the 
Warren  Clock  Co., 
Ashland,  Mass.,  and 
are  being  handled 
by  the  General  Elec- 
tric Co.,  Schenec- 
tady, N.  Y. 
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The  Care  of  Refrigerating  Plant  Auxiliaries 


By  B.  C.  hill 


THE  liquid  receiver 
is  a  tank  usually 
mounted  up  on  the 
wall  in  the  engine  room 
or  on  the  roof,  and  if  on 
the  roof,  generally  under 
the  ammonia  condenser 
The  builders  of  recent 
types  of  ammonia  con- 
densers seem  to  have  lost 
sight  of  the  fact  that 
the  reduction  in  conden- 
sation surface  from  one- 
half  to  one-third  re- 
quired for  the  older 
types  has  also  cut  down 
the  liquid-holding  capac- 
ity or  storage  capacity  required  to  take  care  of  "pump- 
outs"  in  case  of  trouble.  There  have  been  a  number 
of  instances  where  the  writer  has  found  it  necessary 
to  install  additional  receiver  capacity,  as  it  was  found 
that  when  the  receiver  was  shut  off  for  pumping  down 
or  shutting  down  to  make  minor  repairs,  it  would 
be  filled  to  capacity  and  the  liquid  would  back  up 
to  the  condenser,  cutting  down  the  condensation  sur- 
face to  such  an  extent  that  the  condensing  pressure 
would  rise  from  a  normal  of  150  to  160  lb.  to  200  or  220 
lb.  in  five  or  ten  minutes,  making  it  necessary  to  slow 
down  the  compressor. 

There  is  no  fixed  rule  for  the  size  or  holding  capacity 
of  a  receiver.  In  the  writer's  work  the  receiver  capaci- 
ties have  been  increased  to  a  ratio  of  about  one-fourth 
cubic  foot  to  one  ton  of  refrigeration,  or  say  about  432 
cu.in.  per  ton,  which  experience  shows  is  satisfactory 


FIG.   1.      TYPICAL,   AMMONIA   RECEIVER 


and  ample  to  take  care 
of  pumping  out  the  re- 
frigerating coils  without 
unnecessarily  raising 
the  condensing  pressure. 
Another  important  use 
I  have  made  of  the  liquid 
receiver  for  many  years 
is  as  an  air  or  foreign 
gas  extractor.  The  vel- 
ocity of  the  liquid  pas- 
sing through  the  liquid 
line  from  the  condenser 
to  the  receiver  will  carry 
a  portion  of  the  noncon- 
densable  gases  to  the  re- 
ceiver, and  while  the 
plant  is  in  operation  the  flow  is  continuous  from  con- 
denser to  receiver,  which  will  not  allow  the  gases  to 
ascend  through  the  liquid  line  to  the  condenser  until 
the  plant  is  shut  down;  provided,  however,  that  the 
liquid  is  high  enough  in  the  receiver  to  seal  the  line 
leading  to  the  evaporating  coils.  In  this  case  the  non- 
condensable  or  foreign  gases  can  be  drawn  off  at  the 
top  of  the  receiver  by  placing  a  i-in.  extra-heavy 
short  nipple  and  valve,  so  that  these  will  not  be  easily 
broken  off,  and  then  reduce  from  i  in.  to  I  in.  and 
run  the  latter  line  to  some  convenient  place  and  sub- 
merge it  in  a  bucket  or  barrel  of  water.  Next,  open  the 
half-inch  valve  slightly,  and  if  bubbles  appear  on  the 
surface  of  the  water,  there  are  gases  in  the  system  other 
than  ammonia,  and  they  can  be  worked  out  slowly  while 
the  plant  is  in  full  operation. 

As   already   explained,   some    of   the   noncondensable 


FIG.     2.       DOUBLE-PIPE    AMMONIA    CONDENSER 
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jra.se.s  alt'  cHiru-il  fiom  ll>o  coiuienser  to  (he  liciuid 
receiver,  and  if  the  outlet  from  the  receiver  to  the 
cvnporatinK  coils  is  .sealed,  they  will  l)e  trapped  in  the 
receiver  because  they  cannot  get  out  at  the  top  of  it 
while  the  plant  is  in  ()))erati()n,  nor  can  they  tfPt  out  at 
the  bottom  on  account  of  the  litjuid  seal  to  the  t)ottom 
outlet. 

This  trapi)inK  of  the  jrases  in  the  receiver  causes  a 
slijrht  pressure  in  the  leceiver  above  that  of  the  incom- 
ing li(iuid,  and  as  the  out^'oinj;  litiuid  is  continuous,  the 
liquid  level  in  the  jjlass  will  jrradually  drop  to  a  p>;int 
where  the  bottom  openinjr  will  be  uncovered;  or  in  other 
words,  the  li(iuid  seal  will  be  broken,  which  allows  the 
jiases  to  pass  out  into  the  liquid  line,  rcducintr  the  pres- 
sure in  the  receiver  and  jrenerally  filling  the  jrlass  page 
to  the  top  or  above,  depending  on  the  amount  of  forei^rn 
prases,  the  amount  of  ammonia  in  the  system  and  upon 
the  working   conditions. 

("LKAN-ouT  Link  from  Liquid  Re^kiver 
AND  Oil  Traps 

The  dean-out  connection  to  the  receiver  should  be 
made  at  the  bottom  and  extend  up  inside  in  a  vertical 
position  a  distance  of  six  to  eight  in.  The  six  or  eight 
in.  of  pipe  that  extend  inside  the  receiver  should  have  a 
running  thread  cut  or  have  the  pipe  turned  down  in  a 
lathe,  small  enough  to  pass  through  a  standard-size 
tapped  hole.  Before  making-up  the  pipa  in  the  receiver, 
however,  have  a  plug  welded  in  the  end  of  the  pipe  so 
it  faces  up,  and  then  perforate  it  with  enough  !-in. 
holes  to  at  least  equal  the  area  of  the  line.  The  plugged 
end  and  perforations  will  insure  against  the  line 
stopping  up,  as  more  or  less  rust  and  dirt  will  always 
work  through  the  system  and  lodge  in  the  liquid  receiver 
and  oil  trap.  For  this  reason  the  clean-out  line  on  the 
receiver  should  be  opened  at  least  once  a  week  to  make 
sure  that  it  is  not  stopped  up,  and  on  the  oil  trap  the 
clean-out  line  should  be  opened  every  day  to  remove  oil, 
if  there  be  any,  and  to  make  sure  that  the  line  is  clear. 

The  liquid  outlet  line  leading  from  the  receiver  to  the 
evaporating  coils  should  take  the  liquid  from  eight  to 
.welve  in.  from  the  bottom  of  the  receiver,  and  the 
bottom  of  the  gage  glass  should  be  located  at  least  two 
in.  above  the  liquid  outlet. 

The  gage  cocks  should  be  of  the  automatic  closing 
t>'pe.  and  for  additional  safety  a  rope  should  be  attached 
to  the  lever  or  wheel  leading  to  a  safe  distance  so  that 
the  cock  can  be  closed  by  a  simple  pull  of  the  rope  in 
case  the  glass  should  break  and  the  cock  fail  to  close 
automatically. 

Purging  Ammonia  Condensers  To 
Remove  Foreign  Gases 

The  best  time  to  relieve  the  refrigerating  system  of 
air.  decomposed  ammonia  and  numerous  other  gases  that 
go  to  make  up  noncondensable,  Impure  or  foreign  gases 
is  when  the  plant  can  be  shut  down  for  about  five  or 
six  hours.  Pump  all  the  ammonia  out  of  the  evaporating 
coils  into  the  condenser,  shut  down  the  compressor  and 
allows  cold  water  to  run  over  the  condenser  cpilt-  for 
five  or  six  hours,  which  will  condense  all  the  ammonia 
gases  that  are  condensable.  Then  open  slightly  the 
purge  valves  which  are  provided  at  the  top  of  each  stand 
of  coils,  and  watch  them  until  a  white  vapor  closely 
resembling  that  of  exhaust  steam  appears,  when  the 
purge  valves  should  be  closed. 

Purging  condensers  is  necessary  to  the  successful 
operation  of  a  refrigerating  plant,  but  is  not  a  "cure-all" 


and  .should  not  be  overdone,  as  it  is  an  item  of  expense 
that  runs  into  considerable  loss  of  ammonia  and  money. 

Kxcessive  condenser  pressure  is  cHUHe<l  by  an  over- 
accumulation  of  non-condensable  gases,  dirty  condenser 
coils,  insulHcient  supply  of  condensing  water,  tempera- 
ture of  condensing  water  too  high  for  the  amount  of 
condensing  surface,  t<x)  much  ammonia  in  the  system; 
where  the  Block  and  other  similar  types  of  condenserH 
are  u.sed,  a  shortage  of  ammonia  will  cau.se  high  con- 
densing pressure. 

It  is  the  engineer's  business  to  know,  in  ca.se  the  con- 
('ensing  pressure  is  running  too  high,  what  is  causing 
the  trouble.  This  pressure  should  at  all  times  be  kept 
as  low  as  possible,  as  high  pressure  means  more  power, 
more  coal,   more  ammonia   leak.s,   more  blowouts,   more 


FIG.    3.      LOOKIXC    I.NTu    A    DOUBLE-PIPE    BRINE    COOLER 

wear  and  tear  to  machinery,  more  shutdowns  and  more 
of  everything  in  general  except  output  of  the  plant;  and 
all  go  to  increase  operating  costs. 

If  the  condensing  pressure  is  running  too  high  and 
the  conden.sers  are  clean  and  a  normal  supply  of  water 
is  given  with  no  undue  rise  in  temperature,  the 
engineer  should  proceed  to  take  the  temperature  of 
the  water  leaving  the  condenser.  By  adding  eight  or  ten 
degrees  and  consulting  tables  on  properties  of  saturated 
ammonia,  the  condensing  pressure  corresponding  to 
the  temperature  can  be  found,  and  if  the  condensing 
pressure  is  found  to  be  much  higher  than  shown  in  the 
tables,  it  is  a  good  indication  that  the  condensers  need 
purging.  For  example,  assume  that  the  temperature  of 
the  vA'ater  leaving  the  condenser  was  found  to  be  88  deg. 
F. ;  adding  10  deg.  gives  98  deg.  F.  and  the  correspond- 
ing pressure  due  to  this  temperature  would  be,  as  taken 
from  the  tables.  191  lb.  If  the  condensing  pressure  is 
running  much  higher  than  this,  it  is  evident  that  the 
condensers  need  purging. 

In  condensers  of  the  Block,  York,  Ball  and  other 
t>T3es  the  efficiency  and  capacity  depend  on  a  supply  of 
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ii  liquid  being-  carried  in  the  condenser,  and  a  shoi-tage  of 
ammonia  will  cause  high  condensing  pressure.  With- 
out an  ample  supply  of  liquid  part  of  the  condensing 

'  medium  is  removed,  and  the  hot  gas  coming  in  contact  or 
mixing  with  the  cooler  liquid  in  the  condenser  has  the 
same  effect  as  the  jet  steam  condenser  where  the  con- 
densing water  is  injected  directly  into  the  exhaust 
steam. 

The  suction  pressure  should  be  carried  as  high  as  the 
temperature  conditions  will  permit,  as  the  capacity  of 
the  machine  depends  mainly  on  the  suction  pressure  or 
number  of  pounds  of  gas  delivered  to  the  condenser, 
returned  and  re-evaporated  in  the  evaporating  coils.  One 
cubic  foot  of  gas  at  30  lb.  will  weigh  twice  as  much  as 
one  cubic  foot  at  15  lb.,  and  omitting  the  heat  of  com- 
pression, 30  lb.  suction  pressure  will  produce  twice  as 
much  refrigeration  as  15  lb.;  provided,  however,  the 
boiling  point  of  the  liquid  is  low  enough  to  do  the  work 
required. 

Oil  Sep.^rator  on  Discharge  Line 
As  an  extra  precaution  against  oil  and  other  deposits 
being  carried  over  into  the  ammonia  condenser,  an  oil 
or  ordinary  high-pressure  steam  separator,  with  a 
guaranteed  working  pressure  of  300  lb.  per  sq.in.,  should 
be  placed  in  the  discharge  line  between  the  compressor 
and  the  condenser,  and  a  1-in.  line  led  from  it  to  a  trap 
located  below  the  separator,  preferably  in  the  engine 
room.  The  trap  can  be  made  of  extra-heavy  pipe  with 
a  ratio  of  about  10  cu.in.  volume  per  ton  of  refrigera- 
tion. 

Relative  Value  of  Top  and  Bottom  Feed 

OF  Ammonia  to  Evaporating  Coils 
The  writer  changed,  on  request,  one  350-ton  and  one 
150-ton  brine  tank  from  bottom  feed  to  top  feed.  The 
evaporating  coils  in  the  brine  tanks  in  question  would 
evaporate  enough  ammonia  with  the  bottom  feed  to 
maintain  a  suction  pressure  ranging  from  18  to  25  lb., 
depending  on  the  temperature  of  the  brine,  and  this, 
too,  with  the  machines  running  to  the  limit  of  their 
speed.  The  headers  were  changed  in  the  spring  of  the 
year  from  bottom  feed  to  top  feed.     Be  assured  it  was 


a  trying  job  to  pull  that  plant  through  tne  following 
summer. 

The  best  that  could  be  had  from  the  tank  coils  wi;s 
an  evaporation  sufficient  to  carry  a  suction  pressure  on 
the  machines  of  from  10  to  16  lb.  and  the  machines  not 
running  up  to  the  limit.  There  was  loss  in  capacity  of 
from  25  to  40  per  cent.  The  first  cool  spell  that  coming 
fall  all  hands  were  put  into  the  tanks  to  change  the 
headers  back  to  the  bottom  feed,  with  the  result  that 
the  suction  pressure  could  be  carried  at  from  15  to  25 
ib.  with  no  trouble. 

Now  the  question  arises:  Why  this  marked  difference 
between  the  bottom  and  top  feed?  With  bottom  feed  the 
coils  will  fill  up  completely  with  liquid,  and  as  the  whole 
external  surface  of  the  coil  is  in  direct  contact  with  the 
heated  brine,  the  liquid  will  rise  to  a  point  where  the 
saturated  gas  that  is  being  evaporated  and  driven  ahead 
of  it  will  reach  the  top  header  at  a  temperature  suffi- 
ciently low  to  frost  the  suction  line  leading  to 
the  compressor.  When  this  point  is  reached,  the  coils 
will  bp  filled  to  their  working  level  and  should  be 
regulated  the  same  as  feeding  water  into  a  boiler,  as 
before  explained.  The  liquid  completely  covering  the 
i;iside  surface  of  the  pipe  and  being  surrounded  by  the 
heated  brine  on  the  outside  causes  violent  boiling  of  the 
liquid  which  sets  up  or  forces  a  fast  circulation  and 
rapid  evaporation  of  the  liquid  ammonia;  the  principle 
is  the  same  as  that  of  the  water-tube  boiler. 

The  "top-feed"  is  where  the  liquid  enters  the  top 
coil  and  gravitates  downward  to  the  bottom  outlet,  the 
heat  being  applied  by  the  surrounding  brine  the  same  as 
with  bottom  feed.  But  in  this  case  the  I'esults  are  some- 
what reversed,  as  the  coils  are  only  partly  filled  with 
liquid  ammonia,  and  instead  of  transferring  heat  from 
the  brine  to  the  liquid,  it  is  being  transferred  to  a 
small  portion  of  the  liquid  and  a  large  portion  of 
saturated  gas  which  is  being  superheated  as  it  is  forced 
downward  to  the  outlet  end  of  the  coil.  For  example, 
consider  a  water-tube  boiler  with  the  inner  surface  of 
the  tubes  only  partly  filled  with  water  and  you  have  a 
a  good  illustration  of  a  "top-feed"  brine  coil  or  brine 
cooler. 


Operation  and  Adjustment  of  Turbine  Machinery— VI 

Shaft  Packing 


By  EUSTIS  H.  THOMPSON 

("onsnItinB  Engineer.   Baltimore.  Maryland 


SHAFT  packing  .should  not  require  adjustment  at 
frequent  intervals.  It  is,  however,  often  difficult 
to  dismantle,  adjust  and  assemble.  This  packing 
has  been  perfected  so  that  trouble  is  seldom  experienced, 
but  as  troubles  may  be  expected,  their  characteristics 
and  causes  are  listed  here.  This  list  refers  to  high- 
pressure  packing  primarily,  but  what  is  true  of  it  is  true, 
to  a  large  extent,  of  inter-stage  and  exhaust  packing. 

1.  Leakage  resulting  in  steam  coming  out  of  the 
casing,  or  lowering  of  vacuum.  Causes:  (a)  Wear  of 
packing  rings;  (b")  weakened  springs;  (c)  broken 
packing  resulting  from  assembling  or  from  vibration 
(the  latter  sometimes  causes  the  packing  to  become 
jammed  and  broken;  packing  is  also  sometimes  broken 
by  moving  the  rotor  in  an  improper  manner  while 
adjusting)  ;  (d)  water  coming  through  with  steam;  (e) 


bad  alignment  of  the  nozzle,  which  builds  up  pressure 
and  vibration;  (f)  sprung  .shaft:  (g")  shaft  running 
out  of  true  due  to  unbalanced  rotor;  (h)  back  pressure 
in  the  drain  due  to  back  pressure  of  the  sewer  or  to 
wind  blowing  into  packing  drain  pipe. 

2.  Cutting  of  shaft.  Causes:  (a)  Rings  fitted  too 
small;  (b)  rings  becoming  jammed  in  the  holders; 
(c)   spring  in  .shaft;    (d)   unbalanced  rotor. 

3.  Heating  of  shaft.  Causes:  Packing  rings  fitted 
too  tight. 

4.  Vibration.  Causes:  (a)  Rings  fitted  too  sma'l 
for  the  shaft,  especially  in  large  machines  and  in  inter- 
stage packing  rings;  (b)  rings  jammed  in  the  holders 
on  account  of  dirt  and  sediment  from  the  steam;  (c) 
rings  slipping  out  of  place  from  moving  the  rotor  or 
from  violent  anf'   sudden  vibration. 
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5.  Riibl>in(r  noise.  Causes :  LlHuall.v  caused  by  metal- 
lic rinps  luvomiup  jnmnu'd  or  slippiiiH:  out  of  place 
80  as  to  touch  shaft. 

Piickinjr  troubles  in  small  machines  cause  healing 
more  than  vibration,  but  in  larRer  units  vibration 
usually  occurs  before  heatinjr.  Sometimes  a  sudden 
period  of  vil)ration  will  occur  several  hours  after  relit- 
tinjr  of  the  packing;  with  some  types  of  packing  rinirs 
it  is  ea.sy  for  them  to  be  displaced  temporarily.  When 
they  work  back  into  place,  the  ring  may  be  a  trifle 
too    small,    producing    vibration.      Unless    vibration    or 
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STKAM  TURBINE  PACKING 
Upper  Left — Carbon  ring  shaft  packing.  Upper  Right — Flat 
support  spring  for  the  carbon  packing  rings  ;  below  are  rings  witK 
staggered  joints.  Lower  Left — One  ring  instead  of  two  in  a 
compartment.  Lower  Right — Another  way  of  supporting  a  carbon 
packing  ring. 

heating  seems  to  be  serious,  it  is  usually  good  practice 
to  keep  the  machine  running  until  the  packing  has  worn 
large  enough  to  free  the  shaft. 

Types  of  Packing 

The  most  familiar  type  of  shaft  packing  is  made, 
of  carbon  rings,  and  there  are  many  ways  of  holding 
them  in  place.  The  method  most  employed  is  shown, 
upper  left,  which  represents  the  garter-spring  type. 
This  ring  is  made  of  three  or  four  segments  held  in 
circular  shape  by  means  of  spiral  springs  stretched 
around  it.  The  ring  is  supported  by  flat  springs  which 
allow  it  to  move  around  in  accordance  with  the  posi- 
tion of  the  packing  casing  in  relation  to  the  shaft,  so 
that  it  can  take  its  proper  position  after  expansion  or 
contraction  has  changed  the  position  of  the  casing.  See 
the  illustration. 

Two  rings  are  used  together  in  a  single  compart- 
ment, as  shown  above.  The  joints  of  the  rings 
are  staggered.  To  keep  the  ring  from  turning,  there 
is  an  arm  keyed  to  it  as  shown.  This  contacts  with 
a  pin  which  is  fastened  in  a  carbon  casing.  The  pin 
therefore  holds  the  arm  and  prevents  the  ring  from 


turning  In  the  direction  of  rotation.  The  key  way  also 
holds  the  rings  in  the  stagjjrered  position  ho  that  the 
joints  of  both  rings  cannot  come  together  while  the 
key  is  in  place. 

This  packing  is  varied  by  using  one  ring  instead 
r)f  two  in  a  single  compartment,  as  shown,  the  flat  sup- 
port springs  not  being  used.  The  assembled  packing 
illustrated  is  for  the  exhaust  end  of  a  non-condensing 
turbine.  A  little  steam  leaks  around  ring  No.  1,  and 
there  encounters  the  drain  by  which  it  is  much  easier 
to  reach  atmosphere  than  through  ring  No.  2.  This 
combination  is  about  the  easiest  to  adjust  satisfac- 
torily. 

At  the  lower  left  a  carbon  ring  is  supported  differ- 
ently. Instead  of  using  garter  springs  together 
with  flat  supporting  springs,  this  ring  uses  flat  springs 
tangent  to  the  ring  at  .several  places.  The  springs  at 
the  bottom  of  the  ring  support  the  weight  in  addition 
to  holding  the  spring  in  its  circular  form  and  are  there- 
fore usually  a  little  stronger  than  the  upper  springs. 
It  will  be  seen  that  the  packing  is  free  to  move  with 
expansion  of  the  turbine  casing. 

Two  kinds  of  joints — the  butt  joint  for  interior  rings, 
and  the  lap  for  the  outside  ring — are  used.  In  this 
position  there  is  little  steam  pressure,  and  in  such  a 
case  the  joints  are  not  arch-bound,  therefore  the  ring 
is  allowed  to  bear  against  the  shaft  all  the  way  around. 
Copper  ribbons  are  generally  used  over  each  joint.  The 
clearance  in  each  joint  is  usually  about  \n  in. 

Carbon  rings  do  not  always  have  their  weight  sup- 
ported, as  the  garter-spring  types  are  sometimes  used 
without  supporting  springs.  All  types  of  rings  must 
have  some  arrangement  to  keep  them  from  turning  with 
the  shaft. 

Metallic  packing  rings  are  frequently  used.  Rings 
of  this  character  are  usually  made  with  saw  teeth  so 
that  they  will  wear  when  in  contact  with  the  shaft. 
Saw-tooth  rings  are  sometimes  known  as  labyrinth-type 
packing  on  account  of  the  broken  path  of  the  steam 
when  leaking  past  the  ring.  These  rings  are  often  pro- 
vided with  a  collar  which  prevents  them  moving  too  near 
the  shaft.  They  may  be  held  in  place  by  any  combina- 
tion of  springs  previously  described.  This  type  of 
packing  is  used  between  stages  of  the  impulse  turbine. 

The  stufRng-box  type  of  packing  is  used  mainly  on 
small  machines  of  impulse  type.  The  material  of 
this  packing  usually  consists  of  babbitt  metal  or  other 
soft  anti-friction  alloy  stranded,  and  sometimes  mixed 
with  asbestos.  In  some  machines  rings  of  soft  fiber 
packing   are  placed  between  the  metallic   rings. 

Another  type  of  packing  is  known  as  water-seal  pack- 
ing. This  consists  of  two  rings  of  carbon  or  metal  as 
indicated,  with  water  supplied  between  them.  Provi- 
sion is  made  for  draining  the  water  to  keep  it  in 
constant  circulation.  This  method  is  used  in  sealing 
against  a  vacuum  and  also  in  holding  low-pressure 
exhaust  steam.  The  circulating  water  condenses  the 
steam  that  leaks  past  the  inner  ring  and  also  tends 
to  keep  the  rings  and  shaft  cool. 

A  well-knowm  type  of  water  packing  is  constituted 
as  described;  there  goes  with  it  a  small  centrifugal 
pump  placed  on  the  shaft  of  the  turbine.  This  pump 
throws  the  water  in  a  fine  spray  against  the  packing 
rings,  thus  generating  a  pressure  due  to  the  velocity  of 
the  water,  which  is  effective  in  sealing  against  exhaust 
steam  or  a  vacuum. 
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Dealing  toith  the  classification  of  the  principal 
types  of  mechanical  stokers  and  their  general 
application  to  boiler  service.  General  instruction 
is  given  regarding  the  operation  of  each  type  of 
stoker  and  the  method  of  banking  and  bringing 
the  stoker  into  service  again;  also  data  regarding 
the  draft  of  each  type  of  stoker  required  at  dif- 
ferent rates  of  combustion. 


UNTIL  recently  mechanical  stokers  were  practi- 
cally limited  to  handling  bituminous  coal.  An- 
thracite is  difficult  to  burn  successfully  on  the 
average  design  of  stoker,  but  a  mixture  of  half  anthra- 
cite and  half  bituminous  coal  can  be  burned  with  more 
or  less  success,  and  as  a  matter  of  fact  many  stoker  op- 
erators have  been  obliged  to  use  such  a  mixture  during 
the  last  year,  owing  to  their  inability  to  secure  a  suf- 
ficient supply  of  soft  coal. 

The  advantages  of  stokers  are  the  adaptability  of 
burning  the  cheaper  grades  of  fuel ;  a  saving  of  labor 
in  plants  over,  say,  500  hp.  capacity  when  provided  with 
coal  and  ash-handling  machinery ;  economy  in  combus- 
tion, with  proper  management  especially  when  forcing 
the  fires;  uniformity  of  furnace  conditions,  the  fires 
being  maintained  at  an  even  thickness  and  being  cleaned 
of  ash  either  continuously  or  intermittently,  depending 
upon  the  design.  These  features  have  an  influence 
toward  prolonging  the  life  of  the  boiler. 

A  certain  amount  of  skill  is  required  on  the  part  of 
the  operator  in  handling  stokers,  otherwise  the  fires 
may  become  filled  with  holes,  which  will  allow  excess  air 
to  enter  the  furnace,  and  there  may  also  be  considerable 
loss  of  fuel  in  the  ashes.  Control  of  the  air  supply  is 
an  important  item  in  the  succes.sful  operation  of  stokers, 
but  in  evei-y  installation,  if  the  best  firing  practice  is 
to  be  had,  the  engineer  in  charge  will  have  to  work  out 
the  right  amount  of  air,  the  depth  of  fire  to  be  carried 
and  the  rate  of  feed. 

Stokers  can  be  classified  under  three  general  types — 


traveling  grates,  overfeed  and  underfeed.  These  three 
types  are  more  or  less  familiar  to  steam  users.  The 
traveling  or  chain-grate  stoker,  Fig.  1,  consists  of  an 
endless  chain  composed  of  small  bars  pa.ssing  over 
I  sprockets  at  the  front  and  rear  of  the  furnace.  From 
a  coal  hopper  fuel  is  fed  onto  the  front  end  of  the  stoker 
by  gravity  and  is  ignited  as  it  passes  under  the  ignition 
arch  and,  owing  to  the  movement  of  the  grate,  is  carried 
toward  the  rear  of  the  furnace  as  combustion  takes 
place.  If  the  stoker  is  properly  operated,  the  combus- 
tion of  the  fuel  has  been  completed  by  the  time  the  fire 
reaches  the  back  end  of  the  grate,  and  the  ashes  and 
refuse  are  carried  over  the  end  into  the  ashpit.  A 
water  box,  bridge  wall,  or  similar  arrangement  at  the 
rear  end  acts  as  a  seal  to  prevent  the  admission  of  excess 
air  at  that  point.  Other  designs  are  provided  with 
hand-operated  dampers  by  which  the  air  supply  is  con- 
trolled. Some  chain-grate  stokers  are  slightly  inclined 
toward  the  rear  of  the  furnace  and  others  are  hori- 
zontally placed. 

Most  chain-grate  stokers  are  operated  with  natural 
draft,  although  some  are  used  with  forced  draft.  An 
ignition  arch  is  necessary  in  order  to  deflect  the  heat 
and  ignite  the  coal  as  it  comes  from  the  hopper.  A  flat 
arch  gives  uniform  ignition  over  the  entire  width  of 
the  grate  surface.  Although  natural  or  forced  draft 
can  be  u.sed,  certain  coals  are  not  adaptable  for  use  with 
forced  draft.  On  chain-grate  stokers  coking  occurs  at 
the  entrance  of  the  stoker,  but  as  the  ignition  arch  is 
comparatively  long  the  air  and  volatile  matter  are  effec- 
tively mixed.  Clinker  troubles  are  absent,  except  some 
along  the  side  walls,  as  the  grates  are  automatically 
cleaned  of  ashes. 

As  this  type  of  stoker  has  a  large  area,  it  can  be 
forced  to  an  average  of  250  per  cent  of  the  boiler  rating 
with  a  fuel  combustion  rate  of  around  48  lb.  per  square 
foot  of  grate  area  per  hour,  when  burning  coal  that  is 
suitable  for  the  type.  There  is  a  probability,  however, 
that  at  this  rate  of  combustion  the  grate  would  become 
overheated  when  burning  low-ash  coal.  The  result  would 
be  high  maintenance  co.st. 

For  efficient  operation  the  draft  must  be  under  con- 
trol and  the  damper  operated  between  the  closed  and 
open  position  and  the  stoker  not  operated  with  the 
damper  either  wide  open  or  entirely  closed.  Further- 
more, the  stoker  should  be  so  handled  that  no  uncon- 
sumed  fuel  will  be  carried  over  the  end  of  the  grate; 
this  can  be  avoided  by  regulating  the  thickness  of  the 
fire  and  by  the  damper  adjustment.  The  variation  of 
the  fuel  bed  is  governed  by  the  load  carried  and  by  the 
fineness  of  the  coal  and  its  volatile  properties.  Experi- 
ence has  shown  that  it  is  better  to  run  a  thick  fire 
slowly  rather  than  a  thin  fii-e  rapidly.  An  average  speed 
for  the  chain-grate  stoker  is  about  3i  in.  per  min.     If 
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the  livo  coal  focd.s  over  (he  iMui  of  the  jiiiitc  into  the 
ii.shpit,  till'  fuel  is  hoinjr  fed  either  too  fast  or  loo  thick 
or  not  eiioiijrh  draft  is  heiiiK  suj)plied.  For  ideal  oper- 
atiiijr  eoiiditioiis  (he  fuel  should  he  consumed  upon 
reachinur  the  rear  end  of  the  stoker,  hut  the  l)ack  end  of 
the  unite  should  never  he  allowed  to  hccome  bare.  The 
speed  of  the  stoker  should  he  such  that  the  volatile  of 
the  coal  will  have  been  driven  ofT  before  the  coal  has 
traveled  one-half  of  the  jrrate  lenpth. 

When    forcinvr    fires    with    the   chain-grate    type    of 
stoker,  the  damper  should  be  placed  wide  open,  the  feed 


KIG.    1.     CHAIX-GRATE  TYPE  OF   MECHANIC.A^L  STOKER 

grate  lowered,  the  grate  travel  speeded  up  and  the  coal 
loosened  up.  This  can  be  done  by  the  use  of  a  suitable 
flat-end  bar  by  running  it  through  the  furnace,  turn- 
ing it  over  and  pulling  it  out  without  disturbing  the 
surface  of  the  fuel  bed,  repeating  the  operation  until 
the  entire  surface  has  been  gone  over.  Using  a  slice 
bar  to  break  up  a  fire  will  cause  smoke,  and  although 
there  is  no  plant  that  will  operate  smokelessly  under  any 
and  all  conditions  of  service,  the  degree  of  smoke  formed 
depends  largely  upon  the  ability  of  the  men  handling 
the  stoker. 

Chair-grate  stokers  are  practically  adapted  to  Middle 
Western  coals  which  run  around  22  to  25  per  cent  of 
ash.  Coals  containing  as  low  as  10  per  cent  ash  can 
also  be  burned  upon  them.  High-ash  coals  will  require 
a  draft  as  high  as  0.6  in.  over  the  fine  and  about  1  in. 
at  the  damper  when  burning  40  lb.  or  more  of  coal  per 
square  foot  of  grate  surface  per  hour  with  an  average 
depth  of  5?  in.  of  fuel  on  the  grate.  Burning  the  same 
amount  of  coal,  but  of  lower  ash  content,  a  draft  of 
about  0.4  in.  will  do.  When  using  forced  draft,  the  air 
pressure  over  the  fires  may  vary  from  atmospheric  to 
0.15  in.  of  water  with  a  varying  pressure  in  the  wind 
box  of  1  in.  to  4  in.  of  water.  For  average  results  a 
minimum  of  0.25  in.  draft  in  the  furnace  should  be 
available. 

One  method  of  approximately  figuring  the  desired 
draft  is  to  assume  that  about  10  lb.  of  coal  can  be 
burned  per  square  foot  of  grate  surface  for  each  0.1  in. 
draft  in  the  furnace.  Thus  with  a  draft  of  0.4  in.  40 
lb.  of  coal  could  be  burned  per  square  inch  of  grate 
surface,  and  as  high  as  60  lb.  of  coal  with  an  0.6  in. 
draft.  From  200  to  250  per  cent  rating  and  even  higher 
can  be  obtained  with  this  design  of  stoker,  with  natural 
draft. 

Overfeed  stokers  are  divided  into  two  general  classes. 
In  one  the  coal  is  fed  into  the  hopper  at  the  front  end 
of  the  furnace  to  the  upper  part  of  the  grate,  which 
inclines  downward  at  an  angle  of  about  45  deg.  toward 
the  rear  of  the  furnace,  Fig.  2.  As  the  grates  are 
reciprocating,   taking   alternate   straight    and    inclined 


positions,  the  motion  gradually  works  the  burning  coal 
to  the  bottom  of  the  grate.  Clombustion  is  completed 
on  a  dump  plate  at  the  bottom;  this  plate  also  jjrovides 
a  means  for  clumping  the  accumulation  of  ashes  and 
clinker.  As  the  coal  is  coked  on  the  upp<;r  end  of  the 
grate,  the  volatile  gases  are  driven  o(T  and  are  ignited 
and  burned  in  their  jjassage  over  the  bed  of  burning 
fuel  on  the  lower  |)ortion  of  the  grate. 

The  other  design  of  overfeed  stoker.  Fig.  li,  provides 
for  the  coal  ))eing  fed  from  the  side  for  the  full  length 
of  the  stoker  and  at  the  top  end  of  the  grate,  which  in- 
clines toward  the  center  of  the  furnace.  These  grates 
are  given  motion  by  means  of  rocking  bars  and  the  fuel 
is  gradually  carried  lo  the  bottom  end  of  the  grate, 
where  a  grinder  reduces  the  clinker  and  deposits  it  into 
an  ashpit. 

These  stokers  are  adaptable  for  burning  either  coking 
or  free-burning  coal,  the  latter  because  the  movement 
of  the  grate  keeps  the  fuel  broken  up,  which  prevents 
it  from  coking.  Under  ordinary  operation  a  draft  of 
0.25  in.  of  water  is  required  with  natural  draft;  the 
maximum  draft  is  about  0.6  in.  About  50  lb.  of  free- 
burning  coal  per  square  foot  of  grate  surface  per  hour 
is  the  maximum  consumption  and  a  maximum  of  35  lb. 
per  square  foot  of  grate  surface  per  hour  when  burning 
high-carbon  coking  coal  can  be  obtained.  Economical 
operation  of  from  150  to  200  per  cent  of  rating  can  be 
easily  carried  and  higher  ratings  have  been  obtained. 

When  the  stoker  is  equipped  with  a  dumping  plate, 
the  clinker  and  ashes  collect  on  it  and  when  a  sufficient 
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FIG.   2.     FRONT-FEED  OVERFEED  TYPE  OF  STOKER 

amount  has  been  accumulated,  it  is  dumped  into  the 
ashpit.  Trouble  is  frequently  experienced  with  clinker 
when  burning  some  grades  of  coal.  The  larger  pieces 
have  to  be  broken  up  in  order  to  pass  the  dump  plate 
into  the  ashpit.  Too  frequently,  the  operator  will  at- 
tempt to  break  up  the  clinker  by  slamming  the  dump 
plate.  This  is  poor  practice  as  it  causes  live  coal  to  fall 
into  the  ashpit.  If  the  fireman  is  careless  in  doing  this 
work,  considerable  burning  fuel  will  be  deposited  with 
the  ashes  and  wasted.  A  careful  fireman  can  greatly 
reduce  this  loss.  The  longer  the  dumping  process  re- 
quires,  the  greater  wall  be  the  heat  loss   due  to  the 
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inrush  of  cold  air  in  the  furnace  while  the  push-hole 
door  is  open. 

When  the  crusher,  which  forms  the  central  part  of 
the  furnace,  is  used,  the  clinker  is  automatically  taken 
care  of,  as  it  grinds  it  up  and  deposits  it  in  the  ashpit. 
The  clinker  is  softened  bj^  blowing  steam  between  it 
and  the  grinder  and  between  the  grates  at  the  lower 
end.  This  steam  is  supplied  from  the  exhaust  of  the 
stoker  engine. 

Fusing  of  clinker  to  the  side  walls  and  bridge  wall 
is  one  of  the  troubles  experienced  with  overfeed  stokers 
if  the  fires  are  neglected.  This  can  largely  be  prevented 
by  slicing  the  fires  and  dumping  the  ashes  before  they 
become  fused.  The  dumping  interval  will  be  deter- 
mined by  the  grade  of  coal  being  burned  and  by  experi- 
ence. If  dumping  is  done  at  too  short  intervals,  the 
combustible  will  not  all  be  burned,  whereas  if  too  long 
periods  are  allowed  between  dumpings,  although  the 
fuel  will  all  be  burned,  there  is  the  probability  of  clinker 
formation.  As  with  any  other  type  of  stoker,  or  hand- 
fired  grate  for  that  matter,  the  grate  must  be  covered 
with  fuel,  the  thickness  depending  upon  the  load.  This 
will  prevent  the  admission  of  excess  air  as  will  occur 
with  an  uneven  fire. 

Poking  the  fuel  of  either  front-  or  side-feed  overfeed 
stokers  generally  tends  to  cause  the  burning  fuel  to 
slide  down  much  faster  than  it  would,  due  to  the  natural 


FIG.   3.      SIDE-FEED  OVERFEED   STOKER 

movement  of  the  stoker  grate,  and  this  will  necessitate 
the  feeding  of  new  fuel  on  the  upper  end  of  the  grate 
in  order  to  cover  the  ba.se  surface. 

Fire  Thicknesses  Depend  on  Kind  of  Coal 

Fire  thicknesses  are  to  be  governed  largely  by  the 
kind  of  coal  burned,  but  a  fire  about  three  or  four  inches 
thick  will  give  good  results  under  ordinary  circum- 
stances. The  fire  should  be  kept  even,  and  in  the  case 
of  a  side-feed  stoker,  if  there  is  a  tendency  for  one  side 
to  build  up  thicker  than  the  other,  the  feed  on  that  side 
can  be  reduced,  or  the  thin  side  can  be  built  up  by 
means  of  a  socket  wrench. 

If,  in  cleaning  fires,  all  the  clinker  will  not  drop,  it 


must  be  broken  up  with  a  bar  and  pulled  out  with  a 
hook.  If  a  crusher  is  used,  its  speed  depends  on  the 
kind  of  coal  used  and  its  clinkering  properties.  When 
banking  the  fire  of  a  side-feed  overfeed  stoker,  remove 
all  clinkers  and  pull  the  coke  to  the  front  end  of  the 
grate  and  then  cover  the  live  coals  with  fresh  fuel.  All 
doors  should  then  be  closed  and  the  damper  left  open 
just  enough  to  allow  the  gases  to  escape  up  the  chimney. 
Of  course  the  fuel  magazine  should  be  empty.  When 
starting  up  from  a  banked  fire,  the  live  coals  should  be 
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FIG.  4.     UNDERFEED  TYPE  OF  STOKER 

spread  along  the  bottom  of  the  grate  and  covered  with 
coal  from  the  magazine  and  then  the  draft  doors  and 
dampers  should  be  opened. 

Stokers  equipped  with  fuel  magazines  require  that 
they  be  kept  evenly  filled  with  coal  so  that  an  even  dis- 
tribution of  fuel  will  be  had.  Always  so  gage  the  fuel 
supply  that  when  shutting  down  the  stoker  there  will 
be  no  coal  in  the  hopper  and  the  fire  will  have  been 
burned  out;  otherwise  it  will  be  necessary  to  empty  the 
magazine  to  prevent  the  coal  from  catching  fire.  ' 

These  stokers  are  adaptable  for  variable  loads  be- 
cause they  may  be  operated  with  reduced  grate  area  by 
allowing  the  bottom  of  the  grate  to  fill  partly  with  ashes. 
Ashes  should  not  be  allowed  to  collect  in  the  ashpit,  as 
this  will  cause  burned  grates.  The  distance  from  the 
grate  may  be  from  5  to  about  9  feet. 

Underfeed  stokers  have  been  in  use  for  years,  and 
many  of  the  largest  installations  are  of  this  type.  They 
have  the  advantage  in  that  the  tuyeres  are  covered  with 
green  or  partly  coked  coal,  which  tends  to  protect  the 
grate.  Practically  the  entire  furnace  area  is  utilized 
to  distill  volatile  matter,  and  all  the  air  supplied  to  the 
furnace  is  thoroughly  mixed  with  the  volatile  gases 
before  it  has  escaped  from  the  fuel  bed.  Another  favor- 
able condition  is  that  the  combustible  gases  pass 
through  the  hottest  fire  zone  before  reaching  the  fur- 
nace. Furthermore,  no  arches  are  required  as  with 
most  other  types  of  stokers,  thus  saving  considerable  in 
fir.st  cost  and  in  upkeep. 

Three  Hundred  Per  Cent  of  Rating  Maintained 

Underfeed  stokers  can  be  forced  up  to  300  per  cent 
of  rating,  which  rate  can  be  maintained  continuously, 
and  burn  from  60  to  65  lb.  of  coal  per  square  foot  of 
grate  surface.  As  to  the  stoker's  efficiency  in  general, 
the  best  is  obtained  when  the  boiler  is  operated  at  not 
less  than  100  per  cent  of  rating. 

With  underfeed  stokers  the  coal  is  pushed  forward 
and  upward  by  a  ram  or  rams,  so  that  the  fire  is  always 
on  top.     The  fresh  coal  is  pushed  forward  and  upward 
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and  is  vnadually  hcati'il  ami  luked.  The  volatile  ih 
driven  out  diiriiiK  the  cokiiiK  proress  and  mixed  with  the 
air  that  is  admitted  tliioiiKh  the  tu>ere  openinK-  Kurced 
limit  is  used,  the  air  supply  WeitiK  tontrolled  i)y  a 
ilainper.  Coal  is  fed  into  u  hopper  on  the  outside  ol 
the  furnaee  and  falls  by  K'Jivity  to  the  front  end  of  the 
pluMjrer  retort  anil  is  then  pushed  into  the  furnace. 

Underfeed  stokers  are  made  in  two  desijrns.  In  one 
the  roal  is  pushed  into  a  eentral  i)art  and  is  then  fed 
over  the  grate  area  on  both  sides  of  it,  Fijr.  4.  After  the 
))roper  adjustments  have  been  made  the  coal  is  fed 
automatically  and  each  stoker  can  be  operated  inde- 
pendently. Such  stokers  may  be  cut  out  of  service  and 
baiil.ed  while  lijjht  loads  prevail  and  held  in  readiness 
to  iK'  put  back  into  service.     To  maintain  a  banked  tire 
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for  several  days,  it  is  only  necessary  to  feed  additional 
coal  occasionally,  keeping  the  dampers  closed.  To  start 
from  a  banked  fire,  remove  the  ashes,  open  the  damper 
and  air  grates,  and  then  start  the  stoker.  With  this 
design  of  stokers  no  slicing  or  poking  of  the  fire  is 
necessary  as  the  stoker  takes  care  of  the  breaking  up 
of  the  fuel  bed. 

As  with  any  other  kind  of  stoker,  the  proper  supply 
of  coal  and  air  is  of  the  greatest  importance  and  the 
relation  of  available  draft  to  the  amount  of  coal  to  be 
consumed  must  be  studied  by  the  men  in  the  boiler 
room.  As  about  8  lb.  of  coal  can  be  fed  at  each  stroke 
of  the  ram  and  as  the  stroke  of  the  ram  may  be  regu- 
lated from  one  to  about  eight  per  minute,  the  amount 
of  coal  necessary  to  be  burned  for  a  given  load  can  be 
easily  regulated.  A  draft  of  2  in.  will  generally  supply 
sufficient  air  to  take  care  of  four  strokes  per  minute, 
which  would  be  feeding  32  lb.  of  coal.  This  would 
permit  of  all  combustibles  being  burned  by  the  time  the 
coal  reached  the  dump  plate,  when  one  is  used. 

Live  coal  should  be  prevented  from  accumulating  on 
the  dump  plate  as  such  accumulations  tend  to  increase 
the  temperature  and  result  in  the  fusing  of  the  ashes 
into  a  clinker  which  is  difficult  to  dump.  Attempts  to 
dump  large  clinkers  by  working  the  dump  plate  will 
cause  the  loss  of  good  fuel  by  its  being  dumped  into 
the  ashpit.  When  large  clinkers  form  on  the  dump  plate 
together  with  combustibles,  close  the  ashpit  door  and 
open  the  grids  in  the  air  box,  if  so  constructed,  thus 
putting  the  dump  plate  under  forced  draft.  The  stoker 
should  be  stopped  at  the  same  time  until  the  fuel  on 
the  dump  plate  has  become  at  least  partly  consumed, 
closing  the  grids  again  as  soon  as  possible. 

Fire  about  10  to  12  in.  thick  is  usually  carried  and 


the  cleaninK  of  the  ash  and  clinker  should  in  Kt-'nerai 
bo  Jit  least  once  in  every  two  hours.  If  the  furnace  Ih 
being  run  lightly,  unburned  coal  may  be  worked  onto 
the  dump  plate,  in  which  case  it  should  be  winged  back 
with  a  suitable  bar. 

TiiK  Gravity  Undkukkkd  Stokkr 

The  other  design  of  underfeed  stoker  is  known  as 
the  gravity  tVed,  Fig.  T),  and  is  u.sed  extensively  in 
lOastern  j)ower  plants.  The  several  makes  are  similar 
in  many  respects,  ("oal  is  fed  into  the  hopper  by  vari- 
ous means  and  rams  force  it  into  the  furnace,  which 
controls  a  sloping  grate  and  the  refu.se  moves  auto- 
matically toward  the  bottom  as  the  combustible  is  con- 
sumed. As  the  coal  leaves  the  F)lunger,  it  begin.s  to 
coke  and  then  moves  farther  into  the  furnace,  where  it 
is  consumed. 

When  starting  a  gravity  underfeed  .stoker,  care  should 
be  taken  not  to  carry  a  fire  too  heavy  or  too  hot  on  the 
ash  plate,  which  can  be  protected  from  the  furnace  heat 
by  covering  with  a.shes.  After  the  stoker  is  in  opera- 
tion, the  ash  plate  should  not  be  kept  open  any  wider 
than  necessary  to  just  allow  the  ashes  to  fall  through, 
and  it  is  be.st  to  keep  it  closed  sufTiciently  to  maintain 
a  layer  of  ashes  over  the  opening  and  a  fixed  bed  of 
ashes  over  the  plates  so  as  to  protect  them. 

Sometimes  it  becomes  necessary  to  dump  hot  clinkers 
and  refu.se  into  the  ashpit,  in  which  case  they  should  be 
cooled  by  playing  a  .stream  of  water  over  them  after 
dumping.  No  water,  however,  should  reach  any  part  of 
the  furnace.  Very  large  clinkers  may  be  dumped  by 
withdrawing  the  ash-support  plate  in  order  to  let  the 
clinker  drop  through. 

The  fires  are  banked  as  with  other  types  of  stokers. 
First  .shut  off  the  air  supply  and  push  in  coal  until  the 
required  depth  of  the  bank  is  obtained.  This  depth  will 
depend  on  the  length  of  time  the  stoker  is  to  remain 
idle.  It  is  best  not  to  allow  very  much,  if  any  travel 
of  the  side  bars  when  the  fires  are  banked,  and  the  fire 
should  not  be  allowed  to  burn  down  to  the  tuyere  plate 
or  air  box,  as  when  the  air  box  becomes  cracked  fuel 
will  fall  into  it  and  become  ignited,  which  will  further 
damage  the  box. 

When  starting  from  a  banked  fire,  first  turn  on  the 
air  and  then  start  the  side  bars  at  their  normal  travel 
and  run  the  stoker  with  the  hopper  empty  if  the  banked 
fire  is  heavy,  thus  preventing  feeding  of  fresh  coal  until 
the  bank  bed  has  been  broken  up  by  the  side  bars  and 
it  has  burned  down  to  normal  thickness. 

Underfeed  gravity  stokers  are  adaptable  to  burning 
bituminous,  semi-bituminous  and  .semi-anthracite  coal. 
Forced  draft  is  used,  and  for  normal  rating  1.5  to  2  in. 
pressure  in  the  wind  box  is  about  what  is  required  with 
a  0.03  in.  suction  in  the  furnace.  Maximum  loads  re- 
quire from  3  to  6  in.  pressure  in  the  wind  box  and  0.05 
in.  suction  in  the  furnace.  Long-continued  loads  of 
from  250  to  300  per  cent  of  ratings  can  be  maintained 
and  even  daily  peaks  of  400  per  cent  can  be  carried. 
Under  normal  rate  of  combustion  40  lb.  of  fuel  can  be 
burned  per  square  foot  of  grate  area  per  hour  and  from 
60  to  80  lb.  of  fuel  can  be  burned  during  short  peaks 
of,  say,  two  to  three  hours. 

Overspeeding  fans  for  the  purpose  of  increasing  the 
volume  is  not  practicable,  as  this  will  rapidly  increase 
the  power  consumption.     Fans  are  designed  to  deliver] 
a  certain  number  of  cubic  feet  of  air  at  a  certain  pres- 
sure when  running  at  a  certain  speed.     Any  diversion  I 
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from  the  stipulated  speed  will,  of  course,  produce  a 
different  delivery  curve,  pressure  curve  and  power-con- 
sumption curve.  For  instance,  by  doubling  the  speed, 
twice  the  amount  of  air  will  be  handled  with  four  times 
greater  pressure  than  before,  but  with  an  expenditure 
of  eight  times  as  much  power  for  driving  the  fan. 

In  conclusion,  the  life  of  stokers,  blower  equipment, 
etc.,  depends  upon  the  usage  they  receive.  With  proper 
care  a  stoker  should  be  serviceable  for  at  least  fifteen 
years.  If  it  is  neglected  or  abused,  its  life  is  reduced 
and  the  maintenance  charge  will  be  higher  than  it  should 
be.  A  stoker  cannot  be  expected  to  give  satisfactory 
results  if  given  no  attention  other  than  filling  the  hop- 
per with  coal.  Ignorance  and  careless  handling  have 
ruined  many  a  stoker. 

Multipliers  for  Use  with  Portable 
Voltmeters  and  Wattmeters 

By  H.  C.  Yeaton 

When  it  is  required  to  use  a  voltmeter  to  measure 
the  voltage  of  a  circuit  which  is  in  excess  of  the 
instrument's  rating,  an  external  multiplier  may  be  used 
and  connected  in  series,  as  shown  in  Fig.  1.  When  a 
multiplier  is  used  with  a  voltmeter,  the  readings  have 
to  be  multiplied  by  a  constant.  This  constant  K  can  be 
determined  from  the  formula, 


K  = 


R{  -\-  Rv 
Ri 


Where  Ri  equals  the  resistance  of  the  voltmeter  and  R,,, 
the  resistance  of  the  multiplier. 

When  a  multiplier  is  made  to  be  used  with  a  par- 
ticular instrument,  the  resistance  in  the  multiplier  is  so 
calculated  and  adjusted  that  the  multiplying  constant 
is  an  even  number.  Suppose  that  a  voltmeter  has  a  scale 
of  150  volts,  the  resistance  being  1,800  ohms,  and  it  is 
desired  to  have  a  multiplier  with  a  ratio  of  2:1,  so  as 
to  adapt  the  voltmeter  for  use  on  a  300-volt  circuit. 
The  resistance  of  the  multiplier  is  Rm  -=  {KRi)  —  Ri. 
By  substituting  in  the  formula,  the  required  resistance 
is  obtained;  that  is,  R,n  =  (2  X  1.800)  —  1,800  = 
1,800  ohms. 

If  it  is  required  to  use  a  voltmeter  on  a  circuit  in 
excess  of  its  voltage  rating  and  a  multiplier  with  an 
even  constant  is  not  available,  any  multiplier  can  be  used 
provided  it  will  withstand  the  watts  load  to  which  it  will 
be  subjected  and  the  resistance  is  sufficient.  Suppose 
that  a  voltmeter  has  a  scale  of  150  volts,  the  resistance 
of  the  voltmeter  being  2,800  ohms,  and  the  multiplier 
available  happens  to  have  a  resistance  of  3,300  ohms. 
The  value  of  constant  K  by  which  the  voltmeter  readings 
will  have  to  be  multiplied  by,  is 

K  =  (2,800  +  3,300)   -^  2,800  =  2.18 

Therefore  the  readings  of  the  voltmeter  would  have  to 
be  multiplied  by  2.18  to  obtain  the  correct  voltage  of 
the  circuit  being  measured. 

As  a  single-phase  wattmeter  has  only  one  potential 
element,  the  same  procedure  may  be  followed  for  deter- 
mining the  resistance  or  constant  of  a  multiplier,  as  that 
explained  in  the  foregoing,  covering  voltmeters.  Fig.  2 
shows  the  connections  of  a  single-phase  wattmeter  used 
with  a  multiplier. 

A  polyphase  wattmeter  has  two  potential  elements, 
therefore  it  is  necessary  to  connect  a  multiplier  in  each 


potential  circuit,  as  in  Fig.  3,  when  the  meter  is  to  be 
used  on  a  circuit  in  excess  of  its  rated  voltage.  Each 
multiplier  will  have  a  constant,  and  the  average  of  both 
constants  will  be  the  constant  that  should  be  used  to 
multiply  the  readings  by,  in  order  to  obtain  correct 
results. 

If  a  multiplier  was  to  be  made  for  use  with  the  poly- 
phase wattmeter,  the  former's  resistance  would  be  so 
calculated  and  adjusted  that  the  multiplying  constant 
would  be  an  even  number.  Suppose  that  a  polyphase 
wattmeter  had  a  voltage  rating  of  150  volts  and  it  was 
desired  to  have  a  multiplier  with  a  ratio  of  2:  1,  so  as  to 
adapt  the  meter  for  use  on  a  300-volt  circuit.  In  Fig. 
3  assume  that  the  resistance  of  the  potential  circuit 
AB  is  2,000  ohms  and  the  resistance  of  the  other  poten- 
tial circuit  CD  is  2,100  ohms. 

The  resistance  to  be  used  in  series  with  potential 
circuit  AB  is  ff„,  ^  (2  X  2,000)  —  2,000  =  2,000  ohms, 
and  that  in  CD  is  R,,,  =  (2  X  2,100)  —  2,100  =  2,100 
ohms. 

If  it  is  required  to  use  a  polyphase  wattmeter  on  a 
circuit  on  which  the  voltage  is  in  excess  of  that  of  the 
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FIGS.    1   TO   3.      CONNECTIONS   FOR   USING   A   MULTIPLIER 
WITH    VOLTMETERS    AND    WATTMETER.S 


meter's  rating,  and  a  multiplier  with  an  even  constant 
is  not  available,  any  multipliers  may  be  used,  providing 
that  the  resistance  in  the  multipliers  is  sufficient  to 
meet  the  particular  requirements  and  they  will  not  heat 
excessively.  It  is  advisable  to  use  resistances  of 
approximately  the  same  values  in  series  with  each  po- 
tential element,  so  that  the  elements  of  the  wattmeter 
will  be  nearly  balanced. 

Suppose  that  a  portable  polyphase  wattmeter  has  a 
voltage  rating  of  150  volts  and  the  resistance  of  the 
potential  circuit  AB,  Fig.  3,  is  2,000  ohms  and  that  of 
CD  is  2,100  ohms.  It  will  be  assumed  that  the  multi- 
plier available  for  AB  is  2,300  ohms  and  the  resistance 
of  that  available  CD  is  2,000. ohms.  It  is  required  to 
use  the  wattmeter  on  a  300-volt  three-wire  three-phase 
circuit.  The  constant  for  AB  potential  circuit  is 
K  =  (2,000  +  2,300)  ^  2,000  =  2.15,  and  for  the  CD 
potential  circuit  is  K  =  (2,100  -j-  2,000)  -^  2,100  = 
1.95.  Averaging  these  constants  gives  C2.15  +  1-95)  -^ 
2  —  2.05.  Therefore  the  readings  of  the  polyphase 
meter  would  have  to  be  multiplied  by  the  constant  2.05 
to  obtain  the  correct  results  of  the  circuit  being 
measured. 
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ROIINDTNO  out  hip  thirty-fourth  year  in  the  service 
o(  .M;ush:ill  Fii'iii  &  ('otiii):my,  the  .suhject  of  this 
.  .ski'tih  jrivcs  a  .striking  example  of  loyalty.  He 
has  had  many  opportunitie.s  to  better  himself  financially 
by  eiiKiiRinjr  in  other  work,  hut  his  heart  has  been  with 
the  lirni  that  he,  and  his  father  before  him.  have  served 
for  so  many  years.  No  engineer  in  Chicajro  is  more 
popular.  The  firm  appreciates  his  rijrid  attention  to 
duty  and  the  etticient  supervision  of  the  work  under 
his  charge.  His  associates  like  his  human  qualities,  and 
his  fellow  engineers 
from  coast  to  coast 
recognize  his  ability. 
Charles  William  Nay- 
lor  hails  from  old  Al- 
bion. He  was  born  at 
Leeds,  England.  Oct. 
29,  1858.  His  father, 
William  Naylor,  was  a 
locomotive  engineer 
on  the  railways  in  the 
Manchester  district. 
To  get  away  from 
railway  work,  which 
was  distasteful  to  the 
new  bride,  the  family 
took  passage  f  o  r 
America  when  Charlie 
was  eleven  months 
old.  The  trip  from 
Liverpool  to  New  Or- 
leans, in  a  combina- 
tion steam  and  sailing 
vessel,  took  five  w-eeks, 
so  that  young  Naylor 
had  his  first  birthday 
anniversary  on  the 
ocean  and  in  South- 
ern waters.  Up  the 
Mississippi  River  the 
journey  was  pursued 
to  Southern  Illinois, 
the  family  settling  at 
Mt.  Carmel,  now  the 
center  of  the  vast 
Illinois  coal  and  oil 
fields,  but  coal  and  oil 
were  far  from  the 
dreams  of  the  people 

thereabouts  at  that  time.  Immediately  after  the  Civil 
War  the  family  moved  to  western  Missouri,  later  to 
Vincennes,  Ind.,  and  in  1868  to  Chicago,  then  a  pros- 
perous city  of  150,000  inhabitants.  From  that  time  on 
young  Naylor  received  the  benefits  of  excellent  public 
schools,  and  he  took  full  advantage  of  the  opportunity. 
He  was  always  studious  and  forward  in  his  classes, 
graduating  with  honors  from  the  Central  High  School 
at  the  age  of  seventeen. 

At  this  period  of  his  life  Charlie  was  taken  in  hand 
by  his  father,  who  was  proud  of  his  ability  and  wished 
to  give  him  all  the  advantages  of  a  good  education  in 
his  life  work.  His  own  words  to  his  son  best  express 
his  sentiments:  "Boy,  I  am  going  to  send  you  to  col- 
lege— ^you  deserve  it — but  for  fear  you  will  be  tjo 
proud  to  work  after  you  get  a  degree,  you   are  first 
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going  into  the  shop.  I  will  place  you  with  the  Crane 
Company  for  two  years."  The  dictates  of  his  father 
were  followed,  and  as  Charlie  had  had  previous  ex- 
perience in  shop  work  during  his  summer  vacations,  he 
was  a  good  mechanic  at  the  end  of  the  stipulated  period. 
Much  of  his  success  in  his  subsequent  engineering  work 
he  attributes  to  the  e.xperience  and  training  gained  at 
this  time. 

Entering  the   University  of  ('hicago,  he  excelled   in 
the  sciences  and  mathematics,   receiving  the  degree  of 

B.S.  in  1881.  During 
his  college  days  he  be- 
came a  member  of  the 
Greek  letter  frater- 
nity, Psi  Upsilon. 
After  graduation  he 
had  the  usual  desire  to 
.see  something  of  the 
world.  Having  gained 
a  working  knowledge 
of  the  transit,  he  went 
with  the  Illinois  Cen- 
tral Railroad  and  fin- 
ished out  the  year 
surveying  through 
Tennessee  and  Missis- 
sippi. A  dangerous 
swamp  fever  cut  short 
his  days  of  roving.  He 
returned  to  Chicago 
and  entered  the  em- 
ploy of  the  Hay  & 
Prentice  Co.,  then  the 
largest  firm  of  steam- 
heating  and  ventilat- 
ing engineers  in  the 
West.  Not  long  after 
he  was  called  to  the 
position  of  first  as- 
sistant engineer  with 
the  firm  of  Field  & 
Leiter,  now  Marshall 
•  Field  &  Co.,  where  he 
is  chief  engineer  to- 
day and  is  ju.st  round- 
ing out  his  thirty- 
fourth  successful  year 
with  this  great  cor- 
poration. Through- 
cut  this  period  and  particularly  from  his  twelfth 
to  his  twenty-fifth  year  he  burned  the  midnight 
oil,  hungry  for  a  knowledge  of  the  arts.  However,  he 
was  not  unmindful  of  his  health  and  physical  well  being. 
For  ten  years  he  was  a  frequenter  of  th(  ^'mnasium, 
taking  a  consistent  and  intelligent  course  oi  athletics. 
Though  slight  of  build,  he  is  something  of  an  athlete 
and  can  do  his  distance  and  jump  with  the  good  ones 
to  this  day.  On  his  college  nine  he  played  third  base 
when  such  things  as  masks  and  gloves  were  unknown. 
For  many  years  he  was  secretary  of  the  Union  Athletic 
Club,  composed  of  active  athletes,  and  officiated  on 
numerous  occasions  at  annual  meets  of  the  American 
Athletic  Union.    He  is  still  fond  of  outdoor  sports. 

In  1890  he  joined  the  National  Association  of  Sta- 
tionary Engineers  and  has  been  an  ardent  supporter  of 
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this  organization  ever  since.  He  was  national  president 
in  1893  and  national  secretary  from  1897  to  1899. 
Charlie  has  attended  twenty-five  of  its  annual  conven- 
tions, and  when  it  comes  to  his  local,  No.  28  of  Chi- 
cago, he  seldom  if  ever  misses  a  meeting.  Here  he 
has  filled  all  official  positions.  For  six  years  he  has 
been  a  member  of  the  association's  national  educational 
committee,  part  of  his  duties  being  to  edit  the  first 
three  volumes  of  its  handbook,  and  he  is  now  engaged 
on  the  fourth  volume. 

His  efforts  and  his  interest  have  not  been  limited  to 
one  organization,  for  he  has  been  a  member  of  the 
Western  Society  of  Engineers  since  1905  and  a  member 
of  the  American  Society  of  Mechanical  Engineers  since 
1895.  Of  the  Chicago  branch  of  the  latter  society  he 
was  a  director  for  three  years  and  for  some  time  its 
secretary. 

Since  1895,  from  October  to  April  of  each  year, 
Naylor  has  lectured  on  steam  engineering  before  the 
evening  classes  of  the  Y.  M.  C.  A.,  being  by  seniority 
dean  of  the  faculty.  His  success  in  this  line  is  attested 
by  hundreds  who  have  attended  his  classes.  He  is  a 
rapid,  fluent  talker,  original  in  his  methods  of  stating 
facts  and  positive  in  his  convictions.  He  insists  on  his 
pupils  getting  the  "idea  of  the  thing."  Keeping  away 
from  the  orthodox  methods  of  pedagogy,  like  Professor 
Perry,  of  London,  he  is  looking  for  results  and  the  men 
under  him  seldom  forget  a  thing  after  it  is  explained  in 
his  "get-to-the-point"  way. 

For  many  years  he  was  official  marker  for  the  ad- 
vanced engineering  examinations  of  the  Chicago  Civil 
Service  Commission.  During  the  late  war  he  was  one 
of  the  volunteers  who  served  with  the  Fuel  Admin- 
istration in  Illinois.  He  has  always  had  an  ingenious 
turn  of  mind  and  has  originated  and  marketed  numerous 
improvements  in  machinery,  although  he  has  never 
taken  out  a  patent. 

In  the  daily  performance  of  his  work  Charlie  dislikes 
red  tape.  He  trains  his  subordinates  to  be  rapid  think- 
ers and  self-reliant  and  for  these  very  reasons  holds 
the  respect  and  esteem  of  the  men  who  at  one  time  or 
another  have  been  in  his  service. 

Annual  Convention  N.  A.  S.  E. 

at  Milwaukee 

Prospects  are  bright  that  the  thirty-eighth  annual 
convention  of  the  National  Association  of  Stationary 
Engineers  will  be  a  record  breaker.  It  is  to  be  held  in 
Milwaukee  during  the  week  of  Sept.  13.  Convention 
headquarters  is  to  be  at  the  Hotel  Wisconsin,  and  the 
exhibits  and  business  sessions  will  be  held  in  the  Audi- 
torium, an  ideal  building  for  the  occasion.  Special 
committees  have  been  appointed  to  handle  each  specific 
detail  of  the  convention.  There  will  be  technical  papers 
and  welfare  discussions,  following  the  practice  at  recent 
conventions,  and  for  the  field-day  exercises  Washington 
Park  will  be  at  the  disposal  of  the  visitors.  Baseball, 
horse  races,  boat  races,  outdoor  sports  and  entertain- 
ment of  every  description  are  on  the  program  given 
under  the  auspices  of  the  Milwaukee  Chamber  of  Com- 
merce. In  addition  there  will  be  inspection  trips  to 
industrial  plants,  the  pulverized-coal  installation  of  the 
Milwaukee  Electric  Railway  and  Light  Co.  and  other 
points  of  interest.  The  indications  are  that  Milwaukee 
will  surpass  all  previous  performances  aa  a  convention 
city.    The  program  in  detail  follows : 


Sunday,  Sept.  12,  10  a.m.,  annual  convention  of  the 
Wisconsin  State  Association  at  the  Republican  House. 

Monday,  Sept.  13,  9  a.m.,  business  session  of  the  Wis- 
consin state  convention  at  the  Republican  House.  Offi- 
cial registration  of  officers,  delegates  and  visitors  to 
the  national  convention  at  the  Milwaukee  Auditorium 
will  begin  at  9  a.m.  During  the  day  the  local  reception 
committee  will  meet  delegates  and  visitors  and  escort 
them  to  the  Milwaukee  Auditorium.  At  2  p.m.  there 
will  be  visits  to  .some  of  the  Milwaukee  industries.  At 
8  p.m.  the  Mechanical  Exposition  will  be  opened  at  the 
Auditorium  with  the  convention  committee  chairman, 
Charles  F.  Bindrich,  presiding.  There  will  be  addresse.'^ 
by  Horace  A.  Smith,  president  of  the  National  Exhibit- 
ors' Association,  and  John  J.  Calahan,  president  of  the 
National  Association  of  Stationary  Engineers,  followed 
by  a  band  concert  in  the  e.xhibit  hall. 

Tuesday,  Sept.  14,  10  a.m.,  opening  exercises  of  the 
convention  will  be  held  in  the  Auditorium,  Charles  F. 
Bindrich,  presiding.  There  will  be  an  address  of  wel- 
come to  the  State  of  Wi.sconsin  by  Gov.  E.  L.  Phillips, 
the  response  by  National  President  John  J.  Calahan, 
an  address  of  welcome  to  the  City  of  Milwaukee  by 
Mayor  Daniel  W.  Hoan  and  addresses  by  National  Vice- 
Pi-esident  Alfred  Johnson,  Phil  A.  Grau,  general  secre- 
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tary  of  the  Milwaukee  Association  of  Commerce,  and 
Past  President  Roderick  McKay.  At  the  end  of  the 
opening  exercises  National  President  John  J.  Calahan 
will  announce  the  convention  committees.  The  official 
photograph  will  be  taken  on  adjournment.  At  1 :30  p.m. 
the  first  business  session  of  the  convention  will  be  held 
in  Juneau  Hall,  Auditorium,  where  all  business  sessions 
will  convene.  It  will  be  devoted  to  the  reports  of  offi- 
cers and  standing  committees  presented  in  abstract,  a 
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lecture  at  3  p.m.  on  "Science  and  Engineering,"  by  Ben 
S.  Elliott,  professor  of  mechanical  engineering,  Univer- 
sity of  Wisconsin,  and  at  4  p.m.  the  annual  meeting  of 
the  Life  and  Accident  Department.  After  4  p.m.  there 
will  be  a  visit  to  some  Milwaukee  industry  and  at  8.30 
p.m.  the  exhibit  hall  will  open.  A  very  interesting  pro- 
gram is  being  arranged. 

Wednesday,  Sept.  15,  9  a.m.,  business  session  for  pre- 
sentation of  reports,  official  roll  call  of  officers  and  dele- 
gates and  routine  business;  10:30  a.m.,  a  lecture  on 
"Importance  of  the  Operating  Engineer"  by  H.  B. 
Wilder,  of  Detroit.  At  11:30  a.m.  there  will  be  an  ad- 
dress by  a  representative  of  the  American  Red  Cross 
Association.  The  exhibit  hall  will  remain  open  from 
8:30  a.m.  to  12  noon  and  from  7  p.m.  to  10  p.m.  The 
afternoon  will  be  devoted  to  the  field-day  exercises,  in- 
cluding baseball,  horse  races,  boat  races,  running  races, 
outdoor  sports  and  entertainment  of  every  description. 
at  Washington  Park,  Milwaukee's  most  beautiful  recrea- 
tion spot,  given  under  the  auspices  of  the  Milwaukee 


Association  of  Commerce.  At  8  p.m.  moving  pictures  of 
industries  in  Milwaukee  will  be  presented  at  the 
Auditorium. 

Thursday,  Sept.  16,  9  a.m.,  business  session,  reports 
of  convention  committee;  10:30  a.m.,  lecture  on  "Ther- 
mometer and  Pyrometer  in  the  Power  Plant,"  by  W.  J. 
Neely,  of  Chicago;  11 :15  a.m.,  official  visit  to  convention 
by  the  Ladies'  National  Auxiliary;  11:30  a.m.,  Memorial 
services;  1  :30  p.m.,  business  .session,  legi.slation  commit- 
tee reports;  3  p.m.,  topical  discusion  on  "Capacity  and 
Maintenance  Costs"  opened  by  Charles  A.  Cahill,  consult- 
ing engineer,  Milwaukee;  4:30  p.m.,  visit  to  .some  Mil- 
waukee industry;  8  p.m.,  entertainment  at  the  Audi- 
torium by  the  National  Exhibitors'  Association.  A  spe- 
cial program  is  being  prepared  for  the  visiting  ladies' 
comfort  and  pleasure. 

Friday,  Sept.  17,  9  a.m.,  business  session,  final  com- 
mittee reports,  unfinished  business,  election  of  officers, 
election  of  the  next  place  of  meeting;  8  p.m.,  public  in- 
stallation of  officers  and  annual  ball  at  Auditorium. 
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Convention  of  the  National 
Association  of  Stationary  Engineei-a 

FOR  the  fourth  time  in  its  history  the  convention  of 
the  National  Association  of  Stationary  Engineers 
will  be  held  in  Milwaukee.  The  meeting  next  week  will 
be  the  thirty-eighth  annual  convention  of  this  body. 

Both  the  business  sessions  and  the  mechanical  exhibit 
promise  to  be  among  the  largest  in  the  life  of  the  asso- 
ciation. That  there  are  approximately  two-hundred  and 
fifty  booths  at  the  exhibit,  more  than  have  appeared  in 
any  year  since  the  outbreak  of  the  Great  War  in  Europe, 
is  but  one  more  of  the  many  signs  of  the  reorganization 
of  business  upon  sounder  economic  lines  than  has  been 
the  rule  in  the  troubled  years  of  the  recent  past. 

It  is  to  be  expected  that  high  railroad  passenger  rates 
will  keep  at  home  many  who  otherwise  would  attend. 
But  representation  always  is  large.  The  technical  papers 
sessions,  started  but  a  few  years  ago,  have  been  more 
popular  than  many  expected  them  to  be.  •  This  year 
interest  in  these  sessions  promises  to  be  greater  than 
ever.  A  material  increase  in  membership  is  one  of  the 
outstanding  features  of  the  year. 

Has  the  Public  a  Right  To  Know  What 
It  Costs  To  Mine  Its  Coal  ? 

A  BIG  principle  is  at  stake. 
Has  the  public  a  right  to  know  how  much  it  costs 
to  produce  the  fuel  upon  which  its  existence  depends  and 
how  much  the  producer  realizes  by  its  sale? 

The  Federal  Trade  Commission  demanded  this 
information  for  the  public.  The  coal  producers 
challenged  the  right  of  the  Commission  to  demand  it 
and  procured  an  injunction  by  Mr.  Justice  Bailey  of  the 
Supreme  Court  of  the  District  of  Columbia  restraining 
the  Federal  Trade  Commission,  "its  members,  agents, 
assistants,  deputies  and  employees,  from  taking  any 
steps  or  instituting  or  causing  to  be  instituted  any  pro- 
ceedings to  enfore  said  order  or  to  require  the  plaintiff 
to  fill  out  and  file  the  prescribed  form  of  report." 

Pending  an  appeal  of  this  or  a  similar  case  to  the 
United  States  Supreme  Court,  the  Federal  Trade  Com- 
mission has  issued  reports  based  upon  voluntary  re- 
turns from  a  comparatively  few  operators.  The  sum- 
maries of  the  five  monthly  reports,  so  far  issued  are 
as  follows ; 

Average  Cost  per  ton  fob.  at  mines  .  . 
Average  price  per  ton  realized  at  mines. 
Number  of  operators  reporting 

It  will  be  noticed  that  the  number  of  operators 
voluntarily  reporting  has  fallen  steadily  away,  and  the 
Commission  in  its  last  report  announces  that  unless 
a  sufficient  number  of  reports  are  received  to  make  the 
figures  representative  it  will  discontinue  the  issue  of 
the  monthly  report  until  its  authority  to  collect  the 
information  is  affirmed  or  denied  by  the  Supi-eme  Court. 

The  decision  of  the  court  will  be  watched  for  with 
keen  interest  by  those  who  are  awake  to  the  import  of 
the    issue    involved.      The    relation    to    the    industries, 


Jan. 

Feb. 

Mar. 

Apr. 

May 

2.32 
2.74 
1,589 

2.43 
2.74 
1,431 

2.34 
2  76 
1.C68 

2.76 
3.26 
812 

2.77 

3. 31 

6fi0 

institutions  and  homes  of  the  country  of  tho.se  who  have 
fastened  upon  and  undertaken  to  exploit  the  natural  fuel 
resources  of  the  nation  are  different  from  those  of  a 
vender  of  molasses  taffy.  The  people  are  willing  to 
leave  the  winning  and  distribution  of  their  fuel  supply 
to  private  enterprise  so  long  as  they  are  satisfied  that 
it  is  done  with  a  fair  degree  of  efficiency  and  at  a 
reasonable  profit,  but  they  have  a  right  to  know  how 
much  it  costs  and  how  much  the  producer  and  middle- 
man are  taking  from  them  for  it.  And  the  question  is 
vital  to  everybody  whether  he  ever  buys  a  pound  of 
coal  or  not,  for  the  cost  of  fuel  enters  as  an  element  into 
the  cost  of  manufacture  and  distribution  of  everything 
that  he  does  buy. 

It  will  be  a  momentous  decision — let  us  hope  that  it 
will  be  right. 

Connections  Between 
Brushes  and  Brush=Holders 

SPARKLESS  commutation  of  modern  direct-current 
machinery  has  been  obtained  by  a  very  extended 
series  of  refinements  in  design.  These  refinements  have 
been  not  only  in  the  machine  itself,  but  also  in  the 
brushes.  The  introduction  of  interpoles  and  compen- 
sating windings  and  a  better  proportioning  of  parts 
have  played  an  important  role,  as  also  have  improve- 
ments in  commutator  construction,  but  the  development 
of  brushes  on  a  scientific  basis  has  contributed  to  satis- 
factory operation  of  direct-current  machinery  as  much 
as  or  more  than  any  other  feature.  Although  the 
modern  brush  may  not  be  all  that  might  be  desired 
under  all  conditions,  nevertheless  it  does  meet  a 
majority  of  applications  satisfactorily.  Future  Investi- 
gation by  the  various  manufacturers  will  no  doubt  result 
in  improved  characteristics. 

No  matter  how  well  a  brush  may  be  suited  to  a  given 
application,  it  will  fail  to  give  good  service  if  not 
properly  applied  and  maintained.  One  of  the  frequent 
causes  of  brush  trouble  is  high  resistance  between  the 
brush  and  holder,  either  from  loose  or  from  improper 
connections.  In  this  issue  Warren  C.  Kalb's  article, 
"Connections  Between  Brushes  and  Brush-Holders," 
very  carefully  analyzes  the  necessities  of  such  connec- 
tions. It  is  a  generally  accepted  theory  that  in  a  clamp 
type  of  holder  all  that  is  required  is  to  keep  the  brush 
securely  fastened  to  the  holder.  However,  the  surfaces 
in  contact  with  the  brush  will  corrode  to  a  greater  or 
less  degree  and  cause  a  change  of  resistance,  which  in 
turn  will  produce  an  unequal  distribution  of  current  in 
the  brushes.  The  heating  that  results  from  this  unequal 
distribution  may  be  sufficient  to  destroy  the  character- 
istics of  the  brushes  carrying  the  excess  current  and 
cause  sparking.  With  the  pocket  type  of  holder  lack  of 
or  improper  connections  cause  a  current  flow  from 
holder  to  brush  that  disintegrates  both,  and  proauces 
excessive  heating,  which  destroys  not  only  the  brush 
characteristics  but  also  the  tension  springs.  This  not 
infrequently  leads  to  difficulties  that  can  be  remedied 
only  by  a  complete  renewal  of  the  brush-holders.    Fron- 
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Mr.  Warren's  iinnlysis  it  i.n  evident  to  those  who  have 
had  experience  with  direct  current  that  many  of  the 
chronic  cases  of  brush  trouljlu  can  be  traced  directly  to 
improper  connections  between  brushes  and  brush- 
holdevs.  and  that  one  of  the  most  fruitful  sources  for 
maintainiuK  satisfactory  operation  is  to  give  careful 
cunsideration  to  the  brush  connections. 

Nutioiial  KliTlrio  Snfoly  (locio 
Expluuutory  Edition 

THKRE  have  been  promulgated  in  this  country  many 
different  National  codes  of  recommended  practice 
in  various  branches  of  engineering.  Representatives  of 
these  are  the  Boiler  Code  and  Test  Code  of  the  Ameri- 
can Society  of  Mechanical  Engineers;  Standardization 
Rules  of  the  American  Institute  of  Electrical  Engineers; 
National  Electrical  Code  of  the  National  Board  of  Fire 
Underwriters;  National  Electrical  Safety  Code  of  the 
Buerau  of  Standards.  The  revised  edition  of  the  last- 
mentioned  is  to  be  issued  some  time  during  this  year. 
No  matter  how  carefully  a  code  may  be  prepared,  it  is 
almost  impo.ssible  to  express  the  true  meaning  of  every 
item  in  words  alone.  Proof  of  this  is  found  in  the 
application  of  some  of  the  codes  now  in  use.  Not  infre- 
quently those  who  have  to  be  guided  in  their  work  by 
the  rulings  misinterpret  them  or  the  inspector  in  one 
district  will  put  upon  a  certain  rule  a  different  interpre- 
tation from  that  held  by  an  inspector  in  another  local- 
ity. Such  practices  lead  to  confusion,  delays,  unneces- 
sary expense  and  dissatisfaction  and  are  detrimental  to 
the  proper  harmony  among  those  who  are  to  be  guided 
by  the  code  and  those  intrusted  with  its  enforcement. 

There  have  been  published  at  various  times  interpre- 
tations of  the  different  items  in  a  number  of  these  codes, 
which  show  by  illustrations  what  the  authors  who  formu- 
lated the  rules  had  in  mind  and  how  they  intended  the 
regulations  should  be  applied.  This  has  generally  been 
further  elucidated  by  illustrations  of  examples  of  the 
best  practice  in  applying  the  rules.  Those  who  have 
availed  themselves  of  these  explanations  appreciate  their 
great  value  in  properly  interpreting  and  applying  the 
regulations  in  their  work.  It  has  recently  been  an- 
nounced that  the  Bureau  of  Standards,  Washington, 
D.  C,  has  under  advisement  the  preparation  of  a  pic- 
torial edition  of  the  National  Electrical  Safety  Code, 
in  which  the  meaning  of  the  rules  will  be  shown  largely 
by  illustration.  The  value  of  such  an  edition  in  apply- 
ing this  code  can  hardly  be  overestimated.  There  is 
probably  nothing  that  could  be  done  that  would  do 
more  toward  popularizing  the  use  of  the  National  Elec- 
trical Safety  Code  than  the  publication  of  this  explana- 
tory edition. 

Price  Relief  Slow  but  Steady 

THESE  are  times  when  everything  costs  a  lot  of 
money.  WTiether  one  goes  to  buy  a  center  punch  or 
a  house,  one  is  astounded  at  the  price  demanded.  It  was 
a  little  more  than  a  year  ago  that  President  Stone,  of 
the  Brotherhood  of  Locomotive  Engineers,  in  a  letter 
to  President  Wilson,  stated  that  his  men  did  not  ask  for 
more  wages,  but  urged  immediate  action  to  the  end  that 
the  cost  of  living  be  lowered.  Since  then  there  have 
from  time  to  time  appeared  reports  and  interviev/s  that 
at  last  prices  were  coming  down.  Disappointment,  not 
relief,  usually  followed.  So  many  times  has  this 
happened  that  people  have  become  suspicious  or  look  for 
increases  every  time  prices  are  reported  as  falling. 


Hut  a  new  situation  has  developed.  Prices  of  raw 
materials  are  on  the  decline,  and  generally,  the  price 
curves  will  continue  in  that  direction  despite  the  increase 
in  freight  and  pas.senger  rates.  High  labor  charges  will, 
of  course,  continue  as  one  of  the  great  factors  in  keep- 
ing prices  high.  In  this  connection,  however,  it  in  of 
interest  to  note  thai  last  month  inirnigration  into  the 
United  States  from  Europe  was  higher  than  at  any 
time  since  the  war.  This  increase,  if  long  continued, 
would  doubtless  affect  the  labor  market,  both  skilled 
and  unskilled. 

Economic  recovery  from  such  a  colossal  upheaval  as 
the  Great  War  of  necessity  is  slow.  Reports  from 
Europe  show  the  .several  countries  there  to  be  steadily 
coming  back  to  normal.  America's  recovery  is  probably 
the  most  rapid  of  all.  The  effect  will  be  to  lighten  the 
coat  burden  in  the  power  plant  and  to  relieve  the 
engineer-in-charge  of  the  many  additional  worries  he 
has  been  subjected  to  these  three  or  more  years.  But 
relief  will  not  come  hurriedly,  though  it  comes  steadily. 

Who  Gets  It? 

THE  average  cost  per  ton  of  bituminous  coal  f.o.b.  at 
the  mines  as  voluntarily  reported  by  .some  of  the 
operators  varied  from  $2.32  in  January  to  $2.77  in 
May  of  this  year. 

The  annual  report  of  the  Board  of  Public  Works  of 
Pawtucket,  Rhode  Island,  gives  the  price  per  ton  of 
coal  used  for  its  pumping  stations  during  1919  as  from 
nine  dollars  to  ten  dollars  and  a  half. 

The  Public  Service  Corporation  of  New  Jersey,  in 
petitioning  for  authority  to  increase  the  price  of  gas, 
urges  as  one  of  its  reasons  that  it  is  obliged  to  pay 
fourteen  dollars  a  ton  for  coal. 

Mayor  Creamer  of  Lynn  testified  before  the  Senate 
Investigation  Committee  that  coal  operators  with  whom 
the  city  had  contracts  at  around  nine  dollars  per  ton 
could  not  fill  their  contracts  at  that  price,  but  would 
sell  them  quantities  of  coal  at  sixteen  dollars. 

Admiral  Benson,  chairman  of  the  Shipping  Board, 
says  that  the  board  is  paying  from  eighteen  to  twenty 
dollars  a  ton  for  bunker  coal  at  Atlantic  and  Gulf  ports. 

You  know  how  much  you  are  and  have  been  paying. 

You  know,  or  can  easily  find  out,  the  freight  rate 
from  the  mines  to  your  plant. 

Who  is  getting  the  difference? 

And  why  are  they  allowed  to  continue  to  get  it? 


What  is  high  speed  for  power  machinery?  Not  so 
long  ago  it  was  a  few  hundred  revolutions.  However, 
with  the  introduction  of  high  pressure  steam  and  the 
steam  turbine,  there  seems  to  be  practically  no  limit  ex- 
cept the  rate  at  which  steam  will  flow  through  an  orifice. 
The  speed  at  which  some  modem  steam  turbines  oper- 
ate would  a  few  years  ago  have  done  justice  to  the  vivid 
imagination  of  a  mind  like  that  of  Jules  Verne. 


Almost  all  means  for  speeding  up  transportation  and 
increasing  the  efficiency  of  transmission  of  intelligence 
have  been  utilized  in  the  construction  and  operation  of 
power  systems.  Wireless  telegraphy  and  telephony  have 
already  found  a  place  on  some  power  systems  for 
emergency  transmission  of  messages.  The  latest  acqui- 
sition to  transportation  in  power-plant  construction  is 
the  airplane,  as  is  now  being  used  by  a  construction 
engineer  on  one  of  the  large  systems  on  the  Pacific 
coast.    This  is  a  beginning.    How  far  can  it  be  applied? 


September  7,  1920 


P  0  W  E  R 


401 


Attention  to  Details 

The  engineer  must  get  out  of  the  old  r<Jt  of  letting 
things  slide  along  in  the  easiest  way  if  he  wishes  to 
remain  in  the  good  graces  of  his  employer  and  rise  in 
his  position.  Attention  to  the  little  details  and  keeping 
the  engine  and  boiler  room  neat  and  clean  will  impress 
an  owner  or  manager  as  much  as  ability  to  repair  a 
breakdown  in  a  rush  or  skill  in  operating.  In  fact, 
breakdowns  are  not  tolerated  in  the  modern  plant 
except  in  the  most  extreme  cases,  and  economical  opera- 
tion is  paramount. 

The  engineer  can,  if  he  will,  save  his  employers  con- 
siderable money  by  doing  some  of  the  little  things  that 
in  many  cases  are  turned  over  to  outside  help.  Take 
the  piston  rods  of  boiler-feed  pumps,  for  instance.  I 
have  found  them  badly  worn,  with  shoulders  at  each  end, 
and  instead  of  sending  them  to  a  shop  to  be  turned  up 
I  have  done  a  very  business-like  job  with  a  file  and  made 
them  last  twice  as  long  before  sending  them  out  for 
repairs.  If  the  piston  rings  of  the  steam  cylinders  are 
too  loose  and  leak  steam,  take  them  out  and  peen  them 
lightly  all  the  way  around  on  the  inside  with  a  ball-peen 
hammer.  This  will  expand  and  set  them  out  against  the 
cylinder  wall  and  make  a  tight  fit.  The  hammer  should 
be  used  very  lightly  or  else  the  rings  will  be  expanded 
too  much. 

More  or  less  trouble  is  caused  by  the  locknuts  on  the 
piston  rod  in  the  water  end  of  pumps  coming  loose. 
This  can  be  prevented  by  drilling  a  hole  through  the 
rod  just  back  of  the  outside  nut  and  inserting  a  cotter 
pin  or  a  copper  wire  to  keep  the  nuts  in  place. 

In  one  plant  that  I  was  operating  two  pumps  were 
taken  from  another  plant  and  installed  for  boiler-feed 
service.  The  brass  valve  cages  of  these  pumps  were 
loose  when  received,  and  the  bonnets  of  the  pumps  were 
so  badly  worn  that  the  cages  would  leave  their  seats. 
I  drilled  holes  in  the  edge  of  the  cages  and  tapped  them 
for  countersunk  screws,  but  this  did  not  prove  a  success. 
I  then  had  a  J-in.  brass  plate  cast  which  took  in  the 
whole  top  of  the  pump  and  fitted  over  the  cages.  This 
held  the  cages  in  place,  and  the  pumps  were  practically 
as  good  as  new. 

Vacuum  pumps  to  work  successfully  need  constant 
care.  Particular  attention  should  be  paid  to  pumps  with 
piston  steam  valves.  These  need  more  oil  than  any  other 
pump  I  have  had  experience  with.  In  many  cases  I  have 
taken  such  pumps  apart  when  they  were  not  working 
just  right,  and  all  they  needed  was  a  little  more  oil. 

Care  should  be  taken  not  to  run  a  vacuum  pump  too 
fast.  If  this  is  done  and  you  lose  the  head  of  water,  so 
to  speak,  in  the  system  the  pump  will  almost  invariably 


give  trouble.  In  making  this  statement  I  have  par- 
ticular reference  to  a  heating  system  where  a  fan  or 
blower  is  used  and  where  the  vacuum  pump  lines  are 
in  direct  connection  with  the  manifolds.  In  this  case 
it  is  necessary  to  have  water  in  the  lines,  otherwise  air 
will  be  pulled  into  the  system. 

In  a  system  of  this  kind  I  had  considerable  trouble 
with  the  manifolds  and  steam  coils  becoming  airbound. 
I  remedied  the  trouble  by  drilling  and  tapping  each 
manifold  for  a  '-in.  pipe.  At  the  end  of  the  header  I 
placed  a  regulating  valve  to  control  the  outflow,  which 
was  run  into  the  air  duct.  By  properly  manipulating 
this  regulating  valve  so  as  to  keep  up  a  slight  circula- 
tion from  each  header,  I  had  no  further  trouble  with 
cold  coils  or  manifolds;  all  of  them  were  of  even 
temperature,  and  it  was  surprising  how  much  hotter  the 
air  was  when  it  entered  the  shops. 

In  shops  where  a  large  amount  of  heat  is  required  it 
is  necessary  to  be  on  the  job  during  cold  weather, 
especially  if  it  gets  down  toward  zero.  One  must  know 
just  how  fast  to  run  the  fan  engines  to  maintain  the 
maximum  temperature  and  obtain  the  most  economical 
operation.  Many  engineers  seem  to  think  that  the 
faster  a  blower  engine  is  run  the  more  heat  will  be 
delivered,  but  this  is  not  so.  If  a  certain  speed  is 
needed  the  temperature  of  the  hot  air  entering  the 
shops  will  be  lowered.  In  heating  buildings  at  night 
with  live  steam  considerable  fuel  can  be  saved  by  con- 
necting all  the  pump  exhausts  directly  into  the  feed- 
water  heater.  I  did  this  in  one  plant  and  raised  the 
temperature  of  the  feed  water  60  deg. 

It  is  evident  that  in  any  large  plant  the  engineer  has 
got  to  be  on  the  lookout  all  the  time  for  opportunities  to 
improve  the  service  or  the  operating  economy  of  the 
plant.  Slipshod  methods  and  guesswork  are  things  of  the 
past.  Cleanliness,  neatness,  attention  to  details  and  a 
wideawake  attitude  must  be  cultivated  by  the  man  who 
would  succeed  in  this  field.  C.  MOLTERN. 

St.  Bernard,  Ohio. 

Trouble  with  Loose  Piston  Head 

Referring  to  the  questions  asked  by  Thomas  W.  Airey, 
on  page  149  of  the  July  27  issue,  I  think  that  it  would 
have  been  better  to  have  made  the  rod  with  the  same 
taper  and  with  a  shoulder  on  the  rod  instead  of  giving 
it  more  of  a  taper. 

The  advantage  of  heating  the  piston  and  putting  it 
on  the  rod  while  hot  would  be  that  with  the  rod  cool 
and  the  piston  hot  and  a  good  fit,  it  would  contract  and 
be  much  tighter  when  cool.  D.  G.  SIMMONS. 

Hudson,  N.  Y. 
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Dcvu'c  for  Overhead  Drilling 

The  illu.>*tnition  shows  a  kink  that  I  used  for  overhead 
drillinp.  I  had  more  than  a  thousand  holes  to  drill,  and 
I  found  that  this  apparatus  did  the  work  very  quickly. 
An  old  copyinjr  press  was  used;  the  plate  was  discarded 
and  the  screw  and  wheel  reversed,  as  shown.  At  A 
a  coupling  sleeve  was  made  to  fit  on   the  screw  and 


RIG   FOR  OVERHEAD   DRILbING 

the   electric   drill.     After   removing   the   breast   plate, 
the  sleeve  was  easily  made  to  fit  in  its  place.    The  press 
was  placed  on  the  stand  when  drilling. 
Pontiac,  111.  Frank  Gifford. 

Where  Should  the  Beginner  Start? 

On  page  229  of  the  Aug.  10  issue  of  Power  J.  A. 
Lane  has  opened  up  an  intere.sting  subject  in  relation 
to  where  a  beginner  should  start.  But  there  is  a  ques- 
tion as  to  how  many  young  men  who,  having  spent 
their  allotted  time  in  the  engine  room,  would  go  firing? 
Mr.  Lane  is  correct  in  saying  that  they  would  be  right 
in  their  glory  to  start  in  the  engine  room,  but  it  is  a 
safe  bet  that  most  of  them  when  they  see  a  fireman  all 
black  and  sweaty,  would  say,  "Not  for  mine."  On  the 
other  hand,  if  all  firemen  knew  as  much  about  their 
boilers  as  engineers  are  supposed  to  know,  there  would 
be  fewer  accidents.  I  once  had  a  fireman  working  for 
me  who  had  been  on  that  same  job  over  twenty  years 
and  he  could  not  put  in  a  gage  glass.  He  did  not  know 
what  caused  the  draft,  and  he  said  that  the  ball  on  the 
safety  valve  '>;ver  weighs  300  pounds. 

Where  licenses  for  engineers  and  firemen  are  required, 
the  young  engineer  and  fireman  must  necessarily  know 
their  business,  but  in  a  no-license  territory  one  finds 
some  funny  .stunts.  T  live  in  a  no-license  district  and 
once  saw  an  engineer  at  a  550-volt  direct-current  switch- 
board close  a  main  .switch  and  then  close  the"  circuit 
breaker.  It  was  just  his  bullheaded  luck  that  the  breaker 
stayed  put. 

I  have  been  at  the  game  less  than  four  years  and 
obtained  my  experience  by  traveling  from  plant  to  plant. 
Some  say,  stick  to  one  plant.  Very  good,  but  in  that 
case  you  know  only  what  is  in  that  plant.  Out- 
side   of    actual    service,    study    and    reading    are    the 


Kroalpsi  hflp  a  young  man  can  get.  If  the  engineers  ol 
the  present  day  were  really  engineers,  they  would  »He 
coal  economically.  You  will  see  more  economical  opera- 
tion in  the  one-man  plants  than  you  sometimes  do  in 
the  plants  carrying  firemen.  Why?  Recau.se  where  a 
man  is  his  own  engineer  and  fireman,  he  just  naturally 
knows  what  he  is  doing. 

It  is  a  practice  in  some  plants  to  employ  illiterate  and 
ignorant  foreigners  as  firemen.  This  should  be  stopped. 
Why  should  an  engineer  be  required  to  hold  licen.se  and 
then  have  to  be  the  brains  of  some  foreigner  fireman? 
There  is  no  justice  in  it  for  the  engineer. 

Taking  it  all  in  all,  the  proper  place  to  break  in  a 
beginner  is  in  a  power  plant  where  he  will  eventually 
learn  to  do  his  own  repair  work.  There  are  already  too 
many  plants  sending  outside  for  repairs  when  a  really 
wise  engineer  could  .save  that  expen.se,  provided  the  firm 
employing  him  supplied  a  few  tools.        C.  F.  DEWEY. 

Sidney,  Australia. 

Coal  Versus  Oil  Performance  Chart 

One  of  the  first  questions  asked  when  it  is  suggested 
that  a  change  in  fuel  be  made  from  coal  to  oil  or  vice 
versa  in  a  power  plant,  is  whether  it  will  pay  to  make 
the  change  or  whether  the  cost  of  evaporation  will  go 
up  or  down.  Calculations  are  usually  made  to  deter- 
mine the  relation  or  relative  value  of  the  fuels  in  ques- 
tion, making  u.«e  of  the  cost  per  ton  of  coal  delivered 
at  the  plant,  its  heating  value  and  the  efliciency  of  the 
boiler  plant  when  burning  coal  in  the  one  case,  in  com- 
parison with  the  i-esults  determined  by  making  use  of 
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a  t  u.  Per  Barrel 


HEAT  COXTENT  PER  BARREL  FOR  VARIOUS 
GRADES  OF  FUEL  OIL 


tht,  aensity  of  the  oil  fuel,  the  heating  value  per  barrel, 
the  cost  per  barrel  delivered  and  the  efficiency  when 
burning  fuel. 

Everything  except  the  efficiency  when  burning  either 
one  or  the  other  fuel  is  known.  In  burning  coal  the 
efficiency  obtained  is  known  while  it  is  problematical 
just  what  the  efficiency  will  be  when  changed  to  oil 
burning.  With  large  boilers,  properly  equipped  with 
well-designed  furnaces  and  burners  it  is  possible  to 
obtain  an  efficiency  of  82  per  cent.  This,  of  course, 
will  not  ordinarily  be  obtained  under  actual  operating 
conditions,  but  during  test  conditions  when  the  opera- 
tion is  very  carefully  watched.  Poor  furnace  condi- 
tions and  operation  will  reduce  the  efficiency  of  an  oil- 
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burning  plant  lower  than  if  coal  were  used.  So  it  can 
be  said  that  under  favorable  conditions  a  higher  effi- 
ciency can  be  obtained  when  burning  oil  than  when 
burning  coal,  but  it  is  unlikely  in  average  plant  oper- 
ation that  the  efficiency  when  burning  oil  will  be  greater 
than  while  burning  coal. 

However,  the  matter  of  efficiency  is  one  for  each 
plant  operator  to  decide  for  himself,  as  he  is  the  one 
who  knows  what  conditions  are  in  his  plant,  and  conse- 
quently can  best  say  what  efficiency  may  be  expected. 


to  the  left,  and  the  cost  of  evaporating  1,000  lb.  of 
water  from  and  at  212  deg.  F.  will  be  found.  Proceed 
still  farther  to  the  left  until  intersecting  the  line  rep- 
resenting the  efficiency  when  burning  oil;  then  follow 
a  vertical  line  up  until  the  curve  representing  the 
B.t.u.  per  barrel  is  reached;  then  follow  a  horizontal 
line  to  the  right  to  the  vertical  line  through  the  middle 
of  the  chart,  and  the  cost  per  barrel  of  oil  will  be 
found  which  equals  the  cost  of  the  performance  using 
coal.    The  plotting  line  shovm  in  Fig,  2  is  made  with  the 
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FIG.   2.     COAL  VERSUS   OIL,  PERFORMANCE  CHART 


In  making  use  of  the  accompanying  chart,  it  is  left  to 
the  operator  himself  to  decide  what  efficiency  he  will  get 
when  changing  from  one  fuel  to  the  other.  He  should, 
however,  be  sure  of  his  figures  before  making  a  change 
and  also  to  be  sure  that  an  ample  supply  of  fuel  oil  will 
be  obtainable. 

To  make  use  of  the  chart,  first  determine  the  B.t.u. 
per  barrel  of  the  oil  in  question  from  the  density-heat 
content  chart.  Fig.  1.  Then  referring  to  the  coal  vs. 
oil  chart.  Fig.  2,  start  at  the  cost  per  ton  of  coal 
and  follow  a  horizontal  line  until  an  intersection  is 
made  with  the  B.t.u.  per  pound  of  coal;  then  follow  a 
vertical  line  until  intersecting  the  line  representing  the 
efficiency  when  burning  coal;  from  this  point  proceed 


following  assumption :  Coal,  $7  per  ton ;  boiler  efficiency, 
70  per  cent;    B.t.u.   per  barrel   of  fuel,    5,500,000. 

If  the  cost  of  oil  is  less  than  determined  by  the  chart 
in  the  foregoing  manner,  it  will  pay  to  change  to  oil 
(not  considering  anything  but  cost  of  fuel).  If  not,  it 
will,  of  course,  be  better  to  continue  burning  coal. 

If  burning  oil,  tracing  lines  around  the  chart  in  the 
opposite  manner,  starting  with  the  cost  per  barrel  of 
fuel  and  ending  with  the  cost  per  ton  of  coal,  will  show 
what  priced  coal  is  equivalent  to  the  oil  being  used. 

L.  C.  LiCHTY, 
Assist.  Prof.  Mechanical  Engineering 
University  of  Oklahoma. 
Norman,  Okla. 
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Praotiral  Fiirl-Coii»orvatioii  IMotliods 

Some  time  uko  I  look  charKC  of  n  .small  plant,  and  in 
order  to  .show  what  a  littlt-  attention  to  details  will  do 
the  result.s  obtained  are  herein  related. 

The  boiler-prate  area  in  this  particular  ca.se  was 
much  greater  than  the  load  demanded.  A  convenient 
means  of  controlling  the  damper  from  the  front  of  the 
boiler  wa.s  the  first  thinjr  to  receive  attention,  which  wa.s 
accomplished  by  placinp  n  notched  plate  in  front  of  the 
boiler,  the  notches  beinjr  .spaced  two  inches  apart.  The 
fire.s  are  curried  from  three  to  four  inches  thick.  The 
stoker  enpine  is  run  slowly,  the  fires  are  kept  free  from 
clinkers  and  a.she.s,  and  the  damper  is  about  two  inches 
open  practically  all  the  time. 

Some  engineers  recommend,  in  case.s  where  the  grate 
surface  is  more  than  is  required,  that  the  a.shes  be  al- 
lowed to  accumulate  part  way  up  on  the  grates,  but  I  do 
not  think  that  this  is  pood  practice. 

In  March  68  tons  of  coal  was  burned  in  a  new  plant 
just  starting  up,  but  not  running  full  time.  In  April 
the  coal  consumption  was  70  tons,  with  but  little  increase 
in  the  load  and  production  By  the  latter  part  of  April 
I  had  all  steam  pipes  covered,  and  beginning  the  first  of 
May  I  instructed  the  firemen  how  I  wanted  the  furnaces 
operated.  During  this  month  the  coal  consumption  drop- 
ped to  60  tons,  with  a  considerable  increase  in  produc- 
tion. In  June  the  coal  consumption  remained  the  same, 
with  still  greater  increase  in  production.  In  July  the 
coal  consumption  went  up  to  66  tons,  but  was  accom- 
panied by  a  much  greater  increase  in  production.  This 
goes  to  show  what  a  saving  of  coal  can  be  accomplished 
in  a  large  plant  if  the  engineer  will  give  a  little  atten- 
tion to  the  boiler  room. 

A  number  of  years  ago  I  made  a  change  in  the  steam- 
heating  system  of  a  large  plant  of  which  I  had  charge, 
resulting  in  a  great  saving  of  fuel,  besides  keeping  the 
shops  much  warmer.  In  heating  the  shops  during  the 
night  with  live  steam,  steam  was  turned  into  the  exhaust 
mains  at  the  power  house.  By  the  time  it  got  to  the 
heating  coils,  after  traveling  through  and  heating 
several  hundred  feet  of  5-,  7-  and  8-in.  exhaust  lines, 
there  was  not  much  heat  left. 

This  heating  system  had  been  run  in  this  way  for 
years,  and  without  a  reducing  valve  to  control  the  flow 
of  steam  to  the  exhaust  lines.  The  fireman  simply 
turned  on  the  steam  and  let  it  go  at  that.  If  the  night 
fireman  felt  like  keeping  up  the  pressure  to  about  95  lb., 
there  would  be  steam  in  the  heating  system,  but  if  he 
got  sleepy  and  let  the  pressure  drop  to  about  50  lb., 
the  shops  would  be  cold  the  next  morning. 

All  I  did  to  remedy  this  was  to  run  a  1-in.  steam  pipe 
from  the  line  supplying  the  blower  engine  of  the  heating 
coils  directly  into  the  coils,  with  a  reducing  valve  in 
this  pipe.  This  required  hut  little  piping  and  we 
obtained  excellent  results,  the  shops  being  warm  every 
morning.  After  piping  all  the  heaters  in  this  wa^,  T 
made  a  rough -two-hour  test  on  a  mild  day  in  February, 
which  was  hardly  long  enough  to  tell  anything  about  it, 
but  it  served  to  give  a  line  on  what  was  being 
accomplished^  By  turning'  the  steam  direct  into  the 
heating  coils  at  about  two  pounds  pressure,  we  burned 
1,980  lb  of  coal  with  a  feed-water  temperature  of  186 
to  188  deg.  F.  By  turning  the  steam  into  the  exhaust 
mains  at  the  power  house  at  about  three  pounds  pres- 
sure, we  consumed  3,300  lb.  of  coal  with  a  feed-water 


lomiMMiitnre  of  202  to  201  dcp.  In  two  hours'  run  there 
was  a  .saving  of  1,320  lb.  of  coal  and  in  a  twelve-hour 
run  at  night,  using  live  steam,  there  would  be  Havcd  ut 
the  same  rate  about  three  and  a  half  tons  of  coal.  In 
zero  weather  the  saving  would  be  considerably  greater. 
C'incinnati,  Ohio.  G.  MoTTERN. 

SiiiMTliraU'd  Steam   in  Small  PlantH 

About  ten  years  ago  the  company  by  which  I  am  em- 
ployed built  a  new  steam  plant,  and  I  was  .sent  from  the 
machine  shop  to  erect  and  operate  the  plant,  which  was 
to  run  with  120  lb.  steam  pres.sure  and  superheated  125 
dep.,  making  a  total  temperature  of  475  dep. 

Superheat  was  a  new  one  on  me,  and  as  there  were 
no  plants  in  the  vicinity  using  superheat,  it  was  not 
long  before  I  was  petting  all  kinds  of  advice  from 
various  enpineers.  I  was  told  that  it  would  take  three 
times  as  much  cylinder  oil  as  if  saturated  steam  were 
used,  that  soft  packing  would  not  hold  at  all  and  that  I 
would  have  to  use  a  special  oil. 

The  engines  were  of  the  four-valve  piston  type  and  I 
surely  did  give  those  engines  oil  for  the  first  few  weeks. 
I  took  the  cylinder  heads  off  every  other  day  for  several 
weeks  to  see  if  they  were  getting  enough  oil,  and  I  soon 
found  that  superheated  steam  was  not  as  bad  as  it  was 
suppo.sed  to  be.  The  piston-valve  engines  have  stood 
up  very  well  and  show  just  as  good  a  diagram  as  when 
new.  The  plant  has  been  enlarged  several  times  with 
new  boilers,  but  second-hand  engines  of  different  makes 
and  types  of  valves  were  put  in. 

I  expected  to  have  some  trouble  with  a  16  x  14-in. 
engine  that  had  four  flat  balanced  valves.  The  steam 
valves  were  operated  by  a  Rites  governor,  and  the  ex- 
haust valves  by  a  separate  eccentric ;  the  engine  ran  at 
250  r.p.m.  and  was  directly  connected  to  a  100-kw. 
110-volt  generator.  Although  the  valves  are  quite  large 
and  I  expected  to  have  trouble  with  their  lubrication, 
to  my  surprise  the  engine  has  never  given  any  trouble. 

We  also  have  a  10  x  10-in.  duplex  steam-driven  air 
compressor  running  at  175  r.p.m.  It  is  fitted  with  the 
regular  unbalanced  D-slide  valves,  and  they  have  never 
given  any  trouble. 

I  have  experimented  considerably  with  different  kinds 
and  types  of  lubricators,  and  I  prefer  the  force  feed  to 
the  hydrostatic  lubricator.  The  oil  discharges  on  all  our 
lubricators  are  fitted  with  home-madp  spray  pipes  on  the 
inside  of  the  steam  pipe,  to  assist  in  breaking  up  the 
oil,  and  enter  the  steam  pipe  about  4  ft.  above  the  throt- 
tle valve. 

The  16  X  14-in.  engine  is  the  only  one  that  uses 
metallic  packing;  all  of  the  others  are  packed  with 
asbestos  pi.ston-rod  packing. 

I  think  there  are  many  engineers  and  small-plant 
owners  who  are  in  the  same  boat  I  was.  \Mien  they 
think  superheated  steam  they  think  of  trouble,  but  I 
kno'.v  from  experience  that  thei  average  slide-piston  and 
Corliss-valve  engine  will  stand  475  deg.  heat  with  no 
more  and  perhaps  with  less  trouble  than  would  be  ex- 
perienced with  saturated^steam. 

The  first  superheaters  have  been  in  use  about  ten 
years  and  have  never  cost  one  penny  for  repairs.  The 
temperature  is  very  unifoi-m,Jiever»T7arj'ihg  more  than  a 
few  degrees.  The  dust  or  soot  is  blown  off  every  other 
day  with  a  steam  lance,  which  takes  only  a  few  minutes 
for  each  boiler.  Joseph  Gerbeb. 

Dansville,  N.  Y. 
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...INQUIRIES  (fl 
-*  OF  GENERAL 
INTEREST 


Solid  Piston  and  Built-Up  Piston — What  is  the  difference 
between  a  solid  piston  and  a  built-up  piston?         W.  E.  T. 

When  a  piston  is  of  one  piece,  whether  cast  solid  or  hollow, 
it  is  usually  termed  a  "solid  piston."  A  built-up  piston  is 
one  that  is  built  up  of  a  number  of  parts  and  usually  with 
facility  for  adjustment  at  right  angles  to  the  cylinder 
center  line. 

Leakage  of  New  Corliss  Valves — After  having  valve  seats 
of  a  Corliss  engine  rebored  and  new  valves  fitted,  we  are 
disappointed  to  find  considerable  leakage.  How  can  the 
trouble  be  remedied?  B.  R.  T. 

The  valves  become  warped  from  heat  of  the  steam,  and 
the  high  spots  shown  by  the  wear  should  be  taken  down  by 
a  good  job  of  draw-filing.  The  valve  should  be  examined 
after  a  few  days'  run  and  have  any  remaining  high  places 
removed  with  a  smooth  file  or  scraper  and  if  the  work  has 
been  carefully  done  the  valves  will  soon  come  to  a  perma- 
nent good  bearing. 


Preference  of   Poppet   Valves   for   Superheated    Steam — 

WTiy  are  poppet  valves  used  on  engines  intended  to  be  sup- 
plied with  superheated  steam  ?  M.  F.  J. 

Poppet  valves  are  preferred  because  large  valves  and 
valves  with  rubbing  surfaces,  such  as  slide  valves  and  Cor- 
liss valves,  do  not  work  well  with  highly  superheated  steam 
as  warping  of  the  contact  surface  from  high  temperatures 
and  lack  of  moisture,  which  acts  as  a  seal  with  saturated 
steam,  leads  to  excessive  leakage  and,  in  addition,  more  or 
less  difficulty  is  experienced  in  lubricating  the  sliding 
surfaces.  

Trouble  from  Crumbling  Firebrick — We  are  experiencing 
considerable  trouble  with  the  firebrick  of  a  boikr  setting. 
When  a  brick  is  barely  touched,  it  falls  to  pieces.  Would 
operating  conditions  be  the  cause  of  this?  J.  B.  S. 

If  the  firebricks  disintegrate  from  alternate  heating  and 
cooling  with  gradual  changes  of  temperature,  they  may  not 
be  of  high  enough  grade  for  the  type  of  furnace,  kind  of 
fuel  and  intensity  of  firing  that  is  practiced.  But  firebrick 
of  most  any  grade  is  likely  to  spawl  and  crumble  if  the 
brickwork  of  the  boiler  setting  was  not  thoroughly  dried 
out  before  the  boiler  was  put  into  service,  or  if  the  setting 
is  alternately  exposed  to  firing  and  moisture,  whether 
derived  from  damp  air,  steam  or  direct  wetting  by  water. 


Power  Factor  of  Induction  Motors — What  would  be  a 
conservative  value  for  the  full-load  power  factor  and  effi- 
ciency of  a  60-cycle  two-phase  220-volt  450-r.p.m  34-hp. 
squirrel-cage  motor  of  modern  design?  H.  N. 

Both  the  power  factor  and  efficiency  of  a  squirrel-cage 
induction  motor  are  affected  to  a  greater  or  less  extent  by 
the  frequency,  number  of  poles  and  length  of  gap.  Motors 
operating  on  60  cycles  have  a  higher  efficiency  than  when 
designed  for  25  cycles,  whereas  motors  with  a  large  number 
of  poles  operate  at  a  slow  speed  and  have  a  low  efficiency 
and  power  factor.  The  motor  in  question  runs  450  r.p.m.  on 
60  cycles.  Consequently,  it  has  16  poles,  which  is  an 
exceptionally  large  number  for  a  motor  of  its  size  and 
frequency.  Therefore,  the  full-load  power  factor  and  effi- 
ciency will  probably  not  be  more  than  75  per  cent  for 
either  factor. 


Lftnitation  of  Cutoflf  with  D  SWe  Valve — Why  is  it  not 

practical   to  use   a   D  slide  for  a  steam   engine  to  cut  off 
earlier  than  J  to  1  stroke?  H.  C.  C. 

For  cutting  off  shorter  than  i  to  I  of  the  stroke,  the 
angle  of  advance  of  the  eccentric,  the  amount  of  steam  lap, 
and  the  size  of  the  eccentric  must  all  be  made  very  large, 
resulting  in  increase  of  valve  friction  and  also  in  very  early 
release  and  excessive  compression. 


Leaving  Current  Transformer  in  Circuit — Will  a  current 
transformer  that  has  been  connected  to  an  instrument  be 
injured  if  it  is  disconnected  and  left  in  circuit  indefinitely 
with  its  secondaries  short-circuited?  V.  K.  S. 

The  resistance  of  the  current  coil  of  an  electrical  instru- 
ment designed  to  connect  to  a  current  transformer  is  very 
low,  therefore  when  the  secondary  terminals  of  the  trans- 
foi-mer  are  short-circuited  the  resistance  of  the  secondary 
circuit  is  not  materially  changed.  The  standard  current 
transformer  is  designed  for  5  amperes  in  the  secondary 
when  the  primary  is  carrying  full  load.  Since  the  trans- 
former is  connected  in  series  in  the  circuit,  the  secondary 
current  is  limited  by  the  primary  current;  consequently,  if 
the  secondary  is  short-circuited,  the  current  will  not  exceed 
the  value  determined  by  the  ratio  of  the  transformer  and 
will  not  be  burned  out  if  the  secondary  terminals  are 
short-circuited.  On  the  other  hand,  if  the  secondary  ter- 
minals are  left  open-circuited,  when  full  load  comes  on 
there  is  danger  of  the  transformer  being  destroyed,  either 
from  the  high  magnetic  density  in  the  core  causing  over- 
heating, or  the  high  voltage  induced  in  the  secondary  may 
break  the  insulation  down. 


Sources  of  Engine  Back  Pressure — What  are  the  causes 
of  back  pressure  on  an  engine?  R.  G.  L. 

All  conditions  tending  to  raise  the  pressure  of  the  exhaust 
steam,  as  by  the  addition  of  heat,  compression,  or  obstruc- 
tion to  delivery  into  the  atmosphere  or  condenser,  are  con- 
tributive  to  back  pressure.  Back  pressure  on  the  piston  is 
increased  by  greater  load  on  the  engine,  later  release  of 
steam  after  its  expansion  from  tardiness  in  opening  of  the 
exhaust  valves  or  earlier  closing  of  the  exhaust  valve  with 
increase  of  compression.  Other  causes  contributive  to  back 
pressure  are:  Leakage  of  live  steam  past  the  piston  or  of 
the  steam  valve  during  the  exhaust  stroke;  heat  received  by 
the  exhaust  steam  from  the  cylinder  walls;  obstruction  of 
the  discharge  through  the  exhaust  port  and  passages,  or 
connections  and  passages  through  an  exhaust-steam  feed- 
water  heater;  frictional  resistance  of  the  exhaust  pipe  due 
to  bends  and  fittings  and  pipe  friction  that  increases  with 
the  length  and  reduction  in  size  of  opening  of  the  exhaust 
pipe;  obstruction  of  the  discharge  by  a  condenser  head  or 
a  back-pressure  relief  valve;  and  the  pressure  acquired  for 
overcoming  the  pressure  of  the  atmosphere  or  that  of  a 
condenser  into  which  the  exhaust  is  finally  discharged  and 
absorbed. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Aiuericnu  riiniiical  Society 

In  connoclion  with  thi'  Anu-rican  Chomicai  Society  moptinp 
II  rhicofro  tht>  week  of  Sept.  (i,  an  cxtonded  scries  of  papers 
will  lie  presented  on  fuel  problems.  The  headtniarters  of  the 
society  will  he  the  Congress  Hotel,  Chicatro,  luit  the  Fuel 
Symposium  will  he  hold  in  the  laboratories  of  the  Uni- 
versity of  Chieapo  on  Thursday  afternoon,  Sei)t.  I),  under 
the  chairmanship  of  A.  C.  Fieldner.  The  following  papers; 
will  be  presented  :  S.  W.  Parr,  "Low  Temperature  ("arboni/.a- 
tion":  Kdpar  Stansfield,  "Carbonizatio'i  of  Canadian  Lig- 
nites"; Henry  Kreisin^rer,  "Byproduct  Coke,  Anthracite  and 
Pennsylvania  Coal  as  Fuel  for  Heatinp  Houses";  F.  W. 
Sperr.  "Byproduct  Coking";  C.  A.  Burrell  and  others,  "The 
Charcoal  Method  of  Gasoline  Recovery";  S.  E.  Sheppard, 
"Colloidal  Fuels— Their  Preparation  and  Properties";  A.  C. 
Fieldner  and  others,  "Gasoline  Losses  due  to  Incomplete 
Combustion  in  Motor  Vehicles";  J.  B.  Garner,  "Enrichment 
of  Artificial  Gas  with  Natural  Gas";  Harry  A.  Curtis,  "Com- 
merc^^al  Realization  of  Low-Temperature  Carbonization  of 
Coal";  H.  C.  Porter,  "Fuel  Conservation,  Present  and  Fu- 
ture"; Alfred  B.  Powell,  "Some  Factors  AflFectinp  the  Sul- 
phur Content  of  Coke  and  Gas  in  Carbonization  of  Coal"; 
H.  F.  Yancey  and  others,  "Distribution  of  the  Forms  of 
Sulphur  in  the  Coal  Bed." 

Water-supply  problems  will  also  be  considered  by  the 
society  in  connection  with  the  meetings  of  the  Division 
of  Water,  Sewage  and  Sanitation.  A.  S.  Behrman  will 
discuss  the  question  of  "Water  Softening  for  the  Manufac- 
ture of  Raw  Water  Ice,"  and  W.  D.  Collins  will  give  a 
report  from  his  work  in  the  United  States  Geological  Sur- 
vey on  the  subject,  "Hardness  of  Surface  Waters  in  the 
United  States." 

The  general  sessions  of  the  society  will  deal  with  the 
problem  of  increased  production  by  industries.  "The  Rela- 
tion of  Educational  Institutions  to  Industries"  and  "The 
Value  of  Technical  Training  in  Reconstruction  of  Industries" 
will  be  discussed  respectively  by  Prof.  H.  P.  Talbot,  of  the 
Massachusetts  Institute  of  Technology,  and  Thomas  E. 
Wilson,  president  of  Wilson  &  Co.  of  Chicago. 


Westinghouse  Scholarships 

The  War  Memorial  Scholarship  Committee  of  the  West- 
inghouse Electric  and  Manufacturing  Co.  has  announced  as 
the  winners  of  the  four  scholarships  for  the  coming  college 
year,  1920-21;  Alva  C.  Corrao,  Small  Motor  Drafting  Depart- 
ment; Henry  Gardiner  Symonds,  son  of  N.  G.  Symonds, 
Manager  Industrial  Sales  Division,  Chicago  Office;  J.  Dale 
Seabert,  Transformer  Engineering  Department;  and  Her- 
bert R.  Hillman,  son  of  William  A.  Hillman,  who  has  been 
a  machinist  in  the  works  of  the  R.  D.  Nuttall  Co.  for  27 
years.  These  War  Memorial  Scholarships  were  established 
in  1919  as  a  means  for  perpetuating  the  memory  of  those 
employees  of  the  Westinghouse  Electric  and  Manufacturing 
Co.  and  its  subsidiary  companies,  who  took  part  in  the 
World  War.  Each  Scholarship  carries  with  it  an  annual 
payment  of  $500  for  a  period  not  to  exceed  four  years. 
The  payment  is  to  be  applied  toward  an  engineering  edu- 
cation in  any  technical  school  or  college  selected  by  the 
successful  candidate  and  approved  by  the  Scholarship  Com- 
mittee. Scholarships  are  granted  for  one  year  only,  but 
are  continued  for  the  full  course  provided  the  scholar  main- 
tains the  academic  and  other  standards  required  by  the  insti- 
tution. 


The  average  production  for  each  underground  worker 
employed  in  the  coal  mines  of  the  United  States  during 
1918  was  1,134  short  tons  according  to  statistics  given  out 
by  the  Bureau  of  Mines,  Department  of  the  Interior.  The 
closest  competitor  of  this  country  is  New  South  Wales 
where  each  underground  worker  in  1918  produced  814  tons. 
British  Columbia  ranked  third  with  790  tons  and  Nova 
Scotia  was  fourth  with  718  tons.  The  smallest  individual 
output  for  recent  years  was  that  of  Japan  in,1917,  when  an 
average  of  155  tons  was  mined  by  the  underground  em- 
ployees. 


Ititiiiiiiiioiis  PriccH  Decline 

The  coal  situation  in  better  than  it  was  n  few  weeks  aco. 
More  cans  are  available,  i)roduction  in  most  fields  has  been 
higher,  and  prices  in  some  sections  are  lower.  Of  course 
there  are  exceptions,  as  in  Cleveland,  where  the  deadlock 
reached  between  operators  and  union  heads  has  had  an 
unfavorable  efTect  ujion  mine  labor,  resulting  in  intermittent 
strikes  and  general  dissatisfaction.  In  St.  Louis  the  steam 
situation  is  fairly  satisfactory,  but  stocks  are  on  a  day-to- 
day basis  except  in  the  case  of  a  few  big  plants  and  the 
public  utilities.  The  car  scarcity  seems  to  be  most  acute 
in  the  Birmingkam  district,  the  Southern  Railway  furnish- 
ing only  25  per  cent  of  the  number  needed.  The  Louisville 
&  Nashville  R.R.  on  the  other  hand  has  been  able  to  supply 
100  per  cent,  while  the  F'risco  is  supplying  70  per  cent  of 
the  cars  required  in  the  field  it  serves. 

Easing  Up  Along  Atlantic  Seaboard 

The  Boston  market  can  be  measured  by  the  day-to-day 
(juotations  on  spot  coal.  In  the  last  week  pool  11  grade 
declined  $1.25,  the  last  price  offered  being  $9.50.  Prices 
down  to  $7  at  mines  have  been  rumored  on  coal  for  ship- 
ment via  Tidewater,  but  there  appears  to  be  very  little 
buymg  interest  owing  to  contracts  that  the  manufacturers 
have  with  the  mines.  The  only  traffic  restriction  in  effect 
at  present  is  an  embargo  against  coal  moving  via  West 
Albany  for  B.  &  M.  and  N.  Y.,  N.  H.  &  H.  destinations. 

A  better  car  supply  has  resulted  in  increased  shipment 
and  lower  prices.  Pool  10  was  quoted  at  $9  to  $10  at  mines 
and  about  $16.50  alongside  dock.  For  Pool  11  mine  quota- 
tions ranged  from  $8.50  to  $9  and  $16  alongside. 

Prices  began  to  settle  gradually  in  Philadelphia  three 
weeks  ago  and  the  decline  continues.  Pennsylvania  steam 
coal  is  available  at  about  $11  at  mines.  Grades  are  again 
regrouping  themselves,  indicating  that  the  market  is 
becoming  more  regular. 

A  better  run  of  cars  and  the  curbing  of  speculation  has 
produced  a  weaker  market  in  Baltimore.  Coal  is  selling  at 
the  mines  at  $9.50  to  $10  per  net  ton  for  best  fuels  on  the 
B.  &  0.  R.R.  Similar  coals  on  the  Pennsylvania  R.R. 
delivery  connections  sell  on  a  mine  basis  of  $11  to  $13. 

Inland  Prices  Are  Firm 

The  Chicago  market  is  spotty.  Some  of  the  Franklin 
County  operators  have  raised  prices,  one  firm  selling  Frank- 
lin County  prepared  coal  through  its  regular  channels  on 
the  basis  of  $5.50  f.o.b.  mines,  which  is  about  $1  higher 
than  the  price  asked  by  other  Franklin  County  operators. 
Southern  Illinois  open-market  prices  are  much  higher.  The 
car  supply  is  much  improved  as  is  also  the  time  in  transit 
of  coal  from  mines  through  to  destination.  Eastern  coals 
are  coming  into  the  Chicago  market  in  greater  volume  than 
expected.    Pocahontas  coals  sell  at  retail  for  $12  to  $15. 

Cincinnati  coal  companies  that  receive  their  fuel  by  boat 
have  not  increased  prices.  The  net  increase  in  the  rail 
freight  from  the  West  Virginia  mines  to  Cincinnati  is  61c. 
per  ton,  and  on  anthracite  $1.73  per  ton  There  are  ample 
stocks  and  no  complaints  from  industries  or  public  utilities. 

Reports  from  Columbus  state  that  production  has 
increased  in  all  districts  owing  to  an  improved  car  supply. 
On  the  Hocking  Valley  R.R.  the  supply  was  almost  100  per 
cent;  on  the  Toledo  &  Ohio  R.R.  the  supply  also  was  good, 
while  Eastern  Ohio  is  credited  with  about  64  per  cent, 
which  is  a  marked  improvement.  The  advanced  freight 
rates  were  expected  to  have  some  influence  on  prices,  the 
increases  being  40c.  from  the  Hocking  Valley  and  66c.  from 
the  Kanawha  field. 

In  the  Middle  West  prices  are  as  follows:  Franklin 
County  and  Southern  Illinois  prepared  coals,  $4.75  to  $8.50; 
Springfield  District,  $6.25  to  $8.50;  Northern  Illinois  thin 
vein  coal,  $5.75  to  $7.50;  Clinton  Fourth  Vein  from  Indiana, 
$4.50  to  $8;  Indiana  Fifth  Vein,  $4.25  to  $7.25. 

Difficulties  with  mine  labor  in  the  Middle  West  have  been 
settled  for  the  present,  and  early  last  week  the  men  began 
going  back  to  work  both  in  Illinois  and  Indiana.  On  ^ug. 
25  practically  all  the  larger  mines  were  working  The 
demand  for  coal  in  the  Middle  West  is  as  heavy  as  ever  and 
the  market  prices  on  all  grades  are  reported  erratic. 
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Obituary 


ProfeHsor  John  Perry — The  death  of  Pro- 
fessor John  Perry  in  his  seventieth  year,  on 
Aug.  4,  recorded  the  passing  of  one  of  Eng- 
land's foremost  engineers  and  authors.  His 
books,  papers  and  lectures  on  engineering 
subjects  have  been  widely  read,  and  he  con- 
ti^buted  during  his  long  period  of  service 
in  no  small  measure  to  the  advancement  of 
engineering  knowledge.  Professor  Perry 
was  born  in  Ulster,  in  IS.'iO,  anH  received 
his  technical  education  at  Queen's  College, 
Belfast.  From  1870  to  1874  he  was  assistant 
master  in  Clifton  College.  He  resigned  and 
became  professor  of  engineering  in  Japan, 
where  he  remained  until  1879.  Between  the 
years  1879  and  1895  he  accepted  the  position 
of  professor  of  engineering  and  mathemat- 
ics. City  and  Guild  of  the  London  Technical 
College,  and  later  professor  of  mechanics 
and  mathematics  in  the  Royal  College  of 
Science,  South  Kensington.  He  was  actively 
associated  with  many  engineering  societies. 
He  was  a  past  president  of  the  Institution 
of  Electrical  Engineering  and  past  treasurer 
of  the  British  Association.  He  was  the 
author  of  a  number  of  books,  including  "The 
Steam  Engine,"  Practical  Mechanics,"  "Hy- 
draulics," "Applied  Mechanics"  and  many 
others. 


Personals 


Irving:  C.  Baker  is  now  plant  engineer 
for  the  Maryland  Motors  Corporation,  Lau- 
rel, Md. 

The  Charles  T.  Main  organization  in- 
cludes in  its  personnel  William  Prank  Uhl, 
as  hydraulic  engineer,  and  Charles  R.  Main, 
as   special   assistant. 

Herman  B.  Scharnbergr  has  resigned  his 
position  with  the  Haitian  American  Cor- 
poration and  has  taken  the  position  of 
chief  engineer  with  the  Palma  Sugar  Co., 
Central  Palma,   Oriente,    Cuba. 

lionis  H.  Blood  has  resigned  as  chief 
engineer  of  The  Oesterlein  Machine  Co., 
and  has  opened  an  office  in  Cincinnati  as 
designing  engineer,  specializing  on  the  de- 
sign of  standard  and  special  machine  tools. 

Walter  Rautenstanch.  professor  of  me- 
chanical engineering,  Colubia  University, 
has  recently  joined  the  J.  C.  ^Vhite  organi- 
zations as  vice  president  of  The  Manage- 
ment Corporation,  in  charge  of  Industrial 
properties. 

Milton  C.  Stuart,  formerly  senior  me- 
chanical engineer  at  U.  S.  Naval  Engineer- 
ing Experiment  Station,  Annapolis.  Md.,  has 
been  appointed  professor  of  mechanical  and 
marine  engineering  at  the  Naval  Post- 
graduate School,  Annapolis,  Md. 

Wallace  E.  Tlllinghast,  managing  owner, 
Massachusetts  Steam  Specialty  Co.,  will  be 
in  direct  control  and  supervision  of  the 
department  of  diplomatic  and  advisory 
engineering  which  that  company  has 
recently  organized. 

William  D.  Ennis  announces  his  resigna- 
tion as  professor  of  mechanical  and  marine 
engineering  in  the  Postgraduate  School  of 
the  U.  S.  Naval  Academy  to  become  vice 
president  of  the  Technical  Advisory  Cor- 
poration of  New  York.  Mr.  Ennis  has  been 
associated  with  the  latter  corporation  since 
its  organization  and  wjU  hereafter  be 
located  at  its  general  offices  in  New  York 
City 
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C.  W.  Willette,  after  many  years  of  in- 
vestigation and  study  of  the  requirements 
on  the  Pacific  Coast,  has  brought  out  an 
entirely  new  type  of  sawmill  machinery, 
and  has  concluded  a  contract  with  the 
Puget  Sound  Machinery  Depot,  of  Seattle. 
Wash.,  for  the  manufacture  of  this  ma- 
chinery. '.1  connection  with  their  own,  under 
his  pergonal  supervision  as  chief  engineer 
of  the  milling  department.  Mr.  Willette  is 
located  in  Portland,  Ore. 

General  George  H.  Harries  and  Samuel 
K.  Doane  are  among  the  newly  elected 
officers  of  the  Illuminating  Engineering 
Society,  who  will  assume  office  in  October. 
General  Harries  has  been  prominent  in  the 
electrical  field  for  over  twenty-five  years, 
engaging  in  electrical  engineering  and  con- 
struction. Mr.  noane  is  also  well  known  in 
the  electrical  field,  having  specialized  in 
standardization  work,  one  of  his  papers  on 
this  work  being  instrumental  in  the  estab- 
lishment of  the  Bureau  of  Standards. 
General  Harries,  as  new  president  of  the 
Illuminating  Engineering  Society,  and  Mr. 
Doane,  as  junior  past-president,  will  both 
serve  on  the  Council  of  the  Society  for  the 
coming  year. 

Charles  Whiting:  Baker,  for  many  years 
editor-m-chief  of  Enginrering  Neius  and 
since  1917  consulting  editor  of  Engineering 
Netvs-Rccord,  announces  his  resignation  and 
the  establishment  under  his  direction  of 
The  Engineering  Business  Exchange,  31 
Nassau  St.,  New  York.  The  new  firm  will 
act  as  a  clearing  house  for  those  having 
an  engineering  or  technical  business  for 
sale,  and  others  who  are  interested  in  con- 
sidering an  investment  in  such  properties. 
Mr.  Baker  is  a  graduate  of  the  University  of 
Vermont,  class  of  1866.  After  graduating, 
he  became  an  associate  editor  of  Engineer- 
ing News.  In  1895  he  became  editor-in. 
chief,  acting  as  such  until  1917,  when  he 
was  made  consulting  editor  of  Engineer- 
ing News-Record.  He  is  a  member  of  the 
American  Society  of  Mechanical  Engineer.'^, 
of  which  he  was  vice  president  from  1909 
until  1911;  American  Society  of  Terminal 
Engineers,  vice  president,  1919-1920;  En- 
gineering Council  since  organization  in 
1917,  representing  A.  S.  M,  E..  Chairman 
Committee  on  Public  Affairs  ;  secretary. 
Council's  Committee  on  Classification  and 
Compensation  of  Engineers  and  of  the  Ex- 
ecutive Committee  National  Public  Works 
Department  Association. 


Society  AflFairs 


The  New  England  Section  of  the  National 
Electric  Light  Association  will  hold  its 
annual  convention  at  Kineo,  Maine,  Sept. 
13  to  16  inclusive. 

The  Association  of  Edison  Electric  Hlumi- 
natingr  Companies  will  hold  its  annual  con- 
vention at  the  Hotel  Griswold,  New  London, 
Conn.,    Sept.    13    to   16    inclusive. 

The     Illuminating     Engineering      Society, 

fourteenth  annual  convention  will  be  held  at 
Cleveland,  Ohio,  Oct.  4  to  7.  A  number  of 
interesting  papers  will  be  read  including. 
"Central  Station  Methods  for  Securing  High 
Lighting  Standards  in  Stores  and  Homes," 
and  "Central  Station  Experience  in  the  im- 
provement of  Factory   Lighting." 

Tlie     Penns.vlvania     Electric     Association 

will  hold  its  annual  convention  at  Bedford 
Springs,  Pa.,  Sept.  8  to  11.  At  the  technical 
session  on  Sept.  10  the  following  addresses 
and  papers  will  be  delivered  :  "Coal  Sunply 
and  Distribution,"  address  by  J.  D.  A.  Mor- 
row ;     abstract     of    the     report     on     Power 
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Factor,  as  prepared  by  representatives  of 
the  Philadelphia  Electric  Co.,  "Coal  Stor- 
age," address  by  O.  P.  Hood.  Chief  Engi- 
neer,  Bureau   of  Mines,   Washington,   D.   C. 

The    American   Association   of    Engineers, 

in  continuation  of  plans  inaugurated  last 
year  by  a  number  of  chapters,  is  planning 
educational  courses,  which  will  place  at  the 
disposal  of  members  a  variety  of  courses 
not  usually  accessible  to  engineers.  The 
Twin  City  Chapter  has  arranged  with  the 
general  extension  division  of  the  University 
of  Minnesota  to  form  evening  classes  in 
various  subjects.  The  classes  will  he  in- 
structed by  members  of  the  faculty  of  the 
university  and  by  the  leaders  in  profes- 
sional practice  outside  the  university. 
Courses  are  offered  in  the  following  techni- 
cal subjects:  Architectural  history,  archi- 
tectural design,  freehand  drawing,  map 
drawing,  surveying,  railroad  engineering, 
structural  design,  reinforced  concrete,  ele- 
mentary electricity,  direct  and  alternating 
current  machinery,  power-plant  design,  shoji 
mathematics,  applied  mechanics,  heating 
and  ventilating,  water  power,  municipal 
engineering   and   highway  engineering. 

The  Sixtli  National  Exposition  of  Chemi- 
cal Industries  will  be  held  in  Grand  Central 
Palace,  New  York  City,  Sept.  2ii-2.5.  On 
the  afternoon  of  Thursday,  Sept.  23,  the 
Chemical  Engineering  symposium  will  take 
place.  The  American  Institute  of  Chemi- 
cal Engineers  will  hold  a  meeting  in  the 
Palace  in  the  afternoon,  and  papers  will 
be  read.  In  the  evening  thelfengineers  will 
have  a  dinner  at  the  Technology  Club. 
Three  other  symposiums  will  be  held  dur- 
ing the  week.  One  will  be  on  "Fuel 
Economy,"  one  on  "Materials  Handling," 
and  one  on  "Industrial  Management."  The 
Fuel  Handling  Division  and  the  Material 
Handling  Division  have  developed  such 
progress  that  it  is  necessary  to  give  each 
a  separate  section  at  the  coming  exposi- 
tion. Important  topics  will  be  discussed  on 
the  days  these  two  divisions  meet. 


Miscellaneous  News 


The  Shipping  Board  announces  that  it 
has  entered  into  a  contract  with  the  At- 
lantic Gulf  Oil  Corporation  for  supplying 
crude  and  fuel  oil  to  be  delivered  over  a 
period  of  one  year  beginning  on  or  about 
Jan.  1,  1921.  in  cargo  lots  at  the  supplier's 
terminal,  Tecomate,  Mexico,  as  follows : 
6,000.000  bbl.  of  fuel  oil  at  $1.25  per  bbl., 
including  taxes ;  9.000,000  bbl.  of  crude 
petroleum  at  $1.25  per  bbl.,  including 
taxes.  The  Shipping  Board  is  to  provide 
the  tank  steamers  to   transport  the  oil. 

The    Narragansett    Electric    Lighting    Co., 

of  Providence,  R.  1.,  is  planning  to  install  a 
45,000-kw.  tvv'o  element  cross-compound 
Westinghouse  turbine-generator.  This  unit 
will  be  operated  at  210  lb.  pressure,  125 
deg.  superheat  and  28J  in.  vacuum.  "The 
generator  will  be  three  phase  60  cycle 
11,000  volts.  To  go  with  the  generating 
unit,  36.000-g.p.m.  twin  jet  condensers  will 
be  installed.  These  condensers  will  be 
steam-turbine  and  gear  driven.  The  instal- 
lation is  interesting  because  the  unit  now 
installed  is  the  largest  generating  ui.it  in 
the  world  which  is  equipped  with  jet  con- 
densers. It  will  be  remembered  that  tlie 
45,000-kw.  unit  now.  installed  at  this 
station  recently  completed  what  is  thought 
to  be  the  world's  record  for  a  continuous 
run  of  large  triple-expansion  cross-com- 
pound turbine-generators.  In  fact,  it  has 
operated  84  days  without  being  shut  down. 
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New  Construction 


PROPOSED     WORK 

Mass.,  Cambridge — The  A.  R.  Hyde  Co., 
432  Columbia  St.  had  plans  prepared  for  a 
1  story,  20  x  40  ft.  power  house  at  its  fac- 
tory. Estimated  cost  about  $20,000.  Tuck 
&  Oilman,  34  School  St..  Boston,  Engr. 

Conn.,  Middletown — A.  Brazos  &  Sons. 
Inc.,  68  Oak  St.,  is  in  the  market  for  a  50 
or  60  hp.  mounted  boiler  and  an  engine. 

N.  Y,  Richmond — The  Dept.  Pub  Wel- 
fare, Municipal  Bldg,  New  York  City,  will 
soon  receive  bids  for  the  installation  of 
boilers  in  the  present  boiler  house  at  Sea 
View  Hospital,  here.     Former  bids  recalled. 


Md..  Baltimore — The  American  Can  Co.. 
120  B'way,  is  having  plans  prepared  for  a 
factory  including  a  steam  heating  system. 
About   $500,000. 

Md.,  Baltimore — Samuel  T.  Williams.  223 
North  Calvert  St.,  is  in  the  market  for  a 
steam  heating  boiler  rating  from  2100  to 
2,500  sq.ft.  capacity  and  a  2  stage,  duplex, 
belt-driven  air  compressor,  270  to  400  cu.ft. 
of  free  air  per  minute  to  100  lb.  pressure. 

Va,  Fort  Monroe — The  U.  S.  Army,  Con- 
struction Div.,  Wash.,  D.  C.  plans  to  build 
a  new  booster  pump  house  here. 

Va,,  Richmond — The  Pearl  Laundry,  6 
South  12th  St.  is  in  the  market  for  a  25  to 
30  hp.  new^or  used  motor. 

Va.,  Richmond — J.  E.  Candle,  316  North 
3rd  St.,  is  in  the  market  for  one  motor. 

Va.,  Richmond — W.  H.  Sickel,  409  West 
Broad  St.,  is  in  the  market  for  electric 
motors. 


Va.,  Richmond — D.  Heyward,  715  West 
Broad  St..  is  in  the  market  for  a  30  or  40 
ton  ice  plant. 

S.  C.  Charleston — The  Bureau  of  Yards 
and  Docks,  Navy  Dept.,  Wash.,  D.  C.  plans 
to  make  improvements  to  boiler  plant  here. 

Fla.,  Jacksonville — The  Florida  Christian 
Home  is  having  plans  prepared  for  altera- 
tion of  present  buildings,  installation  of  new 
heating  plant,  etc.  About  $50,000.  J.  H. 
Lynch  &  Son,  Dolf  Bldg.,  St.  Louis,  Mo., 
Archts.  and  Engrs. 

O.,  Akron — The  Loew  Theatrical  Enter- 
prises, 1493  B'way,  New  York,  N.  Y.  will 
soon  award  the  contract  for  a  theatre  and 
arcade  on  South  Main  St..  including  steam 
heating  system.  About  $500,000.  C.  How- 
ard Crane,  2325  Dime  Bk.  Bldg.,  Detroit, 
Mich.,  Archt.  and  Engr. 

O.,  Bellaire — The  City  plans  to  issue  $30,- 
000  in  bonds  to  improve  the  waterworks  sys- 
tem and  purchase  pumping  machinery. 
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O.,  Curry — The  city  council  plonn  to  recon- 
iitruol  tlir  illMtrlbUtloii  nyHtcin  hrri>  Plnnn 
will  Inrlvidr  .llhor  a  power  plimt  or  llio  erec- 
tion of  li:mi«ml««loii  lln.-n  About  $90  oOn. 
Kro.  lillih  \  Knicry.  -'ml  N.>tl  HimU  HIiIk  . 
Toll-do.  RnKTii. 

O..  rir«fl.inrt— .T.  H.  Rookr.  1507  Wminni- 
Hon  nidK  hud  plnns  pronnrod  bv,W  W 
Hodin-H.  .\i-.lil  i>nd  Kn^r  .  T^-nn<>x  llldfr  for 
ii  i  Htory.  -00  \  2Rrt  ft  fnclorv.  Inclndlnfr 
Mtpuni  houtliiK   syst.'in      About    $250.0(10 

O..  rlfvrliiiiil— Tho  rity.  onro  of  O  Bock- 
wilh  f'ltv  Mali,  will  purohnso  wire,  cables 
transformoiH  and  oqulpmpnt,  meters  and 
sorvUo  .qulpment  for  tho  munlclpaJ  electric 
light  plant       .\bout   JIOO.OOO 

O..  rolumbim — Tho  Cottor  Warrhous)'  Co  . 
Schultz  BldK .  Is  In  the  market  for  con- 
veyors, portable  oleyators.  etc..  for  Its  plant 
here.     About  $30.000      W.  L.  Cotter.  Pros 

O..  toriUn — The  Bd  Rduc.  Is  planninc  to 
build  a  3  storv  hlfrh  school  Including  steam 
heaflnK  system  at  Kast  31st  St.  and  Seneca 
\ve  \bout  $300,000.  F  C.  Warner,  Hlp- 
podronu'    Annex    Bldft..    Cleveland.    Archt. 

Mich..  n««trolt — The  Bd.  Educ.  50  B'way, 
received  bids  for  heating,  ventilatiiiK  and 
pUmiblnp  systems  In  the  I,,cland  School  addi- 
tion from  the  Tirake  Avery  Co  ,  I0  St.ite  St., 
at  $01,915  ;  for  the  Carstens  School  from 
W  .1  Rewoldt,  50G  Owen  Blclp.  $02,108. 
Irvine  &  Meier.  2289  Woodward  .\ve.,  $61.- 
389  :  Copper  School  from  .1.  W  Partlan,  51 
Park  PI  $93,800  ;  Crossmnn  Scliool  addition 
from  Drake  Averv  Co..  40  Slate  St..  $51,821, 
J  W  Partlan,  51  Park  PI,,  $53,886.  O'Con- 
nor Bros.  Owen  CUlg.,  $54,195  Noted  July 
13. 

Mich..  Detroit — The  city  council  has 
ordered  estimates  to  be  prepared  for  a  pro- 
posed 2  storv.  250  x  600  ft.  memorial  build- 
ing Including  steam  heatinfr  equipment. 
John  A.  Kronk.  City  Hall.   Chmn  of  Comm. 

Mich..  Detroit — The  Ft.  Sliolby  Garage. 
care  of  John  Oillespie,  Ft.  Shelby  Hotel, 
plans  to  build  a  4  story.  130  x  150  ft.  garage 
on  Howard  and  1st  Sts.  Steam  heating  sys- 
tem, boiler,  ash  handling  equipment,  etc 
will  be  installed.  Albert  Kahn.  Marquette 
Building,  .Archt. 

ni..  Granite  City — The  Bd.  Educ.  will  re- 
ceive bids  until  October  1  for  a  3  story 
high  school.  Power  plant  for  heating  will 
be  installed  in  same  Ahoiit  $225,000  AVil- 
liam  B.  Ittner.  Bd.  Educ.  Bldg.,  St.  t,ouis. 
Mo.,   Archt.     Noted   August  10. 

III..  BoBcoe — The  Rockford  &  Interurban 
By..  Rockford,  plans  to  install  a  transfor- 
mer, here.      .About  $4,500. 

Minn..  Bemldji — The  Bd.  Educ.  plans  to 
build  a  3  storv  high  school  Including  steam 
heating  system,     .\bout   $500,000. 

Minn..  Minneapolis — The  Franklin  Co- 
operative Creamery  Co.,  26th  St.  and  Frank- 
lin Ave.,  care  of  Edward  Solem,  115  West- 
ern Ave.,  has  plans  under  way  for  a  1  story. 
64  X  85  ft.  creamery.  About  $25,000  to  be 
expended  on  power  and  refrigerating  equip- 
ment, 

Kan.,  Dodge  City — The  Midland  Tee  & 
Light  Co.  will  soon  receive  bids  for  a  1 
storv,  56  X  62  ft.  boiler  house.  Mann  & 
Gerow,  Hutchinson  Archts.  H.  A.  Noble.  411 
Reliance  Bldg.,  Kansas  City,  Mo..  Structural 
Engr. 

Kan.,  Wakeeney — H.  L,ong.  city  elk.  will 
receive  bids  until  September  17  for  power 
plant,  for  providing  necessary  equipment  in- 
cluding generators,  exciters,  etc.  and  fur- 
nishing labor.  Black  &  Veach,  Mutual  Bldg., 
Kansas  City.  Mo..   Engrs 

Mo..  Kansas  City — The  Ford  Motor  Co.. 
Highland  Park.  Mich,  will  soon  award  con- 
tract for  a  1  story.  175  x  535  tractor  as- 
sembly plant.  Steam  heating  system  will 
be  installed.  Albert  Kahn.  58  Lafayette 
St.,  Detroit,  Mich.,  Archt. 

Mo.,  St.  Loois — The  Bowen  Motor  Rail- 
way Co.,  Title  Guaranty  Bldg.,  plans  to 
build  a  factory  and  power  house.  About 
$385,000.  O  J.  Popp,  Odd  Fellows'  Bldg., 
Archt, 

Okla.,  Pnrcell — The  city  will  hold  an  elec- 
tion soon  to  vote  on  $382,000  bonds  for  new 
water  supply  and  filtration  plant,  improve- 
ments to  the  electric  light  plant,  etc.  John- 
son &  Benham,  Firestone  Bldg.,  Kansas  city. 
Mo.,  Engrs. 


Idaho,  llnUr — Thi'  Idaho  Pow«»r  Co.  hag 
iiefii  r<<|iii'Mti-il  by  renidentH  of  Wlldfir  and 
Ilomodale  to  "'Xtend  lt«  triiiinmlBnlon  linea 
frotn  here  IMumh  Include  nul>-Hlnllon,  dln- 
Irihutlon  nVMlem.  7  5  mllen  volt  lino,  etc. 
KHdmatud  cost  about  $61,000. 

I'tali,  Itrlslinm — The  clly  i>1iiiih  im  .■ler-- 
tlon  on  Si  pliiMlier  10  (o  vole  $250. non  bonds 
for  addition  to  municipal  electric  plant  to 
Incri'ase  cnp.i.ity  to  1.500  hi>  C  o  Iton- 
U'\)y.   ICiiKr      Noted  May   3 

Ore..  Siilem — R.  B.  Goodwin.  Scey  Oregon 
.State  Board  of  Control,  will  soon  award  the 
contract  for  labor  and  materials  for  heating 
and  plimibltig  s.vstems  In  the  2  story  dormi- 
tory to  he  built  near  here,  for  tho  State  In- 
stitution for  Feeble-Mlnded. 

Ore.,  Sniem — M.  J.  Anderson  of  Portland 
has  ;ipplle<l  to  the  state  engineer  for  per- 
mission to  divert  water  for  the  development 
of  13.000  hj).  on  the  south  fork  of  the  Cn- 
qullle  River.  Estimated  cost  of  project 
about    $750,000. 

Cul.,  San  Diegn — The  Bureau  of  Yards 
and  Docks.  Navy  Dei)t.,  Wash..  T>.  C.,  re- 
ceived bids  for  cold  storage  plant  at  Marine 
Base  here,  from  C.  M,  Gay  Co.,  2650  Sante 
Fe  Ave.,  Los  Angeles,  $24,000  ;  T.  Havertv, 
801  Maple  St„  Los  Angeles,  $44,000.  Noted 
June  8. 

N.  B..  St.  John — The  Dept.  Pub.  Wks..  Ot- 
tawa, Ont.  will  soon  award  the  contract  for 
alterations  and  additions  to  the  steam  heat- 
ing apparatus  in  the  Immigration  Building 
here. 

Ont.,  London — Frank  W.  Ruggles,  Alm,i, 
Mich,  will  soon  award  the  contract  for  the 
first  of  a  series  of  buildings  for  the  manu- 
facture of  auto  trucks  to  be  built  on  East 
London  St..  here.  Steam  heating  system 
will  be  installed  in  same      About  $2,000,000 

Ont..  London — The  TTtilities  Commis- 
sioners are  in  the  market  for  one  electrically 
driven  waterworks  pump,  capacity  of  500,- 
000  Tmp.  gal.  per  day.  E.  V.  Buchanan, 
Hydro  Bldg.,  Gen.  MgT- 

Ont,,  London — Watt  &  Blackwell.  Archts., 
Bank  of  Toronto,  will  soon  award  the  con- 
tract for  the  construction  of  a  3  storv,  55 
X  165  ft.  children's  hospital  for  the 
Daughters  of  the  Empire.  Hot  water  sys- 
tem. 3  boilers,  pumps,  motors,  etc.  will  be 
installed.     About  $250,000. 

Ont.,  Newbury— The  City  Council  plans 
to  construct  an  electric  light  and  power  dis- 
tribution system  here  and  is  in  the  market 
for  material  and  equipment.  About  $10,000. 
Chas.  Tucker,  Engr. 

Ont.,  Toronto — Mayor  T.  L.  Church,  room 
12,  City  Hall,  will  receive  bids  until  Septem- 
ber 14  for  two  300,000  Imp.  gal.  per  day, 
vertical  centrifugal  pumps  with  electric 
motors  against  320  ft.  head. 

Ont..  Welland — The  Joseph  Stokes  Rub- 
ber Co..  Broad  St,  Bank.  Trenton,  N.  J., 
plans  to  build  a  120  x  160  ft.  factory  and 
a  50  X  50  ft.  power  house,  here.  Plans  in- 
clude installation  of  two  150  hp.  boilers,  2 
pumps,  air  compressor,  etc.  About  $100,000. 
Kamo-Smith  Co.,  Broad  St.  Bank.  Trenton, 
N.  J.,  Engr.s. 


CONTRACTS  AWARDED 

N.  H.,  Winchester — The  Wlncliester  Tan- 
nery Co.  has  awarded  the  contract  for  a  1 
storv.  40  X  52  ft.  boiler  plant  to  Robt.  F. 
Carroll.  Keene,  N.  H.     About  $20,000. 

Mass..      Westfield — The      Certified  Food. 

Inc..   plans  to  build   a   1   story,   50  x  100  ft. 

cold    storage   plant.     About   $30,000,  Work 
will  be  done  by  day  labor. 

Conn.,  Bridgeport — The  United  Illuminat- 
ing Co..  84  Temple  St..  New  Haven,  has 
awarded  the  contract  for  the  superstructure 
of  a  1  story.  140  x  150  ft.  power  plant  on 
East  Main  St..  here,  to  Casey  &  Hurley, 
120  Pequonnock  St.  Total  est.  cost  $1,- 
500,000. 

Conn.,  MidcDetown — The  Goodyear  Rub- 
ber Co.,  114  Church  St.,  has  awarded  the 
contract  for  a  boiler  house  to  D.  O'Brien 
&  Sons  Co.,  Inc.,  118  Asylum  St.,  Hartford. 
About  $50,000. 

Conn.,  New  Britain — The  Connecticut 
Light  &  Power  Co.,  Ill  West  Main  St. 
Waterbury.  has  awarded  the  contract  for  a 
1  story,  45  x  90  ft.  sub-station  on  Church 
St  here,  to  Wm.  E.  Burk,  76  Bobbins  Ave. 
.\bout  $40,000. 


N.  T.,  New  TorW — The  Menhridire  Realty 
<'o  ,  <-iiri-  of  fJroneiiherg  ft  l,euchtaK,  An  hta., 
303  r,th  Ave.,  will  liiilld  a  2  htorv.  100  x  115 
ft.  theater  and  showroom  bulMliiK,  Inchid- 
ing  Hti'uin  healing  nyntem  About  $250,000. 
Work  will  be  done  by  day  labor. 

N.  v..  Now  York — .M  Klnw.  r-ommerclal 
Trust  Hldg,  had  awarded  the  contract  for 
a  theater  building  on  Ifilh  St.  between 
H'wuy  and  «th  Ave.  to  Jardin  Co..  Inc.,  B07 
r>th  Ave  .Steam  heating  «y»item  will  be  ln- 
Mtalled  In  same.  About  $300,000.  Noted 
June   1, 

N.  v.,  Nf>w  York — The  Lawyers'  Mortgage 
Co..  69  Liberty  St..  has  awarded  the  con- 
tract for  an  olTlci-  building  at  Maiden  Lane 
and  Nassau  St..  Including  steam  heating 
s.vHtem,  to  Catildweli-Wlngate  Co.,  381  4lh 
Ave.     About  $1,500,000. 

N.  J..  Camden — The  Victor  Talking  Ma- 
chine Co..  Front  and  Tooper  .Sts .  has 
awanied  the  contract  for  a  1  story,  53  x  200 
ft.  power  house  to  the  White  Construction 
Co..  95  Madison  Ave.,  New  York.  N.  Y. 
Noted  Aug.  10. 

N.  J.,  Trenton — The  Mutual  Pottery  Co.. 
f^linton  Ave.,  has  awarded  the  contract  for 
buildings  from  1  story  to  5  stories  includ- 
ing power  house  to  Stone  &  Webster,  120 
B'way,  New  York,  N.  Y.      About  $500,000. 

Afd.,  Baltimore — The  Coca-Cola  Co.,  care 
of  S.  L  Wiliard,  resident  manager,  Pratt 
St.  and  Market  PI.,  has  awarded  the  con- 
tract for  a  4  story  196  x  534  ft.  coca-cola 
factory  and  cooperage  plant,  to  A.  Tufts 
Co..  Chandler  Annex,  Atlanta,  Oa.  Steam 
or  hot  water  heating  system  will  be  installed 
in  same.      About  $1,250,000, 

Tenn.,  .TaekHnnville — The  Bureau  of  Yards 
and  Docks.  Navy  Dept.,  Wash.,  D.  C,  has 
awarded  the  contract  for  the  removal  of 
boilers  from  here  and  the  re-erectlon  of 
same  at  Portsmouth,  Va..  to  Clarence  J, 
Eisinger,  141  7th  Ave.,  Brooklyn,  N.  T., 
$33,136.  150  days. 

Ky..  Covington — The  City  Ice  Co.  3210 
Jeffer.son  .\ve.,  Cincinnati.  O.,  has  awarded 
the  contract  for  a  42  x  136  ft.  ice  factory 
on  2nd  and  Scott  .Sts  .  here,  to  Wisenall  & 
Bell,  Covington.     About  $30,000, 

0„  Cleveland — The  American  Stove  Co., 
Perkins  .Ave.,  has  awarded  the  contract  for 
a  1  story.  21  x  35  ft  boiler  room  at  43 
Hough  Ave.  to  the  Boldt  Constr.  Co.,  6110 
Euclid  Ave.     About  $10,000. 

O..  Cleveland— K.  V.  Painter.  6523  Euclid 
Ave.,  has  awarded  the  contract  for  an  8 
stoiT  commercial  huiiding  on  Kast  30th  St. 
and  Euclid  Ave.  to  .\  W.  Kilbourne  Co.. 
6523  Euclid  Ave.  Steam  heating  system  will 
be  installed  in  same.     About  $1,000,000. 

O.,  Colnntbas — The  Columbus  Die,  Too! 
&  Machine  Co..  955  Cleveland  Ave.,  has 
awarded  the  contract  for  a  36  x  36  ft.  boiler 
house  to  Chas.  Snyder,  2535  Findlay  Av«. 
Estimated  cost  $8,000. 

Ind.,  Evansville — The  Vendome  Theater 
Co.  has  awarded  the  contract  for  a  2  story 
145  X  190  ft.  theater  building  on  3rd  and 
Sycamore  Sts.  to  M.  J.  Hoffman  Constr.  Co., 
Furniture  Bldg.  Steam  heating  plant  will 
be  installed  in  same.      About  $500,000. 

Ind..  Evansville — The  Standard  Realty 
Co.  has  awarded  the  contract  for  a  3  story, 
110  X  180  ft.  theater  and  hotel  on  6th  and 
Main  Sts..  to  M..  J.  Hoffman  Constr.  Co.. 
Furniture  Bldg..  $692,000.  Steam  heating 
plant  will  be  installed  in  same.  Noted 
-August  10 

Ind.,  Indianapolis — The  Hethodlst  Hos- 
pital has  awarded  the  contract  for  a  6 
story,  80  x  170  ft.  hospital  addition  on  16th 
St.  to  J.  G.  Karstedt  Constr.  Co.,  Lemcke 
Bldg.  A  vapor  steam  heating  system  will 
be  installed.     About  $300,000. 

Minn.,  Minneapolis — The  Bd.  Educ.  has 
awarded  the  general  contract  for  a  2  story, 
8  room  building  of  the  Eugene  Field  School 
to  P.  N.  Hegg,  2942  Nicollet  .Ave.,  at  $76,- 
995  and  for  heating,  plumbing  and  ventilat- 
ing to  the  W^estem  Heating  Co.,  13  East 
36th  St,  at  $21,453. 

N.  M.,  Fort  Stanton— ij.  A.  Wetmore.  Su- 
pervising Archt,  Treasury  Dept.,  Wash., 
D.  C,  has  awarded  the  contract  for  the  in- 
stallation of  a  boiler  and  new  system  of  pip- 
ing, here,  to  Chris  Irving.  1525  Larimer  St, 
Denver,  Col.,  at  $12,584.     Noted  August  3. 

Ont.,  London— The  Benson  Hines  Hotel 
Co.  has  awarded  the  contract  for  an  11  story 
hotel  including  steam  heating  system  on 
Richmond  St.  to  George  A.  Fuller  Co.,  4S 
St.   Alexander  St      About   $1,500,000. 
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Electrical  prices  on  following  page  are  prices  to  the  power  plant  by  jobbers  in  the  larerer  buying  centers  east  of  the 
Mississippi.      Klsewhere  the  prices  niU  be  modiiled  b>    increased    freight    charges    and    by    local    conditions. 


POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft.  Lengths 

Underwriters'  2i-in 85c.  per  ft 

Common,  2i-in 30% 

Air 
First  Grade        Second  Grade       Tbird  Grade 

5-in.  perft $0.60  $0.40  $0  30 

Steam — Discounts  from  List 
First  grade 20% Second  grade 30%  Third  grade 45% 

RUBBER    BELTING — The    following    discounts   from    list    apply    to   trans- 
mission rubber  and  duck  belting: 

Competition 50%  Best  grade 20% 

Standard 30-10% 

LEATHER   BELTING — Present  discounts  from  list  in  fair  quantities  (5  doz. 
rolls) : 


Light  Grade 
30% 


Medium   Grade 

25% 


Heavy  Grade 
20% 


( For  cut,  best  grade,  25%.  2nd  grade,  30%. 
RAWHIDE  LACING  j For  laces  in  sides,  best,  79c  per  sq.  ft.;  2nd.  75c. 
(Semi-tanned:  cut,  20%:  sides,  83c  per  sq.  ft. 


PACKING— Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam 

Asbestos  for  high-pressure  steam 

Duck  and  rubber  for  piston  packing .      

Flax,  regular 

Flax,  waterproofed 

Compjressed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion 

Rubber  sheet,  duck  insertion ' 

Rubber  sheet,  cloth  insertion 

Asbestos  packing,  twisted  or  braided  and  graphited,  for|valve  stems  and 

stufSng  boxes 

Asbestos  wick,  J-  and  l-lb.  balls      


$1.00 
I   70 

1.00 

1.20 

1    70 

90 

I   50 

50 

70 

.50 

.30 

1.30 
.85 


PIPE   AND   BOILER   COVERING- 

discounts. 

PIPE  COVERING 

Standard  List 
Pipe  Siie  Per  Lin. Ft 
l-in.  $0  27 
2-in.  36 
6-in.  80 
4-in.  60 
3-in.  45 
8-in.  I  10 
lO-in.  1.30 
85  %  magnesia  high  pressure     


For  low-pressure  heating  and  return  lines 


-Below  are  part  of  standard  lists,  with 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

Hn  $0  27 

1  -in  30 
IJ-in                                        45 

2  -in.  60 
2Hn.  75 

3  -in.  .  90 
3Hn.                                    I   05 

List  +5% 

4-pIy 50%  off 

3-ply .      52%  off 

'ply 54%  off 


4-1 
I  2-1 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents   per   pound 
for  barrel  lots: 


Cin-  St. 

cinnati  Chicago  Loviis 

Cup 85  6.6                  S(a    9 

Fiber  or  sponge 85  8.6  12(0  15 

Transmission 10  8.1  12@I5 

Axle 4.8  6<(i  65 

Gear 6i  6.1                  8(<c9 

Car  journal 12(gal.)  4.7  23(5  25 


Bir- 
mingham 


f  Denver 
13; 
20 
20 
7J 
85 


COTTON   WASTE — The   following  prices  are  in   cents  per  pound: 

. New  York ■ 

rurrciit  One  Year  Ago     Cleveland  Chicago 

White 15.00(«  17  00  13  00  16  00        1 1 .  00  to  14  00 

Colored  mixed ...  .     9.00(«I4.00     900tol200  1200         950tol200 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows 

Cleveland 

Chicago 


I3jx  13}  13}  X  20} 

$55.00  $65.00 

41.00  43  50 


LINSEED  OIL — These  prices  are  per  gallon ; 

• New  York  — ~ 

Current  One 

Year  Ago 
Raw  in  barrels  (5 bbl.  lots)       $1.25  $2.25 

S-gal.cans 1.40  2.40 

WHITE  AND  RED  LEAD— Base  price  per  pound: 
, Red- 


■ Chicago ■ 

Current  One 

VearAgo 
$1.67  $2.10 

1.92  2.30 


-White- 


1  Year  Ago         Current  I  Yr.  Ago 


Dry 

lOO-lb.  keg 1J  50 

25- and  SO-lb.  kegs. . .    15  75 

I2}-Ib.  keg 16  00 

1-lb.  cans   18  50 

5-lb.  cans 20  50 

500  lb.  lots  less  10%  discount: 


In  Oil 
17  00 

17  25 
17  50 
20.00 
22  00 


Dry 
13.00 
13  25 
13  50 

15  00 

16  00 


In  Oil 
14  50 
14  75 
15.00 

16  50 

17  50 


2000  1b.  lots  Ies5    10-2}%. 


Dry 

and 

In  Oil 

15   50 

15  75 

16  00 

15  00 

16  00 


Dry 
and 
In  Oil 
13  00 
13  25 
13  50 

15  00 

16  00 


RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house; 

New  York       Cleveland         Chicago 

Steel  A  and  smaller List  net  40%  30% 

Tinned   List  net  40%  30% 

Boiler  rivets,  ^  I,  I  in.  diameter  by  2  in.  to  Sin.  sell  as  follows  per  100  lb. ; 
.N'ew  York $6  00        Chicago $5.62        Pittsburgh $4  50 

Structual  rivets,   same  sizes: 
New  York  $7   10        Chicago $5.72         Pittsburgh $4  60 

REFRACTORIES— Following  prices  are  f.  o.  b.   works, 

Bauxite  brick,  56%  alumina,  f.o.b.  Pittsburgh M.  $160 

Chrome  brick,  fob.  Chester,  Pa,  carlots net  ton  100-    110 

Chrome  brick,  9  in.  strs.  and  sizes,  f.o.b.  Baltimore. . .  .  net  ton  90-     95 
Fi_e  clay  brick,  1st  quality,  9  in.  shapes,  f.o.b.  Pennsyl- 
vania. Ohio  and  Kentucky  works M.  $5-     60 

Fireclay  brick,  1st  quality,  fob.  St.  Louis M.  4S-   ... 

Fire  clay  brick,   1st  quality,  f.o.b.  New  Jersey M.  75-   .    . 

Fire  clay  brick,  2d  quality,  9  in.  shapes,  f.o.b.  Pennsyl- 
vania, Ohio  and  Kentucky  works M.  SO-   .  55 

Magnesite  brick.  9  in.  straights,  f.o.b.  Baltimore net  ton  110-   120 

.Magnesite  brick,  9  in.  sizes  and  shapes  larger  than  9  in. . .  Regiilar  extras 

Magnesite  brick,  f.o.b.  Chester net  ton  110-   120 

Silica  brick,  9  in.  and  9  in.  sizes,  f.o.b.  works,  Chicago 

district M.  6S-   . .' 

.Silica  brick,  f.o.b.  Birmingham M.  56-     61 

Silica  brick,  fob.  Mt.  Union,  Pa M.  55-    .60 

BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 

. New  York .  . Cleveland ■      ■ Chicago ■ 

Current         One         Current  One  Current  One 

VearAgo  Year  Ago  Year   Ago 

Best  grade..       90  00         87  00  60.50  79.00  60.00  75  00 

Commercial       SO  00         42  00  21.00  17.50  IS  00  15.00 


SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ago 

NewYork $20.00  25.50-3000 

Cleveland 20.00  20  00 

Chicago 2100  16.50 

In  coils  an  advance  of  50c.  usually  is  charged 

Domestic  iron  (Swedish  analysis)  is  selling  at  12c.  per  lb. 

SHEETS — Quotations  are  in  ceuts  per  pound  in  various  cities  from  warehoue> 
also  the  base  quotations  from  mill ; 

Large  San  — New   York — . 

Mill  Lots  St.  Fran-  One 

Blue  Annealed         Pittsburgh  Louis  Chicago  cisco  Current    Yr.  .\go 

No.  10 $3  55(«$7  50  $7  09  $7.02  $8.65  $7   12@i$8.00  $4. 57 

No.  12 3.60(3,7.55  7.09  7.07  8.70  7  27(*   8.05     4.62 

No.  14 3.65®   7.60  7.09  7.12  8.75  7  22(5)   8.  10     4.67 

No.  16 3.75®   7.70  7.09  7   17  8  85  7  32(5    8  20     4  77 

Black 

*Nos.  18aud  20....    4.15®   8.30  8.10  7.80  10  60  8  30(5   9  80     5  30 

*.\os.  22and24....   4.20Ca    8  35  8   10  7  85  10  65  8  35(<i    9.85     5  35 

*Vo   26                   ..    4.25(5    8.40  8.10  7.90  10  70  8  40«i    9  90     5  40 

*No.  28 4.35@   8.50  8   10  8.00  10  80  8  50(5  10  00     5  50 

Galvanized 

No   10            4.70®  8.50  9.60  8.50  8  80C5;  1 1 .  SO    6  20 

No    12                          4  80(5^   8.60  9.60  8  60  1 1   35  8  90(5  1 1   50     6  25 

No    14                  ...   4.80(5i   8.60  9  60  8.60  11.35  8  90(5  1 1   50     6  30 

\'os    18and20...    .    S.lOfa    8.90  9  60  8  90  1 1    65  9    15(«11.90     6.60 

Nos22and24 5  25«t    9.05  9  60  9.05  1180  9  30(u  12  05     6  75 

*No    26                      .    S.40(u    9.20  9  60  9.20  11.95  9  45(n,l2.20     6  90 

tNo!  28 5.70®   9.50  9  60  9.50  12  25  9  75®  12  SO     7.20 

*l"or  painted  corrugated  sheets  add  30c.  per  1000  lb.  for  5  to  28  gage:  25c.  for 

19  to  24  sages:  for  galvanized  corrugated  sheets  add  15c..  all  gages. 


WROUGHT  PIPE— The  fc 

the  Pittshurgli  basing  card: 

-Steel 
Inches  Black 

;  to  3 45  to  57; 


2 47    to  505 

25  to  6 SO    to  535 

7  to  12 47    to  505 

13  and  14. ...  375  to  41 

IS 35    to  38} 

BUTT    WELD, 

}  to  1} 52    to  55! 

2  to  3 53    to  56} 

LAP  WELD. 

2      45  to  48; 

2}  to  4 48  to  51! 

4!  to  6 47  to  50! 

7  to  8 43  to  46J 

9  to  12 38  to  41? 


Mowing  discounts  are  to  jobbers  for  carload  lots 

BUTT  WELD 

Iron 

Galv.  Inches  Black  Galv. 

41}  to  44  J 155  to  25}  -M5to 

i 19!  to  29}  1}  to   1 

J  to  M 24}  to  34}  6     to  I 

LAP  WELD 

34}  to  38  2 205  to  285  65  to  I 

375  to  41  25  to  6.  .  .  .      225  to  305  9J  to  I 

33!  to  37  7tol2.  ...      19}  to  275  6}  to  1 


EXTRA    STRONG,    PLAIN    ENDS 

39!  to  43  5  to  I}....     241toJ45      9J  to  19' 

405  to  44 


EXTR.A  STRONG.  PLAIN  ENDS 


33!  to  37 
36!  to  40 
35!  to  39 
29}  to  33 
241  to  28 


2 215  to  29} 

25  to  4..  23}  to  315 

45  to  6  .  22}  to  30} 

7  to  8 14}  to  221 

9  to  12  9}  to  17! 


85  to  16' 
11}  to  19' 
10}  to  18 
2)  to  10' 
5}to+2:. 
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lUtll.KH  I DIIKS      rill-  folKmiiiB  nro  tlir  pri 
Up  Woldotl  8tml 


1  rorrnrlnn.l  Id-.  ( .i  !■   I'illKburuli 


^i  to  41  in 15  to  40t 

2(  toSiin lOto  301 

2)  in 4  to  24 

li  to2in +t  to— I9J 


I  in.. 

II  in. 
21  in. 
1)  In 


Charcoal  Iron 

11  nml  11  In +20 

2»ml  21  in +10 

2)  mill  }(  in +1 

3iiii.l  M  'I'         -M 

)),  4uii<l  4)  in -B 

SUndord    Commerrinl    SwjmlciMi  —  Cold    Dniwn    or   Hot    Roll«l 

Per  Not  Ton 

Min J207 

2  to  21  in 177 

2)  to  Min 167 

4  in  187 

4M<>5in 207 


Vtr  Ni-t  Ton 

$327 

267 

257 

207 


ELECTRICAL  SUPPLIES 


ARMORED  CABLE—  „      , 

Two  Cond.         Three  Cond . 
H.  A  S.  Siio     Two  Cond.  Three  Cond.  Lead  Lead 

M  Ft.  M  Ft.  M  Ft.  M  Ft 

No.  1 4  solid $104  OOinot)        $138  00  $164  00  $210  00 

No.  12  solid 135  00  170  00  225  00  265  00 

No.  10  solid        ..      185  00  235  00  275  00  325  00 

No.  8strand«l...      285  00  375  00  520  00  500.00 

No   6  stranded. .  .      400  00  500  00  560.00 

From  the  above  list^  discounts  are: 

I.esw  than  coil  lots  +    5%   +15% 

Coils  to  1.000  (t   -    5%     List  Net 

1.000  (t.  and  over -  10% 7% 


BATTERIES,  DRY — Regular  No.  6  size  red  seal,  Columbia,  or  Ever- Ready: 

Each,  Net 

Less  than  12 $0. 45 

12  to  50   38 

50  to  1 25  (bbl.) 35 

125  (bbl.)  or  over 32 


CONDUIT.  ELBOWS  AND  COUPLINGS — These  prices  are  in   lOO-lb.  lots, 
f.  o.  b.  New  York,  with  IMay  discount  of  5  per  cent. 


-  Conduit 

Blaciv        Galvanized 
2,500  to 
5,000  Lbs. 
93  50 


Size,  2,500  to 

Id.  5,000  Lbs. 

i  85  00 

}  11   50           126  50 

1  170  00  187  00 
li  230  00  253  00 
1!  275  00           302  50 

2  375  00  403  00 
21  585.00           613  80 

3  765  00  841  50 
3!  920  00  1,012  00 

4  1,170  00  1.287.00 
Standard  lengths  rigid,  I  Oft. 

lengths  flexible,  ;  to  2  in.,  50  ft. 


Elbows ■ 

Black        Galvanized 
2,500  to 


2,500  to 

5,000  Lbs. 

22.00 

29  OO 

41   00 

52  00 

70  05 

130  00 

210  00 

560  00 

1,350  00 

1,469.00 


5,000  Lbs. 

524  60 

32  00 

45  00 

57  00 

78  00 

145  09 

235  00 

620  00 

1,485  00 

1,617  00 


Couplings 

Black        Galvanized 
2,500  to 
5,000  Lbs. 
7  30 


2,500  to 
5,000  Lbs, 
6  65 
11  25 
15  50 
20  70 
25  00 
33  70 
47  50 
70  00 
92  00 
115  00 


Standard  lengths  flexible,  i  in.,  100  ft. 


12  37 

17  00 

23  60 

27  50 

37  00 

53  00 

78  00 
114  00 
140  00 
Standard 


CONDUIT  NON-METALLIC,  LOOM— 


Size  ID., 

i 


Feet  per  Coil 

250 

250 

250 

200 

200 

ISO 

100 

100 
Odd  lengths 
Odd  lengths 


List,  Ft. 
$0.05i 
.06 
.09 
.12 
.15 
.18 
.25 
.33 
.40 
.55 


Coils 40%  off 

Less  coils,  25%  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities; 
CUT-OUTS,  PLUG 

vS.  P.  M.  L $0   12         D.  P.  D.  B $0.43 

D   P   M.  L 21         T.  P.  to  D.  P.  S.  B 26 

T.  P.  M.  L 33         T.  P.  S.  B 38 

D.  P.  S.  B 23         T.  P.  D.  B 64 

CUT-OUTS,  N.  E.  C.  FUSE 


0-30  Amp. 

31-60  Amp. 

60-100  Amp. 

D.  P.  M.  L 

$0  50 

$1  30 

$1.68 

T.  P.  M.  L 

70 

1.70 

2.40 

D.  P.  S.  B 

63 

1  60 

T.  P.  S.  B 

1.15 

2.40 

D.  P.  D.  B 

1.10 

3.00 

T,  P.  D.  B 

1 .  90 

5  40 

T.  P.  toD.  P.  D.  B 

1  30 

3.80 

FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  250  ft.: 

No.  18  cotton  twTsted $23.00 

No.  16  cotton  twisted 27.50 

No.  18  cotton  parallel 26  50 

No.  1 6  cotton  parallel 34  50 

No.  1 8  cotton  reinforced  heavy 38  00 

No.  1 6  cotton  reinforced  heavy 45   00 

No.  18  cotton  reinforced  light '  33  50 

No.  1 6  cotton  reinforced  light 39  50 

No.  18  cotton  Canvasite  cord 30  00 

No.  1 6  cotton  Canvasite  cord 33  50 

FUSES,  ENCLOSED— 

250-Volt                                             Std.  Pkg.  List 

3-amp.  to    30-amp 100  $0.25 

35-amp.  to    60-amp '00  .35 

65-amp.  to  100-amp 50  .90 

110-amp.  to  200-amp 25  2  00 

225.-amp.  to  400-amp f*  3.60 

42S^mp.  to  600-amp "»  5.50 


(.OU\ull                                                Htd.  I'kg  I.ial 

111 tc.     lOiii.ii.    100  $0  40 

35-itnip   lu     bO-ainp 100  <>0 

h5-niiip   to  100-amp 50  I    50 

IIOuMip   to  200amp 25  2  50 

225-unip   to  400  ump 2S  5  50 

450-Bnip   to  600  nnip         10  6  00 

Discount:   l.nis  1-5th  standard  paolcag* 15% 

1-5th  to  standnrd  pneka«« 26% 

Standnnl  pnclmg..  45% 

FUSE  PLUGS,  MICA  CAP— 

0  30  ainp<-re,  standard  paikage    fS.2SC 

0   3v.  umperr,  lenn  than  standard  package 6.00C 

LAMPS— Below  are  iiriweiit  (luotations  in  Icm  than  standard  package  quantitioi; 


.  Striiight-.Siile  Bulbs  - 
Mazda  B  - 


Watts 
10 
15 
25 
40 
50 
60 


Plain 
$0  40 
40 
40 
40 
40 
45 


Frostt'd 
$0  45 
.45 
45 
45 
45 
50 


No.  in 
Package 
100 
100 
100 
100 
100 
100 


I'ear-ShapH  Bulbs  ■ 
.Mazda  C — 


WatU 
75 
100 
150 
200 
300 


Clour 
$0  75 
1  10 
1  55 
2.10 
3  15 


Frosted 

$0  80 

I   25 

1  70 

2  30 

3  40 


No.  in 
Puckiige 

50 

24 

24 

24 

24 

12 

12 
8 


500  4  60  4  90 

750  6  50  6  90 

1,000  7  50  7  95  8 

.Standard  <iuantitiea  are  subject  to  discount  of  10%  from  list.     Annual  contracts 
ranging  from  $1 50  to  $300,000  net  allow  a  discount  of  17  to  40%  from  list 

PLUGS.  ATTACHMENT— 

Each 

Porcelain  separable  attachment  plug 10.  24 

C^omposition  2-piece  attachment  plug 32 

.Swivel  attachment  plug 20 

Current  taps        .40 

RUBBER-COVERED  COPPER  WIRE— Per  1000  ft   in  New  York. 


Solid 
No.  Single  Braid 

14 $12  50 

12 14  96 

10 20  62 

8 28  90 

6 

4 

2 

I 

0 

00 

000 

0000 


.Solid 
Double  Braid 
$15.50 
18.50 
24.75 
33.30 


Stranded, 
Double  Braid 
$17  00 
21  45 
28  05 
38.50 
58.75 
80.75 
111  00 
154  00 
181  50 
220  00 
265  00 
330  00 


Duplex 
$28  50 
35  00 
46  00 
66.00 


Prices  per  1000  ft.  for  Rubber-Covered  Wire  In  Following  Cities: 


. Denver  . 

.Single   Double 

Braid     Braid    Duplex 

14    $15  64 $38.45 

10      24  50     

8      33.48  $56  81    

6  77   17   

4    108   10   

2    142.00   

1     167  70  

0    198.20   

00    234.60 

000    279.60 

0000    

Pittsburg — 23c.  base:  discount  50% 


— Birmingham • 

Single   Double 

Braid     Braid      Duplex 

$12.23   $38.64 

27  60  65.57 

38.64  87.33 

69.12  

$107.42  

138.46  

178.52  

217.09  

263.57  

320.44  

389.17  

St.  Louis — 30c.  base. 


Single   Double 

Braid     Braid  Duplex 

$15  64     $38  45 

24  50     58  70 

33.48     

56  81 

77.17     . 

108.10       . 

142.00     . 

167  70     .. 

198.20       . 

234.60   

279.60   


SOCKETS,  BRASS  SHFXL— 

. i  In.  or  Pendant  Cap ^  . j  In.  Cap  • 

Key  Keyless  Pull  Key  Keyless  Pull 

Each  Each  Each  Each  Each  Each 

$0.33  $0  30  $0  60  $0.39  $0.36  $0.66 

Less  l-5th  standard  package +50% 

1-5th  to  standard  package +20% 

Standard  package — 10% 

WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  1 8  B.  &  S.  regular  spools  (approx.  8  lb.) 55c.  lb 

No.  1 8  B.  &  S.  regular  1-lb.  coils 56c.  lb 

WIRING  SUPPLIES— 

Friction  tape,  5  in.,  less  100  lb.  60c.  lb.,  100  lb.  lots 55c.  lb 

Rubber  tape,  }  in.,  less  100  lb.  65c.  lb.,  100  lb.  lots 60c.  lb 

Wire  solder,  less  100  lb.  47c.  lb.,  100  lb.  lots 42c.  lb 

Soldering  paste,  2  oz.  cans $1.20doz 


SWITCHES,  KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Size,  Single  Pole,  Double  Pole,  Three  Pole,  Pour  Pole, 

Amp.  Each  Each  Each  Each 

30  $0.42  $0.68  $1.02  $1.36 

60  .74  1.22  1.84  2.44 

100  1.50  2.50  3.76  5.00 

200  2.70  4.50  6.76  9.00 

TYPE  "C"  FUSIBLE.  TOP  OK  BOTTOM 

30                                70                        1.06                        1.60  2.12 

60                             1.18                        1.80                       2.70  3.60 

100                            2.38                       3.66                       5.50  7.30 

200                            4.40                       6.76                      10.14  13.50 

Discounts: 

Less  than  $10.00  list  value +25% 

$10  to  $25  list  value +10% 

$25  to  $50  list  value +5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over —15% 
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THE  KNOCKER 


By   RUFUS   T    STROHM 


In  every  power  house  you'll  find 

The  chap  that  wields  the  hammev ; 
He's  everlastingly  inclined 

To  discontent  and  clamor. 
He  knocks  the  men  in  places  high, 

He  knocks  the  meek  and  lowly, 
And  while  he  knocks,  his  reddened  eye 

Emits  a  gleam  unholy. 


The  layout  of  the  plant  is  bad, 

According  to  his  dictum ; 
The  plant  designer  is  a  shad. 

The  owner  is  the  victim; 
The  whole  equipment  is  a  mass 

Of  jumbled  apparatus 
That  doesn't  have  a  grain  of  class 

Or  engineering  status. 


He  loves  to  seize  an  honored  name 

And  tear  it  into  tatters, 
Or  desecrate  some  snowy  fame 

With  nasty,  muddy  spatters. 
He  does  his  best  to  show  the  flaws 

In  every  fellow-creature. 
And  thus  ignores  the  moral  laws 

Delivered  by  the  preacher. 


He  ridicules  with  caustic  voice 

The  kind  and  make  of  stoker, 
And  looks  upon  the  boiler  choice 

As  worse  than  mediocre. 
The  type  of  turbine's  wholly  wrong. 

He  states  to  everybody. 
And  pipes  and  valves  that  should  be  strong 

He  vows  are  only  shoddy. 


Although  he  loves  to  swank  and  strut 

Like  some  triumphant  Pharaoh, 
The  truth  is  this — he's  off  his  nut 

And  talks  through  his  sombrero. 
Such  rant  as  his  you're  apt  to  meet 

In  any  ten-cent  shocker, 
But  still,  it  feeds  his  self-conceit. 

And  that's  what  charms  the  knocker. 
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World's  Largest  Hydro-Electric  Units 


Three  37,.00-Hp.  Hydro-Electric  Units  Installed  by  The  Niagara  Falls  Power  Company-Each 

One  of  These  Units  Has  Carried  Over  40,000.Hp.  Load-More  Than  90  Per  Cent  of 

the  lotal  Energy  in  the  Water  Is  Delivered  at  the  Generator  Terminals  -Load 

on  Thrust  Bearings  Approximately  500,000  Lb.,  with  Only  a  26-Hp. 

Friction  Loss     Project  Cost  Approximately  S8,Oo6,000 


ELECTRICAL  development  at  Niagara  Falls  began 
early  and,  like  most  of  the  early  electrical  under- 
takings,   was    a    humble    one    as    vve    see    these 
projects     today.      In     1879     the     first     machine,     a 
Brush  arc  dynamo,  was 
installed  to  light  Pros- 
pect Park  at  the  Falls. 
This    machine    had    a 
capacity    equivalent    to 
about  36  hp.    From  this 
36-hp.  machine  the  size 
of  hydro-electric   units 
has  increased  until,  in 
the  latter  part  of  1919, 
the  largest  hydro-elec- 
tric   generator    in    the 
world  was  put  into  suc- 
cessful     operation  —  a 
machine     having     over 
one  thousand  times  the 
capacity    of    the    first 
unit,     or     37,500     hp. 
Starting  with  this  first 
electrical    system,    the 
size    of    electric-power 
projects  has  increased 
until  today  that  of  The 
Niagara    Falls    Power 


By  F.  a.  ANNETT 

As.sociatt-  Editor.  Powtr 


The  ultimate  det^elopment  of  Niagara  Falls  will  have  a 
300-foot  head,  when  each  cubic  foot  of  water  will  produce 
an  amount  of  power  capable  of  lifting  a  100-ton  burden  one 
inch  from   the  tired  shoulders  of  man. 

Engineering  thought  blazes  the  trail  to  the  most  sfRcacious 
use  of  Niagara's  waters.  This  thought  now  takes  form  in 
action,  and  action  removes  the  doubt  that  theory  could  not 
solve.  Results  exceed  the  vision  and  now  Niagara,  more  than 
ever,  supplies  the  material  wants  of  man.  With  equal  vision, 
courage  and  skill  must  engineering  control  that  part  of  the 
water  which  may  be  set  aside  for  esthetic  purposes.  Engi- 
neering must  shape  its  turbulence  and  so  direct  its  cataract- 
forming  currents  that  the  maximum  grandeur  may  obtain. 

Engineering  has  made  it  possible  to  convert  90  per  cent, 
of  the  stored  energy  of  Niagara's  water  into  useful  forms  of 
electrical  power.  Engineering  can,  and  will,  take  but  half 
the  river's  natural  Row  and  raise  its  esthetic  values  to  a  level 
with  the  hydro-electric  efRciency  now  obtaining.  With  half 
the  water  engineering  will  enhance  the  natural  beauty  and 
render  a  more  sublime  spectacle  than  nature,  uncontrolled, 
now  furnishes  with  all  the   water. — John  Lyell  Harper. 


Co.  has  a  total  connected  capacity  of  498,000  hp.  and 
hydro-electric  development  at  Niagara  Falls  has 
expanded  until  at  present  there  is  a  total  connected 
capacity     of     over     850,000     hp.     installed     in     the 

plants  on  the  American 
and  Canadian  sides  of 
the    river,    all    driven 
from  the  same  source 
— Niagara  Falls.    As  a 
result  of  this  phenome- 
nal development  indus- 
tries have  grown  up,  at 
and  around  the  Falls,  of 
such   vital    importance 
to    this    country    and 
Canada  that,  if  Niagara 
Falls  was   to   fail   for 
only  a  few  weeks,  our 
whole  industrial  struc- 
ture would  be  seriously 
handicapped.   The  pres- 
ent    hydro-electric 
power    development    is 
represented     in     seven 
plants,     four     on     the 
American     side     and 
three  on  the  Canadian, 
having     an     operating 
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capacity  of  approximately  750,000  hp.  These  various 
plants  are  located  as  indicated  on  the  map.  Fig.  1,  which 
also  shows  their  capacities.  Interconnected  in  one  sys- 
tem are  the  four  plants  on  the  American  side,  with  the 
plant  of  the  Canadian  Niagara  Power  Co.  on  the  Cana- 
dian side,  making  a  total 


Hewer  House  N;2 

B- Power  House  N?'l 

{55fiOOHp) 
C- Hydraulic  Power  C«mpanys 
Plant  N?  3 
(liO,OOOI1p) 

D-  Ex+ension  N?  J 
(112,500  tip) 

E-Hydroulic  N?2  , 

(26.500  Ho)  I 


operating  capacity  of  450,- 
000  hp.  In  operation  on 
this  system  are  the  ma- 
chines that  represent  the 
earliest  attempt  to  develop 
Niagara. Falls  power  on  a 
large  scale  and  also  the 
most  recent.  The  initial 
installation  in  the  first 
development  consisted  of 
three  5,500-hp.  units,  in 
plant  No.  1  of  The 
Niagara  Falls  Power  Co., 
Fig.  1.  The  latest  instal- 
lation has  three  37,500- 
hp.  machines,  in  an  exten- 
sion to  what  u.sed  to  be 
plant  No.  3  of  the  Hy- 
draulic Power  Company 
of  Niagara  Falls.  The  first 
installation  had  a  total 
capacity  of  16,500  hp. ;  the 
latest  has  112,500.  In  the 
headpiece,  at  the  foot  of 
the  cliff,  is  shown  plant 
No.  3  on  the  left  extend- 
ing about  two-thirds  of  the  way  across  the  picture;  on 
the  right  is  extension  No.  3.  At  the  top  of  the  cliff  ai-e 
located  the  offices,  buildings  of  the  company,  the  head- 
works  buildings  and  control  room,  etc. 


Power  plants  Nos.  1  and  2,  Fig.  1,  were  the  first 
installed  by  The  Niagara  Falls  Power  Co.  and  are  on 
the  river  about  one  mile  above  the  American  Falls.  At 
these  plants  the  water  is  deflected  into  a  forebay  and 
passes  through  steel-plate  penstocks,  7.5  ft.  in  diameter, 

to  the  turbines.    As  indi- 


(M&.OOO  Hp.) 


cated  in  Fig.  3,  the  gen- 
erators are  located  on  an 
approximate  level  with 
the  surface  of  the  forebay 
and  connect  through  a 
long  shaft  to  the  turbines 
placed  near  the  bottom  of 
the  wheelpit.  The  water 
from  the  turbine  is  con- 
ducted through  a  tunnel, 
7,481  ft.  long,  and  dis- 
charged into  the  river 
about  2,000  ft.  below  the 
Falls.  In  these  two  plants 
the  twenty-one  turbines 
operate  under  an  average 
effective  head  of  140  ft. 
and  develop  10.8  hp.  per 
cubic-foot  second  of  water 
delivered  to  the  turbine. 
Water  for  what  used  to  be 
plant  No.  3  of  the  Hy- 
draulic Power  Company 
of  Niagara  Falls,  but  is 
now  plant  No.  3  of  The 
Niagara  Falls  Power  Co., 
is  carried  through  an  open  canal  from  the  river,  at  Port 
Day,  below  plants  Nos.  1  and  2,  Fig.  1,  to  the  top  of 
the  cliff  about  4,400  ft.  below  the  Falls.  In  1852  the 
Porter  family,  whose  estates  consisted  of  a  large  farm 


.MAP   SHOWING   GENERAL   LOCATION   OF   POWER 
PL.A.NT.S   AT   NIAGARA    FALLS 


FIG.   -1.      IXTKRIOH  OF  (;F..VF,R.\TOH   ROOM     VXD  Ol'EHATING   GALLERY   OF   NO.   3   EXTENSION 
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lit   NiuKiirn   FhILs  donated   a  strip  of 
larid  100  ft.  wide  for  the  coustruction 
of  a  lanal,  hPKi'iiiinK  at  a  point  about 
one-half  mile  above  the  Kall.s  and  end- 
ing  about    1,000    ft.    below,   which    is 
the   site   of    the    present    canal.      The 
K'enius  of  foresight  that  dominated  the 
Porters   in  makin>r  this  grant   is  well 
demonstrated  in  the  fact  that  the  wa- 
ter carried  in  the  canal  on  this  site  to- 
day develops   over   200,000   hp.    under 
the  most  efficient  head  of  all  .schemes 
so  far  put   into  effect   for  generating 
power  from  the   F'alls.    This  canal   was   tirst 
built  by  Horace  H.  Day  during  the  period  from 
1852  to   1860  and  was  8  ft.  deep  and   35  ft. 
wide.     But  the  first  attempt  to  utilize  the  full 
head  of  water  was  not  undertaken  until  1895, 
when   the   Hydraulic   Power   Co.   completed   a 
plant  of  6,850-hp.  at  the  water's  edge  on  the 
lower  river.   This  plant,  shown  in  Fig.  1  at  F, 
is  now  abandoned.   A  second  plant  E  was  built 
by  this  company,  of  26,500  hp.  capacit.v,  but 
it  is  now  used  as  a  reserve  only.  A  third  plant, 
C,  of  a  total  capacity  of  130,000  hp.  contain- 
ing   thirteen    10,000-hp.    units,    was    installed 
between  1907  and   1913,  and  this  constituted 
the  maximum  diversion  of  water  that  would 
be  allowed  until  the  power  demands  for  manu- 
facturing war  materials  created  a  very  serious 
power  .shortage  in  the  manufacturing  distric 
located  around  the  Falls. 

Confronted  with  this  serious  shortage  of 
power  and  consequently  a  restriction  in  the 
production  of  war  materials,  the  War  Depart- 
ment requested  all  parties  interested  to  sub- 
mit plans  for  the  development  of  the  re- 
maining water  available  for  diversion,  4,400  cubic- 
feet  seconds,  allowed  by  the  treaty  with  Great  Britain. 


FIG.     3.       SECTION. 
VlTinV  NO.  1  POA\F, 
HOr.'JE 


this    new 
features. 


As   a   result,   the   plan   submitted   by 
the,   at   that    time,    Hydraulic    Power 
Company   of   Niagara    Falls,   was   ac- 
cepted a.s  the  one  that   would   utilize 
the    water    mo.st    economically.      The 
plan     consisted     of     installing     three 
.■J7,r)00-hp.  units  in  an  extension  to  be 
built    to    the    Hydraulic    Power    Co.'h 
plant    No.   3,   and   an   enlargement  of 
the  canal  that  supplied  this  plant  with 
water.    To  better  utilize  all  the  water 
at  Niagara  to  which  the  various  com- 
panies   had    property    rights,    it    wa.s 
suggested  by  the  War  Department  that 
they   consolidate    into   one   company,   as 
a    result    of   which    The    Niagara    Falls 
Power  Co.,  Hydraulic  Power  Company  of 
Niagara    Falls   and    the    Cliff    Electrical 
Distributing  Co.  were  consolidated  under 
the  name  of  The  Niagara   Falls   Power 
Company. 

In  May,  1918,  authority  was  granted 
by  the  War  Department  for  carrying 
out  the  plan  submitted  by  the  Hydraulic 
Power  Co.  Nineteen  months  later,  Dec. 
20,  1919,  the  first  unit  was  put  into  oper- 
ation. If  the  progress  of  the  work  had 
not  been  slackened  on  account  of  th( 
signing  of  the  armistice,  the  first  unil 
in  this  plant  would  have  been  ready  foi 
operation  approximately  twelve  months 
after  the  work  was  started. 

Ice     had     been     giving     considerable 

trouble   and   not   infrequently   restricted 

-^i-      the  capacity  of  the  various  power  plants 

on    the    American    side    of    the    Falls. 

Therefore    the    successful    operation    of 

development    required,    among    many    other 

that  an  unobstructed  flow  of  water  be  assured. 
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To  accomplish  this  necessitated  the  cutting  of  a  channel, 
150  ft.  wide,  20  ft.  deep  and  over  one-half  mile  long, 
curving  from  the  intake  at  the  canal  at  Port  Day  up 
the  stream,  in  the  bed  of  the  river,  which  is  solid  rock. 
The  object  of  this  understream  channel  was  to  allow 
sufficient  water  to  flow  under  the  ice  no  matter  how 
much  the  latter  might  pile  up  back  of  the  ice  booms. 
The  canal,  which  was  100  ft.  wide,  was  also  deepened 
to  14  feet. 

To  supply  the  three  new  units  with  water  from  the 
present  canal  also  required  the  construction  of  a  new 
forebay  176  ft.  long,  74  ft.  wide  by  28  ft.  deep.  All 
the  work  had  to  be  done  in  a  current  that  varies  from 
one  to  six  feet  per  second.  Construction  of  the  fore- 
bay  necessitated  the  building  of  a  cofferdam.  This  dam 
was  built  of  Lackawanna  sheet-steel  piles  on  solid  rock 


wide  by  20  ft.  high  and  gradually  taper  dovn\  to  a  tmie 
circle  15.5  ft.  in  diameter.  From  the  bell  mouth  the 
penstocks  curve  to  an  angle  of  45  deg.  and  extend 
down  to  a  level  with  the  wheels  (see  Fig.  4)  where 
they  make  another  easy  curve  and  extend  out  90  ft. 
to  the  face  of  the  cliff.  These  penstocks  are  350  ft. 
long,  cut  in  solid  rock,  and  are  lined  with  concrete 
throughout  their  entire  length.  The  horizontal  section, 
in  addition  to  having  a  conci'ete  lining,  is  also  lined 
with  li-in.  boiler  plate,  which  acts  as  an  anchor  for 
the  turbine  casings  to  the  penstocks.  The  general 
arrangement  is  clearly  indicated  in  the  sectional  view, 
Fig.  4. 

Steel-plate  gates  are  located  in  the  intake  to  the 
penstocks.  These  gates  are  handled  by  cranes  and  slide 
down  on  racks  placed  about  30  deg.  to  the  vertical. 
In  each  gate  is  a  trap  to  bypass  water  and 
fill  the  penstocks  before  the  gates  can  be 
opened.  This  trap  is  open  during  the 
closing  of  these  gates,  so  that  the  pres- 
sure of  the  water  will  not  prevent  the 
gates    from    seating. 

Each  of  the  three  turbine  casings  is 
connected  to  its  penstock  through  a  valve, 
G,  Fig.  4,  hydraulically  operated  and  elec- 
trically controlled.  These  valves,  which 
are  the  largest  in  the  world,  were  fur- 
nished by  the  Larner-Johnson  Valve  and 
Engineering  Co.  Fig.  7  shows  one  of 
them  with  the  penstock  end  of  the  casing 
removed.     The  control  gear  is  clearly  in- 


FK;.  3.  BELL  MOUTH  OF  ONE  PENSTOCK 

and  so  constructed  as  to  allow  pumping  out 
the  water  back  of  it  to  a  depth  of  35  ft., 
and  it  is  the  only  cofferdam  that  has  ever 
been  so  constructed. 

Ice  apron  B,  Fig.  4,  on  the  front  of  the 
forebay  deflects  the  ice  which  continues 
down  to  the  end  of  the  canal,  where  a 
drag  operated  by  two  men  and  a  10-hp. 
motor  takes  it  out  and  dumps  it  down 
over  the  cliff  to  the  river  below.  If  water 
was  used  to  carry  the  ice  away,  sufficient 
to  develop  500  to  600  hp.  would  be  re- 
quired, therefore  the  ice  run  is  used  only 
in  exceptionally  bad  cases.  It  has  not  been 
necessary  to  use  water  to  carry  away  the  I'l'i.  «.  ta 
ice  since  the  completion  of  the  under- 
stream canal  at  Port  Day.  Last  winter 
was  the  most  severe  winter  in  a  decade,  yet  the  ice  that 
reached  the  forebay  was  successfully  handled  with  the 
present  equipment,  therefore,  it  is  doubtful  if  much 
water  will  fver  again  be  required  to  handle  it.  Racks  D 
jire  located  in  the  forebay  to  catch  any  ice  that  may  get 
by  the  apron.  Very  little  debris  comes  down  in  the 
water,  consequently  no  trouble  is  experienced  from  this 
source.  Since  the  bottom  and  sides  of  the  canal  as  well 
as  the  river  bottom  are  solid  rock,  no  difficulties  are  ex- 
perienced with   sand. 

The  entrance  to  the  three  penstocks,  for  No.  3  exten- 
sion, from  the  forebay  are  bell  mouths,  Fig.  5,  28  ft. 


.RACE   END    OF    DISCHAKOE.    SHOWING    CONCRETE    PIERS 
.SUPPORTING   TURBINE   FOUNDATIONS 


dicated  on  the  side  of  the  valve.  The  outer  valve  housing 
IS  of  cast  .steel  and  steel  plate  and  is  17  ft.  inside  diam- 
eter through  the  body  of  the  valve  and  tapers  to  10  ft. 
6  in.  diameter  at  the  outlet  end.  The  entrance  end  to  the 
valve  housing  is  made  of  steel  plate  forming  a  flaring 
extension  of  the  15-ft.  6-in.  penstock.  Throughout  the 
total  length  of  the  valve,  approximately  24  ft.,  the  area 
of  the  water  passage  is  reduced  without  abrupt  changes 
or  sharp  curves,  and  the  stream-line  shape  of  the  valve 
parts  renders  the  hydraulic  losses  practically  negligible. 
The  valves  are  of  the  balanced  needle  type,  having 
a    movable    plunger    sliding    in    an    internal    cylinder 
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I  sec  FiK.  81.  An  intornal  cylindpr  C  i.s  siipporteil 
from  the  vjilve  hou.sinjr.  jiiul  the  movable  phinjrer  P 
is  arraMRed  so  that  it  \vt>rk.s  within  cylinder  ('.  W'hen 
the  valve  is  open,  ;is  in  the  t'lKiire,  hydraulic  pressure 
from  the  penstock  is  applied  not  only  to  the  outside  of 
the  plunKPr.  but  also  to  thj  inside  of  chambers  ,4 
and  /?.  This  creates  a  state  of  hydrostatic  equilibrium 
in  all  parts  of  the  plunjrer.  To  close  the  valve,  pres- 
sure in  chamber  H  is  reduced  by  discharpinj?  water 
from  it  into  the  tailrace  and  allowing  the  pressure  to 
bo  applied  in  chamber  A.  This  pushes  plunder  P 
forward  until  it  seats  at  .S.  Durinjr  the  opening  oper- 
ation chamber  .1  is  allowed  to  discharge  into  the  tailrace 
and  pressure  from  the  penstock  is  applied  within  cham- 
ber n.  Operation  of  the  plunger  is  accomplished  entirely 
by  the  hydraulic  pressure  in  the  penstock,  no  external 
force  or  pressure  being  required.  The  mechanism  that 
controls  the  movement  of  the  needle  plunger  is  shown 
in  place  on  the  side  of  the  housing.  Fig.  7.  The  valve 
may  be  manually  controlled  locally,  or  electrically  con- 
trolled from  a  switch  station  on  a  pedestal  i  shown  back 
of  the  governors  in  Figs.  18  and  21),  near  the  generating 


moving  in  the  internal  cylinder  muHt  be  overcome.  To 
un.seal  the  plunger  and  fdl  the  wheel  casing,  a  force 
of  r)20,0()()  lb.  is  available,  an<l  to  complete  the  opening 
stroke  the  available  force  is  2,000.000  lb.  To  close  the 
plunger  in  dead  water,  the  available  force  is  415,000  lb., 
and  this  is  greater  in  moving  water.  A  force  of  1,560,- 
000  lb.   is  applied  on  the  plunger  to  hold   it  against 


FIG.    7.      .70H.\.S0.V   VAI.VE   WITH    COXTKOL,   GKAR 

units.  A  solenoid  actuates  a  pilot  valve,  and  the  pilot 
valve  controls  a  relay  valve  which  regulates  the  flow  of 
water  to  and  from  the  main  valve  for  its  operation.  The 
valve  does  not  operate  with  change  of  load  on  the 
turbine,  all  the  fluctuations  being  taken  care  of  by  the 
governor  operating  twenty  radial  vanes  that  control  the 
amount  of  water  reaching  the  runner.  As  shown  in 
Figs.  18  and  21,  indicators  with  illuminated  dials 
mounted  on  top  of  the  pedestals  that  the  Johnson 
valves  are  cont'-clled  from  show  the  position  of  ths 
turbine  gate?. 

The  rate  of  the  valve  stroke  may  be  regulated  to 
suit  the  conditions  and  may  be  set  for  any  time  up  '■") 
a  minimum  of  30  sec.  for  a  complete  stroke  iji  either 
direction.  The  valve  is  so  designed  that  it  will  close 
automatically  m  case  of  a  serious  break  in  the  wheel 
casing. 

Exclusive  of  the  .steel-plate  housing  at  the  upstream 
end,  the  complete  valve  weighs  approximately  200,000 
lb.,  and  the  plunger  or  moving  element,  52,000  lb.  The 
force  required  to  move  the  plunger  is  extremely  small, 
as  no  sliding  surfaces  are  subjected  to  a  difference  of 
hydraulic  pressure  and  only  the  friction  of  the  plunger 


YIG.   8.      .SCIIE.MATIC   DIAGRAM    OK  JOHSSOS    VALVK 

its  seat.  In  spite  of  the  enormous  size  of  the  valve  and 
forces  for  operation,  the  operator  has  absolute  control 
of  the  stroke  at  all  times  and  may  stop  the  plunger 
immediately  at  any  intermediate  point. 

No  provision  was  necessary  to  take  care  of  the  surges 
in  the  penstock,  for  being  hewn  through  solid  rock  the 
penstock  itself  provides  sufficient  strength  to  withstand 
any  force  that  may  be  .set  up,  due  to  suddenly  shutting 
down   a   machine. 

In  the  design  and  building  of  the  units  four  manu- 
facturing  companies   are    represented.      One   complete 


FIG.   9.     JOHNSON  VALVE  1N.S1DE  OF  PENSTOCK 

unit — generator  and  turbine — was  designed  and  built 
by  the  Allis-Chalmers  Manufacturing  Co.,  one  generator 
each  by  the  General  Electric  Co.  and  the  Westinghouse 
Electric  and  Manufacturing  Co.,  and  the  turbines  for 
these  two  generators  by  the  I.  P.  Morris  Co.  Each 
turbine  is  of  the  vertical  shaft,  single-runner,  Francis 
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type,  operating  under  a  head  of  215  ft.  at  a  speed 
of  150  r.p.m.  and  is  rated  at  37,500  hp.,  although  each 
has  already  carried  more  than  40,000  hp.  load.  The 
three  units  were  designed  to  develop  an  average  work- 
ing load  of  100,000  hp.  This  load  is  being  carried 
continuously  and  with  ease.  Taking  all  frictional  and 
other  losses,  from  forebay  to  switchboard,  into  consid- 
eration, these  units  are  securing  90  per  cent  of  the 
potential  energy  in  the  water  used. 

Each  complete  unit — generator,  turbine  and  casing — 
weighs  approximately  1,000  tons  and  is  set  on  a  rein- 
forced-concrete  slab,  11  ft.  thick,  53  ft.  wide  and  55  ft. 
long,  resting  on  reinforced-concrete  piers,  Fig.  6;  46 

tons  of  steel 
rein  forcing 
was  used  in 
each  slab.  The 
casings  of  the 
I.  P.  Morris 
turbines  are 
of  cast  iron 
made  in  six 
sections  and 
are  embedded 
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in  the  concrete  sub- 
structure of  the  power 
house.  As  can  be  seen 
from  Fig.  10,  this  cas- 
ing is  bolted  together 
by  flanges  on  the  out- 
side, consequently  the 
inside  is  smooth,  and  is 
designed  for  a  gradual 
acceleration  of  the 
water  as  it  passes 
around  the  volute.  The 
intake  is  10  ft.  6  in. 
in  diameter,  and  the 
total  weight  of  the  cas- 
ing is  about  263,000  lb. 
A  cast-steel  speed  ring, 
weighing  85.  tons,  cast 
in  three  pieces  and 
bolted  together,  is  pro- 
vided to  stay  the  cas- 
ing and  transmit  the 
weight     of     generator 

and  floor  to  the  foundations.  Cast-steel  guide  vanes 
ivith  polished  surfaces  are  used,  and  the  lubrication 
Df  all  guide-vane  bearings  is  effected  by  means  of  a 
central  grease  gun.  The  guide  vanes  may  be  clearly 
seen  in  Fig.  11.  With  the  grease  gun  it  is  possible 
to  supply  any  bearing  on  any  guide  vane  with  a  definite 
amount  of  lubricant.  The  runner  is  of  cast  iron,  in 
one  piece,  having  a  maximum  diameter  of  10  ft.  6 
in.  and  a  total  weight  of  27,000  lb.,  and  the  weight 
supported  by  the  thrust  bearing  is  about  500,000 
lb.  The  shaft  is  25  in.  in  diameter  and  is  provided 
with  a  lignum-vitse  guide  bearing  at  the  turbine  and 
a  babbitted  guide   bearing  on  top   of  the  generator. 


The  draft  tube  is  of  the  Moody  spreading  type  and  if- 
of  .special  value  in  that  it  regains  the  whirl  component 
as  well  as  the  axial  component  of  the  velocity  of  the 
water  leaving  the  runner.  This  results  in  higher  effi- 
ciency than  the  old  type  of  curved  draft  tube,  which 
does  not  regain  the  whirl.  The  spreading  tube  also 
eliminates  surging  and  water  hammer,  which  so  often 
occurs  with  curved  draft  tubes.  These  draft  tubes  are 
shown  in  section  in  Figs.  13  and  14. 

A  renewable  ring  is  provided  in  the  draft  tube  just 
below  the  runner,  and  the  upper  section  of  the  draft 
tube  is  furnished  with  manholes  for  the  inspection  of 
tube  and  runner  discharge.  The  total  weight  of  each 
turbine  is  about  765,000  lb.,  and  the  installation 
throughout  is  notable  for  its  heavy  construction. 

Governors  of  the  I.  P.  Morris  double  floating-lever 
type  are  used  to  regulate  each  of  the  two  turbines. 
The  actuator,  Fig.  18,  is  located  on  the  switchboard 
gallery  with  the  gate-opening  indicator  and  control 
stand,  and  the  regulating-valve  stand  is  on  the  main 
generator  floor  and  is  provided  with  plunger  valves  of 
the  Johnson  type.  Hand  control  is  arranged  for  with 
similar  valves,  and  all  are  operated  by  a  lever  on  the 
control  stand.  By  this  means  the  operation  of  changing 
the  unit  from  hand  to  governor 
control  is  easily  effected,  all 
valves  operating  simultaneous- 
ly. This  arrangement  is  fool- 
proof and  obviates  the  danger 
of  operating  the  valves  in  the 
wrong  order. 

On  the  Allis-Chalmers  tur- 
bine the  casing.  Fig.  22,  i? 
made  up  of  a  number  of  conical 
steel  plate  sections  riveted  to- 
gether; consequently,  there  are 


FIGS.    10    TO    12.      ASSEMBLING    ONE 
OF  THE   TURBINES 

Fig.  10  (upi)er  left) — Assembling  cast-iron 
sections  of  turbine  casing.  Fig.  11  (center) 
— Guide  vanes  and  turljine  runner  in  place  ; 
tops  of  guide  vanes  are  clearly  shown 
around  the  outside  of  the  runner.  Fig.  ll' 
(lower  right) — Cover  plate  of  turbine  being 
lowered    into    place. 


both  girth  and  longitudinal  seams.  All  rivets  are  coun- 
tersunk on  the  inside  of  the  casing.  Where  the  penstock 
connects  to  the  Larner-Johnson  valve  on  the  forebay  end. 
it  is  15  ft.  6  in.  in  diameter,  and  tapers  down  to  10  ft. 
6  in.  on  the  turbine  end,  at  which  diameter  it  connects  to 
the  turbine  casing.  As  can  be  seen  from  Fig.  15,  a 
straight  connection  is  used  from  the  Johnson  valve  to 
the  casing  on  the  two  units  to  the  left  where  the  connec- 
tion of  the  machine  to  the  right  increases  from  a  diam- 
eter of  10  ft.  6  in.  at  the  valve  to  11  ft.  6  in.  at  the  en- 
trance to  the  spiral.  The  plates  are  I  in.  thick  at  the  en- 
trance to  the  casing  and  ]  in.  thick  at  the  small  end  of 
the  volute.     The  casing  is  riveted  to  a  cast-steel  speed 
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control  the  wiitrr  from  llic  tJiMinf  to  the  riimwr.  These 
vanes  are  coiuufled  to  the  shifUiiif  ring  through  adjust- 
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FIG.   11.      HORIZONTAL  SECTION  THROUGH   DRAFT  TUBES 


FIG.  13.     VERTICAL  SECTION  THROUGH  STATION 


able  links  so  pro- 
portioned that 
they  will  fail  be- 
fore a  guide 
vane  or  its 
shaft  is  injured 
if  any  obstruc- 
tion should  lodge 
between  vanes. 
The  runner 
is  of  cast-iron 
bolted  to  a  cast- 
iron  hub  keyed 
to  the  tapered 
end  of  the  shaft, 
as  indicated  in 
Fig.  20.     A  lig- 

num-vit£e  guide  bearing,  Fig.  19,  is 
mounted  directly  above  the  turbine, 
the  lignum-vitae  being  set  with  its 
end  grain  toward  the  shaft,  and  is 
lubricated  with  water  from  the  head- 
race supplied  through  a  fine  strainer. 
Lubrication  of  the  guide-vane  bear- 
ings is  accomplishe'l  by  using  a  pres- 
sure grease  cup  on  each  bearing. 
The  turbine  discharges  into  a 
single  draft  tube  of  the  White  hy- 
draucone  regainer  type.  Reference 
to  Figs.  13,  14  and  20  will  make  the 
construction  clear.  In  the  hydrau- 
cone  regainer,  a  .straight  bell-mouth 
tube  is  used ;  mounted  directly  below 
the  mouth  of  this  tube  is  a  concrete 
slab  supported  on  piers.  The  dis- 
charge toward  the  river  goes  directly 
to  the  tailrace,  and  the  discharge 
toward  the  penstock  drops  down  and 
goes  under  the  concrete  slab  to  the 
river.  In  the  divided  draft  tube,  instead  of  the  dis- 
charge being  out  under  a  concrete  slab,  after  it  leaves 
the  draft  tube  the  flow  is  upward  and  around  the  lower 


<'ii(l  o(  I  he  draft  tulic.  The  chiel  result  a((imi])lishpd 
is,  the  water  docs  not  turn  on  itself,  either  axially  <ii 
radially  until  it  discharges;  thus  a  large  perceiilagc  ol 
the  velocity  energy  in  the  (lischar^'c 
is  regained.  By  the  use  of  the  hy 
(Iraucone  or  spreading  draft  tube 
about  80  per  cent  of  the  velocity  head 
in  the  discharge  is  recovered,  where- 
as with  the  old  type  of  curved  draft 
tube  a  large  proportion  of  this  vcl" 
ity  head  is  always  lost.  Apparently, 
one  device  is  as  etTicient  as  the  other. 
Tests  show  that  over  90  per  cent  of 
the  total  energy  in  the  water  is  de- 
livered at  the  generator  terminals 
and  the  turbines  themselves  have  an 
efficiency  of  93  per  cent. 

The  effect ivenei^s   of   the   hydrau- 
cone  regainer  and  divided  draft  tube 
is  illustrated  in  the  headpiece.     On 
the  right  it  is  seen  that  the  tailwatei 
from  extension   No.  3  is  practically 
smooth,  while  from  plant  No.  3,  on 
the  left,  the  discharge  gives  evidence, 
by    the    whiteness    of    its    surface, 
of     considerable 
velocity.    By 
looking    at    the 
discharge  of  No. 
3  extension  with 
all    three   mach- 
ines     operating 
under  normal 
full    load,    it 
never  would   be 
suspected  by  the 
current    that    it 
represented    a 
flow     of     some 
4,500   cubic-foot 
seconds.  In   this 
machine     the 
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HORIZONT.\L  SECTION   THROUGH   STATION,   SHOAVING   I'E.N.STOCK 
VALVES    AND   TURBINE    rA.SINOS 


governor  flyballs  are  mounted  directly  on  the  turbine 
shaft  and  are  connected  to  the  governor  mechanism 
through    rods    and    bell    cranks,    as    indicated    in    Fig. 
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20.     In  the  governor  stand,   Fig.  21,  are  three  piston 

valves — the   pilot    valve,    intermediate   valve   and   main 

valve.  The  motion  of  the  flyballs  operates  the  l-in.  pilot 

valve,    which    in    turn    operates    a    3 1 -in.    four-ported 

intermediate  valve,  and  the  motion  of  the  latter  varies 

the  pressure  on  either  end  of  the  four-ported  main  when  operating  at  150  r.p.m. 
valve,  which  is  12  in.  in  Although  designed  and  built 
diameter.    A  motion  of  only      by      different      companies, 


the  units  or  an  interruption  of  the  exciter  circuit,  the 
governors  will  completely  close  I  he  gates  and  phut  the 
machine  down.  Each  of  the  three  generators  is  designed 
for  a  capacity  of  32,500  kva.  and  generates  12,000-volt 
three-phase  25-cycle  current 


one-half  inch  of  this  main 
valve  is  all  that  is  required 
to  pass  sufficient  fluid  to 
cause  the  operating  pistons 
to  move  from  one  end  of 
their  cylinders  to  the  other 
in  two  seconds.  As  is  clearly 
indicated  in  Fig.  20,  the 
fluid  pipes,  which  are  6  in. 
in  diameter,  from  the  gov- 
epnor  stand  connect  to  the 
operating  cylinders  outside 
the  pit  liner.  These  operat- 
ing cylinders  are  so  located 
as  to  allow  removing  the 
turbine  cover  plate  without 
distributing  the  governor 
piping  on  cylinders.  Fluid 
use  in  the  governors  is  about  99  per  cent  water 
and  1  per  cent  oil,  supplied  from  a  central  pressure 
system.  Three  governor  fluid  pumps  of  the  centrifugal 
type  are  provided.  Two  of  the  pumps  are  driven  by 
75-hp.  induction  motors  and  the  third  by  a  direct- 
current  motor.  One  of  the  alternating-current  motors 
is  started  from  a  manually  operated  starter  on  the 
operating  galley.     The  other  alternating-current  motor 


FIG.   16.     GENERATOR 
FIELD    COIL 


each  machine  has  about  the 
same  external  appearance, 
and  to  this  end  the  manu- 
facturers co-operated,  so 
that  the  installation  pre- 
sents a  uniform  appear- 
ance. Fig.  2.  The  weight  of 
the  Allis-Chalmers  genera- 
tor is  supported  by  a  cast- 
iron  pit  liner,  which  in  turn 
rests  upon  the  turbine  cas- 
ing and  speed  ring,  thus 
making  the  generator  and 
turbine  one  composite  unit, 
Figs.  13  and  20.  This  pit 
liner  is  also  shown  in  Fig. 
22,  located  within  the 
spiral  casing.  A  cast-iron 
ring  grouted  into  the  build- 
ing structure  and  sup- 
ported from  the  turbine 
casing  and  speed  ring  is 
used  as  a  foundation  for  the  other  two  generators,  Fig. 
17.  A  comparison  of  these  details  can  be  seen  in  Fig.  13. 
As  to  the  internal  construction  of  the  generators 
the  engineers  of  the  manufacturing  companies  were  left 
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FIG.    18.    I.    r.   MORRIS   GOV- 
ERNOR  AND   ACTUATOR 
AND     GATE-OPENING 
INDICATOR 


is  equipped  to  start  automatically  by  a  float  switch  in     at  liberty  to  follow  their  own  ideas  regarding  details, 


the  sump  tank.  The 
direct-current  motor 
is  also  arranged  to 
start  automatically 
from  a  float  switch 
adjusted  to  follow  the 
alternating-c  u  r  r  e  n  t 
motor-driven  pump. 
This  arrangement 
makes  it  practically 
inpossible  for  the 
governor-fluid  supply 
to  fail.  Pressure  of 
115  for  operating  the 
governors  is  obtained 
by  static  tanks  at  the 
top  of  the  cliff.  Should 
for  any  reason  the 
fluid  supply  to  the 
governors  fail,  which, 
as  previously  stated, 
is  practically  impos- 
sible, they  may  be 
operated  with  water 
taken  from  ^he  pen- 
stocks. The  govern- 
ors on  all  machines 
will  close  the  gates 
from  full  opening  in 
three  seconds.  In  case 
of  an  interruption  of 
the  load  on  any  one  of 


FIG.    17.      SECTIONAL.    VI KW   THKOUlih    I   NIT    UN    LKt  I     IN     FIG.    i:i 


the  main  restriction 
being  that  the  electri- 
cal characteristics  of 
the  three  machines 
must  be  such  that 
they  would  operate 
satisfactorily  in  par- 
allel. A  box  frame  of 
usual  design,  21  ft. 
outside  diameter,  cast 
in  four  sections,  is 
used  for  the  stator. 
On  account  of  the 
larger  size  of  the 
units  the  stator  cores 
were  stacked  and  the 
machines  wound  when 
they  were  installed. 
Both  ends  of  each 
phase  winding  are 
brought  out  so  that  a 
balance  system  of  re- 
lay protection  can  be 
used.  The  windings 
are  connected  in  star 
and  the  neutral 
grounded  through  a 
resistance  of  approxi- 
mately 5  ohms,  ob- 
tained by  using  a 
water  rhoestat.  One 
of  the  distinguishing 
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19.      TURBIXE-C.riDE    BEAR 
ING.   UNIT   FIG.    L'n 


fcatuiT.s  in  tho  intpnial  consfnirlioii  ol  Ihc  marhmr  is 
found  in  the  rolnr.  In  the  Allis-Chalmers  niiK  hmi-  I  ho 
rotor  ronsists  of  two  aiNt-steel  field  ririKs.  nuuhincd  on 
all  KinfaiTs  and  shiiink  onto  a  la.st-HtPfl  .sijider.  The 
field  poles  are  made  in  two  sectiuiiH,  each  section  Ixmdk 

dovetailod  to  the 
field  rinjr.  In  the 
CiiMU'ral  Klect  ric 
machine,  the  spider 
consists  of  six  cast- 
steel  wheels,  with 
spaces  1)  0  I  w  e  e  n 
them  for  the  circu- 
lation of  air.  These 
wheels  are  rabbeted 
tonether  at  the 
hul)s  and  held  to- 
pether*  by  bolts 
throuRh  the  arms 
of  the  spider.  The 
polepieces  are  in 
one  section  and 
held  to  the  rotor  by 
two  dovetails.  A  ring  built  up  of  i\i-in.  laminations  on 
a  cast-steel  spider  is  the  rotor  construction  used  in  the 
Westinphouse  machine.  One-section  polepieces  held  to 
the  rotor  with  a  sinpie  dovetail  are  used.  An  idea  of 
the  size  of  the  generators  is  piven  in  Fip.  16,  which 
shows  a  man  .standing  alongside  of  a  field  coil. 

The  shafts  are  27  in.  in  diameter  below  the  rotor  and 
are  fitted  with  a  45-in.  forged-on  steel  flange,  for  bolting 
to  a  corresponding  flange  of  the  turbine  shaft.  On  the 
upper  end  of  the  shaft  is  the  Kingsbury  thrust  bear- 
ing, carried  on  a  bridge  having  eight  radial  arms.  This 
bridge  is  of  cast-steel  in  two  parts.  Each  bearing  is 
49  in.  outside  diam- 
eter and  capable  of 
carrying  a  suspended 
load  of  approximately 
r.00.000  lb.,  which  is 
ample  to  carry  the 
weight  of  the  rotat- 
ing element  and  down- 
ward thrust  of  the 
water.  A  total  down- 
ward load  of  approxi- 
mately 470.000  lb.  is 
caried  on  the  thrust 
bearing,  100,000  lb. 
of  which  is  due  to  the 
water  thrust  on  the 
turbine  runner.  Di- 
rectly under  the 
thrust  bearing  is  the 
upper  guide  bearing, 
which  is  26  in.  in 
diameter  and  36  in.  in 
length.  The  thrust 
bearing  runs  in  a 
bath  of  oil  supplied 
from  a  central  -sys- 
tem. No  oil-cooling 
coils  are  provided  in 
the  thrust-bearing 
housing,  the  oil  being 
cooled  and  filtered  in 
the     central     system- 


Special  cam  has  been  taken  in  the  design  of  the  oiling 
system  to  make  it  an  Himpl«  hm  poHsihIe.  Oil  from  thr 
central  aystem,  after  passing  through  a  duplex  strainer. 


FIG.    L'l.     ALLIS-CH.VL.MEKS   GOVEK.NOK    STAND 
AND   G.VTE-Oi'ENING    INDICATOR 

flows  into  two  feed  pipes,  one  leading  to  the  thrust  bear- 
ing and  one  to  the  guide  bearings.  Each  of  the  pipes  is 
provided  with  sight-flow  indicators  and  regulating  valves. 

An  oil  meter  is  in- 
stalled in  the  thrust- 
bearing  feed  line,  and 
the  circulation  of  the 
oil  is  regulated  to 
about  35  gal.  per  min. 
As  previously  stated, 
the  load  on  the  thrust 
bearings  is  approxi- 
mately 470,000  lb., 
nevertheless  the  fric- 
tion loss  in  the  bear- 
ings is  only  about  26 
hp.  The  machines 
from  standstill  will 
begin  revolving  on 
one  per  cent  gate 
opening.  To  bring  the 
rotating  element  to 
rest  after  the  gates 
have  been  closed,  and 
also  to  prevent  the 
rotor  from  turning  in 
case  of  leaks  through 
the  gates,  brakes  are 
installed  on  the  gen- 
erators. These  brakes 
are  operated  by  com- 
pressed air,  from  a 
cock  mounted  near  the 
hand-control  stand  lo- 
cated near  the  gover- 
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nor,  and  aie  capable  of  bringing  the  generator  to  rest 
from  full  speed,  in  four  minutes.  Ventilating  air  for  the 
generators  is  taken  into  the  top  of  the  machine  from 
the  generator  room  and  also  from  the  pit  under  the  ma- 
chine. The  amount  of  air  required  by  the  different 
machines  to  carry  off  the  heat  varies  from  70.000  to 
90,000  cu.ft.  per  min.  This  air  is  forced  over  the  wind- 
ings and  through  the  ventilating  ducts  in  the  cores  by 
steel-plate  centrifugal  fans  mounted  on  the  ends  of  the 
rotor.  The  field  poles  and  ventilating  openings  in  the 
rotor  rims  also  set  up  a  strong  blowing  action.  At  pres- 
ent the  air  dis- 
charges through 
the  stator  yoke 
into  the  genera- 
tor room.  Pro- 
visions  have 
been  made  to 
surround  each 
generator  with 
a  steel-plate 
housing  as  indi- 
cated in  Fig.  20. 
This  housing 
will  be  connected 
to  a  duct  system. 
so  that  the  ven- 
tilating air  can 
be  disposed  of 
in  .several  ways, 
by  a  u  X  i  1  i  a  ]•  >■ 
fans,  one  for 
each  generator. 
In  the  summer 
months  the  ven- 
tilating air  can 
be  discharged 
outside  the  sta- 
tion. In  the  win- 
ter months  part 
of  it  will  dis- 
charge into  the 
station  and  con- 
trol room  for 
heating,  and  the 
remainder  will 
go  to  the  ice 
runs.  Of  inter- 
est is  the  large 
crane,  one  end 
of  which  is 
shown  in  Fig. 
23,  at  the  top  of 
the  cliff  for 
handling  all  ma- 
terials for  the  plant  at  the  lower  rivei''s  edge.  This 
crane  is  capable  of  lifting  a  modern  freight  car  and  its 
load  off  the  track,  carrying  it  in  over  the  edge  of  the 
cliff  and  lowering  it  down  to  the  plant  below.  The  figure 
shows  the  crane  raising  an  empty  flat  car  after  it  has 
been  unloaded  in  the  plant. 

One  of  the  uni(iue  features  of  the  station  is  the 
simplicity  of  the  control.  The  leads  from  the  generators 
go  to  an  oil  switch  and  then  directly  to  a  six-circuit 
tran.smission  line  carried  on  steel  towers  that  run  to 
the  Echota  substation,  three  miles  away.  This  trans- 
mission line  is  designed  to  have,  eventually,  9  capacity 


of  400,000  kw.  All  circuits  are  carried  on  the  same 
towers.  Most  of  the  towers  are  built  on  concrete  foun- 
dations, but  a  number  of  them  have  foundations  built 
on  the  cantilever  principle  and  extend  out  over  the 
canal.  From  station  No.  3  power  is  transmitted  by 
underground  cable,  but  when  duct  capacity  for  the  new 
development  was  considered,  which  it  is  expected  will 
eventually  reach  400,000  kw.,  it  was  found  practically 
impossible  to  obtain  this  on  account  of  street  limitation.s, 
therefore  overhead  transmission  was  adopted.  The  gen- 
erator oil  switches  are  automatically  tripped  by  inverse- 

time-limit  re- 
lays, set  for  3 
sec,  when  over- 
loads occur  out- 
side the  genera- 
tors. In  ca.se  of 
trouble  with'n 
these  generators 
the  switches  are 
opened  instanta- 
neously and  the 
field  circuit  is 
killed  by  a  bal- 
anced relay  sys- 
tem of  protec- 
t  i  0  n  operated 
from  current 
transformers  in 
the  generator 
leads  differen- 
tially connected. 
To  give  this  sys- 
tem of  protec- 
tion maximum 
reliability,  the 
relays  are  placed 
near  the  gener- 
ators. This 
avoids  the  long 
leads  that  would 
be  required  if 
the.se  relays 
were  in  the  con- 
trol room  at  the 
top  of  the  cliff, 
and  the  wiring 
of  this  sy.stem  is 
also  made  inde- 
pendent of  all 
other  circuits. 
Two  current 
t  r  an  sformers 
and  two  inver.se- 
t  i  m  e-limit  re- 
lay.^, both  connected  open  delta,  protect  each  generator 
from  overloads.  The  neutrals  of  both  the  current  trans- 
formers and  relays  are  grounded.  In  the  ground  connec- 
tion of  the  transformers  is  connected  a  relay,  which 
trips  the  generator  switch  when  the  current  to  ground 
reaches  approximately  full-load  value.  The  invei'se-time- 
limit  relays  are  rated  at  5-ampere  where  the  ground 
relay  is  only  2.5-ampere  capacity. 

At  the  top  of  the  cliff  above  the  main  generator 
.station  is  the  control  room.  On  account  of  the  simplic- 
»,ty  of  the  switching  arrangement  the  control  is  greatly 
simplified,  as  is  clearly  indicated  in  Fig.  24.     When  a 
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.switrh  is  opened,  jni  nnniincintnr  on  the  ronlrol  hourd 
.show.H  the  relay  that  oporates  it,  thus  iiulic  atinjf  the 
.source  of  the  trouhlc  In  each  of  two  of  I  ho  generators 
are  18  tomporaturc  toils;  the  third  mac  hi  no  has  18 
thermocouples  located  at  dilTorent  parts  of  the  stator 
windinps.     Six  of  these  in  each  machine,  that  show  the 


Ml-..     '■       i.'-K'il-:    CKAM')    AT   -l-ol     <_il      '    Lll'l 

highest  temperatures,  are  connected  up  to  an  indicator 
in  the  control  room. 

Excitation  for  the  alternators  is  obtained  from  2,200- 
volt  induction-motor,  direct-current  generator  sets. 
Each  exciter  is  of  225-kw.  capacity,  shunt  wound  with 
interpoles,  and  generates  220  volts.  The  induction 
motors  can  be  supplied  from  three  sources:  Trans- 
forming the  12,000-volt  current  from  the  main  gen- 
erators down  to  2,200-volts ;  2,200-volt  current  from  No. 
3  station,  and  also  from  a  2,200-volt  substation  in 
No.  3  gatehouse.  Any  one  of  these  three  sources  can 
be  connected  to  a  duplicate  set  of  busses,  and  the 
2.200-volt  induction  motor,  driving  the  exciters,  con- 
nected to  these  busses  thi'ough  selector  oil  switches. 
An  emergency  source  of  excitation  may  be  obtained 
from  No.  3  station's  direct-current  busbars.  This  circuit 
is  connected  through  a  field  rheostat  located  near  the 
main  units  and  connected  to  a  busbar.  To  this  bus- 
bar the  field  coils  of  any  one  of  the  alternators  may  be 
connected  in  case  of  failure  of  its  motor-generator 
exciter.  Although  all  three  machines  are  connected 
to  the  emergency  excitation  source,  the  switches  are  so 
interlocked  that  only  the  field  coils  of  one  machine  can 
be  connected  to  this  circuit  at  one  time. 

In  laying  out  the  station  effort  was  made  to  divide 
the  electrical  and  mechanical  operating  functions.  Elec- 
trical operation  is  centered  in  the  control  room  and 
the  mechanical  in  the  station.  How  well  the  design- 
ing engineers  have  succeeded  in  their  efforts  to  simplify 
operation  is  evidenced  by  the  fact  that  a  station  of 
a  normal  operating  capacity  of  100,000  kw.  is  being 
operated  by  three  men  on  a  shift,  or  a  total  of  nine  men 
on  the  three  shifts.  One  man  is  located  in  the  control 
room  and  two  in  the  station.    Although  these  units  are 


the  largest  in  the  world,  no  failure  of  any  part  of  the 
eiuipmont  has  been  experienced  since  the  machines 
were  put  in  service.  This  is  very  remarkable  since  the 
design  and  construction  of  the  plant  represents  a  dis- 
tinct forward  step  in  hydro-electric  development.  In 
carrying  out  this  project,  it  was  ncces.sary  for  the  engi- 
neering staff  to  make  the  plans  as  the  work  progres.sed. 
Nevertheless,  less  than  $1,000  was  expended  in  changing 
plans.  This,  it  must  he  admitted,  is  a  remarkable  record 
in  engineering  work  involving  an  expenditure  of  approx- 
imately $8,000,000.  The  project,  although  carried  out 
by  Government  sanction  for  war  work,  was  financed 
entirely  by  The  Niagara  Falls  Power  Co.    Exhaustive 


FIG.  24.     MAIN  .S\VITCHBOAKr>  IN  CONTROL  ROOM 


flG.  25.  VIEAV  OF  OPERATING  GALLERY  IN  MAIN  STATION 
Motor  generator  exciter  in   foreground,  control   switchboard   for 
auxiliary  electrical  equipment  in  center,  governor  stand  and  gate- 
opening  indicator  on  the  right  for  unit  No.  16. 

tests  are  being  made  on  these  units,  the  results  of  which 
will  be  available  for  publication  at  a  future  date. 

The  author  of  this  article  wishes  to  acknowledge  the 
assistance  and  co-operation  rendered,  in  the  preparation 
of  this  stor}%  by  John  L.  Harper,  vice  president  and 
chief  engineer  of  The  Niagara  Falls  Power  Co.,  and 
his  engineering  staff,  also  by  engineers  of  the  com- 
panies supplying  the  hydraulic  and  electrical  machinery. 
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John  Lyell  Harper 


Chief  Engineer  and  Vice  President,  The  Niagara  Falls  Power  Company 


Two  billion,  thirty-four  million  kilowatt- 
hours  output  and  ciprhty-four  per  cfnt  lo:i(l 
factor  is  llie  1!)19  record  of  the  Xiugiira  Falls 
Power  Company,  which  claims  .lohn  f.yell  Har- 
per a.s  its  chief  engineer  and  vice  president. 
He  never  bosses  his  "boys."  Yet  all  the  enKi- 
neeritig  science,  art  and  skill  that  so  freely 
abound  in  this  great  organization  pay  tribute 
to    his    kindly,    friendly    direction    and    control. 

That  Xia.icara  leads  .America  in  electrical 
output  and  load  factor  is  due  largely  to  the 
genius  of  this  man,  whose  closest  associates 
are  never  sure  whether  his  seriousness  is  face- 
tious, or  his  facetiousness  is  serious. 

During  the  war,  when  there  was  a  serious 
shortage  of  power  at  Xiagara  Falls  and  the 
War  Department  reciuested  plans  for  the  most 
economical  development  to  utilize  the  remaining 
water  available  for  diversion,  it  was  the  Hy- 
draulic Power  Company,  of  which  Mr.  Har- 
per was  chief  engineer,  that  supplied  the  plan. 
Again,   when  all  the   power  companies  on   the 


American   side  of  the   Falls   were  consolidated 

into  The  Xiagara  Kails  Power  Company,  it 
was  Jolm  1..  Harper  who  was  chosen  chief 
engineer  and  vii-e  president  of  this  great  organ- 
ization. Mr.  Harper's  plan  for  the  future  de- 
velopment of  Xiagara  Falls,  whereby  60  i>er 
cent  of  the  total  flow  of  the  river  may  be 
used  for  power  development  and  the  remaining 
40  per  cent  so  utilized  as  to  give  the  Falls 
an  esthetic  value  equal  to  or  even  greater 
than  the  present  spectacle,  has  made  this  man 
a  national  figure. 

Like  all  such  men,  he  loves  the  soil.  By 
vocation  an  engineer,  he  is  a  farmer  by  avo- 
cation. And  so  he  supports  a  fruit  farm,  bor- 
dering the  lower  Xiagara  River,  and  peopled 
by  little  Harjiers.  His  love  of  harmony  is 
nicely  exemplified  by  the  color  scheme  that  ob- 
tains on  the  farm.  Any  color  is  a  good  color, 
provided  it  is  buff!  From  sleek  Jerseys  to 
rooting  porkers,  from  Airedale  dog  to  downy 
ducklings,   buff  is  the  color. 
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riie  LiiiiiUilions  of  K(lM'irii<*v  in  a  Slram  Kiiujiiie 

Wli)  It  Is  Nccessar)  '!'<)  'riiro\\   \\Miy   Tarl  of  the  Heat  Supjilicd  to  It 

I:y  1)1  WIIT  .M.  TAYLOR 


A  IIKAT  entfine  may   be  defined   as  a   machine   for 

'\  tiaii.xformiiijr  heat  energy  into  mechanical  work. 
J,  JL.  I'ndor  thi.s  definition  the  word  heat  enjrine  in- 
cludes not  only  what  i.s  ordinarily  called  an  engine,  l)ut 
in  a  .steam  plant  it  includes  boiler,  pipinjr,  enjrine,  con- 
denser, air  pump  and  feed  pump.  All  the.se  are  parts 
of  the  apparatus  which  transmit  the  enerjiry  from  the 
furnace  to  the  entrine  or  turbine  shaft. 

The  simplest  conceivable  hfini  enKine  require-s  four 
parts:  A  .source  of  heat,  a  working  substance  that  can 
be  acted  on  by  the  heat  and  by  its  changes  produce 
work,  an  engine  proper  in  which  the  working  substance 
acts,  and  a  refrigerator  to  which  the  heat  not  u.sed  in 
producing  work  may  be  rejected. 

The  necessity  for  the  first  part  i.s  obvious — you  must 
have  a  source  of  heat  to  run  a  heat  engine.  The  neces- 
sity for  a  working  substance  may  not  be  so  obvious  at 
first  thought,  but  a  very 
little  study  will  make  it 
clear.  The  technical  defi- 
nition of  work  is  some- 
times given  as  the  action 
of  a  force  through  a  dis- 
tance. A  more  popular 
definition  is  that  work 
consists  of  moving  .some- 
thing against  a  resistance. 
Now  the  heat  in  the  fur- 
nace of  a  steam  plant,  of 
itself,  cannot  move  any- 
thing. If  it  is  transmitted 
to  the  water,  the  latter 
e.xpands  in  the  formation 
of  steam  and  will  move  the 
engine  piston  or  turbine 
blade.     In    this    case    the 

water  or  steam  is  the  working  substance.  It  might  be 
.said  that  the  heat  will  expand  the  parts  of  the  boiler 
shell  and  .so  do  some  work.  In  this  case  the  steel  is  the 
working  substance  and  does  work  en  the  setting  it  dis- 
places or  on  the  atmosphere  it  pushes  back  as  it  grows 
larger.  There  have  been  engines  built  w-hich  developed 
power  by  alternately  heating  and  cooling  a  metal  bar, 
the  movement  of  the  ends  of  the  bar  being  tran.smitted 
through  ratchets  to  a  rotating  shaft.  Of  course  such 
iui  engine  develops  very  small  amounts  of  power  owin^ 
to  the  small  changes  in  the  metal  bar,  but  it  illustrates 
the  fact  that  while  a  working  substance  is  necessary,  it 
need  not  be  a  liquid  or  a  gas.  Liquids,  vapors  and 
gases  are  generally  used,  however,  because  of  their 
convenience. 

The  need  of  an  "engine  proper"  in  which  the  working 
substance  can  act  is  also  obvious.  Its  real  function  is 
to  transmit  the  movement  of  the  working  substance  to 
the  point  where  we  want  the  forc3  to  act. 

The  necessity  for  the  fourth  part  of  the  heat  engine, 
a  refrigerator,  or  as  it  has  been  called,  a  waste  basket 
for  the  unused  heat,  is  not  so  clear.  It  is  convenient 
here  to  consider  another  requirement  of  a  heat  engine. 
This  is,  that  for  continuous  operation  the  working  sub- 
stance must  go  through  a  cycle.  It  must  pass  through 
various  changes,  but  must  be  returned  to  its  original 


Kvery  engineer  knows  thai  a  very  larjje  pr**- 
portion  «>f  th«>  heat  of  the  steam  used  in  an 
en<rin«'  or  turhine  is  thro>>n  a>«a>  in  th<-  eon- 
denser  eoolinj;  water.  Any  su<i«ieslion  that  tliis 
heat  be  tnrne«l  int»)  power  is  met  by  the  state- 
ment that  tliis  is  impossible,  that  e>en  in  a 
perf'eet  heat  engine  only  a  part  of  the  heat  eaii 
l)e  used  in  the  generation  of  power  and  that 
the  remainder  must  be  wasted.  It  is  proposed 
here  to  explain  the  reasons  for  this  statement 
and  to  show  that  it  is  true  so  that  the  non- 
lechnieal  man  may  appreciate  just  what  are 
the  limits  of  edieiencv  in  a  heat  engine. 


condition  and  continue  to  pn.ss  throufrh  the  same  chang^e 
over  and  over  again. 

As  an  examiile,  consider  a  condensing  steam-turbine 
plant.  The  feed  water  in  the  boiler  is  made  into  steam, 
passes  through  the  turl)ine,  is  conden.sed  in  the  con- 
denser and  is  pumped  back  into  the  boiler  ready  to  go 
around  the  circle  again.  A  non-condensing  plant  which 
e.xhausts  to  the  atmosphere  may  .seem  to  depart  from 
this  cycle  re(|uirement.  Consider  a  pound  of  feed  water 
entering  the  boiler  and  follow  it  through  the  plant  until 
it  is  blown  out  through  the  exhaust  head  on  the  roof. 
Now  if  the  plant  is  to  continue  to  run,  another  pound  of 
water  must  be  fed  to  the  boiler.  Suppose  the  original 
pound  of  water  came  from  a  near-by  river  and  the 
second  pound  is  taken  from  the  same  place.  The  boiler 
does  not  know  whether  it  has  a  new,  strange  pound 
of  water  or  whether  the  original  jjound  was  con- 
densed as  rain,  fell  back 
into  the  river  and  was 
drawn  into  the  suction 
pipe.  The  important  point 
to  consider  is  that  from  a 
thermal  standpoint  the 
effect  is  the  .same  whether 
we  return  the  identical 
jjound  of  water  to  the 
boiler  or  use  a  different 
pound.  Someone  may  in- 
sist that  we  can  have  no 
real  cycle  unless  the  orig- 
inal pound  of  water  is  re- 
turned to  the  boiler  and, 
further,  that  we  have  no 
assurance  that  this  origi- 
nal pound  does  get  back. 
Assume  for  the  sake  of 
argument  that  the  second  pound  is  not  identical  with 
the  first  and  that  a  third  different  pound  takes  the  place 
of  the  second,  etc.  If  we  keep  this  up  long  enough,  all 
the  water  in  the  universe  may  have  passed  through  our 
plant  and  we  will  either  have  to  stop  or  use  some  of  the 
water  a  .second  time.  This  simply  means  that  we  have 
enlarged  our  .system  until  it  includes  the  univer.se  in- 
stead of  confining  it  to  the  four  simple  parts  we  started 
with. 

Let  us  now  see  just  how  the  steam  does  work  on  the 
piston.  Fig.  1  shows  the  .section  of  an  imaginary  steam 
plant.  A  represents  a  boiler  connected  to  the  cylinder 
B  by  the  steam  pipe  C.  Assume  that  the  cylinder  has 
a  cross-section  area  of  2  sq.ft.  and  a  stroke  of  5  ft.  and 
that  the  .steam  pressure  is  1,000  lb.  per  sq.ft.  If  the 
piston  is  in  the  head  end  of  the  cylinder,  the  volume 
of  the  steam  and  water  in  the  .system  is  equal  to  the 
volume  of  the  boiler  and  steam  pipe.  Suppose  now 
that  the  piston  travels  to  the  other  end  of  the  cylinder, 
the  volume  of  the  steam  is  increased  by  the  area  of  the 
cylinder  multiplied  by  the  stroke,  or  2  X  5  =  10  cu.ft. 
If  during  this  time  the  fire  under  the  boiler  has  been 
kept  just  right,  the  pressure  will  have  remained  constant 
at  1,000  lb.  per  sq.ft.  and  the  total  force  acting  on  the 
piston  was  1,000  X  2  =  2,000  lb.  This  has  acted 
through  a  distance  of  5  ft.,  so  that  the  work  done  was 
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2,000  X  5  =  10,000  ft.-lb.  This  might  have  been 
written  all  together  as  1,000  X  2  X  5  =  10,000  ft.-lb. 
If  we  multiply  the  increase  in  volume,  10  cu.ft.,  by 
the  pressure  in  pounds  per  square  foot,  1,000,  we  get 
the  same  result.  To  express  it  in  general  terms,  the 
work  in  foot-pounds  is  the  pressure  in  pounds  per 
square  foot  multiplied  by  the  area  of  the  piston  in 
square  feet  and  the  length  of  the  stroke  in  feet.  If 
these  last  three  quantities  are  represented  by  P,  A  and 
L  respectively,  we  may  write: 

Work  ilone  ^  P  X  A  X  L 

The  product  of  A  and  L,  however,  is  equal  to  the 
increase  in  volume,  so  that  the  work  done  is  P{V,—V,) 
where  V,  is  the  volume  of  the  boiler  and  steam  pipe 
and  v..  is  the  volume  of  boiler  pipe  and  cylinder  com- 
bined. 

Now  if  we  are  willing  to  stop,  we  have  put  some 
heat  into  the  water,  the  engine  has  done  some  work  and 
the  piston  reached  the  end  of  its  stroke.  If,  however, 
we  want  to  continue  to  run  the  engine,  the  piston  must 
be  pushed  back  to  the  head  end  of  the  cylinder  and 
this  may  be  done  under  various  conditions. 

Assume  first  that  the  fire  is  kept  burning  and  the 
•piston  forced  back.  Heat  is  being  added  by  the  fire, 
and  at  the  same  time  the  volume  of  the  .steam  is  being 
decreased  .so  that  the  pressure  must  be  increased.  Under 
these  conditions  it  is  obvious  that  it  will  take  more  work 


FI(.;.   1.     IMAGINARY  STEAM  POWER  PLANT 

to  force  the  piston  back  than  was  done  by  the  steam 
on  the  piston  during  the  forward  stroke. 

Suppose,  now,  that  the  fire  is  put  out,  but  that  the 
boiler,  cylinder  and  piping  are  covered  so  that  no  heat 
is  gained  or  lost.  If  the  piston  is  now  forced  back,  it 
is  obvious  that  the  pressure  must  rise,  owing  to  the 
decrease  in  volume,  although  not  so  much  as  in  the  pre- 
vious case.  Under  these  conditions  also  the  return 
stroke  absorbs  more  work  than  the  forward  stroke 
produced. 

It  is  obvious,  then,  that  if  the  return  stroke  is  to 
require  less  work  than  the  foi-ward  stroke  furnished, 
some  heat  must  be  taken  out  of  the  steam,  or  as  it  is 
usually  expressed,   some  heat  must  be   rejected.     The 


rejection  of  heat  necessarily  implies  some  body  to 
receive  the  heat,  and  it  is  this  body  which  is  referred 
to  as  the  refrigerator  in  thermodynamic  discussions. 

In  the  actual  steam  engine  steam  is  not  admitted  dur- 
ing the  full  stroke  as  in  the  imaginary  engine  just  de- 
.scribed.  During  admission  the  pressure  remains  prac- 
tically con.stant  and  the  steam  in  boiler  and  engine 
cylinder  expands  as  in  the  case  already  de.scribed.   After 
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FIG.    2.      PRESSURE-VOLUME    DIAURAM    SHOWING    STEAM 
CHANGES  DURING  A  WORKING  CYCLE 


cutofl"  the  steam  in  the  boiler  can  no  longer  expand 
and  as  heat  continues  to  be  supplied,  the  pressure  rises. 
The  time  until  the  engine  valve  opens  for  the  next 
stroke,  however,  is  so  short  and  the  amount  of  water 
in  the  boiler  so  large  that  the  increase  in  pressure  is 
in  most  cases  unnoticeable. 

Meanwhile,  the  steam  in  the  cylinder  is  increasing-  in 
volume  and  decreasing  in  pressure.  The  work  done 
during  this  part  of  the  stroke  may  be  computed  by 
assuming  a  number  of  constant  pressure  changes  at 
intervals.  Referring  to  Fig.  2,  the  line  AB  will  repre- 
sent the  changes  during  admission  and  the  curve  BC 
the  expansion.  The  work  done  may  be  approximately 
found  by  considering  the  broken  line  B,1,2,3,U,5,6,7,8,9.C 
instead  of  the  curve,  and  the  greater  the  number  of 
steps  taken  the  greater  will  be  the  accuracy.  The  work 
done  on  any  "step"  is  of  course  the  pressure  multiplied 
by  the  change  in  volume  for  that  "step,"  and  the  sum  of 
all  these  products  is  the  total  work. 

This  steam  must  be  put  back  into  the  boiler  if  the 
engine  is  to  continue  in  operation,  and  the  amount  of 
work  required  to  put  it  there  depends  on  the  conditions 
under  which  the  pumping  takes  place.  If  we  leave  it  in 
the  engine  cylinder  and  force  the  piston  back  without 
cooling  the  steam,  the  relations  between  pressure  and 
volume  will  be  the  same  as  during  expansion  and  we 
have  to  put  back  all  the  work  we  got  out  of  the  steam. 
Suppose,  now,  that  the  steam  is  left  in  the  cylinder,  but 
that  it  is  cooled  by  some  means  so  that,  as  the  piston 
moves  back,  the  pressure  remains  constant  at  the  pres- 
sure existing  at  the  end  of  expansion.  This  process  is 
represented  by  the  line  CD  in  Fig.  2,  and  the  work  done 
is  equal  to  the  pressure  multiplied  by  the  change  in  vol- 
ume between  C  and  D.  This  of  course  will  be  much  less 
than  the  work  done  when  passing  from  A  to  ^  and 
then  to  C.  If  all  the  steam  has  been  condensed  at  D, 
the  volume  at  that  point  represents  that  of  the  water, 
which  of  course,  is  very  small  as  compared  to  that  of  the 
steam.  To  get  the  water  back  to  the  condition  at  A,  the 
volume  will  decrease  very  little  as  the  pressure  rises  to 
A  and  the  curve  DA  represents  this  change. 

The  same  thermal  effect  may  be  obtained  by  con- 
densing the  steam  in  a  condenser  outside  the  cylinder. 
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The  idea  of  comlenainK  the  .stejun  inside  thf  cylinder 
was  ii.sed  in  the  first  onRinea  and  was  not  abandoned 
until  Watt  showed  that  a  .separate  condenser  was  pos- 
sible and  an  improvement. 

A  similar  stiiily  of  any  other  form  of  heat  en(fine — 
a  >tas  engine,  an  oil  enjrine  or  a  hot-air  en>rine,  for 
example— will  show  that  in  all  cases  the  working,'  sub- 
stance must  pa.ss  through  a  cycle  or  a  continuous  round 
of  operations.  This  study  will  also  show  that  it  is  neces- 
sary to  throw  away  some  of  the  heat  supplied  by  the 
fuel.  The  first  problem  of  enjrine  design,  then,  is  to 
^eltK-t  a  cycle  which  will  result  in  wastinj?  the  minimum 
amount  of  heat.  In  the  year  1824  a  French  enKi'iuer 
named  Sadi  Carnot  devised  a  cycle  which  is  still  known 
as  the  Carnot  cycle. 

Carnot   showed   that   if  an  engine  could   be  built  to 

work  on  this  cycle,  the  proportion  of  the  heat  that  must 

be  wasted  would  depend  only  on  the  temperature  of  the 

.source  of  heat  and  the  temperature  of  the  refrigerator. 

He  further  showed  that  for  any  given  values  of  these 

two  temperatures,  no  engine  could  operate  at  a  greater 

efficiency  than  one  working  on  the  Carnot  cycle.     If  we 

let  7',  be  the  absolute  temperature  of  the  source  of  heat 

and    T.   the   absolute   temperature   of   the    refrigerator 

(absolute    temperature    is    the   temperature    read    on    a 

Fahrenheit  thermometer  plus  460),  then  the  efficiency 

T  —  T 
of  an  engine  operating  on  this  cycle  will  be     '  ',  or 


as  it  is  sometimes  written,  1 


7:. 


No  engine  can  ever  be  built  to  equal  this  efficiency 
becau.se  of  the  limitations  of  the  properties  of  ma- 
terials, etc.  The  Carnot  efficiency  does,  however,  set  a 
standard  toward  which  we  can  work  and  to  which  we 
can  compare  all  engines.  It  also  indicates  the  limit 
beyond  which  it  is  impossible  to  go  under  any  given 
.><et  of  temperature  conditions. 

Air-Separating  Process 

Natural  water  as  it  is  fed  to  boilers  contains  three 
classes  of  impurities — dissolved  gases,  dissolved  solids 
and  suspended  matter.  The  purpose  of  this  air-separa- 
tion process  is  to  remove  the  dissolved  gase;^,  but  it 
also  removes  one  class  of  the  dissolved  solids  as  well. 
Fundamentally,  the  process  consists  of  heating  the  water 
to  its  approximate  boiling  point  and  then  injecting  it 
into  a  chamber  under  vacuum.  The  vacuum  is  main- 
tained by  an  air  pump  with  a  condenser  or  heat  ex- 
changer in  series,  so  that  all  the  heat  from  the  vapor 
e.xhausted  from  the  region  of  vacuum  is  returned  to  the 
feed-water  heater  through  the  heat  exchanger.  The 
process  operates  at  100  per  cent  efficiency  thermally, 
but  thermodynamically  the  energy  loss  due  to  pumping 
from  the  region  of  vacuum  slightly  low-ers  the  over-all 
efficiency. 

Referring  to  the  illustration,  which  is  a  diagrammatic 
layout  of  the  system,  which  is  manufactured  by  the 
Elliott  Co.,  Pittsburgh,  Pa.,  the  sequence  of  the  process 
is  as  follows:  Water  enters  from  the  supply  mains  and 
passes  through  one  side  of  the  circulating  system  of  the 
heat  exchanger,  from  which  it  passes,  still  under  supply 
pressure,  to  the  inlet  valve  of  the  heater  and  is 
admitted  to  the  heater  under  the  control  of  a  water- 
level  float  valve.  Having  been  heated  to  the  operating 
temperature  of  the  heater,  it  passes  under  gravity  head 
to  a  float-control   valve  of  the   separator.     In   proper 


time-  it  pas.soH  into  the  separator,  gives  up  its  dissolved 
air,  and  the  major  part  of  the  water  passes  through  the 
separator  to  the  pumps  that  supply  the  boilers.  A 
small  portion  of  it,  however,  is  evaporated  under  vacuum 
conditions  ol  the  separator  and  is  withdrawn  mixed  with 
air  from  the  water  by  the  air  ejector  producing  the 
vacuum. 

The  mixture  of  air,  vapor  and  ejector  steam  passes 
to  the  other  side  of  the  circulating  system  of  the  heat 
exchanger;  the  heat  of  the  mixture  is  aljsorbed  by  the 
flow  of  the  incoming  supply  water;  the  air  escapes 
through  the  vent,  and  the  condensate  reljurns  by  gravity 
to  the  heater.  The  proce.ss  has,  therefore,  lost  no  heat 
and  no  water,  and  only  the  air  has  escaped.  This  per- 
fect head  balance  and  the  practically  complete  elimina- 
tion of  the  air  are  the  characteristics  of  the  process. 
No  heat  as  such  is  wasted,  although  some  energy  is 
c(>nsumed  in  pumping  out  the  air  and  in  overcoming  the 
additional  suction  head  on  the  boiler-feed  pumps. 

Irrespective  of  the  arrangement  of  the  auxiliary 
apparatus  such   as   ejectors,   heat   exchanges,   etc,   the 
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separating  process  may  be  applied  to  several  conditions 
that  are  in  line  with  rational  practice.  The  separator 
may  draw  water  from  a  heater  and  deliver  the  proc- 
essed water  to  boiler-feed  pumps  for  direct  feeding  to 
boilers.  The  separator  may  draw  its  hot  water  from 
a  heater  and  deliver  it  through  feed  pumps  to  an 
economizer,  or  the  separator  may  draw  hot  water  from ' 
one  section  of  an  economizer  and  deliver  it  to  anotherj 
section. 

The  separation  process  removes  nitrogen,  hydrogen,] 
oxygen  and  free  carbon  dioxide  from  the  water.  The 
first  two  of  these  are  relatively  inert,  but  the  second 
two,  oxygen  and  free  or  half-bound  carbon  dioxide,  are 
responsible  for  the  internal  corrosion,  which  can  be 
safely  avoided  by  keeping  the  temperature  of  the  water 
above  the  dew  point  of  the  flue  gases.  Under  these  con- 
ditions, the  dew  point  being  about  130  deg.  F.,  there  willl 
be  no  condensation  of  acids  from  the  gases  and  thereJ 
will  be  no  internal  or  e.xternal  corrosion  and  no  heatj 
loss  or  operating  charges. 
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Maintenance  and  Operation  of 
Government  Fuel  Yard 


THE  responsibility  for  the  purchase  and  distribu- 
tion of  fuel  to  Federal  and  municipal  plants  in 
the  District  of  Columbia  and  surrounding  terri- 
tory, with  the  exception  of  the  Navy  Yard,  has  been 
vested  in  a  Government  fuel  yard,  provision  for  the 
establishment  of  which  was  made  in  the  Sundry  Civil 
Bill  for  the  fiscal  year  1918. 

This  yard  is  operated  to  insure  the  centralization  of 
the  purchase  and  distribution  of  Government  fuel. 
Purchases  are  made  at  the  mines.  The  object  of  the 
Government-operated  yard  is  twofold — namely,  to  avoid 
the  repetition  of  a  coal  shortage  such  as  was  experi- 
enced   during   the    winter   of    1917-18   and   to    provide 


handling  equipment  which  provided  for  the  unloading 
of  incoming  coal  independently  of  delivery  operations 
and,  conversely,  for  delivery  operations  to  be  equally 
independent  of  the  labor  force  engaged   in  unloading. 

A  conveyor  system  of  handling  was  installed.  Coal 
arriving  on  the  main  line  of  the  railroad  is  switched 
to  one  of  two  spurs.  Each  spur  has  a  capacity  of  16 
cars,  8  in  the  unloading  space  and  8  in  the  space  for 
empties,  beyond  the  hoppers.  As  the  spur  track  has 
a  down  grade  of  1]  per  cent  away  from  the  main 
line,  the  cars  are  easily  moved. 

The  coal  de.scends  through  the  hopper  upon  the  con- 
veyor running  beneath  it,  which  has  a  capacity  of  250 
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facilities  for  taking  coal  into  storage  in  the  summer 
months  as  a  protection  to  plants  having  but  little  stor- 
age space  available. 

The  installation  of  a  permanent  yard  was  started  in 
the  winter  of  1918-19,  but  was  not  completed  until  the 
present  fi.scal  year.  In  the  study  of  different  types  of 
equipment  consideration  was  given  to  the  difference  in 
summer  and  winter  requirements  as  affecting  the 
demands  of  motor  equipment  and  labor,  and  to  meet 
the  situation  an  effort  was  made  to  so  design  the  yard 
that  the  trucks  could  be  loaded  in  a  minimum  length 
of  time  as  well  as  with  a  minimum  amount  of  labor. 
Consideration    was     given    only     to     types     of    coal- 


tons  per  hour.  In  passing  over  the  conveyor,  it  is 
automatically  weighed  by  an  electric  conveyor  scale 
after  which  it  is  delivered  by  the  conveyors  either 
direct  to  the  loading  bins  or  else  to  the  storage  spaces. 

Contracts  were  given  out  for  storage.  The  award 
was  made  on  the  basis  of  69c.  per  ton  for  coal  and 
$1.50  per  cord  for  wood.  The  amount  expended  for 
this  type  of  labor  under  the  contract  was  $27,813.54. 
Believing  that  this  cost  was  excessive,  steps  were  taken 
to  have  the  fuel  yard's  organization  handle  this  phase 
of  the  work,  with  the  result  that  a  saving  of  $9,000 
over  the  previous  year  was  effected. 

During  the  year  266,942.39  tons  of  coal,  689  cords 
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of  wood.  1.122.2  huHhelH  of  ihartoal  and  22.9  toi\.s  of 
coke  wt'n«  handled.  Ail  but  73.46:1.58  tons  was  delivered 
by  truck  at  an  average  handlinK  lo.st  of  $1.1  MK  per  ton. 
In  this  lost  is  embraced  the  expen.se  of  rehandlinjf, 
incident  to  the  reclaiming  from  storage  of  17,502.152 
tons.  The  total  cost  of  this  fuel  to  the  departments 
was  $l.!t()4.071.41.  The  basic  cost  to  the  fuel  yard  was 
$1,074,147.14,  leaving  a  margin  of  gross  profit  of  $229.- 
924. :?7    for  the  total   cost  of  operation. 

The  average  cost  per  ton  lor  the  yard  was  20.0c.; 
for  the  garage.  05c.;  for  overhead,  9.4c.;  and  for 
household  improvements  and  depreciation  of  eciuipment 
other  than  motor  equipment,  15.8  cents. 

The  expense  of  the  yard  and  garage  operations  for 
nine  months  (October  I  to  June  30)  was  as  follows: 
Stacker  and  conveyor,  $4,001.75;  unloading  car."?  (3.009), 
$6,409.05;  reclaiming  coal,  .$3,300.75;  loading  and  weigh- 
ing trucks,  $2,096.15;  overhead,  $19,7?,0.29.  I'he  over- 
head embraces  such  charges  as  rental  ($9,250  per 
annum),  power  and  light  current  ($3,243)  and  salaries 
of  supei'vising  employers  and  watchmen. 

Spontaneous  Combustion  of  Coal  in 
^'Silo"  Bunkers 

In  the  April  G,  1920,  issue  of  Power  was  pubii.shed 
an  article  dealing  with  the  completed  improvements  of 
the  coal-handling  facilities  at  the  Cos  Cob  plant  of 
the  New  York,  New  Haven  &  Hartford  R.R.  The  com- 
pleted part  of  the  system  consisted  of  two  cylindrical 
concrete  storage  bunkers  (silo  type)  40  ft.  in  diameter 


FIG   1.    roAi-    sri.os    at   cos   cob 

and  46  ft.  high,  each  having  a  capacity  of  about  1,000 
tons  of  coal. 

Since  these  bunkers  were  put  in  use,  trouble  has 
developed  from  spontaneous  combustion.  This  has 
given  rise  to  considerable  apprehension  because  of  the 
possibility  of  the  gases  rising  from  the  coal  becoming 
ignited  and  causing  an  exjjlosion  that  might  wreck  the 
bunkers. 


Spontaneous  combustion  with  Pennsylvania  run-of- 
mine  was  caused  by  masseH  of  coal  becoming  packed 
around  the  bottom  edge  and  between  the  outlets  in  the 
bottoms  of  the  bunkers.  When  fresh  coal  was  delivered 
to  the  bunkers,  this  .solid  mass  remained  in  a  packed  con- 
dition and  therefore  did  not  move  out  to  be  replaced 
by  the  newly  received  coal. 

It  is  understood  that  the  str)rage  bunkers  were 
originally  constructed   with   (lal   bottoms.     In  order  to 
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facilitate  the  outflow  of  coal,  sloping  concrete  deflectors 
extending  from  the  outside  wall  toward  the  outlet  gates 
were  put  in  each,  also  an  inverted  V-shaped  deflector 
running  across  the  bottom  of  each  bunker  between  the 
six  outlets  (see  Fig.  2).  All  these  deflectors  have  a 
slope  of  45  degrees. 

Even  with  this  bottom  construction  the  trouble  from 
packing  coal  has  not  been  entirely  removed,  and  it  is 
proposed,  if  it  becomes  necessary,  to  replace  the.se  con- 
crete deflectors  with  iron  ones  set  at  an  angle  of  60  deg. 
In  order  to  remove  the  packed  coal  from  the  center 
deflector,  an  18  x  18-in.  poke  hole  has  been  cut  in  the 
side  of  the  bunker  about  20  ft.  from  the  bottom.  This 
is  to  permit  of  loosening  the  coal  with  a  bar  from  a 
platform  on  the  outside. 

In  case  of  the  coal  catching  fire,  there  is  the  danger 
of  an  explosion  of  the  confined  gases.  The  method 
adopted  to  clear  the  bunkers  of  these  gases  consists  of 
a  series  of  ventilating  openings,  each  18  by  36  in.,  cut 
at  intervals  around  the  top  of  the  bunkers,  so  that  no 
matter  in  what  direction  the  wind  may  blow  there  will 
be  a  current  of  air  flowing  across  the  top  of  the  coal 
and  out  through  the  opposite  vent  hole.  It  is  thought 
that  this  will  remove  sufficient  gases  to  prevent  an 
explosion  and  to  permit  of  men  getting  into  the  bunkers 
when  necessary. 
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^•^Y^-Box  Resistors  and  Their  Uses 


By  H.  C.  YEATON 


If  it  should  be  required  to  reduce  the  voltage  of 
a  three-phase  three-wire  circuit  when  transformers  are 
not  available,  a  "Y"-box  resistor  may  be  used  to  ad- 
vantage in  many  cases.  Fig.  1  shows  a  "Y"-box  resistor 
connected    to    a    three-phase    three-wire    circuit.      The 
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FIG.   1.      "Y"   RESI.STOR   CON- 
NECTED ON  A  THREE- 
PHASE    CIRCUIT 


FIG.   2.     THREE  LAMPS   CON- 
NECTED TO  FORM  "Y" 
RESISTOR 


voltage  across  each  of  the  lines  AB,  BC  and  CA  is 
220  volts.  A  line  is  brought  out  from  the  neutral 
point  N  of  the  "Y"-box  resistor,  the  voltage  being 
reduced  in  the  ratio  of  1.73:1  or  to  220  -^-  1.73  =  127.2 
volts  between  A,N,  B,N,  and  C,N.  A,N,  B,N,  and 
C,N  have  the  .same  phase  relations,  respectively,  as  the 
legs  in  the  main  circuit  AO,  BO  and  CO.  The  amount 
of  resistance  in  each  leg  of  the  "Y"- 
box  resistor  should  be  equal  and 
should  be  designed  so  as  to  with- 
stand, without  overheating,  any  load 
to  which  it  might  be  subjected.  An 
experiment  indicated  in  Fig.  2  might 
readily  be  performed  to  make  the 
subject  more  clear.  Take  three  ordi- 
nary lamps,  rated  at  approximately 
120  volts,  and  connect  a  terminal  of 
each  at  a  common  point  0.  From 
the  other  terminal  of  each  lamp  con- 
nect a  lead  to  each  line  of  a  220-volt 
three-phase  three-wire  circuit.  When 
connected  in  this  manner,  each  lamp 
will  have  127.2  volts  impressed  upon 
it,  and  all  three  lamps  will  burn  at 
full  brilliancy.  Now  disconnect  one 
lamp  lead  from  one  line,  and  it  is  ob- 
vious that  the  remaining  two  lamps 
will  be  connected  in  series  across  220 
volts  and  the  brilliancy  of  the  two 
lamps  will  diminish.  A  "Y"-box 
resi.stor  is  u.sed  quite  frequently  with  a  single-pha.se 
indicating  wattmeter  when  it  is  required  to  measure 
the  power  of  a  balanced  three-phase,  three-wire  circuit 
as  shown  in  Fig.  3.  There  are  two  resistance  legs  in 
the  "Y"-box  resistor,  and  the  resistance  of  the  potential 
circuit  in  the  wattmeter  forms  the  third  leg  of  the 
"Y",    The    resistance    in    each    leg    of    the    "Y"-box 


The  particular  object  of  the  "Y"-box,  when  used  in 
connection  with  a  single-phase  wattmeter  to  measure 
the  power  of  a  balanced  three-phase  three-wire  circuit, 
is  to  obtain  the  same  phase  relation  between  both 
the  current  and  potential  circuits  in  the  wattmeter, 
as  that  of  the  phase  in  which  the  power  is  measured. 
In  Fig.  3  the  potential  circuit  from  0,  through  the 
wattmeter  has  the  same  phase  relation  with  the  current 
circuit  C"  as  the  voltage  and  current  of  circuit  OC.  It 
is  obvious  that  the  wattmeter  measures  the  current  in 
the  leg  OC,  and  is  connected  across  a  voltage  on  the 
"Y"-box,  which  is  the  equivalent  to  the  voltage  across 
OC.  This  therefore  measures  the  power  in  the  C  phase 
of  the  circuit,  and  as  there  are  three  phases,  the  scale 
reading  on  the  single-phase  wattmeter  should  be  multi- 
plied by  3  to  obtain  the  total  power  of  the  circuit. 

Frequently,  it  is  desired  to  use  a  single-phase  watt- 
meter to  measure  the  power  of  a  balanced  three-phase 
three-wire  system,  when  the  voltage  of  the  circuit  is 
in  excess  of  the  voltage  rating  of  the  wattmeter.  This 
can  be  accomplished  by  means  of  a  "Y"-box  multiplier, 
as  shown  in  Fig.  4.  Assume  that  a  2  :  1  multiplier 
is  required  to  adapt  the  single-phase  wattmeter  to 
measure  the  power  of  a  circuit  of  which  the  line  volt- 
age is  twice  that  of  the  meter.  The  resistance  in 
the  "Y"-box  multiplier  from  0,  to  X  should  be  equal 
to  the  resistance  of  the  wattmeter  potential  circuit, 
and  the  resistance  in  each  leg  of  the  "Y"-box  multi- 
plier from  0,  to  A,  and  from  0,  to  B,  should  be  equal 
to  two  times  the  resistance  of  the  circuit  0,X.  To 
obtain  the  correct  power  in  the  three-phase  three-wire 
circuit,  the  single-phase  wattmeter  readings  should  be 
multiplied  by  3,  the  same  as  described  in  Fig.  3,  and 


FIG.   3.      SINGLE-PHASE  WATTMETER 

CONNECTED  THROUGH   "Y" 

RESI.STOR 


FIG.   4.     SINGLE-PH.\SE  WATTMETER 

CONNECTED    THROUGH     "Y"-BOX 

MULTIPLIER 


also  by  2,  since  the  multiplier  has  a  ratio  of  2  :  1. 
"Y"-box  multipliers,  for  other  capacities,  for  use  with 
a  single-phase  wattmeter  to  measure  the  power  of  a 
three-pha.se  three-wire  circuit  can  be  calculated  in  the 
same  way  as  described.  Like  all  electrical  resistances, 
"Y"-box  multipliers  should  be  so  selected  or  designed 


as  to  withstand  the  watt  load  to  w^hich  they  will  be  sub- 
I  is  the  same  as  that  of  the  wattmeter's  potential  circuit,     jected,  without  overheating. 
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riie   AhM>i*|>lioii   Machine 

Hy  H.  J.  MACINTIRE 

riMf,.HM..r  i>r  M.<li.iMl.;il   I'Timlnf.rlni:    I'liiviTMlly  ..f  Miiho 


SO  FAR  in  this  study  course  little  has  been  said 
of  the  absorption  refrifreratinj?  system,  the  type 
of  niHchine  that  is  least  understood  in  refriirerat- 
iiifT  circles.  However,  this  machine  is  important,  is 
adapted  to  certain  kinds  of  work  and  will  continue  to 
be  sold  and  used  for  many  years.  It  has,  however, 
its  particular  .sphere,  and  the  future  will  .see  it  more 
particularly  confined  to  these  limitations.  For  example, 
it  cannot  be  operated  with  success  without  steam.  Rut 
the  hiph  steam-pressure  ab.sorption  machine  is  seldom 
use<l  now,  because  as  a  rule  the  same  result  may  be 
obtained  much  more  economically  by  use  of  low-pressure 
lexhau.st)  steam  or  by  the  u.se  of  a  steam-driven  com- 
pressor. 

Using  exhaust  steam  in  the  ab.sorption  machine,  a  ton 
of  refrigeration  may  be  obtained  for  about  .30-35  lb. 
of  steam,  or  about  the  rate  required  in  certain  types  of 
steam-driven  compressors.  In  other  words,  vve  can 
practically  double  the  tonnage,  using  the  same  steam, 
by  the  addition  of  the  absorption  machine.  Is  this  a 
ca.se  of  "getting  something  for  nothing"?  The  answer 
is,  no.  We  simply  employ .  another  machine,  more 
investment  and  much  more  engine-room  space  to  the 
purpose  of  securing  greater  economy.*  But  are  there 
any  other  advantages  besides  the  use  of  exhaust  steam 
(like  exhaust-steam  heating)  for  the  production  of 
refrigeration? 

Yes,  the  one  other  great  advantage  of  the  ab.sorption 
machine  lies  in  its  ability  to  secure  a  low  temperature 
with  slight  increase  of  expenditure  of  power.  As  has 
been  pointed  out  a  number  of  times  in  this  study 
course,  the  compressor  gives  the  maximum  economy 
w-ith  the  highest  po.ssible  suction  pressure.  This  is 
because  the  tonnage  varies  directly  as  the  number  of 
pounds  of  ammonia  condensed  and  later  evaporated  in 
the  expansion  coils.  But  this  number  of  pounds  varies 
with  the  so-called  specific  volume  of  saturated  ammonia, 
which  in  turn  varies  indirectly  as  the  absolute  pressure. 
At  low  pressure  this  .specific  volume  (the  volume  in 
cubic  feet  occupied  by  one  pound)  is  so  great  that  the 
standard  compressor  is  frequently  expressed  as  being 
only  "fanning  a  vacuum."  The  standard  compres.sor  is 
unsuited  for  such  service,  as  it  has  greatly  reduced 
capacity  and  tends  to  overheat  the  ammonia  on  dis- 
charge. As  has  been  considered  already,  for  low  tem- 
peratures use  should  be  made  of  compound  compression 
and  not  of  the  standard  form  of  compressor.  But  how 
about  the  absorption  machine?  How  does  it  work  to 
secure  economy  at  low  refrigeration  temperatures? 

The  Absorption  Machine  in  Action     . 

The  absorption  machine  is  not  a  displacement  pump 
in  the  sense  of  the  compressor.  The  gas  is  carried 
over  from  the  low-pressure  side  to  the  high-pressure 
side  in  the  form  of  a  solution  at  much  reduced  volume. 
For  example,  5,  10  or  15  lb.  of  solution  will  carry  with 
it  a  pound  of  anhydrous  ammonia.    This  aqua  (solution 


•"The   Refrigeration    Study    Course"    article    in    the    August    24 
issue  should  have  been   numbered  XIV  instead   of  XVI. — Editor. 


of  water  and  ammonia)  occupies  i'.'  to  1  cu.ft.  of  .space 
per  pound  of  ammonia  delivered  irre.spective  of  the 
pre.ssure  on  the  low  side,  which  might  be  (for  the  one 
pound)  15,  20  or  even  more  cubic  feet.  This  peculiar- 
ity of  forming  a  .solution  (weak  aqua)  is  not  ab.so- 
lutely  liquefaction.  It  is  simply  a  fact  that  water  has 
the  ability  to  dissolve  a  large  amount  of  ammonia,  say 
.500  to  1,000  volumes. 

The  result  of  the  cycle  of  operations  is  that  the 
ammonia  may  be  boiled  at  any  temperature,  practically, 
and  the  gas  formed  will  be  conveyed  to  a  so-called 
ab.sorber.  In  the  absorber  the  gas  enters  solution  and 
the  aqua  formed  in  the  proce.ss  is  pumped  back  into 
the  "still"  again,  which  is  arranged  for  suitable  heat- 
ing by  means  of  exhaust-steam  piping  (see  Fig.  1). 
The  exhaust  steam  heats  the  aqua  (so-called  strong 
aqua)  in  the  .still  or  generator  and  drives  off  a  vapor 
mixture  of  steam  and  ammonia,  the  steam  being  almost 
entirely  separated  from  the  ammonia  before  condensa- 
tion occurs  in  the  ordinary  type  of  ammonia  condenser. 
This  action  is  similar  to  that  taking  place  with  ordinary 
distilled  water,  oil  refineries  and  in  other  industries. 
The  idea  is  simply  that  a  certain  concentration  of  aqua 
— when  heat  is  applied — will  boil  ammonia  gas,  and  the 
boiling  pressure  is  the  vapor  pressure  in  the  condenser. 
Al.so,  that  boiling  will  continue  until  a  certain  con- 
centration is  obtained  of  solution  in  the  still,  unless  the 
temperature  of  the  aqua  in  the  still  is  increased,  in 
which  event  boiling  will  continue.  As  the  temperature 
of  the  still  is  held  constant,  then  to  have  continuity 
of  boiling  it  is  necessary  to  keep  up  a  steady  addi- 
tion of  strong  aqua  and  allow  the  weak  aqua  (the  strong 
aqua  after  boiling  away  the  ammonia  gas)  to  pass  out 
of  the   still    (al.so  called   a   generator). 

The  Weak  Aqua  Absorbs  the  Gaseous  Ammonia 

Tne  weak  aqua  from  the  still  is  made  to  go  into  the 
absorber,  where  it  meets  the  gas  produced  by  the  action 
of  boiling  in  the  refrigerating  coils  (see  Fig.  2).  The 
gas  comes  into  the  absorber  and  is  thorpughly  mixed 
with  the  liquid  weak  aqua  in  a  manner  similar  to  the 
steam-jet  condenser;  that  is,  the  gas  is  apparently  con- 
densed and  carried  away.  There  is,  however,  no  real 
analogy  between  the  absorber  and  other  steam-power- 
plant  equipment.  The  weak  aqua  does  actuallj'  con- 
dense the  gaseous  ammonia  and  then  absorbs  it,  forming 
thereby  a  stronger  solution  or  concentration.  This 
strong  solution  is  called  the  strong  aqua,  and  it  leaves 
the  absorber  at  a  low  pressure  (the  pressure  in  the 
refrigerating  coils),  a  low  temperature,  but  a  strong 
concentration.  It  is  the  difference  in  the  concentrations 
of  the  weak  and  strong  aqua  which  materially  affects 
the  economy  of  the  ab.sorption  refrigerating  machine. 

In  a  heating  plant  it  is  usual  to  see  the  boiler  and 
steam  distributing  systems,  the  condensate  return  and 
the  hotwell  or  tank,  but  there  is  always  a  boiler-feed 
pump  to  return  the  condensate  from  the  hotwell  to  the 
boiler  again.  This  is  becau.se  the  condensate  line  is  at 
or  near  atmospheric  pressure  and  the  condensed  steam 
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and  niakiMip  iiiimot  of  itsi'lT  ri'luin  ti>  tlu-  lioilcr.  Tin- 
same  is  tnii'  of  the  strouR  a(iua  of  the  absorption  sys- 
tem, which  is  siil>.jert  to  the  pressure  of  (he  low  side 
and  naturally  i-amiot  return  to  the  still  without  assist- 
ance. This  end  is  achieved  by  means  of  a  stronjf-aciua 
pump.  desiKn*'<l  opivially  to  liatullc  a  li(|uiil  which  is 
readily  volatile. 

The  stronK-a(|ua  j)ump  returns  the  strong  aqua  to 
the  top  of  the  still,  but  in  between  the  pump  and  the 
still  is  the  .so-called  exchanger.  The  exchaiiRer  is 
usually  a  double-pipe  api)aratus  desiitned  to  improve 
the  economy  of  the  plant.  If  one  examines  into  the 
ca.sc.  it  is  seen  that  the  weak  acjua  leaves  the  still  in 
a  very  hot  condition.  The  strong  a(iua  leaves  the 
absorber  in  a  relatively  very  cool  condition.  The 
exchanger  is  simply  a  counterllow  set  of  piping 
arranged  to  cool  the  weak  and  heat  the  strong  acjua. 
The  strong  aqua  returns  to  the  still  with  a  tempera- 
ture not  much  below  that  of  the  aqua  in  the  still. 
Incidentally,  the  weak  aqua  has  to  be  cool  (like  steam 
condensing  water)  to  enable  it  to  absorb  more  gas.  The 
exchanger  also  aids  in  providing  better  economy  by 
requiring  less  cooling  water  to  be  supplied  to  the 
absorber. 

The  only  other,  special  piece  of  apparatus  in  the 
absorption  system  is  the  device  placed  between  the  still 
and   the   condenser.     This    is   a   water-cooled    rectifier. 
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or  dehydrator,  used  to  remove  the  greater  part  of  the 
steam  in  the  gas  from  the  still.  It  seems  that  during 
operation  the  gas  leaving  the  still  is  superheated  in 
the  same  manner  as  the  discharge  gas  of  the  compres- 
sion machine.  It  contains  also  some  10  to  20  per  cent 
steam.  To  separate  the  steam  from  the  ammonia,  it  is 
usual  to  pass  the  mixture  through  a  system  of  piping 
which  is  water-cooled  and  to  cool  the  gas  to  a  point 
some  15  to  20  deg.  above  the  point  of  saturation  (the 
temperature    corresponding   to    that   of   the   condenser 


pre«8ure).  During  thr  cooling  process  most  of  Ihc 
Mteam  is  condensed  and  returns  as  a  Htrong  atiua  to 
the  still  again  by  gravity   (see  Fig.  3). 

It  is  therefore  .seen  that  the  ab.sorption  refrigerating 
system  is  more  like  a  steam-heating  plant  ('X(ci)t  for 
the  addition  of  certain  special  pieces  of  api)aratus.  The 
plant  has  a  single  moving  machine,  namely,  the  slrong- 
a(|ua  pump  (provided  the  cooling  and  condensing  water 
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does  not  require  pumping).  The  plant  is  al.^o  like  a 
di.stilling  .system  and,  when  understood,  will  give  satis- 
faction. However,  the  amount  of  useful  refrigeration 
performed  is  directly  proportional  to  the  difference  in 
the  concentrations  of  the  weak  and  strong  aqua.  Al.so, 
the  amount  of  liquid  ammonia  condensed  in  the  con- 
denser is  directly  influenced  by  the  concentration, 
steam  pressure  and  ammonia  pressure  in  the  still.  It 
may  be  necessary  to  increase  the  concentration  or  the 
-steam  pressure  (or  reduce  the  condenser  pressure)  to 
get  proper  results,  but  when  properly  installed  and 
maintained,  the  absorption  machine  gives  excellent 
results.  The  machine  is  bulky,  expensive  in  first  cost 
and  requires  more  water  for  cooling  purposes.  The 
absorption  machine  requires  cooling  water  on  the  con- 
denser, the  absorber,  the  weak-aqua  cooler  and  the 
rectifier.  Whereas  at  times  it  is  possible  to  use  the 
cooling  water  successively  in  a  number  of  these  portions 
of  the  machine,  yet  sometimes  two  or  more  times  as 
much  water  is  required  as  for  a  compression  plant  of 
similar  size  where  cooling  water  is  required  on  the 
conden.ser  and  the  compressor  jackets  only. 

The  particular  advantages  in  the  use  of  the  absorp- 
tion machine  lie  in  the  relative  ease  in  securing  low 
temperatures  and  in  the  ready  use  of  exhaust  .steam 
after  u.se  for  power  purposes.  Where  high-pressure 
steam  has  already  been  used  and  is  available  as  exhaust 
steam  in  sufficient  quantities  at  nominal  book  value  (or 
as  a  waste  product)  the  ab.sorption  machine  is  readily 
applicable.  The  economy  of  operation  must,  however, 
overbalance  the  increased  first  cost,  additional  engine- 
room  space  and  the  occasional  difficulty  in  securing 
efficient  operating  engineers. 

It  is  natural  to  expect  the  ab.sorption  machine  to  be 
found  in  combination  plants  of  all  sorts,  where,  instead 
of  running  the  steam  engine  condensing,  the  exhaust 
is  sent  through  the  coils  of  the  generator.  In  general 
it  does  not  pay  to  operate  small  steam  engines  con- 
densing, and  no  single-acting  steam  engine  of  standard 
make  should  be  so  operated  except  as  a  means  of  secur- 
ing condensed  steam.  The  reason  for  this  is  because 
the  so-called  cylinder  condensation  becomes  excessive 
where  the  range  of  temperature  in  the  cylinder  is  large. 
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Therefore  compounding  should  be  employed  when  a  con- 
denser is  used.  And,  therefore,  engines  of  about  100 
hp.  and  under  should  be  simple  engines  and  should 
not  be  run  at  a  vacuum — here  the  absorption  combina- 
tion plant  will  fit. 

In  plants  using  considerable  auxiliary  steam-driven 
machinery  the  exhaust  of  which  is  not  needed  for  boiler 
feed,  the  absorption  machine  may  be  used  to  advantage. 
And  most  certainly  where  low  temperatures  are  desired, 
as  in  sharp  freezers  or  in  any  industrial  plant  where 
brine  at  zero  degrees  F.  is  specified,  the  absorption 
may  readily  find  its  place.  Power  readers  have  noted 
the   description    of   the    Quincy    Market    Cold    Storage 


Diesel  Pipe-Line  Station  Fire 

On  June  2  the  destruction  by  fire  of  the  Greeley 
(Kansas)  pumping  station  of  the  Prairie  Pipe  Line 
entailed  a  loss  of  $1,250,000.  Viewed  from  the  stand- 
point of  the  Diesel-engine  manufacturer,  the  loss  is 
far  greater,  since  the  fire  has  caused  this  particular 
pipe-line  company  to  abandon  the  proposed  plan  of 
replacing  all  the  present  steam  plants  with  the  Diesel 
units. 

The  Greeley  station  was  a  combined  steam  and  Diesel 
plant,  although  the  steam  unit  was  not  in  use  at  the 
time  of  the  fire.    The  engine  house  contained  one  triple- 
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and  Warehouse  Co.'s  plants,  and  that  it  has  been  pos- 
sible to  work  in  the  absorption  machine  to  advantage. 
Also  it  will  be  remembered  that  the  oil  refineries  are 
strong  for  this  machine  because  of  the  low-temperature 
brine  which  they  think  they  have  to  employ.  The 
author  believes  that  the  absorption  machine  is  valuable 
in  special  and  particular  cases. 

Show  This  to  Your  Coal  Dealer 

"This  award  .  .  .  offers  no  justification  for  any 
advance  in  the  retail  price  of  coal,  but  on  the  other 
hand  is  consistent  with  a  decline  in  prices." — Report  of 
the  Anthracite  Coal  Commission. 


expansion  National  Transit  steam  unit,  two  450-hp. 
Snow  Diesel  units,  two  650-hp.  Mcintosh  &  Seymour 
Diesels  and  one  600-hp.  Snow  which  had  not  been 
entirely  installed.  The  National  Transit  steam  cylin- 
ders formerly  had  been  connected  to  the  pump,  which 
was  being  driven  bj   a  No.  3  Snow  Diesel. 

It  will  be  seen  from  Figs.  1  to  4  that  the  fire 
destroyed  the  entire  engine  room.  The  boiler  house, 
which  appears  at  the  left  in  Fig.  5,  was  entirely  sep- 
arate from  the  engine  room  and  so  escaped  destruction. 
In  addition  to  the  loss  of  the  plant  a  vast  amount  of 
oil  was  burned.  The  discharge  lines  from  the  several 
pumps  passed  through  a  valvehouse  where -the  various 
gate  valves  were  located.    The  fire  was  so  intense  that 
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thf  valvt'housc  was  (li'.stniyt'tl.  Tlu'  disrharjre  lines  from 
(Jreeloy  to  Osiiwalomit',  Kaii.,  arc  on  a  risinjr  ^rt■a(l«•;  the 
contents  of  eijrhltM-n  miles  of  six  o-in.  lines  (lowed  haik 
into  the  enjjine  room  anil  increased  the  loss.  The  oil 
tlow  was  finally  stopped  hy  cuttinji:  into  the  lines.  The 
Mow  of  oil  continued  for  about  seventy-two  hours. 

The  immediate  cau.se  of  the  fire  has  not  heen  fully 
determine<l  as  there  were  apparently  two  po.ssilile  ways 
whereby  the  initial  e.\plosion  could  have  been  produced. 

The  pumps  are  rated  at  2,000  iibl.  of  oil  per  twenty- 
four  hours  and  have  a  discharK:e  pressure  of  about  700 
lb.  A  How  developed  in  one  of  the  di.scharge  manifolds 
of  the  pump  geared  to  the  No.  1  Mcintosh  &  Seymour 
enjrine.  The  oil,  as  it  issued  from  the  fracture,  was 
broken  up  into  a  line  mist  by  the  high  pressure.  Tlu 
air  within  the  building  imemdiately  became  saturated 
with  oil  particles.  As  soon  as  the  break  occurred,  the 
engineer  stopped  the  Snow  engines  and  the  No.  2 
Mcintosh.  It  was  impossible  to  get  to  the  No.  1  engine. 
and  the  engineer  left  the  building.  He  was  joined 
by  the  oiler,  and  the  two  then  started  away  from  the 
structure.  They  had  gained  only  a  few  yards  before  the 
explosion  occurred.  After  the  fire  the  No.  1  engine 
throttle  lever  was  found  in  the  "stop"  position,  both 
men  disclaim  recollection  of  having  stopped  this  engine. 
As  soon  as  the  explosion  occurred,  the  roof  fell  in  and 
the  whole  building  became  a  mass  of  flames. 

Several  features  of  the  plant  layout  conj5tituted  fire 
hazards,  and  it  is  impossible  to  determine  with  any 
degree  of  exactness  where  the  fault  lay.  The  oil-pipe 
lines  within  the  building  were  placed  in  pipe  chases 
or  trenches  which  communicated  with  the  trenches  con- 
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taining  the  exhaust  pipes  of  the  Snow  engines.  These 
exhaust  lines  were  not  water-cooled  and  were  protected 
by  asbestos  lagging,  which  was  somewhat  broken  in 
several  places.  The  Mcintosh  &  Seymour  exhaust  lines 
were  water-cooled  and  ran  across  the  building  on  a 
level  with  the  cylinder  heads.  The  air-suction  lines 
for  the  working  cylinders  and  air  compressors  pf  the 
Snow  engines  had  their  intakes  outside  the  building. 
The  Mcintosh  &  Seymour  engines  secured  their  air 
from  within. 

It  is  claimed  by  some  of  the  Prairie  officials  that  the 
oil  which  saturated  the  air  inside  the  building  was 
drawn  into  the  Mcintosh  air  compressor  and  that  as 
soon  as  it  reached  the  high-pressure  stage  the  tempera- 


lun-  was  high  enough  to  ignite  the  oil.  On  the  othei 
hand,  it  is  claimed  by  some,  more  familiar  with  the 
actual  working  conditions  in  this  plant,  that  on  several 
occasions  oil  had  gotten  into  the  pipe  trenches  and 
had  ignited  on  coming  into  contact  with  the  Snow 
exhaust  pipes.  Furthermore,  the  fire  at  the  Huckner 
(Mi.ssouri)  pumping  station  was  cau.sed  by  hot  exhau.st 
pipes.     The  (Jreeley  station   engineers   claim   that   two 
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explosions  occurred;  that  the  fir.st  was  heavy,  while 
the  second,  which  quickly  followed,  was  comparatively 
light.  The  latter  was  probably  the  explosion  in  the 
Mcintosh  air  compre.ssor.  which  was  totally  destroyed. 
As  already  stated,  this  fire  has  had  a  very  detrimental 
effect  on  the  Die.sel-engine  indu.stry.  To  an  impartial 
observer  it  appears  that  there  is  no  excuse  for'  the 
condemnation  of  the  Die.sel  engine;  indeed,  it  should 
not  even  be  on  trial.  Certainly,  the  method  of  installa- 
tion rather  than  the  engine  is  the  underlying  cause  of 
the  disa.ster.  Formerly,  it  was  the  general  practice  to 
place  fire  walls  between  the  oil  pump  and  the  source  of 
power.  It  is  to  be  regretted  that  this  wise  precaution 
was  abandoned  in  many  of  the  later  oil-engined  stations. 
At  present  many  of  the  pipe-line  companies  are  building 
these  fire  walls  in  their  unprotected  plants.  No  Diesel 
engine  should  be  installed  without  provision  for  water- 
cooling  the  exhaust  lines.  More  fires  are  caused  by 
neglect  in  this  matter  than  by  anything  else.  Similarly, 
good  engineering  practice  dictates  the  location  of  the 
air  supply  for  both  the  working  cylinder  and  the  air 
compressor  outside  the  building.  If  oil  engines  are 
installed  properly,  there  is  no  danger  of  fire. 


According  to  the  Electrical  Review,  London,  the 
paper  mill  and  sulphite  factory  at  Vargo,  Sweden, 
which  were  destroyed  by  fire  in  1918,  have  been  rebuilt 
and  again  set  in  operation.  Owing  to  the  difficulty 
experienced  in  obtaining  coal  the  directors  of  the  Vargo 
company,  in  connection  with  the  work  of  reconstruction 
decided  to  adopt  electricity  throughout,  including  the 
use  of  electrical  boilers  in  the  steam  plant,  and  the 
works  now  consume  no  coal,  whereas  20,000  tons  per  an- 
num would  be  needed  under  former  conditions.  The 
boiler  hou.se  contains  seven  "electric"  boilers,  each  of 
3,000  hp.  Current  is  used  in  the  boilers  at  10,000  volts. 
Each  boiler  is  provided  with  three  electrodes,  and  the 
connection  arrangements  are  such  that  steam  generation 
can  be  regulated  within  5  per  cent.  It  is  stated  that 
full  steam  pressure  can  be  raised  in  from  five  to  ten 
minutes  after  switching  on  the  current,  and  consider- 
able economy  in  attendance  is  obtained,  as  compared 
with  coal  firing. 
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Power  Development 
at  Niagara  Falls 

NIAGARA  FALLS  has  become  practically  synony- 
mous with  power  and  scenic  beauty.  One  can 
hardly  be  considered  without  bringing  the  other  to 
mind.  There  are  few  of  nature's  spectacles  that  surpass 
or  even  equal  the  esthetic  grandeur  of  Niagara  Falls,  as 
there  are  also  few  sites  in  the  world  that  can  compare 
with  it  in  hydro-electric  power-development  possibilities. 
Approximately,  one  million  people  visit  Niagaia  Falls 
each  year  to  view  the  beauty  of  the  falling  \Vc*ier,  and 
each  year  there  are  billions  of  kilowatt-hours  generated 
from  the  potential  energy  stored  in  this  water.  Intelli- 
gently controlled  and  utilized,  Niagara  Falls  is  capable 
of  developing  millions  of  horsepower  instead  of  a  few 
hundred  thousand  at  present,  and  still  retain  its  pres- 
ent natural  beauty. 

In  this  issue  the  leading  article  deals  with  power 
development  at  Niagara  Falls,  especially  the  most  re- 
cent, which  consists  of  three  37,500-horsepower  units. 
This  installation  has  many  features  of  particular  in- 
terest. It  represents  a  distinct  advance  in  hydro-elec- 
tric engineering.  This  is  all  the  more  worthy  of  notice, 
since  the  project  was  conceived  under  the  stress  of  war 
and  a  considerable  portion  of  the  work  was  carried  to 
completion  under  these  conditions.  This  development 
may  be  considered  as  one  of  the  benefits  coming  to  this 
country  as  a  result  of  the  war,  since  it  was  brought 
about  by  a  serious  shortage  of  power  for  the  indus- 
tries at  Niagara  Falls,  vital  in  the  production  of  war 
materials.  This  shortage  made  it  imperative  that  the 
War  Department  do  something  to  relieve  the  situation 
and  sanction  the  utilization  of  the  remaining  water  al- 
lowed to  be  diverted  for  power  development  by  the 
treaty  with  Great  Britain.  As  a  result  we  have  one  of 
the  most  efficient  water-power  developments  in  the 
world  today — a  development  that  is  not  only  of  para- 
mount importance  to  our  industrial  progress,  but  also 
makes  possible  a  saving  of  approximately  five  hundred 
thousand  tons  of  coal  per  year. 

The  efficiency  of  these  machines  is  higher  than  that 
ever  attained  before  for  units  of  this  type,  ninety  per 
cent  of  the  total  energy  in  the  water  being  delivered  at 
the  generator  terminals.  A  feature  that  contributes 
considerably  to  the  efficiency  is  the  two  types  of  draft 
tubes  used — one  the  White  hydraucone  regainer  and 
the  other  the  Moody  spreading  type.  These  tubes  make 
it  possible  to  recover  approximately  eighty  per  cent  of 
the  velocity  head  in  the  discharge.  From  the  results 
obtained  by  the  use  of  these  draft  tubes  so  far,  it  is  ap- 
parent that  they  make  possible  far-reaching  develop- 
ments in  hydro-electric  engineering. 

When  the  first  plant  was  built  that  may  be  considered 
an  attempt  to  develop  power  from  Niagara  Falls  on  a 
large  scale,  it  was  an  undertaking  that  taxed  the  engi- 
neering talent  of  both  America  and  Europe  as  well  as 
the  manufacturing  facilities.  From  first  breaking 
ground  for  the  plant  in  1890  five  years  was  required  be- 
fore the  first  unit  was  put  into  operation — one  of  three 


5,500-horsepower  machines.  In  the  late.st  development, 
nineteen  months  after  permission  to  go  ahead  with  the 
work  was  granted  by  the  War  Department,  the  first  unit 
was  put  into  operation  and  a  month  or  so  after  the  two 
other  machines  were  put  into  service.  In  this  case  the 
three  machines  have  a  capacity  of  seven  times  that  of 
the  first  units,  and  develop  twenty-two  horsepower  per 
cubic-foot-second  where  the  former  developed  only  ap- 
proximately eleven  horsepower.  The  latest  development 
is  the  work  of  the  engineers  of  one  company,  and  the 
machinery  was  designed,  built  and  installed  by  Ameri- 
can manufacturers.  This  achievement  in  itself  shows 
the  progress  made  in  hydro-electric  engineering  in  this 
country  in  the  last  thirty  years. 

Although  this  new  development  involves  the  design 
and  construction  of  the  largest  hydro-electric  units  in 
the  world  and  the  Avhole  project  all  the  way  through  has 
proved  to  be  one  of  the  most  successful  pieces  of  engi- 
neering work  of  its  kind  ever  undertaken,  it  neverthe- 
less can  hardly  be  compared  with  the  project  started  in 
1890.  One  was  strictly  the  blazing  of  a  trail  into  an 
unexplored  region,  the  other  the  crowning  achievement 
of  thirty  years'  experience  in  the  field. 

Securing  Maximum  Efficiency 
from  Oil  Engines 

THE  Diesel  and  semi-Diesel  oil-engine  mai'ket  is 
somewhat  disturbed  by  the  soaring  price  of  fuel 
oil.  The  oil  which  could  be  purchased  for  two  and  one- 
half  cents  per  gallon  a  year  ago  is  now  being  quoted  at 
eight  to  ten  cents.  This  increase,  while  startling,  would 
not  be  of  any  general  importance  if  the  oil  engines  now 
in  operation  were  being  run  at  their  maximum  effi- 
ciencies. Any  modern  Diesel  can  deliver  a  horsepower- 
hour  on  four-tenths  of  a  pound  of  fuel.  Unfortunately, 
only  a  handful  of  stations  attain  a  fuel  consumption  of 
less  than  one  hundred  and  fifty  per  cent  of  this  amount. 
With  two  hundred  and  fifty  thousand  horsepower  of 
Diesels  in  operation  the  fuel  lost  in  one  year  due  to  in- 
eflficient  operation  amounts  to  some  fifty  million  gallons. 
This  represents  a  considerable  loss  of  money.  Of  more 
moment,  however,  is  this  waste  when  considered  as  an 
unnecessary  destruction  of  natural  resources.  The  loss 
due  to  inefficient  operation  of  the  semi-Diesel  engine  is 
of  equal  if  not  greater  amount. 

It  is  useless  to  ask  the  operator  of  the  average  oil- 
engine plant  to  adopt  more  efficient  methods.  He  is  not 
equipped  with  the  means  of  checking  the  results  he  does 
obtain.  In  the  modern  steam  plant  the  engineer  has 
coal  and  water  weighers,  indicators,  CO,  recorders  and 
numerous  other  instruments  to  reveal  losses.  In  the 
oil-engine  station  even  an  indicator  is  seldom  seen  and 
less  often  is  it  used.  There  is  every  argument  in  favor 
of  efficiency  instruments,  and  it  happens  that  with  the 
Diesel  plant  only  a  few  are  required.  An  indicator  is 
especially  required  and  should  be  used  at  least  once  a 
week  to  check  valve  settings.  A  CO,  recorder  should  be 
attached  to  the  exhaust  lines.  One  of  the  recording 
type  is  desirable.     Fui-thermore,  pyrometers  should  be 
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used  on  tlie  t.\liau.st  lines  from  euih  eiiKine.  With  such 
an  0(iuiiiment  any  imperfect  combustion  in  the  engine 
ivlimleis  would  lie  revealed  !)>•  the  loweriiiK  of  the  ("O 
lU'riiiitaKe  in  the  exhaust.  A  variation  in  the  reading 
«f  the  jn  nnieteis  would  at  once  indicate  an  unbalancing 
of  the  cylinders.  Proper  means  could  then  be  Uiken  to 
.secure  an  even  distribution  of  the  work  in  the  engine 
cylinders. 

If  the  power-i)iant  owner  hopes  to  secure  the  efficiency 
which  he  has  been  led  to  believe  the  Uie.sel  po.sse.s.ses, 
.•-uch  accessories  are  necessities.  The  oil-engine  manu- 
facturer can  assist  the  Die.sel  to  attain  the  popularity 
it  deserves  if  he  will  see  that  each  plant  sold  is  com- 
pletely etjuipped  with  efficiency  instruments. 

Sii|)|)lv  and  DciikiikI 
uikI  (loal  I'ri«-«'s 

TlIK  price  of  coa.  is  high,  we  are  told,  because  the 
demand  exceeds  the  production.  Stocks  have  been 
drawn  down  far  below  the  safety  limit,  and  consumers 
know  it.  Production,  although  gaining,  is  at  too  low  a 
rate  to  assure  us  of  reaching  a  safe  level  of  reserves 
before  winter. 

And  so,  in  obedience  to  the  implacable,  the  inviolable, 
the  sacro.sanct  law  of  supply  and  demand,  the  price  goes 
lip  and  it  is  almost  impious  to  complain. 

But  in  the  summer  of  1919  the  mines  were  idle  a 
great  part  of  the  time  for  lack  of  orders.  Plenty  of 
railroad  cars  were  on  the  tracks  empty,  waiting  for 
loads  of  coal.  Buyers  knew  this,  and  they  knew  that  in 
obedience  to  the  high  and  holy  law  of  supply  and  demand 
the  price  of  coal  ought  to  drop. 

But  it  did  not! 

Prices  were  kept  up  to  the  war  level,  and  the  public 
was  beseeched  in  flaring  advertisements,  in  newspaper 
interviews  and  in  pronouncements  by  those  in  high 
places,  to  buy  early  and  avoid  the  rush. 

Now  the  consumer  is  told  that  the  present  shortage 
is  his  own  fault ;  that  he  used  up  his  reserves  instead  of 
buying  when  plenty  of  coal  could  have  been  had — at  a 
price — and  provoked  the  big  coal  strikes  by  forcing  the 
miners  to  idleness. 

Can  it  be  that  somebody  has  hitched  a  pavl-and- 
ratchet  attachment  to  the  implacable  law? 

Coal  Storage  and 
Mechanical  Coal  Handling 

SECl'RITY  in  power-plant  operation,  whether  private 
or  public  utility  in  nature,  demands  greater  coal 
storage  these  days  than  in  the  days  when  railroad 
transportation  was  almost  always  adequate.  The  power- 
plant  executive  is,  therefore,  today  confronted  with  a 
new  problem  in  coal  handling  on  a  large  scale.  This 
comes  most  unfortunately  at  a  time  when  every  effort 
i.*-  being  made  to  cut  down  the  amount  of  labor  required. 
However,  the  engineer  has  available  many  mechanical 
facilities  for  coal  handling  that  are  proving  most  effi- 
cient in  practical  operation.  The  report  of  the  chief 
engineer  of  the  Government  Fuel  Yards  in  Washington 
f>n  the  operations  for  the  fiscal  year  ended  July  1,  1920, 
give  additional  encouragement  in  this  direction.  These 
jards,  handling  over  250,000  tons  of  coal  per  year,  have 
been  operated  with  unexpectedly  low  costs,  especially 
when  one  considers  the  conditions  under  which  official 
w-ork  of  this  sort  must  be  maintained.  The  chief  en- 
gineer reports  a  total  of  23.6  cents  per  ton  as  the  yard 


"perating  expcnHC  for  handling  this  fuel.  This  includes 
unloading  from  the  cars,  delivery  either  to  trucks,  truck 
bunkers  or  stock  piles,  reclaiming  from  stock  and  all 
related  expenses.  The  total  expense  reported.  $1.1. 'I 
per  ton.  embraced  not  only  these  yard  operations,  but 
also  the  total  garage  and  the  trucking  expense  of 
sixty-five  cents  per  ton,  the  overhead  expen.ses  of 
about  nine  cents  per  ton  and  depreciation  and  leasehold 
improvements,  sixteen   rents   per   ton. 

Engineers  confronted  with  the  problem  of  irregular 
fuel  deliveries-  and  what  engineer  is  not  so  bothered? 
—can  well  consider  whether  machinery  does  not  hustle 
better  than  men  and  whether  some  mechanical  stocking 
and  reclaiming  .systems,  even  one  operating  on  a  small 
scale,  will  not  be  es.sential  in  the  future.  This  situa- 
tion, of  course,  is  further  aggravated  when  high  de- 
murrage rates  are  imposed  and  the  one-day  rule  pre- 
vails with  respect  to  unloading  coal  cars.  It  seems  thnt 
Ihe  problem  will  be  important  to  everyone,  regardless 
of  whether  he  is  confident  the  coal  situation  is  going 
to  l)e  worse  or  better. 

Respect  for  the  Man 
Who  Knows  How 

WISE  indeed  is  the  engineer  who  organizes  his  men 
to  care  for  all  unu.^ual  situations,  even  to  emer- 
gencies. Unfortunately,  .some  men  do  not  and  cannot 
keep  from  elbowing  their  way  into  jobs  which  their 
crews  are  doing  well.  If  the  chief  "drops  in"  just  to  see 
how  things  are  going  and  departs  when  he  finds  them 
satisfactory  or  after  giving  directions,  his  men  not  only 
do  the  work  better,  but  have  a  higher  regard  for  him 
than  if  he  rolled  up  his  sleeves  and  did  the  job  himself. 

There  are  times,  however,  usually  emergencies,  when 
the  chief  can  endear  himself  to  his  men  and  command 
their  undying  respect  and  admiration.  Of  course  he 
must  be  capable  and  unhesitatingly  sure  that  he  knows 
how  to  do  the  job  or  meet  the  situation  before  he  "jumps 
into  it"  himself.  The  bluffer  has  no  place  here;  such 
occasions  demand  a  thoroughly  practical  knowledge  of 
the  fundamentals  involved,  plus  a  sureness  of  action  that 
puts  confidence  into  the  frightened  or  puzzled  crew 
that  called  on  the  chief  when  their  combined  ingenuity 
and  knowledge  failed. 

Some  men  give  considerable  thought  about  just  what 
to  do  and  in  what  sequence,  should  this  or  that  accident 
or  emergency  happen.  Such  a  habit  of  thought  leads  to 
preventive  measures  to  lessen  the  possibilities  of 
accidents  and  emergency.  It  is  a  good  habit  to 
encourage. 


The  American  Society  of  Mechanical  Engineers  has 
added  a  commendable  feature  to  its  election  machinery 
in  a  pamphlet  giving  pictures  and  biographical  sketches 
of  the  nominees  for  the  several  offices.  The  member- 
ship, even  in  a  year  when  there  is  no  contest,  is  given 
in  this  way  a  new-  interest  in  the  personnel  of  the 
executive  organization  and  an  indication  to  which  it  is  j 
entitled  of  the  probable  attitude  of  the  candidates  upon 
policies  in  which  the  members  may  be  interested. 


The  coal  users  of  the  country  cannot  individually 
protect  themselves  from  the  extortion  which  they  are 
suffering  at  the  hands  of  the  coal  dealers,  but  wheni 
united  action  by  the  people  as  a  whole,  governmental! 
action,  is  urged,  there  goes  up  a  wail  of  "Government' 
interference." 
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Why  r^ot  a  License  Law? 


In  reference  to  the  letter  by  Mr.  Webber  on  page  147 
of  the  July  27  issue,  I  wish  to  say  that  New  York  has 
as  good  a  law  as  any  state  in  the  Union,  as  regards  the 
manufacture  and  inspection  of  steam  boilers.  Mr.  Web- 
ber severely  criticizes  the  civil  service  boards,  statin? 
in  effect  that  politics  is  played,  but  this  is  not  always 
the  case.  He  also  mentions  a  case  in  which  an  engineer 
should  have  received  the  appointment. 

I  have  sometimes  heard  that  all  boiler  inspectors'  posi- 
tions should  be  filled  by  engineers,  but  I  will  say  that 
the  boilermaker,  the  man  who  builds  and  repairs  the 
boiler,  certainly  knows  what  he  is  doing  and  is  just  as 
well  qualified  to  inspect  as  any  engineer. 

Mr.  Webber  relates  an  instance  where  a  new  boiler 
was  purchased,  which,  it  was  claimed,  lasted  only  eleven 
months  before  it  was  found  pitted  to  such  a  condition 
as  to  render  it  unfit  for  service.  The  only  reason  given 
was  that  rain  water  had  something  to  do  with  it,  but 
for  my  part  I  would  say  that  I  hardly  consider  this  a 
.<;atisfactory  explanation,  for  I  have  never  before  heard 
of  a  new  boiler  lasting  such  a  .short  time.  I  really 
believe  the  purcha.ser  got  a  second-hand  boiler  and  that 
a  fresh  coat  of  paint  was  all  that  was  new  about  it. 

Of  course  we  all  realize  what  took  place  years  ago, 
but  matters  have  changed,  for  we  now  have  up-to-date 
laws  in  regard  to  manufacture  and  inspection.  I  sin- 
cerely believe,  with  Mr.  Webber,  that  we  should  have 
an  examination  for  the  operator  of  .steam  boilers,  but 
because  a  boiler  explodes  it  is  not  altogether  the  oper- 
ator's fault.  Charles  W.  Carter,  Jr. 

Olean,  N.  Y. 


We  want  no  political  license,  but  we  do  want  a  license 
to  protect  the  engineer  holding  it.  If  an  engineer  is 
given  a  license,  give  him  what  goes  with  it.  A  licensed 
engineer  surely  knows  enough  about  his  plant  to  tell 
what  is  needed  and  when  it  is  needed.  No  sane  engi- 
neer would  put  his  company  to  a  lot  of  unnecessary 
expense  by  ordering  a  lot  of  useless  material. 

In  a  certain  plant  there  is  a  40-hp.  return  tubular 
boiler.  They  have  kept  loading  onto  this  poor  little 
kettle  until  it  requires  nearly  100  hp.  to  run  the  plant. 
Now  the  owners  are  thinking  of  putting  in  forced  draft 
and  burning  hard  coal  under  this  boiler.  It  was  washed 
out  July  17  for  the  first  time  in  ten  months  and  about 
a  hundred  pounds  of  loose  scale  was  removed ;  it  is 
nearly  I  in.  thick  on  the  tubes  and  tube  sheets.  A 
worthless  compound  is  used,  but  the  boss  knows  more 
than  his  engineer.  In  order  to  clean  the  lower  1-in.  gage- 
pipe  connection  to  tne  water  column  it  was  necessary  to 


break  a  cross-connection  and  then  drive  a  j-in.  rod 
through  both  ways  in  order  to  clear  it.  Before  this  was 
done,  it  reouired  about  ten  minutes  for  the  water  to 
show  after  blowino:  down  the  water  column. 

When  cleaning  the  combustion  chamber,  it  was  found 
that  the  back  plate  yoke  had  broken  and  fallen  into  the 
soot.  The  manhole  plate  had  leaked  so  badly  that  the 
soot  was  wet.  R.  G.  Summers. 

Syracuse,  N.  Y. 


What  of  Lower  Coal  Prices? 

We  are  writing  to  a.sk  if  there  are  any  prospects  of 
a  lower  price  for  bituminous  coal  within  the  next  fev 
months.  Is  the  Government  going  to  make  some  effort 
to  regulate  the  price? 

It  is  our  belief  the  Government  should  have  take  i 
the  subject  in  hand  a  long  time  ago  and  not  have  Ic'. 
the  situation  come  to  such  a  state.  Our  Government 
does  not  seem  able  to  grasp  matters  very  well.  Things 
of  public  welfare  seem  to  be  ignored  and  left  to  drift 
according  to  fancy.  Bainbridge  REPUBLICAN. 

Bainbridge,  N.  Y. 


Definitions  of  Efficiency 

U.  M.  Taylor,  in  his  article,  "What  Is  the  Efficiency 
of  a  Steam  Engine?"  page  178.  of  the  Aug.  3,  1920, 
issue  of  Power,  has  carefully  discus.sed  and  explained 
the  various  definitions  of  efficiency  used  on  steam- 
engine  work.  The  only  exception  that  might  be  raised 
is  to  the  u.se  of  the  term  "cylinder  efficiency"  for  the 
ratio  of  the  heat  turned  into  work  per  pound  of  steam 
to  the  heat  available  per  pound  of  .steam  from  adiabatic 
expansion  from  the  initial  steam  conditions  to  the  final 
pressure. 

In  the  first  place  the  term  "cylinder  efficiency"  is 
confusing,  since  it  has  been  proposed  to  use  this  term 
for  an  entirely  different  factor  when  applied  to  an 
air  compressor  or  to  vacuum  pumps.  Furthermore, 
the  use  of  the  term  "cylinder"  is  not  logical,  for  the 
ratio  to  which  Mr.  Taylor  refers  is  frequently  expressed 
on  the  basis  of  work  measured  in  brake  and  even 
in  electrical  horsepower.  This  expression  of  efficiency 
has  been  used  and  popularized  by  the  manufacturers 
of  steam  turbines  both  here  and  abroad,  who  have 
referred  to  this  factor  usually  as  the  "efficiency  ratio 
referred  to  the  Rankine  cycle"  or  in  short  as  the 
"efficiency  ratio."  This  is  the  term  now  commonly  used 
by  engineers  and  is  the  one  that  will  probably  be  used 
in  the  new  Power  Test  Cedes. 
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In  the  second  plme  Mr.  Taylor's  inothod  of  calcuiat- 
mn  this  faitor  coii.si.st.s  of  .several  steps,  .so  thai  errors 
are  more  liable  to  be  made  than  if  a  sin>?le  raUulation 
were  u.sed.  This  .simple  method  is  a  rational  devel- 
opment of  the  definition  offered  in  the  first  paragraph 
of  this  letter. 


EfTiciency  Ratio  referred  to  indi- 
cated horsepower  (or  brake 
or     olet-trical     horsepower.) 


2,545 


where 
IF 


Pounds  of  steam  actually  used  per   indicated 
horsepower-hour     (or    brake    or    electrical 
hor.sepower-hour  as   the  case   may   be)  ; 
//,  =  Total  heat  per  pound  of  steam  at   initial  con- 
ditions  before   the   throttle   %'alve; 
//,  —--  Total  heat  per  pound  of  steam  after  expansion 
at  con.stant  entropy  to  final  exhaust  pre.ssure. 
It  is  important  that  the  basi.s  on  which  the  "efflciency 
ratio"  is  calculated,  should  be  always  specifically  stated. 
That  is,  it  should  be  stated  whether  the   value  refers 
to    the    "efficiency    ratio    referred    to    indicated    horse- 
power"  or   to   brake   horsepower.      Much   confusion    is 
caused  by  such  a  bare  statement  as*  "Efficiency  Ratio  = 
70  per  cent."     One  cannot  judpe  whether  this  refers  to 
indicated    or   to    brake   horsepower.      The    new    Power 
Test  Code  of  the  A.  S.  M.  E.  will  clarify  many  of  these 
definitions   and    terms.  A.    G.    Christie. 

Baltimore,  Md. 

A  Phase-Rotation  Indicator 

Upon  installing  a  two-phase  alternator  for  operation 
in  parallel  with  a  similar  machine,  it  was  desired  to 
know  its  "phase  rotation"  before  permanent  connections 
were  made.    Not  having  any  polyphase  motors  at  hand. 
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SCHEMATIC    DIACRAM    OF    rHASE-ROTATIOX     IXDICATOR 

an  indicator  was  made  from  an  old  discarded  single- 
phase  110-volt  8-pole  60-cycle  fan  motor,  the  poles  of 
which  had  shading  coils.  By  removing  the,  shading 
coils  and  dividing  the  field  winding  into  two  groups  of 
four  poles  each  two  independent  phases  were  obtained, 
thus  making  a  4-pole  two-phase  machine  as  shown  in 
the  figure.  To  prevent  any  possible  excessive  current 
flow  when  the  motor  was  connected  to  the  circuit,  a 
resistance  was  improvised  from  an  old  flat-iron  element. 
The  fact  that  the  number  of  poles  was  halved  and 
the   speed  doubled   by   the   new  connection   was   of   no 


con.spquence,  since  the  rotor  could  stand  the  increa.scd 
speed  without  harm  and  the  machine  would  be  in  circuit 
only  long  enough  for  an  indication.  Two  potential 
transformers  were  coiuiected  to  the  bu.sbar.s  and  to  the 
motor  through  the  resistance,  as  shown.  The  rotation 
was  noted  when  the  busses  were  connected  to  the  orig- 
inal machine,  and  then  this  unit  was  cut  off  and  the 
new  machine  put  on  the  bu.'.ses  and  the  phase  rotation 
noted.  If  it  proved  to  be  the  same  as  before,  all 
connections  could  be  made  permanent,  otherwise  one 
phase  would  have  to  be  reversed  before  doing  .so.  This 
has  proved  to  be  a  very  handy  device  and  may  be 
of  interest  to  other  Power  readers  having  such  a  motor 
on  hand.  HENRY  MULKORD,  Chief  P]lec.. 

Patchogue,  N.  Y.  Patchogue  Electric  Light  Co. 

Connection  of  Cooling  Coils 

T  have  a  twenty-ton  compres.sor  pulling  an  ice-cream 
hardening  room  on  the  second  flooi .  a  brine  tank  in  the 
basement  and  another  brine  tank  in  the  milkroom  on  the 
first   floor.     The   hardening-room   temperature   is   any- 
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COILS  AS  NOW   CONNECTED 

thing  below  zero  F. ;  the  milkroom  is  at  a  temperature 
of  40  to  50  deg.  F.  The  milkroom  brine  is  kept  at 
anything  below  zero  F.  The  ice-cream  freezer  brine  in 
the  cellar  is  kept  at  from  zero  to  2  deg.  above.  We  also 
have  an  eight-ton  machine.  At  night  we  run  the  larger 
unit  on  the  ice-cream  brine  and  the  hardening  room  and 
the  smaller  unit  on  the  milkroom  and  the  milk-cooler 
brine. 

If  the  expansion  cocks  on  the  hardening  room  are  more 
than  barely  cracked,  we  get  a  freeze-back  and  get  it 
quick.  The  coils  all  lie  on  racks  and  the  ice-cream  cans 
sit  on  these  coils.  The  back  pressure  is  15  lb.  gage; 
the  condenser  pressure  is  120  lb.  gage. 

We  are  never  able  to  see  ammonia  in  the  receiver 
glass.  The  receiver  is  horizontal  and  placed  under  the 
condenser,  which  has  two  stands.  In  the  ice-cream 
hardening  room  we  can  hear  a  sound  like  water  surging 
in  the  coils.  I  believe  it  is  ammonia,  because  I  can  pump 
down  to  zero  and  in  five  minutes  after  stopping  have 
from  5  to  15  lb.  gage  again. 

There  are  three  hardening-room  expansion  cocks  and 
two  vestibule  cocks.  If  all  five  are  cracked  ever  so  little, 
we  get  a  freeze-back.  The  compressor  is  double-acting. 
If  we  work  the  big  machine  on  the  milkroom  brine  tank 
as  well  as  on  the  ice-cream  brine  and  hardening  room, 
we  get  the  same  results  and  the  milkroom  brine  warms 
up.  All  milkroom  coils  have  a  suction  connection  at  the 
bottom  and  an  expansion  connection  at  top.  All  are 
short  coils  connected  as  shown  in  the  sketch. 

I  advocate  long  coils  with  suction  connection  at  the 
top  and  the  expansion  connection  at  the  bottom.  I  have, 
in  eight  hours,  pumped  down  12  deg.  F.  on  the  ice-cream 
hardening  room  with  the  eage  nearly  zero. 

Syracuse,  N.  Y.  R.  G.  Summers. 
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Automatic  Regulation  for 
Underfeed  Stokers 

Operating  underfeed  stokers,  controlled  by  an  auto- 
matic device  to  keep  the  steam  pressure  at  a  certain 
point,  is  a  subject  that  should  be  given  serious  thought 
|by  any  engineer  who  is  contemplating  installing  them, 
because  there  should  be  taken  into  consideration  various 
factors  that  will  or  will  not  permit  of  satisfactory  oper- 
ation. One  of  the  most  serious  problems  is  to  get  a 
regulator  to  operate  so  that  it  will  slowly  open  and  close 
the  control  valve  that  regulates  the  stoker  turbine  or 
engine  speed.  Most  regulators  have  a  tendency  to  oper- 
ate quickly  with  a  variation  of  steam  pressure,  and  of 
course  this  operates  the  valve  lever  quickly,  with  the 
result  that  the  turbine  is  continually  operating  between 
two  extremes,  high  and  lov.-  speed,  and  in  most  cases  the 
valves  permit  the  steam  to  flow  too  fast  to  the  turbine, 
quickly  bringing  it  up  to  full  speed.    This  is  detrimental 
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CURVES  SHOWING  RESULTS  OBTAINED  WITH  HAND  AND 
AUTOMATIC   REGULATION 

lo  the  turbine  and  also  has  a  decided  effect  on  the  fuel 
beds  of  the  stokers. 

Suppose  the  working  pressure  is  150  lb.  and  the 
regulator  is  set  to  operate  at  this  point.  The  speed 
range  of  the  fan  and  turbine  is  from  500  to  2,000  r.p.m. 
When  the  steam  pressure  is  at  150  lb.  the  fan  is  run- 
ning at  500  r.p.m.,  but  if  it  drops  to  145  lb.  the  fan 
speed  will  suddenly  change  to  2,000  r.p.m.  and  jump 
the  air  pressure,  say,  from  2  in.  to  6  in.  in  the  short 
space  of  from  five  to  ten  seconds.  Then,  perhaps  after 
five  minutes'  operation  at  high  speed,  the  steam  would 
be  back  at  150  lb.  and  the  air  pressure  would  then 
change  from  6  in.  back  to  2  in.  as  suddenly  as  it  came. 
This  kind  of  operation  certainly  decreases  the  efficiency 
of  the  stokers,  as  one  of  the  things  most  essential  to 
their  successful  operation  is  to  maintain  the  proper 
ratio  between  the  coal  and  air. 

Different  grades  of  coal  require  different  amounts  of 
air;  and  supposing  you  have  a  light  fuel  bed  on  one 
stoker  and  a  heavy  fuel  bed  on  another  and  the  air  pres- 
sure suddenly  increases  from  2  in.  to  6  in.,  what  is 
eroing  to  happen  to  the  fuel  beds  of  these  stokers  ?  The 
[leavy  fuel  bed  will  not  be  affected  very  much,  but  if  you 
will  look  at  the  fire  through  blue  glasses,  you  will  notice 
large  airholes  in  various  parts  of  the  fuel  bed.    The  light 


fuel  bed  will  be  in  a  very  bad  condition,  because  of  not 
having  sufficient  coal  on  the  tuyeres  to  withstand  a 
higher  air  pressure. 

Automatic  regulation  makes  nice-looking  steam  charts 
and  makes  it  easy  for  the  firemen,  but  it  surely  is  hard 
on  the  coal  pile.  From  tests  that  I  have  run  on  various 
kinds  of  fuel,  both  with  automatic  and  with  hand  regula- 
tion, I  am  convinced  that  where  good  firemen  are  avail- 
able automatic  regulation  will  surely  show  a  decrease  in 
efficiency,  varying  in  some  cases  from  3  to  7  per  cent. 

The  accompanying  curves  are  of  various  efficiencies. 
CO^  and  flue-gas  temperature  averages  taken  on  tests 
that  I  have  run,  and  I  believe  that  these  results  prove 
my  statement  to  be  true. 

In  most  cases  with  automatic  regulation  the  flue 
damper  must  be  kept  in  the  wide  open  position  because, 
when  the  fan  is  operating  at  full  speed,  it  requires  the 
damper  to  be  in  that  position  in  order  to  take  care  of 
the  increased  volume  of  flue  gases,  otherwise  a  pressure 
is  created  in  the  furnace.  This  results  in  an  increased 
gas  velocity  and  greater  loss  in  flue  gases,  as  it  is  impos- 
sible to  carry  a  low  suction  in  the  furnace  when  the 
damper  is  wide  open,  and  therefore  the  flue  temperature 
is   increa.sed  considerably. 

It  will  be  noticed  that  when  operating  the  boilers  at 
the  same  percentage  of  rating,  there  is  an  increase, 
when  using  automatic  regulation,  of  from  20  to  40  deg. 
F.  in  the  flue-gas  temperature,  over  hand  regulation. 
This  loss  can  be  cut  down  if  the  firemen  have  differen- 
tial draft  gages  to  control  the  suction  over  the  fire  and 
regulate  their  flue  dampers  to  maintain  a  certain  low 
draft  suction  over  the  fire  at  all  times.  This  is  almost 
impossible  to  do  in  forced-draft  stokers  equipped  with 
automatic  regulation,  because  one  has  to  be  continually 
changing  the  boiler  damper  position  to  take  care  of 
the  increased  or  decreased  volume  of  gases  caused  by 
the  various  fan  speeds  due  to  the  regulator  control. 
Therefore,  it  would  seem  that  where  automatic  fan 
control  is  used,  it  is  important  that  an  automatic  control 
system  be  used  to  operate  the  boiler  dampers. 

In  most  of  the  plants  using  automatic  regulation,  the 
regulators  and  valves  are  not  set  and  connected  up  to 
i^et  the  best  results.  The  steam  line  to  the  diaphragm 
of  the  regulator  should  never  be  connected  to  an  aux- 
iliary steam  line  or  to  a  header  where  the  wiredrawing 
of  steam  occurs,  but  it  should  be  so  connected  that  the 
true  boiler  pressure  only  will  effect  the  movement  of 
the  regulator.  The  water  pipe,  which  furnishes  the 
water  pressure  to  operate  the  piston  of  the  regulator, 
should  have  a  valve  close  to  the  regulator,  and  this  valve 
should  be  opened  just  enough  to  allow  the  water  to  reach 
the  cylinder  slowly,  so  that  it  will  not  act  on  the  piston 
too  quickly;  it  will  therefore  have  a  tendency  to  operate 
the  turbine  or  engine  balance  valve  much  slower. 

If  the  regulator  then  operates  the  balance  valve  too 
quickly,  lengthen  the  balance-valve  lever  to  about  thirty 
inches  and  drill  six  holes  in  the  lever  about  one  inch 
apart  and  ^et  the  connecting  chain  on  rod  to  the  regu- 
lator in  the  hole  where  the  best  results  are  obtained. 
In  all  cases  where  I  have  experimented  with  automatic 
regulation,  I  have  found  that  if  these  suggestions  are 
carried  out,  it  is  possible  to  get  very  near  ideal  operat- 
ing conditions  when  operating  in  conjunction  with  a 
good  balanced  damjier-control  system  to  control  the 
draft  over  the  fire  automatically  with  the  various  air 
pressures  used  under  the  fuel  bed.  This  is  absolutely 
necessary  where  economy  is   desired,   as   it   is  almost 
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(nipos.sible  to  jjet  firemen  to  set  the  boiler  dampers  by 
hand  when  the  air  pre.s.sure  chanjres  often,  aa  with 
automatic   fan   control. 

From  years  of  experience  with  underfeed  stokers,  I 
am  firmly  of  the  opinion  that,  from  an  economy,  per- 
formance and  ()i)eratin}^'  standpoint,  it  is  not  pood  engi- 
neerinsr  to  u.«e  automatic  control  for  the  fans  unless  the 
boiler  dampers  are  also  controlled  automatically  to  oper- 
ate in  conjunction  with  each  other.  Therefore  it  would 
seem  that  it  is  better  to  control  the  stoker  and  boiler 
equiimient  by  hand,  rather  than  to  have  inferior  auto- 
matic regulation.  D.  C.  Hess. 

Lester,    Pa. 

Heater  and  Feed-Water  Control 

I  once  accepted  a  position  as  engineer  at  a  small 
electric-light  plant  where  they  had  had  a  great  deal 
of  trouble — in  fact,  so  much  that  the  people  were  dis- 
gusted and  were  about  to  cancel  the  contract  and 
franchise,  claiming  that  the  machinery  was  no  good.  ' 
The  equipment  included  an  80-hp.  high-speed  engine, 
one  return-tubular  boiler,  one  single-phase  alternator, 
and  an  open  feed-water  heater  with  no  control  valve 
in  the  supply.    This  plant  also  pumped  the  city  water. 

I  arrived  at  the  plant  one  day  at  11  a.m.,  made  a 
survey  of  the  machinery  and  listened  to  the  complaints 
of  several  citizens  and  of  the  man  in  charge.  At 
about  4  p.m.  I  started  up  with  the  engine  pounding  in 
the  crank,  crosshead  and  main  bearings;  the  alter- 
nator seemed  all  right  with  the  exception  of  a  small 
spark  at  the  rectifying  commutator.  I  soon  observed 
that  I  was  not  getting  hot  water  from  the  heater,  and 
about  5  o'clock  I  saw  that  the  water  in  the  gage  glass 
was  milky.  It  was  blown  out,  but  still  it  was  the 
same,  and  by  this  time  the  spark  on  the  alternator 
had  grown  so  big  that  I  did  not  need  a  light  in  the 
engine  room.  In  fact,  it  got  so  big  that  I  had  to  shut 
down.  I  reset  the  brushes  and  started  again.  This 
did  little  good,  but  I  managed  to  get  by  until  12  o'clock, 
when  I  pulled  the  fire  under  the  boiler. 

The  next  morning  I  reported  to  the  manager  and 
asked  for  two  men.  When  we  opened  the  boiler,  we  found 
mud  eight  inches  deep  in  the  back  end  and  about  one 
inch  in  the  front.  Why  the  boiler  did  not  burn 
is  a  mystery  to  me.  We  took  some  pieces  of  chain 
and  went  over  the  tubes  as  best  we  could  with  the 
time  we  had,  and  I  want  to  say  that  there  was  a 
difference  in  the  firing  of  the  boiler. 

While  one  of  the  men  was  getting  up  steam,  the 
other  and  myself  went  after  the  alternator.  After 
examining  the  commutator  carefully,  I  found  that  some- 
one had  had  it  off.  We  took  a  sandstone,  some  sand- 
paper and  a  file  and  dressed  it  down  as  soon  as  we 
got  enough  steam  to  revolve  it.  It  acted  about  the 
same  as  it  did  the  night  before,  so  the  next  day  I 
made  a  water  rheostat  and  turned  the  commutator 
around  on  the  shaft  I  in.,  put  20  amperes  on  the  ma- 
chine and  it  sparked  worse  than  ever.  We  shut  down, 
turned  it  back  }  in.  and  it  did  so  much  better  with 
the  same  load  that  we  shut  down  again  and  turned 
the  commutator  back  some  more  and  put  on  the  load. 
Our  fireworks  had  disappeared,  showing  that  the  com- 
mutator had  been   out  of  step  with  the  polepieces. 

The  next  day  we  went  after  the  engine.  The  bear- 
ings were  worn  dowTi  on  the  brass,  so  we  rebabbitted 
them  and  took  about  i  in.  of  liners  out  of  the  main 
bearings.     Upon  starting  up,  the  engine  ran  fine;   it 


si'cmed  a.s  (hough  we  were  shut  down  when  the  iiiant 
was  running,  there  was  .so  much  difference. 

The  heater  was  next  opened,  and  it  was  found  that 
the  water  went  in  at  the  bottom  and  out  at  the  bot- 
tom, although  there  was  an  opening  at  the  top  for 
the  water  to  enter.  I  later  learned  that  the  water 
got  so  hot  that  the  pump  would  not  handle  it,  so  the 
engineer  removed  the  pans  and  threw  them  on  the 
junk  pile  in  the  rear  of  the  lot  and  changed  the  water 
inlet  to  the  bottom  of  the  heater.  This  heater  was  .set 
about  one  foot  off  the  ground  and  the  pump  18  inches. 

There  was  but  one  thing  to  do  and  that  was  to  raise 
the  heater.  On  investigating  we  found  that  we  could 
raise  it  five  feet,  .so  we  procured  the  .service  of  a  brick- 
mason,  and  by  starting  at  1  a.  m.  the  heater  was  in 
place  and  connected  up  at  1  p.  m.  I  gathered  up 
the  di.scarded  heater  pans  and  screens,  which  were  still 
on  the  .scrap  pile  as  luck  would  have  it,  put  them  in 
place  and  started  up  the  engine.  We  got  hot  water 
but   the  pump  would  not  work.     I  removed  the  top  of 
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HOME-MADE  PUMP  CONTROL 

the  water  end  and,  on  turning  on  the  water,  found 
that  the  springs  on  the  suction  valves  were  too  stiff. 
I  took  them  out,  stretched  them  and  cut  off  two  turns,, 
then  replaced  them,  and  on  turning  on  the  water,  the 
pump  cylinders  were  flooded.  My  trouble  was  ended  so. 
far  as  the  pump  was  concerned. 

The  next  thing  was  to  get  a  regulator  to  govern  the 
water  level  in  the  heater.  How  this  was  accomplished 
is  shown  by  the  accompanying  illustration.  Water 
enters  at  the  top  of  the  heater  through  the  supply 
pipe  A,  flows  over  the  pans  and  is  heated  by  the  ex- 
haust steam  which  enters  at  a  point  below  the  pans. 
The  water  level  is  controlled  by  a  galvanized-iron  ex- 
ternal float,  made  by  the  local  tinner.  The  outside 
tank  B  is  10  X  20  in.,  and  the  inside  one,  C,  is  8 
x  20  in.  It  will  be  seen  that  as  the  water  rises  in 
the  heater  the  float  C  rises,  which  carries  a  system 
of  levers  D,  E'  and  F,  which  are  connected  to  the 
throttle  valve  G  of  the  feed  pump  through  the  lever 
H.  It  will  be  apparent  that  the  faster  the  water 
rises  in  the  heater  the  faster  the  pump  will  run,  and 
instead  of  regulating  the  supply  to  the  boiler  from  the 
feed  pump  it  is  regulated  from  the  water  tower,  not 
.shown,  at  the  valve  in  the  pipe  A. 

After  these  changes  were  made,  the  plant  ran  like 
a  new  one;  the  people  were  much  pleased  and  were 
convinced  that  the  plant  was  not  at  fault  after  all, 
but  that  it  was  all  up  to  the  man  who  ran  i*. 

East  St.  Louis,  111.  E.  LiTTLEFlELD. 


September  14,  1920 
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Speed    of    Governor    with    Increase    of    Engine    Speed — 

^en  an  engine  is  speeded  up,  does  the  governor  run  any 
aster?   -  ■  M.  F. 

When  speeding  up  is  accomplished  by  a  change  in  size  of 
he  driving  pulleys  or  gear  wheels,  the  governor  makes  the 
;ame  speed  as  before,  but  if  speeding  up  is  accomplished 
)y  changing  the  governor  vk^eights  or  springs  without 
•hanging  the  governor  drive,  then  there  is  necessarily  the 
iame  percentage  of  increase  of  the  governor  speed  as  of 
he  engine. 


Indicator   Diagrams    from    Compound    Engines — For   the 

jurpose  of  considering  the  valve  setting  of  a  compound 
■ngine,  is  it  admissible  to  rely  upon  indicator  diagrams  of 
)ne  cylinder  taken  at  a  different  time  from  diagrams  taken 
Tom  the  other  cylinder?  H.  R.  J. 

The  diagrams  should  be  taken  simultaneously,  or  at  least 
;o  nearly  at  the  same  time  as  to  insure  the  same  conditions 
)f  load,  engine  speed,  initial  pressure,  points  of  relative 
:utting-off  and  same  back  pressure.  Otherwise  the  actual 
iistribution  of  steam  is  largely  conjectural,  for  the  dia- 
grams are  not  truthfully  representative  of  relative  perform- 
inces  of  the  cylinders. 


Selection   of  Most   Economical   Degree  of   Superheat — In 

lesigning  a  new  turbine  station,  how  is  the  most  economical 
legree  of  superheat  arrived  at?  P.  A.  Y. 

There  generally  will  be  saving  of  2  to  4  per  cent  in  the 
:ost  of  fuel  for  each  100  degrees  of  superheat  of  steam  at 
150  lb.  gage  pressure.  The  use  of  a  high  degree  of  super- 
leat  is  a  matter  of  first  cost  and  cost  of  maintenance 
igainst  the  price  of  fuel,  depending  also  on  the  type  of 
;urbine,  the  load  factor,  the  size  of  the  units  and  the  nature 
)f  the  service  as  regards  severe  and  frequent  variations  in 
;he  load,  also  having  in  mind  the  practical  operation  of 
suitable  superheaters,  steam  piping,  valves,  pumps  and 
luxiliary  machinery. 


Computing  Indicator  Diagrams  Separately — In  computing 
;he  indicated  horsepower  shown  by  indicator  diagrams  from 
I  double  acting  engine,  should  the  power  be  figured 
separately  for  the  two  ends  of  the  cylinder,  or  may  the  net 
)iston  areas  and  mean  effective  pressures  for  the  two  ends 
)e  averaged  ?  R.  B. 

For  close  computations,  the  power  developed  in  each  end 
>f  the  cylinder  should  be  computed  separately  as  two  single- 
icting  engines,  taking  the  sum  as  the  total  power  indicated. 
When  the  values  of  net  piston  area  and  mean  effective 
pressures  are  averaged,  the  calculation  generally  will  result 
in  a  close  enough  approximation  for  most  practical  pur- 
poses, provided  the  mean  effective  pressures  are  nearly 
the  same. 


Air  Chamber  for  Boiler-P'eed  Pump — What  should  be  the 
size  and  shape  of  an  air  chamber  to  go  on  a  boiler-feed 
pump?  R.  S.  T. 

The  air  chamber  may  be  made  of  a  large  size  of  pipe 
Japped  at  the  upper  end  or  may  be  of  cast  iron,  made 
cylindrical  or  pear-shaped,  the  latter  for  greater  strength  of 
casting.  The  shape  is  immaterial  so  long  as  the  vessel  is 
strong  enough  to  withstand  the  water  pressure  with  safety 
and  is  lai-ge  enough.     It  should  have  a  capacity  of  at  least 


six  times  the  volume  of  displacement  of  the  water  cylinders, 
and  greater  volume  will  give  smoother  operation.  The  air 
chamber  should  be  provided  with  a  pet-cock  near  its  lower 
end  and  another  at  the  top  for  occasionally  draining  off  the 
water  and  refilling  air. 


.    Exhaust   Valves  Must  Not  Have  Lap  for  Compression — 

For    obtaining    compression    on    a    single-eccentric    Corliss 
engine,  why  is  not  lap  given  to  the  exhaust  valves? 

M.  F.  S. 
If  compression  is  obtained  by  giving  lap  to  an  exhaust 
valve,  thus  causing  it  to  close  the  exhaust  port  before  the 
piston  reaches  the  end  of  the  stroke,  it  would  also  make 
the  valve  later  in  opening  and  the  steam  would  not  be  re- 
leased at  exhaust  until  after  the  piston  had  completed  its 
stroke.  Hence  the  proper  method  of  obtaining  compression 
is  to  advance  the  eccentric  beyond  the  90-degree  position 
and  thereby  obtain  earlier  release  and  earlier  compression. 
Then  to  avoid  excessive  lead,  that  is,  to  hold  the  steam 
valve  closed  during  the  period  of  compression  or  until  it 
is  desirable  to  have  the  live  steam  admitted,  it  becomes 
necessary  to  give  lap  to  the  steam  valve. 


Operation  of  Reciprocating  and  Centrifugal  Pumps  in 
Parallel — Can  a  centrifugal  and  a  reciprocating  pump  be 
operated  in  parallel  for  boiler  feeding?  J.  K. 

When  a  centrifugal  discharge  is  connected  into  a  feed  line 
through  a  Y-branch,  it  can  be  operated  in  conjunction  with 
a  reciprocating  pump  discharging  into  the  same  feed  line 
provided  the  reciprocating  pump  is  fitted  with  an  air  cham- 
ber that  prevents  pulsation  of  the  discharge  and  is  not 
operated  fast  enough  to  maintain  a  feed-pipe  pressure 
higher  than  the  pressure  that  can  be  built  up  by  the  cen- 
trifugal. As  the  action  of  the  reciprocating  pump  will  be 
positive,  the  delivery  by  the  centrifugal  will  not  be  parallel 
in  the  sense  of  bearing  a  constant  ratio,  but  will  be  the 
additional  flow  that  can  take  place  through  the  check  valve 
and  the  feed-pipe  connections  at  the  highest  pressure  that 
can  be  built  up  by  the  centrifugal. 


Greater  Efficiency  of  Exhaust  Steam  for  Heating — What 
is  the  reason  for  exhaust  steam  heating  up  a  building 
quicker  than  live  steam  ?  W.  B. 

Exhaust  steam  usually  is  wetter,  containing  more  water 
swept  along  with  the  steam  at  the  same  temperature  than 
in  case  of  steam  of  quality  generally  discharged  by  a  low- 
pressure  heating  boiler,  or  that  is  made  drier  when  dis- 
charged through  a  pressure-reducing  valve.  Exhaust  steam 
thereby  contains  rather  more  heat  units  per  cubic  foot,  and 
the  conduction  of  heat  to  pipes,  coils  and  radiators  is  more 
rapid  with  wet  steam  than  with  dry  steam.  But  where  the 
steam  supplied  is  of  the  same  actual  quality  and  pressure, 
there  is  no  difference  in  the  time  required  for  heating  up 
a  building  by  live  or  exhaust  steam,  and  the  greater  effi- 
ciency commonly  attributed  to  exhaust  steam  is  generally 
due  to  a  more  liberal  supply  and  maintenance  of  actually 
higher  pressure  and  temperature  of  the  steam. 


[Correspondents  sending  us  inquiries  should  sign  theii 
communications  with  full  names  and  post  office  addresses 
—Editor.] 
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The  oKlcr  it'iuicrs  of  I'lnn  ,  will  ri'int'iiibiT  tin-  work  of 
Han.s  Holzwarth  on  the  khs  turbino.  In  the  issue  of  Feb.  t'.. 
I'.MJ.  was  di'scnbtHl  a  unit  of  1.000  hp.  which  he  hud  lom- 
pli'tod  and  tostc-d  at  Mannhi'ini.  Tho  work  was  dono  under 
tlu-  palrona^t'  "f  Thyssi'ii  <t  Co..  and  since  the  war  it  has 
been  resumed  at  its  establishment  at  Rhur.  The  new 
turbine  is  built  alonjr  the  lines  of  that  built   at   Mannheim. 
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The  objects  sought  by  the  inventor  in  the  later  desisrn  are: 

1.  Increase  of  the  load  and  explosion  pressure. 

2.  The  development  of  a  bucket  and  a  method  of  fasten- 
ing it  to  conform  with  the  increased  power  conditions. 

3.  Shortening  of  the  expansion  period. 

4.  Testing  of  the  most  appropriate  bucket  form  for  con- 
tinuous use. 

.').     Development  of  the  most  efficient  type  of  nozzle. 

6.  Development  of  a  nozzle  valve  'suitable  for  carrying 
the  higher  load  pressure  and  of  a  larger  cross-sectional 
area. 

It  is  the  hope  of  the  inventor  to  create  a  simple  gas 
turbine  which  it  will  be  possible  to  build  in  large  quantities 
and  the  first  cost  of  which  wilf  be  smaller  than  that  of  a 
steam  turbine  with  the  necessary  boiler  equipment  or  of  an 
internal-combustion  engine;  and  whose  total  ■  economy  will 
be  greater.  ^ 

How  far  this  object  has  been  accomplished  the  following 
will  show:  ■  • 

1.  By  increasing  explosion  pressure  the  work  per  cubic 
meter  of  cylinder  area  and  tfie  thermar  power  efficiency 
was  increased.  '  '  ~, 

In  continuous  running  tests, '^the  average;  explosion  pres- 
sure was  raised  from  12  to  l4  atmbs.  abs.,  as  compared 
with  5  to  6  atnios.  abs.  of  the  Mannheim  turbine. 

2.  The  shorter  the  explosion  period  the  less  heat  will  be 
lost  to  the  cylinder  walls  and  therefore  more  heat  will  be 
changed  into  mechanical  energy  and  the  eflficiency  will  be 
materially  increased. 

At  present  the  time  of  expansion  in  the  gas  turbine  is 
approximately  0.1  sec.  In  a  large  gas  engine  running  at 
90  r.p.m.,  the  expansion  period  is  about  one-third  of  a 
second.  Fundamentally,  there  is  nothing  to  prevent  a 
further  decrease  in  the  expansion  time  of  the  gas  turbine. 
To  do  this  it  is  necessary  to  increase  the  cross-section  of  the 
nozzles  which  also  increases  the  length  of  the  turbine  blades 
and  the  flow  resistances. 

;}.  With  the  decrease  of  the  expansion  time  the  bucket 
pressure  is  increased.  In  the  steam  turbine  this  bucket 
pressure  works  uniformly  in  a  comparatively  small  passage. 
In  the  explosion  gas  turbine  the  jet  works  intermittently, 
by  short  impulses  in  the  form  of  a  blow.    Under  those  con- 


ditions the  familiar  type  of  bucket  form  Ih  entirely  unlit. 
A  bucket  i.**  Haid  to  have  been  alr«'udy  developed  which  is 
opinl  to  the  severe  re<iuiremenlH  of  continuoUH  uwe.  ThiK 
form  corrects  the  turning  action  due  to  the  jet  and  provides 
an  ample  maririn  of  safety  against  defects  in  material  and 
workmanship.  The  ba.se  of  the  comparatively  long  bucket 
(its  into  a  groove  machined  in  the  face  of  the  wheel  and 
fasleiu'd  by  a  key  driven  in  a  slot  in  the  bucket,  which 
expands  it  in  the  t'roove.  The  head,  body  and  root  of  the 
blade  are  made  of  one  solid  piece  like  the  blading  of  a 
De  Laval   lurbiii<'. 

After  a  number  of  tests  and  experiments  soft  electro- 
iron  made  in  the  steel  works  of  the  Thyssen  Co.,  after 
proper  heat  treatment,  proved  adequate  for  gas-turbine 
service.  Blades  of  this  material  stood  up  much  better  than 
those  of  harder  steel  or  steel  alloys. 

De  Laval  nozzles  and  nozzles  with  parallel  walls  were 
tested  with  the  result  that  the  former  type  was  found  most 
suitable.  Increased  explosion  pressure  called  for  a  further 
development  of  the  nozzle  valve.  The  object  of  the  valve 
is  to  close  the  explosion  chamber  gastight  until  the  ignition 
occurs,  and  to  leave  a  large  opening  for  expansion,  ((uickly 
allowing  gases  to  pass  to  the  nozzle  without  throttling. 
These  conditions  were  successfully  met,  and  the  charging 
and  explosion  pressures  were  increased  so  that  ignitions  are 
complete. 

In  December,  1919,  a  number  of  tests  with  coke-oven  gas 
were  made,  as  shown  in  Fig.  1,  on  the  turbine  built  by 
Messrs.  Thyssen  &  Co.  The  amount  of  gas  was  calculated 
according  to  the  swivel  baffle  method.  The  heat  value  of 
the  gas  was  determined  by  the  Junkers  calorimeter  and 
found  to  be,  on  an  average,  .S,8G0  calories  per  cubic  meter 
(Zero  deg.  C,  7G0  millimeters  mercury).     An  electric  load 
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400  600 

Circumference   Hp 
FIG.   2.      CVER-ALL   EFFICIEXCY   MR.\SURED  .\T  THE  CIll- 
rUMFEnEXCE    OF    THE    WHEEL    PEPES'DIXG    ITON 

THio  ot'TPVT  traxsmitte;d  to  the  wheel 


was  carried  on  a  water  resistance.  During  the  whole  series 
of  tests  all  the  ten  chambers  were  working  and  at  lighter 
load  none  of  the  chambers  were  switched  off.  In  regular 
operation  it  is  intended  to  switch  off"  some  of  the  chambers 
by  means  of  the  governors,  thereby  materially  improvin'. 
the  efficiency  under  partial  load.  The  test  lasted  about  oni. 
hour. 

Tost    Xo.  12  3  4 

Quantity  of  ga.s  at  Odpg.C.  760  mm. 

iMPnury . Mil,,  per  hour 300  400  550  660 

'^^l:^J^"''"""''^''^:''"':x,\V^Sm     1.530.000    2.M0.OOO     2.415.000 

Output    transmittctl    to    the    wheel  

(u».fulhp.)      70  251  724  984 

Kg"rXrfeTpeX.-hr  V  ^V'.;^  "16,430  ■■'6,090  ^  '  2.915  ■'2,450 
Efficieiiey   at   the   circumference  of 

the  wheel,  percent 3  9  10  4  218  26 

Figs.   1   and   2  have  been  plotted,  the  amount   of  heat 
admitted  per  hour  and  the  efficiency  at  the  circumference 
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dependent  upon  the  output  transmitted  to  the  wheel  beinK 
expressed  in  circumferential  horsepower. 

The  work  necessary  for  compressing:  air  and  gas 
amounted  to  about  5.7  per  cent  of  the  waste  heat.  If  the 
efficiency  of  the  compressors  is  taken  to  be  70  per  cent,  that 
of  the  exhaust  steam  turbine  18  per  cent,  and  that  of 
utilization  of  the  waste  heat  60  per  cent,  a  total  efficiency 
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FIG.   3.      ONK  THOl'SAND  HORSBPOWKK  GAS  TURBINK 

for  the  waste-heat  plant  and  compressor  sets  of  0.7   x   0.18 
X   0.6  =  7.6  per  cent  may  be  obtained. 

With  plants  of  this  description  it  is  easily  possible  to 
satisfy  the  power  consumption  of  the  blower  out  of  the 
waste  gas  heat. 

The  Federal  Water  Power  Commission 
Receives  Applications  for  Permits 

A  number  of  applications  for  permits  and  licenses  for 
the  utilization  of  water  power  and  the  construction  of  power 
plants  have  been  filed  with  the  Federal  Water  Power  Com- 
mission under  the  provisions  of  the  Water  Power  Act  passed 
by  Congress  at  the  last  session. 

Bach  application  will  be  considei'ed  on  its  merits,  it  is 
announced,  and  the  prior  date  of  an  application  for  a  per- 
mit to  a  power  site  will  be  given  cognizance  only  when  all 
other  factors  are  equal.  The  list  of  applicants,  with  the 
proposed   power   sites,   is   as   follows: 

Alabama  Power  Co.,  preliminary  permit  for  hydro-elec- 
tric plant  on  the  Coosa  River  in  Alabama,  below  Government 
Lock  No.  2;  Speel  River  Power  Co.,  San  Francisco,  pre- 
liminary permit  for  power  project  to  be  located  in  the 
Tongass  National  Forest  in  Alaska;  C.  A.  Heberlein,  Pres- 
cott,  Ariz.,  preliminary  permit  for  project  in  Cataract  Can- 
yon, Coconino  County,  Arizona;  Dixie  Power  Co.,  Chicago, 
111.,  preliminary  permit  to  construct  a  dam  across  White 
River,  near  Potter,  Baxter  County,  Ark. 

Far  West — Pitt  River  Power  Company,  San  Francisco, 
preliminai-y  permit  for  power  project  on  Pitt  River,  Cali- 
fornia;   R.  W.  Hawley,   San  Francisco,  preliminary   permit 


to  develop  project  on  Silver  Creek  and  its  branches  in  Eldo- 
rado County,  Cal.;  Beckman  &  Linden  Corp.,  San  Francisco, 
preliminary  permit  for  project  on  Colorado  River  in  Ari- 
zona and  California;  G.  W.  Spoerry,  Bonners  Ferry,  Idaho, 
preliminary  permit  for  project  on  Moyie  Falls  on  Moyie 
River,  Idaho;  Utah  Power  and  Light  Co.,  preliminary  permit 
for  Soad  Point,  Lava,  Narrows,  and  Mink  power  sites  on 
Bear  River,  Idaho;  Idaho  Power  Co.,  preliminary  permit 
for  Upper  Salmon  Falls  project,  Snake  River,  Idaho;  Idaho 
Power  Co.,  preliminary  permit  for  Twin  Falls  Project  on 
Snake   River,   Idaho. 

Mid-West — J.  D.  Markham,  A.  Kelsey  and  J.  F.  Druar, 
St.  Paul,  Minn.,  preliminary  permit  for  Kelsey-Markham- 
Druar  Dam  Site  on  St.  Croix  River,  between  Minnesota 
and  Wisconsin;  St.  Cloud  Water  Power  Co.,  preliminary 
permit  to  consti'uct  dam  across  Mississippi  River,  in  Sher- 
burne County,  Minn.;  W.  R.  Banks,  preliminary  permit 
for  project  on  Osage  River  between  Warsaw  and  Tuscumbia, 
Mo.,  and  Niagara  River  between  towns  of  Hahatonka  and 
mouth  of  Little  Niagara  River;  Western  Tie  and  Timber  Co., 
St.  Louis,  Mo.,  preliminary  permit  for  power  project  on 
Current  River,  Mo.,  in  Ripley,  Carter  and  Shannon  counties; 
Rocky  Mountain  Power  Co.,  Butte,  Mont.,  preliminary  per- 
mit for  hydro-electric  project  on  Flathead  River;  The  Can- 
ada Syndicate,  Ltd.,  of  Montreal,  Canada,  and  Duncan, 
Young  &  Co.,  New  York,  preliminary  permit  to  develop 
water  power  in  Delaware  River  above  the  town  of  Belvi- 
dere,  N.  J.;  C.  P.  Chenault,  Tulsa,  Okla.,  preliminary  per- 
mit for  power  project  on  the  Arkansas  River  at  a  point 
commonly  known  as  Ox  Bow  Bend,  Northwest  of  Tulsa, 
Okla.;  Crown  Willamette  Paper  Co.,  Portland,  Ore.,  license 
for  development  at  falls  of  Willamette  River,  West  Linn, 
Oregon. 

New  York  Stcfte — City  of  Buffalo,  preliminary  permit  for 
project  on  Niagara  Rdver;  Henry  Ford  and  Son,  license 
for  project  on  Green  Island,  Government  Dam  at  Troy,  New 
York,  Hudson  River;  Louisville  Power  Co.,  preliminary 
permit  for  project  on  St.  Lawrence  River,  from  the  west 
end  of  Croil  Island  (sometimes  called  Baxter's  Island,  or 
Upper  Long  Sault  Island)  westerly  up  the  St.  Lawrence 
River  to  the  easterly  end  of  Gooseneck  Island;  Hydraulic 
Race  Co.,  Lockport,  N.  Y.,  preliminary  permit  for  power 
project  on  Niagara  River,  N.  Y.;  Paul  T.  Brady,  New  York 
City,  preliminary  permit  for  dam  across  Delaware  River 
at  a  point  between  the  village  of  Barryville  on  the  New 
York  side  and  the  village  of  Shohola  on  the  Pennsylvania 
side  of  the  river;  Lower  Niagara  River  Power  and  Water 
Supply  Co.,  preliminary  permit  for  project  located  at  point 
about  500  feet  south  of  Michigan  Central  Railroad  bridge, 
which  point  is  about  midway  between  Cleveland  Ave.  and 
Niagara  Ave.,  in  the  City  of  Niagara  Falls,  water  to  be 
returned  to  Niagara  River  at  a  point  in  town  of  Lewiston, 
Niagara  County;  Niagara  County  Irrigation  and  Water  Sup- 
ply Co.,  preliminary  permit  for  project  on  Niagara  River, 
N.  Y.;  Niagara  Falls  Power  Co.,  preliminary  permit  to  di- 
vert water  from  Niagara  River  above  the  Falls,  under  the 
provisions  of  the  treaty  between  the  United  States  and 
Great  Britain,  proclaimed  May  13,  1910;  Niagara,  Lockport 
&  Ontario  Power  Co.,  preliminary  permit  for  diversion  and 
use  of  water  for  hydro-electric  power  purposes  from  above 
the  Falls  at  Niagara;  St.  Lawrence  Transmission  Co.,  Pots- 
dam, N.  Y.  preliminary  permit  for  project  on  St.  Lawrence 
River  in  vicinity  of  Long  Sault  Rapids,  St.  Lawrence  County, 
N.  Y.;  Thomson  &  Porter,  Buffalo,  N.  Y.,  preliminary  pei'- 
mit  for  pi'oject  on  Niagara  River  and  for  hydro-electrk 
plaat  in  Niagara  Goi'ge;  Niagara  Gorge  Power  Co.,  Buffalo, 
N.  Y.,  preliminary  permit  for  diversion  of  water  from 
Niagara  Falls;  Roanoke  River  Development  Co.,  Richmond, 
Va.,  preliminary  permit  for  project  on  Roanoke  River  in 
Mecklenburg  County,  Virginia,  between  Bugg's  Island  and 
the  town  of  Clarkesville. 

Nortlnvest — Washington  Irrigation  and  Development  Co., 
preliminai-y  permit  for  project  on  Priest  Rapids,  Columbia, 
River,  Wash.;  Alex  Poison,  M.  E.  Reed  and  W.  H.  Abel, 
Montesano,  Wash.,  preliminary  permit  for  project  at  head- 
waters of  Wynooche  River  in  Olympic  National  Forest, 
Washington  and  northeastern  part  of  Gray's  Harbor;  North- 
western Power  and  Manufacturing  Co.,  Seattle,  Wash.,  pre- 
liminary permit  for  project  on   Lake   Crescent   in   Clallam 
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C»>uiit.v.  h.lwhii  liiviT,  ill  Wushiiik'ton;  Hu^'h.  I,.  CuDpiM. 
New  York  City,  prrliniinury  pfiniil  for  projcit  on  Clark' 
Fork  of  thf  Coliiinl)i.i  ItiviT,  Wash.;  Sniinil  I'owit  Co.,  M. 
().  I'ond,  iirt'sidfiit,  Nrw  York  City,  prcliniiiiury  iii-rmil  for 
liioject  on  SulUin  Uivi-r  anil  Olncy  Cn-ok,  in  Snohoiiii«h 
County,  Wash.,  iiiul  to  usi-  wali-rs  of  Solduc  River,  t'rt's- 
unl  I.aki'  and  l.yii-  Kivi'r,  in  Chiliaiii  County,  Wash. 

.\ppliiations  for  pri'liininary  ptTiiiit  or  lict-nsi'  wi-n-  fiit-d 
with  thf  Fi'doral  I'owi-r  Conunission  durinjr  the  wi-ok  indod 
Aujr.  -i^.  as  follows: 

Tonniiss  Alaska  Pulp  and  I'apiT  Co.,  by  .VI.  M.  Lyli-r, 
altorni'y,  Alaska  Building,  Si'attli',  Wash.,  application  for 
prt'liininary  pormit  for  utilization  of  Kish  Creek,  Swan 
Creek,  Bij:  Lake,  Mirror  Lake  liiid  Swan  Laki'  for  power 
purposes  iind  for  authority  to  i-onstruet  power  plants. 
pulp  and  paper  mills  on  the  southeast  shore  of  Carroll  Inlet 
in  southeastern  Alaska. 

The  Cove  Co.,  Oeala,  Fla..  .1.  I).  Robertson,  .seeretary. 
application  for  preliminary  permit  to  erect  dam  and  power 
house  on  Withlachoochee  River  above  Stokes  Ferry  for  the 
purpose  of  j:eneratin>r  hydro-electric  power. 

The  State  of  Illinois,  by  Governor  Frank  O.  Lowden, 
Sprinjrfield.  application  for  license  for  power  development 
on  Des  IMaines  and  Illinois   Rivers. 

W.  A.  Dromuold.  York,  Pa.,  application  foi-  preliminary 
permit  to  erect  dam  on  or  across  the  Susquehanna  River  at 
or  near  Cumberland  below  the  mouth  of  Yellow  Breeches,  Pa. 

Tri-Statc  Power  and  Milling  Co.,  of  W.  Va.,  Tri-State 
Power  Co.,  of  Virpinia,  O.  L.  Stearnes,  i)resident,  Salem, 
Va.,  application  for  preliminary  permit  to  erect  dam  and 
power  house  for  hydro-electric  purposes  at  a  point  below 
Anderson  Falls,  of  New  River  in  Summers  County,  W.  Va. 

Priest  Rapids  Irrijration  District,  by  W.  J.  Kincaid,  presi- 
dent. White  Bluffs,  Wash.,  application  for  preliminary  per- 
mit to  develop   power   in   Priest    Rajiids   of   Columbia    River. 

Says  Wage  Increase  Should  Lower  Price 
of  Anthracite 

That  the  anthracite  coal  operators  increased  their  protiis 
fifty  cents  a  ton  through  the  one  dollar  raise  in  the  price  of 
coal  on  April  1  in  anticipation  of  the  wape  increase,  was 
brought  out  by  W.  .lett  Lauck,  who  was  the  consulting 
economist  for  tl  •  United  Mine  Workers,  in  presenting  the 
case  of  the  miners  to  the  Anthracite  Coal  Commission.  The 
operators  did  not  stop  here,  however.  In  many  cases  the 
incr  Hse  was  much  greater.  A  leading  Washington  dealer 
quotes  anthracite  for  domestic  use  at  $15.-50  per  ton,  an 
advance  of  $3.70  since  May  1.  In  other  cities  the  increase 
was  even  larger. 

Mr.  Lauck  declared  that  the  average  advance  in  labor 
costs  was  17  per  cent  as  a  result  of  the  recent  award  by  the 
wage  commission,  and  as  the  labor  cost  of  producing  a  ton 
of  coal  ranges  from  $2.71  to  $3.10,  the  increased  cost  to  the 
operators  with  the  maximum  figure  as  a  basis  would  be 
52.7  cents  per  ton.  On  the  basis  of  a  ninety  million  ton 
per  year  production,  the  operators  have  taken  from  the 
public  more  than  $30,000,000  of  which  they  are  required 
to  pay  the  miners  only  $15,000,000. 

"Prospective  increases  in  labor  costs  is  the  reason  for 
these  advances,"  said  Mr.  Lauck,  "and  since  the  operators' 
estimate  of  what  that  increase  would  be  was  fully  double 
what  it  has  actually  proved  to  be,  it  is  obvious  that  the 
price  to  the  consumer  should  be  reduced  at  least  $1.85  per 
ton.  on  the  basis  of  Washington  price  advances  since  May  1." 

To  Hohl  Water  Power  Convention 

Representatives  of  all  the  states  in  the  Union,  manufac- 
turers and  producers  of  power,  will  meet  in  Washington, 
D.  C,  Oct.  7  and  8  at  the  convention  of  the  Water  Power 
League  of  America,  called  to  discuss  the  new  Federal  Power 
Act  and  its  relation  to  the  laws  of  the  several  states  and 
how  best  to  bring  about  the  benefits  expected  to  result  from  it. 

The  convention  is  called  that  the  state  officials  may  come 
in  contact  with  the  members  of  the  Federal  Power  Commis- 
sion with  a  view  of  co-ordinating  their  efforts  and  that  a 


"orkahlf  pro|;riiiii  iiuiy  be  evolved  which  will  bring  the 
k'reali'st  benelit   to  the  [X'ople  of  the  country  at  large. 

The  convention  will  not  attempt  to  settle  any  of  Ihi- 
ijuestions  which  have  been  <liHputed  in  the  years  puHt.  It 
lecogni/.es  that  tlu'  United  .SlaU-s  has  now  adojited  a  policy 
for  water-piiwer  development  anti  the  day  of  debate  \» 
past.  How  to  get  immediate  nctioti  will  be  the  only  quen- 
tion  to  be  considered. 

The  farming  interests  of  the  country  will  be  represented 
by  a  speaker  from  the  National  (Jrange  who  will  tell  what 
the  farmer  expects  from  the  Federal  Power  Act.  Such 
practical  subjects  as  "Financing  Under  the  Federal  Power 
.\ct,"  "The  .Xdvantages  of  the  Fe<leral  Power  Act  from 
the  .Standpoint  of  the  Practical  Developer  and  Operator," 
"Cooperation  Between  the  Power  Producer  and  Federal 
l'ow«-r  Commission,"  will  he  discussed  by  competent  author- 
ities and  the  .Secretaries  of  War,  Agriculture  and  the  Navy 
will  hold  (|uestion  and  answer  sessions  at  which  information 
may  be  obtained  direct  from  the  fountain  heads  as  to  how 
their  several  departments  are  expected  to  function  in  the 
admiiiistiatioii  of  the  affairs  of  the  Commission. 

The  convention  will  be  an  open  one.  Every  manufacturer 
and  person  interested  in  the  subject  of  development  of  the 
water  resources  of  the  country  is  invited  to  attend.  All  that 
will  be  necessary  will  be  t«  notify  the  Water  Power  League 
of  America,  116  Nassau  St.,  New  York  City,  and  reserva- 
tions at  The  Washington,  where  the  convention  will  meet, 
will  be  made.  The  meeting  is  expected  to  prove  one  of  the 
most  important  economic  conferences  which  has  been  held 
in  Washington  in  years. 


Evanston  Instructs  Her  School  Engineers 

Owing  to  the  changed  conditions  in  the  fuel  market 
necessitating  the  use  of  Illinois  mine-run  coal  rather  than 
Pocahontas  or  even  hard  coal,  which  some  of  the  schools 
have  been  burning,  the  board  of  education  of  Evanston,  III., 
decided  that  it  would  be  well  worth  while  to  educate  the 
janitors  and  engineers  in  the  various  school  buildings  in 
the  proper  methods  of  burning  the  new  fuel. 

Arranf'enients  were  made  with  Osborn  Monnett,  of 
Chicago,  for  a  series  of  five  lectures  and  inspection  tours  in 
which  demonstrations  were  made  and  personal  instructions 
given.  The  lectures  covered  combustion,  storage  and  effi- 
ciency measures  calculated  to  meet  the  conditions.  The 
present  high  price  of  coal  was  an  influencing  factor,  and  in 
any  event  efficient  smokeless  combustion  was  desired,  par- 
ticularly as  the  schools  for  the  most  part  are  located  in 
desirable  residential  sections. 


Cannot  Pass  the  Coal  Increase 
on  to  Consumer 

The  Public  Utilities  Commi.ssion  of  the  District  of  Colum- 
bia has  cut  short  the  effort  of  the  Potomac  Electric  Power 
Co.  to  pass  on  to  wholesale  power  users  the  cost  of  its  coal. 
Commenting  on  this  phase  of  the  decision,  the  commission 
objected  to  the  coal  clause  because  there  is  less  incentive 
to  secure  coal  at  the  most  advantageous  price  when  it  is 
known  that  the  cost  is  passed  automatically  to  the  con- 
sumer. As  the  increase  in  the  cost  of  coal  affects  all  con- 
sumers, such  an  increase  should  be  borne  as  nearly  as 
possible  by  each  class  in  its  proper  proportion. 

The  power  company  asked  for  various  increases,  but  was 
allowed  to  advance  its  rates  only  one-half  cent  per  kilowatt- 
hour.  In  addition  it  was  permitted  to  abolish  certain  dis- 
counts and  will  receive  more  for  street  lighting. 


The  United  States  Department  of  Agriculture  is  produc- 
ing gas  by  the  destructive  distillation  of  wheat,  oat  and 
rye  straws.  Although  an  automobile  has  been  operated  with 
the  new  combustible  and  it  has  been  used  for  illuminating 
purposes  and  cooking,  it  is  still  in  an  experimental  stage. 
Production  tests  are  under  way  to  determine  the  exact  com- 
mercial value  of  the  product. 


September   14,   1920 


POWER 


445 


Water-Power  Commission  Formulates  Regulations 


THK  (list  t«n  of  the  water-power  regulations  have  been 
finally  approved.  Some  time  necessarily  must  elapse 
before  the  rejrulations  governing  the  financial  features 
of  the  Act  can  be  promulfjated.  The  regulations  approved, 
however,  contain  two  of  great  importance:  those  referring 
to  peiTnits  and  licenses.  Regulation  9,  which  covers  permits, 
reads  as  follows : 

A.  Except  as  hereinafter  provided,  preliminary  permits 
may  be  issued  on  the  application  of  citizens,  associations, 
corporations,  states  or  municipalities  desirous  of  obtaining 
licenses  for  the  construction,  maintenance  or  operation  of 
dams,  water  conduits,  reservoirs,  power  houses,  transmis- 
sion lines  or  other  project  works,  necessary  or  convenient 
for  the  development  and  improvement  of  navigation,  and 
for  the  development,  transmission  and  utilization  of  power 
across,  along,  from  or  in  any  of  the  navigable  waters  of  the 
United  States,  or  upon  any  part  of  the  public  lands  and 
reservations  of  the  United  States  (including  the  territories), 
or  for  the  purpose  of  utilizing  the  surplus  water  or  water- 
power  from  any  government  dam. 

B.  Permits  will  be  issued  only  for  the  purpose  of  enabling 
applicants  to  maintain  their  priorities  while  secui-ing  the 
data  required  foi'  an  application  for  license  and  will  be  for 
such  periods,  not  exceeding  a  total  of  three  years,  as  in  the 
judgment  of  the  Commission  will  be  necessary  for  studying 
the  proper  location  and  design  of  the  project;  for  making 
examinations,  surveys,  maps,  plans,  specifications  and  esti- 
mates; for  conducting  stream  measurements;  for  sinking- 
test  pits  or  making  borings  to  determine  foundations  for 
dams  or  other  structures;  for  securing  a  market  for  the 
power  to  be  developed;  for  making  financial  arrangements; 
or  for  any  other  purpose  necessary  or  desirable  in  the 
preparation  of  application   for  license. 

C.  Permits  will  not  be  issued  for  projects  already  con- 
structed; for  transmission  lines  alone;  for  projects  of  a 
power  capacity  of  less  than  100  horsepower;  for  projects 
which,  in  the  judgment  of  the  Commission,  do  not  come 
within  the  scope  of  its  authority  under  the  Act,  or  should 
be  undertaken  by  the  United  States  itself,  or  do  not  propose 
adequate  schemes  of  development,  or  would  interfere  unrea- 
sonably with  projects  under  permit,  license  or  other  author- 
ity theretofore  granted;  or  for  projects  for  which  data 
sufficient  for  filing  application  for  license  ai'e  already  avail- 
able. Permits  affecting  any  reservation  will  be  issued  only 
after  a  finding  by  the  Commission  that  the  proposed  use- 
will  not  interfere  or  be  inconsistent  with  the  purpose  for 
which  such  reservation  was  created  or  acquired.  Permits 
will  not  be  issued  until  after  the  expiration  of  the  publica- 
tion period  prescribed  by  the  Act. 

D.  In  acting  upon  applications  for  pi'eliminary  permits, 
and  in  determining  preferences  therefor,  the  Commission 
may,  in  its  discietion,  upon  the  request  of  any  applicant 
or  upon  its  own  motion,  hold  hearings,  order  testimony  to  be 
taken  by  deposition,  summon  witnesses,  or  require  the  pro- 
duction of  documentary  evidence. 

E.  No  charges  will  be  made  for  permits,  but  permitees 
will  be  required,  as  a  condition  of  maintenance  of  priority 
to  pei'form  such  work  and  to  make  su^'h  studies  and  investi- 
gations, and  such  reports  thereon,  as  in  the  judgment  of  the 
Commission  may  be  necessary  or  desirable  to  enable  both 
the  applicant  and  the  Commission  to  determine  the  feasi- 
bility, chai-acter  and  extent  of  development  which  is  pro- 
posed or  which  should  be  undertaken,  which  requirements 
will  be  expressed  in  the  permit. 

F.  Upon  a  satisfactory  showing  of  reasons  therefoi-  the 
Commission  may  authorize  permitees  to  pei'form  such  con- 
struction work  as  may  be  necessary  to  maintain  water  rights 
under  state  law,  or  as  may  be  desirable  in  preparation  for 
the  construction  of  project  works;  but  the  granting  of  such 
authority  shall  not  be  deemed  to  have  created  any  equities 
or  to  have  established  any  rights  beyond  what  would  have 
been  created  or  established  had  such  authority  not  been 
given. 

G.  Permits  will  not  be  transferable  and  may  be  can- 
celled by  order  of  the  Commission  for  failure  to  comply 
with  the  conditions  thereof. 

H.  Each  preliminary  permit  shall  set  forth  the  condition.= 
under  which  priority  shall  be  ijiaintained  and  a  license 
issued,  and  shall  also  set  forth  the  essential  terms  and  condi- 
tions of  such  license. 

Regulation  10,  dealing  with  licenses,  reads  as  follows: 
A.    Except  as  hereinafter  provided,  licenses  may  be  issued 


either  in  accordance  with  the  provisions  of  preliminary  per- 
mits or  upon  direct  application  therefor  by  citizens,  asso- 
ciations, corporations,  states  or  municipalities,  for  the  pur- 
pose of  constructing,  operating  and  maintaining  dams,  water 
conduits,  reservoirs,  power  houses,  transmission  lines  or 
other  project  woi'ks,  necessary  or  convenient  for  the  devel- 
opment and  improvement  of  navigation,  and  for  the  develop- 
ment, transmission,  and  utilization  of  power  across,  along, 
from  or  in  any  of  the  navigable  waters  of  the  United  States, 
or  upon  any  ))art  of  the  public  lands  and  reservations  of  the 
United  States  (including  the  territories),  or  for  the  purpose 
of  utilizing  the  surplus  water  or  water  power  from  any 
govei'nment  dam. 

B.  Licenses  will  be  issued  for  such  periods,  not  exceed- 
ing fifty  (50)  years,  as  in  the  judgment  of  the  Commission 
will,  in  each  individual  case,  allow  for  the  satisfactory  de- 
\elopnient  and  operation  of  the  project  and  protect  the 
public  interest,  and  shall  remain  in  full  force  and  effect 
for  such  periods  unless  surrendered  or  terminated  as  pro- 
vided in  these  regulations  or  revoked  as  provided  in  the 
Act. 

C.  Licenses  will  not  be  issued  for  projects  which,  in  the 
judgment  of  the  Commission,  do  not  come  within  the  scope 
of  its  authority  under  the  Act,  or  should  be  undertaken  by 
the  United  States  itself,  or  do  not  propose  adequate  schemes 
of  development,  or  lack  satisfactory  showing  of  financial 
ability,  or  would  interfere  unreasonably  with  projects  under 
permit,  license,  or  other  authority  theretofore  granted,  or 
would  be  opposed  to  the  public  interest.  No  license  affect- 
ing the  navigable  capacity  of  any  navigable  waters  of  the 
United  States  will  be  issued  until  the  plans  of  the  dam  oi 
other  structures  affecting  navigation  have  been  approved 
by  the  Chief  of  Engineers  and  the  Secretary  of  War. 
Licenses  within  any  rese.  \ation  will  be  issued  only  after  a 
finding  by  the  Commission  thai  the  license  will  not  inter- 
fere or  be  inconsistent  with  the  purpose  for  which  such 
reservation  was  ci'eated  or  acquired.  Licenses  will  not  be 
issued  until  after  the  expiration  of  the  publication  period 
prescribed   by  the   Act. 

D.  Licenses  may  be  altered  only  upon  mutual  agreement 
between  the  licensee  and  the  Commission.  Any  such  altera- 
tion shall  be  made  a  part  of  the  license  and  a  substitutt 
for  the  provision  altered,  but  no  such  alteration  shall 
operate  to  alter  or  amend  or  in  any  way  whatsoever  be  a 
waiver  of  any  other  part,  condition  or  provision  of  the 
license. 

E.  Licenses  may  be  suirendered  only  upon  mutual  agree- 
ment between  the  licensee  and  the  Commission,  and  upon 
the  fulfillment  by  the  licensee  of  all  obligations  under  the 
license,  with  respect  to  payment  or  otherwise,  existing  at 
the  time  of  such  agreement,  and,  if  the  project  works  author- 
ized undei-  the  license  are  constructed  in  whole  or  in  part, 
upon  such  conditions  with  respect  to  •'he  disposition  of  such 
works  as  may  be  determined  by  the  Commission. 

F.  Licenses  may  be  terminated  by  written  order  of  the 
Commission  aft^r  such  reasonable  notice,  not  exceeding- 
ninety  (itO)  days,  as  the  Commission  may  grant,  if  there 
is  failure  to  commence  actual  construction  ci:  the  project 
works  within  the  time  prescribed  in  the  hc-;nse,  or  as  ex- 
tended by  the  Comniission.  Under  simiiai  conditions  and 
upon  like  notice  the  authority  granted  under  a  license  may 
be  terminated  with  respect  to  any  project  works  or  separe 
ble  i)art  thereof  covered  by  the  license,  if  there  is  failure  to 
begin  construction  of  such  project  works,  or  part  thereof 
within  the  time  prescribed  in  the  license  or  as  extended 
by  the  Commission;  but  no  part  of  the  project  works  shall 
be  deemed  separable  for  the  purposes  of  this  regulation 
unless  so  specified  in  the  license. 

G.  Licenses  may  be  revoked  only  through  proceedings  in 
equity  instituted  in  the  District  Court  of  the  United  States 
for  a  district  in  which  some  part  of  the  project  is  situated, 
and  in  the  manner  provided  in  the  Act: 

(a)  In  case  construction  of  the  project  works  cov- 
ered by  the  license,  or  of  any  specified  part  thereof, 
has  been  begun  but  not  completed  within  the  time 
l)rescribed  in  the  license,  or  as  extended  by  the 
Commission;  or 

(b)  In  case  the  terms  of  the  license  are  violated 
by  the  licensee. 

Before  the  ten  regulations  were  finally  approved  they  were 
subjected  to  most  careful  scrutiny  by  outside  interests  and 
many  of  their  suggestions  are  embodied  in  the  regulations. 
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THK   M.-OUAW  CKMTnAI.  STATION   1»I- 

UKfTOIlY     ANI>     DATA     IHIOK     KOU 

l!i:'"        riil.\l.-<lii.l     l.v    till-    MrCniw-IIIll 

Co,     In.-,    Niw     York    (•(ly.    SfiX    i>iiKf«  , 

4i    X    S4    In.  ;   \<v\c-.    t-'> 

This    liooK    in   :in    lhviilual>l<'    K»l<l'°    imil    iH 

compUto       li\      I'Very      wiiy.  It       oontiilnH 

ci'litnil-Htutlon  diita  iirrimKi'd  l<y  Htiitrx  iirul 

olUfa  ;    stiitiMllcM    of    tlii'    i-iiitrnl-HUitlon    tn- 

iluatrv  ;   Htaltiti  of  tlonii'.slie  :inil   i-ornnnrdal 

oU'Clrlc     s<T\  U'l- ^     ii     llHt     of     townM    Willi     ii 

liupiiliitlon  uniliT   l.diin  k"'III>ik  iiiin-ru  t-ltn'- 

whrri"  ;    Mtalc    foninil.xfilons    liavlnt;   JurlMilli - 

tlon    ov.-r   oli'otrtc    linlit    and    powir    uII1I1U-h 

nnd    an    Intlrx    to    ciMitral    stations    wliosr 

nanios    do    not    indii-alr    llu-ir    location. 

NKW     YOKK     STATK      HOII.KIt     I'OnK 

•Tho    Niw     York    Stati-    lioiUr    I'dd.v"    as 

recently    aineiidi'd    an<l     readopti'd.     is    now 

ready   "for    distribution.       The    rules    relate 

to  tlie   conatriu-lion,   installation,    invpection. 

and     maintenance     of     sti-ain     boilt-rs     and 

should   provi'  of  value  to  all  mantifaeturers 

of  boilers,  jobbers,   aiul   in   repair  shops.      A 

copy    of     these     nili  8    can     be     obtaim-d     by 

appUcation     to     the     State     of     New     York 

Department     of      Labor.      State      Industrial 

Cominission.  Capitol,  AlbiWiy. 

ONTARIO    IlYnUO-KI.KCTHlC    POWKll 
^  COMMISSION    KEPOUT 

The  Twelfth  Annual  Report  of  the  Hydro- 
Electric  Tower  Commission  of  the  Province 
of  Ontario  for  the  year  ended  Oct.  :!1.  1919. 
is  now  ready  for  distribution  Thi'  report, 
which  contains  24.'!  pages,  is  a  complete  ac- 
count of  the  work  performed  by  the  com- 
mission during  the  year.  The  text  contains 
a  description  of  the  great  increase  in  the 
use  of  power  during  the  war  and  of  the 
sudden  slump  following  the  signing  of  the 
armistice.  Operating  and  maintenance  costs 
of  various  plants  are  given,  as  w.U  as 
notes  on  operation,  load  curves,  etc.  The 
book  is  concluded  with  a  statement  of  total 
plant  cost,  investment,  operating  rt-ports. 
depreciation  charges,  horsepower,  peak 
taken  in  December.  1919,  street -lighting 
installations,  cost  of  power  and  selling  rates. 


Harry  T.  Harmon  is  now  transmission 
engineer  for  tbe  Hyatt  Roller  Bearing  Divi- 
sion, General  Motors  Corporation,   Newark, 

N.  J. 

Gerardo  Immediato  has  been  appointed 
professor  in  charge  of  machine  and  power- 
plant  design  at  the  Polytechnic  Institute  of 
Brooklyn. 

.\.  V.  Hiixebv,  formerly  chief  engineer. 
Armour  Mechanical  Co.,  U.  S.  Yards,  Chi- 
cago, 111.,  is  now  in  the  master  mechanic's 
office    of   Morris   &    Co     Chicago 

J.  C  Parmelv.  who  has  been  connected 
with  the  Okmulgee  Ice  and  Light  Co.  of 
Okmulgee,  Okla,,  is  now  with  the  Milw-aa- 
kee   Electric   Railway   and    Light   Co. 

B.  B.  'Williams,  at  a  meeting  of  the  direc- 
tors of  The  C.  &  G.  Cooper  Co.  of  Mt. 
Vernon,  Ohio,  was  elected  president  of  the 
company   to  succeed    D.    B.    Kirk,   deceased. 

Elias  Schlank,  formerly  assistant  me- 
chanical superintendent  for  Julius  Kayser 
Co..  P.rooklvn,  N.  Y.,  is  now  located  in 
Newark,  N.  J.,  as  a  consultant  factory 
engineer. 

D.  H.  MncDouBall.  of  the  Toronto  Power 
Companv.  Toronto,  Canada,  has  just  been 
appointed  Chairman  of  the  Public  Relations 
Section  of  the  Canadian  Division  of  the 
N.    E.    L.    A. 

A.  A.  Potter  has  resigned  his  position 
as  dean  of  engineering  at  the  Kansas 
State  Agricultural  College  to  accept  a 
similar  position  at  Purdue  University, 
Lafayette,   Ind. 

Walter  C.  Lanpe  has  resigned  his  posi- 
tion as  engineer  with  the  Hammel  Oil  Burn- 
ing Equipment  Co.  and  now  holds  a  simi- 
lar position  with  The  Howard  Moore  Co.. 
of   Now   York    City. 

Fred  F,  Bnhnsoii,  formerly  engineer  for 
the  Normalair  Co.,  "U'inston-Salem.  N.  C, 
is  now  vice  president  and  engineer  of  the 
Bahnson  Humidifier  Co.,  Salem  Station, 
Winston-Salem.    N.    C. 

Reginald  Pelham  Eolton,  consulting  en- 
gineer, anno'  oe?  that  James  A.  McHollan 
is  now  associated  with  him  as  vice  presi- 
dent of  The  R  P.  Bolton  Co..  IIS  East 
19th   St.   New   Y'ork   City. 

Paul  Pe  L,eon.  consulting  engineer,  who 
for  some  years  was  in  business  in  the  East. 


hiiM  opi'iK  il  an  olllci'  at  Miiiillowou.  WIm. 
IIIM  Work  will  cnnHlHt  of  Ki-ncral  vnglneer- 
Ing    and    iitllllleH  eii(clneer>nK 

J.  II.  Flvpr  h»M  Hevered  hlH  connect  bin 
KH  engliiiMr  with  the  Hieere  Knglneerliig 
Company,  of  Helroit.  and  Ih  now  altlllated 
with  till-  l-'oril  .Motor  Comininy,  in  the 
llouge    plaut    at    I)earlMirn,   Mich 

I.niiU  r.  Sriilirlslit  liaM  Heveri'il  IiIh  con 
iieclloMN  with  the  .Stanton  lleiili-r  Co.  of 
Marlins  I'erry,  Ohio,  anil  Is  now  KiTving 
in  the  capacity  of  engineer  for  YViirren 
Webster  &  Co..  7"6  Rose  lliilhllng,  Cleve- 
land,   Ohio, 

K.  .\.  Ilhrlieork,  formerly  vice  presldenl 
of  the  I'.ailey  Meter  Co,,  of  t:ievelanil,  Ohio, 
in  ntiiriilng  lo  Ohio  State  ITiiivi-rslly  al 
Coliiiiiliiis,  Ohio,  where  he  spent  several 
years.  lb-  has  been  appointed  dean  of  tin; 
ICiigiiieering    College. 

Ja,v  C'arro)  Wlirrirr,  who  luiH  lii-en  en- 
gaged with  the  Kirr  Turbine  Co,  as  con- 
struct ion  engineer  for  the  last  ten  years, 
has  resignefl  to  become  construction  engi- 
neer for  the  C.  II,  Wheeler  Manufacturing 
Co,,   of    Philftdelphia,    Pa, 

l>r.  .MphnnHp  .\iiler.  for  the  jiasl  ten  years 
professor  in  ch.arge  of  machine  and  power- 
plant  <lesign  at  the  Polytechnic  Institute 
of  Brooklyn,  has  resigned  anil  will  devote 
all  his  time  to  his  practice  as  consulting 
engineer  in  power  and  industrial  plant  en- 
gineering,  with  an  office   in   New   York  City. 

I.  .\.  Itaum.  formerly  assistant  general 
manager  for  the  La  Salle  Engineering  Co.. 
of  Chicago.  Ill,,  will  in  the  future  have 
only  an  inactive  interest  in  that  company. 
He  is  now  vice  president  of  the  American 
Uot.iry    Engine    Co..    Grand    Rapids,    Wis. 

W.  N,  Dieklnson  has  been  elected  presi- 
dent of  the  New  Y'ork  Electrical  Society 
to  succeed  Edwin  B.  Katte.  Mr.  Dickinson 
is  a  consulting  engineer  and  has  been  asso- 
ciated with  several  elevator  companies, 
principally  the  Otis  Elevator  Company. 
During  the  war  he  w.as  engaged  in  war 
work   at    Washington. 

.Albert  L,add  Colby  has  resigned  as  the 
representative  of  the  American  Society  of 
Testing  Materials,  on  Engineering  Council. 
He  will  be  succeeded  by  C.  D.  Young,  vice 
president  of  the  society  and  general  super- 
visor of  stores  on  the  Pennsylvania  System. 
Broad     Street     Station.     Philadelphia. 

W.     E.     -Anderson     and     Ward     Raymond. 

formerly  chief  engineers,  of  I'hillipsburg. 
N.  J.,  with  the  A.  S.  Cameron  Steam  Pump 
Works  and  the  IngersoU-Rand  Co..  respec- 
tively, are  now  associated  with  the  Penn- 
sylvania Pump  and  Compressor  Co..  of 
Easton,  Pa.,  the  former  as  chief  engineer 
and  the  latter  as  vice  president. 

G.  A.  Sawin.  service  engineer  with  the 
Pul>lic  Service  Electric  Co.,  Newark,  N.  J., 
has  resigned  to  become  assistant  to  man- 
ager of  the  suiiply  department.  Westing- 
house  Electric  and  Manufacturing  Co,.  East 
Pittsburgh.  Pa,  In  his  new  position  Mr, 
Sawin  will  take  care  of  the  public-utility 
work  of  the  supply  department. 

Timothy  Healy.  president  of  the  National 
Brotherhood  of  Stationary  Firemen,  was 
tendered  a  testimonial  banquet  and  bon- 
vovage  reception  at  the  Y'orkville  Casino, 
New  Y'ork  City,  on  Wednesday.  Aug,  11. 
Mr,  Healy  has  sailed  for  England  to  rep- 
resent the  American  Federation  of  Labor 
at  the  British  Trades  Congress.  There 
were  over  three  hundred  present,  and  many 
I)rominent  speakers  wished  Mr,  Healy  god- 
speed. James  P,  Holland  was  the  toast- 
master. 

F.    W,    Dean,    formerly    mill    engineer   and 

architect,  of  Boston,  and  for  nearly  three 
years  in  war  work  for  the  United  States 
Shipping  Board  Emergency  Fleet  Corpora- 
tion in  charge  of  the  steamship  boiler  de- 
partment and  testing  of  boilers,  will  resign 
his  position  to  become  effective  Oct.  1.  1920. 
Mr.  Dean  will  become  associated  with  L.  N. 
^^'heelock  and  J  C  Bogue,  now  of  the  firm 
of  the  Wheelock -Bogue  Co.,  141  Milk  St., 
Boston,  under  the  firm  name  of  Wheelock, 
Dean  &  Bogue,  Inc..  which  organization 
will  he  the  New  England  agent  for  the  Erie 
City  Iron  Works,  of  Erie,  Pa.,  and  of  sev- 
eral other  companies. 

Henrv'Kreisinger,  formerly  of  U.  S.  Bu- 
reau o'"  Mines,  has  baen  appointed  as  engi- 
neer o'  research  of  the  Combustion  Engi- 
neeri.g  Corpor.Ttion.  Mr.  Kreisinger  will 
conouct  investisrations  for  the  Combustion 
Engineering  Corporation  of  a  similar 
natlire  to  those  that  he  conducted  for  the 
Government;  and  th?  lesults  of  his  work 
will  be  available  to  the  Government  as  well 
as  to  the  clients  of  the  Corporation.  He 
will  make  his  headquarters  at  the  Bureau 
of  Mines  Station  at  Pittsburgh.  The  first 
problem  which  he  will  consider  will  be  a 
thorough  testing  of  the  powdered-coal  plant 
of  the  Bureau   of  Mines  at  Milwaukee.  Wis. 


Soriely  AffairM 


Tlir  Niilloniil  ,\«i.orlullon  of  KirelrlruJ 
liiiilipeliira  will  hold  Iih  annual  meet  lug  al 
Phlhidelidila,    Ucl      12    and     LI. 

Till.  Klrelrle  Pi.wrr  iUiU  wll  ludd  lt«  fall 
in.elliig  at  Hot  S|irlnKit,  V'a  .  .N'ov,  If.  tii 
IH.  lli-iid<|uarterH  will  be  mudo  al  the 
Ho Htelld     llol.l 

Tin-  New  York  Srrilon  of  the  Amerlenti 
Society  of  Rifrlgeratlng  EnglneerH  will 
bold  IIH  nest  reKiilar  iinitliig  on  WidiieH- 
day  evening,  Sept.  l.'i.  at  the  Machinery 
•  'lull,  fill  Church  SI.  .\  line  program  Iiub 
been  arranged  In  which  W.  S.  Osborn.  of 
the  Texas  Company,  will  deliver  a  paper 
on  "Lubrication  of  Refrigerating  Machin- 
ery." This  will  be  aecompanled  with  lan- 
tern slides  showing  technical  data  and 
I'lirves. 

The  Iniliuna  Klretrlr  Light  AHHOrlullon 
will  hold  its  annual  convention  .'it  French 
Lick.  Sept.  L'V  to  17.  The  (Irst  session 
will  be  opened  with  tile  president's  address, 
followed  by  various  committee  reports. 
Sept.  IG  will  be  featured  as  commercial 
section  day.  Addresses  will  be  given  on 
"Viduntary  Versus  Involuntary  Co-opera- 
tion," by  William  L.  Goodwin,  and 
'Central  Stations  and  Contractors."  by 
Samuel  Arlams  Chase  ;  pajier  on  "Industrial 
.Application  of  Electric  Power-Factor  Cor- 
rection and  Its  Effect."  by  T.  F.  English, 
general  manager  of  the  Indiana  General 
Service  Co.  :  paper  on  "Reduced  Operating 
E.xi>eiises  Versus  Increaseil  Fixeil  Charges," 
by  George  A.  Neal.  .Northern  Indiana  Gas 
aiid  Electric  Co.  A  round-tal)Ie  discussion 
will  follow,  the  election  of  officers  closing 
the    program,  ».     „ 

A  «ireat  Lakm  UlviHion  of  the  N,  R. 
L  A  was  organized  at  a  meeting  of  cen- 
tral station  organization  repre.sentatives 
from  Michigan,  Iniliana.  Illinois,  and  Wis- 
consin, held  in  Chicago,  Aug.  27.  Othcers 
elected  for  the  new  division  are:  Chair- 
man, W.  C.  Lounsbury.  Superior  (Wis.) 
Water  Light  and  Power  Co.  ;  vice-chair- 
man P  H,  Palmer.  Indiana  Railways  and 
Light  Co  Kokomo  ;  secretary-treasurer, 
R  V  Prather,  Springfield,  HI.  The  follow- 
ing were  aiipointed  chairmen  of  the  division 
sections  formed :  Public  relations  section, 
A  C.  Marshall.  Detroit  Edison  Co.  ;  coiri- 
mercial  section.  J.  G.  Learned.  Public 
Service  Co.  of  Northern  III.,  Chicago  ;  tech- 
nical section,  G.  E,  Lewis,  Detroit  I->Jison 
Co..    Ann   .Arbor.   Mich.  .  „,     .  , 

The  Amtociation  of  Iron  and  Steel  Rlectrl- 
cal  F.ngineers  will  hold  its  fourteenth  an- 
nual convention  at  the  Hotel  Pennsylvania. 
New  York  City.  Sept.  20  to  24.  .Among  the 
papers  to  be  read  are:  '■Practical  Educa- 
tion of  Steel  Mill  Electricians.  \\.  A.  Corn- 
well-  "Relation  of  Standardization  in  Elec- 
trical Equipment  to  Safety."  Walter  Green- 
wood -Power  Transmission  for  Industrial 
Plants  "  D.  M.  Petty  :  'Underground  Trans- 
mission." A.  L.  Frerst:  "Some  Considera- 
tions in  the  Determination  of  Auxiliary 
Drives."  Gordon  Fox:  "The  Rever.sfcig 
Electric  Mill  Considered  From  the  Stand- 
point of  Tonnage."  K.  A.  Pauly  :  "Report  of 
Electrical  Develoiiment  Committee  for 
1920,"  E.  S,  Jefferies  ;  "Centralized  Turbine 
Generating  Stations  for  Steel  Mills."  T.  E. 
Keating  :  '-Current  Limit  Reactance."  R.  H, 
Keil :  "Report  of  Electric  Furnace  Commit- 
tee for  1920,"  E.  T.  Moore,  chairman,  and 
-Standardization  Committee  Report."  The 
Entertainment  Committee  has  completed 
plans  for  sever.il  excursions  to  points  of  in- 
terest  in   the   city. 

The  Sixth  National  Exposition  of  Cliemi- 
eal  Industries  will  be  held  at  the  Grand 
I'entral  Palace.  New  York  City.  Sept,  20- 
2.">  The  exposition  has  been  divided  into 
sections.  A  fuel  economy  division  and  a 
materials  handling  division  have  been  add- 
ed Five  svmnosiums  divided  into  the  fol- 
low-ing  classifications  will  be  read  during 
the  week :  Fviel  Economy,  Materials  Han- 
dling. Industrkil  Management.  Chemical 
Engineering,  and  a  symposium  on  C;-ram- 
ics  The  Fuel  Economy  Symposium  will 
include  "Burning  Coal  at  100  per  cent 
B.t.u.  Efficiency."  W.  O.  Rankin,  Quigley 
Furnace  Siiecialties  Co.  ;  "Saving  Fuel  by 
Controlling  Chimney  Losses,"  F.  F.  Uehl- 
ing.  I'ehling  Instrument  Co.  :  "Fluid  Heit 
Transmission."  Alexander  B.  McKechnie. 
Parks-Cramer  Co.  ;  "Producer  Gas  and  th- 
Modem  Mechanical  Producer."  W.  B.  Chai' 
man.  Chapman  Engineering  Co.  :  "P^efrac- 
torv  Cement:  Life  Insurance  for  a  Fur- 
nace," F.  W.  Reisman,  Quigley  Fumac^ 
Specialties  Co.  :  "Preventing  Conduction 
and  Radiation  Heat  Waste."  S.  L.  Barnes. 
Armstrong  Cork  Co.  :  and  "The  Reason  for  ■ 
the  Fuel  Saving  in  the  Dressier  Kiln,  ; 
Conrad  Dressier,  Amercian  Dressier  Tun-  ) 
nel    Kilns.    Inc. 
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Miscellaneous  News 
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T)ie  Kerolioff  Power  Plant  of  the  San 
Joaquin  l^islit  and  Power  Corporation,  l)Uilt 
at  a  cost  of  approximately  $5, 500. 000.  with 
a  maximum  outl)Ut  of  i)lant  amounting  to 
50,000  hp..  was  started  Aug.  15  with  elab- 
orate ceremonies  in  which  the  electrical  men 
of  the  state  and  the  general  public  look 
part.  The  plant  is  situated  on  the  San 
Joaquin  River,  near  Auberry,  about  thirty 
miles  from  Fresno. 

An  Order  Ciirtuilinf;  the  Consumption  of 
electric  power  to  all  Northern  and  Central 
California  indu.stries  by  20  per  cent  was  is- 
sued by  H  G.  Butler,  State  Power  Admin- 
istrator, on  Aug.  19,  following  a  hearing  of 
power  consumers  and  distriVjutors.  All 
citie.s  and  town.s  will  be  asked  to  reduce 
street  lighting  and  curtail  the  use  of  elec- 
tric sign.s.  Administrator  Butler  gave  the 
average  weekly  generation  for  three  months 
at  5.600,000  kw..  of  which  steam  plants 
generated    2,700,000   kw. 

The  San  Joaquin  Liglit  and  Power  Co.  of 
California  doul>led  its  power  with  the  open- 
ing on  Aug.  22  of  a  new  hydro-electric  plant 
on  the  main  fork  of  the  San  Joaquin  River. 
The  new  plant  will  have  a  capacity  of  44,- 
000  hp.,  bringing  the  company's  total  i)ower 
capacity  to  85.500  hp.  The  company  already 
had  six  Iiydro-electric  iilants,  but  their 
combined  horsepower  was  only  24,000. 
Their  other  units  are  a  steam  turliine  plant 
at  Bakersfield,  which  has  a  capacity  of 
18,000  hp..  and  two  steam  reserve  plants  at 
Fresno  and  Betteravia,  with  a  capacity  of 
3.500  hp. 

.Airplane  in  Power  Plant  Construction — 
WTiat  is  believed  to  be  the  first  use  of  an 
airplane  by  an  individual  for  business  pur- 
poses is  announced  by  the  San  Joaquin 
T>ight  and  Power  Co.  of  California.  Rex 
C.  Starr,  construction  engineer  of  the  vari- 
ous projects  now  under  way.  has  purchased 
a  machine  and  engaged  an  aviator.  The 
machine  will  be  used  in  making  flights  to 
Himtington  T^ake,  .Aulierry,  Crane  Valley 
and  Kings  River.  Many  of  these  places  are 
accessible  only  over  long  mountain  roads, 
fn  an  airplane  these  projects  can  all  be 
visited  on  the  same  day. 

Caribou  Power  Projeet — An  order  issued 
by  the  Railroad  Commission  Aug.  19  au- 
thorizes the  Great  Western  Power  Co.  of 
California  to  float  a  bond  issue  of  $3,500,- 
000.  The  iiroceeds  will  be  used  to  defray 
the  cost  of  comjileting  the  Caribou  power 
develo|iment  on  the  Feather  River  and  the 
transmission  line  from  the  Caribou  plant  to 
Valona.  Contra  Costa  County.      It  was  orig- 


inally estimated  that  the  cost  of  the  Cari- 
bou plant  and  the  transmission  line  would 
total  $6,057,430.  Today  it  is  estimated  that 
the  total  will  reach  $10,674,897.66.  .Accord- 
ing to  the  evidence  submitted  with  the  ap- 
plication, the  increase  is  due  to  enlarging 
the  tunnels  so  as  to  i>ermit  of  the  con- 
struction of  an  80.0(Hl-kw.  plant  instead  of 
a  60,000-kw.  plant  as  originally  pl.-inned 
and  to  unforeseen  difliculties  experienced  in 
tunnel  construction.  Increases  in  cost  of 
materials  and  supplies,  increases  in  wages 
and  difficulty  in  keei)ing  employees  perma- 
nently engaged  on  the  construction  work 
are  also  given  as  reasons  for  the  additional 
cost. 


Business  Items 


Tlie  Mesta  Marliine  Compan.v  has  oiiened 
an  oflice  in  the  Singer  Building.  New  York, 
from  which  point  all  its  foreign  business 
will  be  handled.  The  New  York  oflice  will 
also  be  the  sales  office  for  the  New  York 
and  Eastern  States  territory.  RI.  M.  Moore 
will  be  in  charge. 

Tlie  Burke  Electric  Co.  announces  the 
aiipointment  of  L.  I^.  Myers  as  general 
Western  sales  manager.  Mr.  Myers'  head- 
<iuarters  will  continue  to  be  in  the  Illum- 
inating Building.  Cleveland.  Ohio,  where  he 
has  been  the  Burke  Electric  Co.'s  sales 
representative  for  the  Cleveland  territory 
for  several  .vears.  L.  B.  Kitchie  has  been 
appointed  General  Eastern  Sales  Manager, 
with  lieadquarters  at  30  Church  Street. 
New  York  City,  where  he  has  for  some 
time  been  sales  represent.Ttive  for  the  .New- 
York  territory  of   the    Burke   Electric   Co. 


i  Trade  Catalogs  | 

"Insulating:  Conipoands"  is  the  title  of  a 
new  bulletin  by  the  General  Electric  Co. 
The  booklet  is  designed  to  assist  the  pur- 
chaser in  the  selection  of  proper  in.sulating 
compounds.  Various  materials  handled  by 
the  company  are  described  and  photo- 
graphic illustrations  of  machinery  used  in 
the  manufacture  of  these  jjroducts  are 
shown. 

"Permutit  Water  Rectification  Systems" 
is  the  title  of  a  new  30-page  catalog  pub- 
lished by  The  Permutit  Co..  New  York 
City.  Brief  descriptions  accom|)anied  by 
illustrations  are  given  of  the  various 
apparatus  handled  by  the  company  includ- 
ing water-softening  systems,  filters,  salt 
tanks,  etc.  A  copy  of  the  booklet  will  be 
.sent    on    reque.st. 


Tlie  (Jeneral  Klectric  Co.  has  ready  for 
distribution  Bulletin  No.  41.311  entitled 
"Synchronous  Condensers."  The  text  covers 
])ower-factor  correction  and  power-factor 
control  through  synchronous  condenser.';. 
Particularly  interesting  sections  of  the 
bulletin  are  the  data  on  i)ower  factor, 
causes  and  effects  of  low  powM-  factor  and 
the  application  of  the  synchronous  con 
denser,  with  st-veral  calculations  of  such 
installations  for  both  power-factor  correc- 
tion  and   control. 

The  Sprague  Klectric  Works  of  the  Gen- 
eral IClectric  Co.,  New  York,  has  issued  a 
70-i)age  booklet  entitled.  "The  I'niversal 
Key."  The  booklet  contains  illustrations 
and  de.'icrii)tions  of  the  complete  line  of 
conduit  bo.xes  and  covers  handled  by  this 
comjiany.  It  is  compiled  in  such  a  manner 
that  it  furnishes  a  tpiick  reference  for 
matching  any  standard  wiring  device  to 
any  desired  box  and  cover.  .\  copy  will  be 
sent  on  request. 

The  Locomotive   Superheater   Co.,   of  New 

York,  has  published  a  Data  Book  for  En 
gineers.  The  object  of  the  book,  which  is 
of  handy  |)ocket  size,  is  to  a.ssist  stationary 
engineers  in  their  ever.v-da.v  work  by  fur- 
nishing them  with  useful  data  such  as  they 
have  occasion  to  use  frequently.  The  ma- 
terial for  the  book  has  been  gathered  from 
various  authoritative  sources  and  should 
prove  of  value  to  engineers.  .\  copy  will  be 
^^enl.  tu  an.vone  interested  upon  re(iu?st. 

"Pelfon  Impulse  and  Reaction  Turbine 
Installations"  is  the  title  of  a  new  48-page 
catalog  i)ul)lished  by  the  Pelton  Water 
Wheel  Co.,  of  New  York.  This  booklet  is 
designd  to  show  the  scope  and  activities  of 
the  Pelton  Company  in  the  hydro-electric 
fild.  A  number  of  illustrations  show  Pe!ton 
units  operating  under  xarying  conditions  of 
head,  volume  and  capacity.  They  embrace 
horizontal  and  vertic-il  turbines  of  both  re- 
action and  impulse  types,  used  in  large  gen- 
erating stations,  automatic  and  remote- 
control   plants   and    in   exciter   sets. 

The  General  Electric  Co.  has  ready  for 
distribution  bulletin  No.  48.715  entitled 
'Insulatinjf  p''abrics."  This  booklet  deals 
entirely  with  various  classes  of  insulating 
materials  ])ut  on  the  market  by  the  com- 
pany. It  is  an  illustrated  bulletin  the 
photographs  telling  the  story  in  outline,  of 
how  such  fabrics  are  produced.  Views 
are  shown  of  baking  ovens  used  in  produc- 
mg  varnished  fabrics,  the  process  of  insulat- 
ing field  coils  with  varnished  fabric  lajie. 
the  tailing  and  wrapping  of  armature  coils 
with  varnished  fabric.  A  list  of  standard 
materials  is  given,  designed  to  assist  cus- 
tomers in  making  a  selection.  A  co|iy  will 
be   sent   on    request. 


New  Construction 


PROPOSED    AVORK 

Me.,  Deering  (Portland  P.  O.) — St.  Jo- 
seph's Convent  had  plans  preiiared  for  a 
convent  to  include  a  dormitory,  chapel,  au- 
torium.  etc.,  here.  A  steam  heating  system 
will  be  installed.  About  $:loo.niMi.  O'Con- 
nell.  Show,  18  Boylston  St..  Boston.  Mass., 
.Archts. 

.Me.,  Lewiston — The  Androscoggin  Mills 
will  soon  award  the  contract  for  about  one 
hundred  1  story  two-family  houses  for  work- 
men. Including  steam  heating  systems. 
About   $1,000,000. 

3Ie..  .Skowhegan  —  The  Central  Maine 
Power  Co..  4o  Water  St.,  Augusta,  plans  to 
build  a  hydro-electric  plant.  About  $1,350,- 
OOO.  Frank  H.  Mason.  Chief  Engr.  J.  A. 
Leonard,  Resident   Engr. 

:Mass.,  Norwood — J.  W.  Beal.  .\rcht..  62 
Sunnier  St..  Boston,  will  soon  award  the 
contract  for  a  2  story,  136  x  280  ft.  textile 
mill  including  a  steam  heating  system  for 
the  llolliston  Mills,  Ijennox  Ave.  Plans 
Include  a  1  story,  50  x  70  ft.  boiler  house. 
About     $300,000. 

Mass.,  Tyngsboro — D.  Sheehan  is  in  the 
market  for  an   11   x   15  ft.   Erie  engine. 

Mass..  Wakefield — Heywood  Bros,  and  the 
Wakefield  Co.  will  soon  aw.ird  the  contract 
for  a  factory  including  two  205  hp.  Heine 
boilers.  C.  A.  Van  nerveer.  Genl.  Mgr. 
Noted   Jan.   6. 

Conn..  Montville — Ttobert  Gair.  50  Wash- 
ington St  .  i;.-ooklyn,  N.  Y..  i.s  having  plans 
prepared     for    several     houses     including    a 


steam  heating  system.  .About  $250,000. 
Lockwood  Green,  101  Park  Ave.,  New  York 
City.    Engrs. 

N.  Y..  Long  Island  Cit.v — The  Bd.  Educ. 
500  Park  .Ave..  New  York  City,  plans  to 
build  a  school  on  Grand  and  6th  .Aves.  to 
cost  about  $900,000  and  a  school  on  AVool 
and  Laconia  .Sts.  to  cost  about  $500,000.  .A 
steam  heating  system  will  be  installed  in 
each.  C.  B.  J.  Snyder.  Municipal  BIdg.. 
Archt.  and  Engr. 

N".    v..     Richmond     Hill.    L.     I. — The     Bd. 

Educ,  500  Park  .Ave..  New  A'ork  City,  plans 
to  build  a  high  school  addition  including  a 
steam  heating  system  on  Cedar  .Ave.  .About 
$500,000.  C.  B.  J.  Snyder.  Municipal  Bldg., 
New  York  City.  .Archt.   and  Engr. 

X.     Y.,     Richmond     Hill.    I..     I. — The     Bd. 

Educ.  500  Park  Ave.,  New  York  City,  plans 
to  build  a  school  including  a  steam  heating 
system  on  Hillside  Ave.  About  $900,000. 
C.  B.  Snyder.  Municipal  Bldg.,  New  York 
City.  Engr, 

N.  Y.,  Syracuse — The  Rd.  of  Mgrs.  of 
Onondaga  Co.  received  bids  for  the  installa- 
tion of  heating  systems  in  the  pronosed 
children's  and  adults'  |ia\ilions  at  the  Onon- 
daga Tuberculosis  Sanatorium  from  Ed. 
.Toy.  133  Market  St.,  $25,373  and  $12,778; 
Ed.  Bates.  228  West  AVater  St.,  $23,404, 
$9,550  :  W.  B.  Goldie.  274  James  St ,  $20,- 
174,    $10,314. 

V.  .1..  Woodlynne  (Camden  P.  O.) — The 
Camden  Ice  Co..  c/o  Beni.  Howell  I>ackey. 
.Archt..  509  Federal  St.,  Camden,  is  having 
I^lans  prepared  for  an  ice  i)lant  and  coal 
yards  here.  ..  steam  heating  system  will 
be   installed    in   same. 

Va..  .Ashland — The  Henry  Clay  Inn  Co. 
is  in  the  market  for  a  hot  water  heating 
idant,  deei)  well  pump  and  gasoline  engine. 
S.   Hatcher.  Purch.   .Agf. 


Va..  Richmond — C.  H.  Brunt  r.  715  West 
Broad  St.,  is  in  the  market  for  an  air  com- 
in-essor. 

Va.,    K;rhmoMd — The    A'erra    Hat    AA'orks. 

211  North  1st  St.,  is  in  the  market  for  boiler 
injectors   and   air   compressors. 

Ya»,  South  Riclinio'd  (Richmond  }'.  O.)  — 
R.  H.  Richardson.  1310  Hull  St.,  is  in  the 
market  for  an  air  compressor. 

La.,  New  Orleans — .1.  .A.  AA'etmore.  .'>u- 
liervising  .Archt.,  Treasury  Dept..  Wash  . 
D.  C.  will  receive  bids  until  September  23 
for  the  installation  of  a  refrigerating  ma- 
chine at  the  Post  Oflice  and  Court  House 
here. 

I/a.,  New  Orleans  —  Emil  AVeil.  .Archt.. 
A^Hiitney  Block,  will  receive  bids  until  Sep- 
tember 27  for  a  4  story  addition  including 
a  steam  .heating  system  for  the  Touro  In- 
firmary. 

O..  Cleveland — Jacob  Babin.  Hotel  Olm- 
stead,  has  purchased  a  site  and  jilans  to 
build  an  8  story.  50  x  190  ft.  commercial 
building  including  a  steam  heating  system 
on  Euclid  Ave.  between  East  30th  and  East 
40th    Sts.      About    $600,000.  , 

O.,  Cleveland — The  Clidden  Co.,  Madison 
Ave.,  plans  to  build  an  8  story  commercial 
building  including  a  steam  heating  system 
on  Euclid  -Ave.  and  East  55th  St.  .About 
$500,000.     A.   D.  Joyce,   Pres. 

O.,  Cleveland  —  The  Babies  Hispensarv 
and  Hospital.  2500  East  35th  St..  had  plans, 
prepared  for  an  8  story.  60  x  150  ft.  chi'- 
dren's  hosiiital  including  a  power  plant  at 
11020  Euclid  Ave.  .About  $500,000.  Abram 
Garfield,    Natl.    City    Bldg..    .Archt. 

O^  Cleveland — The  K  F.  Keith  Theater 
Co.,  1564  B'way.,  plans  to  build  a  theater 
and  office  building  inc'tuling  steam  heating 
system,  .\bout  $1,000,000.  Rapp  &  Ra'>D. 
190    North    State    St..    Chicago.    Til..    Archt.<!.' 
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(I..  <  ii-tiiiiiiii     iih  .Nail   i..iiiii>  Co.  ur  tii« 

lli'iu-ral  KU'Ctiir  Ci..  Ni-lii  PuiK.  Hunt  Clove- 
liiiul.  liliiliH  III  liiillil  II  :i  Hti>r.\  rariiirv  lii- 
Oliiilliis  II  r'ti'ii.n  lit'iillHK  H.VH(i'iii  iiii  .VIi>ri/.o 
\\i.  lU'iir  Ai'liui  K.I  O.  II  .loliiiHoii.  N.'la 
I'lirk.     Ai't'hl      an. I     l':nKr.        AImiiiI     |:iiia. 

O..  rirvrltti.il — Wlllhiiii  VaiiiNliotii',  !i'.inr> 
Odtcixl  .\Vf.,  Im  hnvliii!  iiliiiiK  inrpiiii-d  for  a 
3  Mtory.  12I\  X  L'OO  ft.  ('uniiiii'i't'lal  111. at. -r 
biillilliiK    iiii'liiilliiK    a    .><li'aiii    li.'alliiK    H.vxlcin 

III    ICiiNl    lllHt   SI.   anil  St.   L'lali    Avf.     Al 

I'jnO.UUO. 

O.,  Klyrln  —  The  Rollancc  Cranr  Co.  is 
hnvltiK  platiH  |ir«-i'arr«l  for  a  1  Hlory.  lis  .\ 
18»  fl  factory  and  power  houHo.  Alioul 
^IS.'i.oiii).  Wiil.soii  KnK.  Co..  Hlppndroni.' 
■  .  It .  Clrvclaml.    Kii>;rH. 

O..  l.itkpnniHl  (CItvclan.l  P  O.)— Tlif  TM 
IMn.v.  H.'.fi  Wiirr.n  IM..  rfcolvprt  lild  for 
Mt.'iiin  lu-atinK  xysti'ni  in  the  propositi  addi- 
tion to  Mchool  at  Clifton  lilvd.  and  Siiininlt 
AVf  from  Prici'  .V:  \\VIU>r.  707  Ciuial  Ft.l.. 
Cl.v.land.    at    »16..-.8I. 

O.,  I.«niln— Th.-  P.d  Rduc  rccoiv.d  liids 
for  a  1  story  sradf  school  on  llh  SI.  and 
llainillon  .\vc.  from  Clia.s.  Pclirson  *L-  <^o  . 
4500  I'iuclld  A\.-..  Cleveland,  at  *2I  l.nnii 
and  (Jco.  Kralt,  I..oriiln,  at  t21.S.52L'  :  foi- 
st cam  hcatiiiK  system  from  Cliapp.'l-Wair.'ii 
Co..  St.  Clair  .\vc..  Cleveland,  al  $lio.n(ii) 
.\oted    h\A>.    ;t. 

.Mich.,  nctroll — Tlic  City  Plan  Comn.  .n- 
iTiiKeil  Smith,  llinchman  &  Grylls.  .\rchts.. 
710  Washington  .Vrciulc.  to  prepare  prelimi- 
nary plnnii  for  a  <>  story  city  hall  including 
a  ste.im  heatiiiK  system  on  Woo.lvvard  .\ve. 
-Miinil    J.'S.oao.OOO. 

IIU  rhicuicii — K.  K.  Rolierta.  Archt  .  in.", 
North  Clark  St..  will  soon  receive  liids  for 
a  :i  story.  11.".  x  21o  ft.  milk  hoiUini;  plant 
inchi.linc:  a  steam  liealiiis;  anil  refritjiration 
.system  on  Clayhonriu-  .\\.-.  ami  Mivision  St. 
for  the  r.ohleii  Farm  I'ro.liuts  Co..  l:!fi 
\Vest    l,:ike  Si.       .Mxnit    .tl.lO.OOO. 

«U..  JiiiiPN^ille — Th.-  city  will  reoive 
hids  until  Octolur  1  for  furiiisliins-  an 
8.01)0.000  gal.  horizontal  cro.<!s  compound 
crank  and  flv  whe.l  pnmpinir  entwine.  C.  V. 
Kerch.    City    HkII.     l-:ns;r. 

Wis.,  .MunitowiM-  —  The  .Taciuiet  Motor 
Corp.  is  riaviPK  plans  prepared  for  a  :i 
stoi-\ .  l.".o  X  .".00  ft.  trnnk  factorv  on  Main 
St.  Motor.s.  etc..  will  I..'  installed  in  same. 
Ahoul  *":".. OOn.  Alfred  .lackson.  .Mur  IT 
r..    Kamschulte.    Arelit.    anil    l-^nsr. 

Wi»._  MiirNlitlflfl-  The  city  received  low 
bids  for  hoilers  from  Ihe  Wickes  Boiler  Co. 
Saginaw.  Mich..  $l!t.S68  and  $22.22.'.  :  for 
-superheaters  from  the  Dravo  Co..  119.5  .'iOth 
St..  Milwaukee.  $:!.:!20  and  $:'>.9.")0  :  for  F. 
W.  Heaters  from  the  Warren  Webster  Co.. 
sn   West  .Tackson   Klv.l..  $2.7r!0. 

Wis.,  Mertoii — Th.-  Merton  Dairy  Prod- 
ucts Co..  will  receive  bids  abont  Septeml>er 
11  for  a  .'!  story.  fiO  x  14.".  ft.  factory  on 
Main  St.  Motors,  etc  will  he  installed  in 
.same.  .M.nut  $40.00o.  M.  TiillKien  &•  Sons. 
■Wisconsin  N'atl.  Rank  P.Mu'.  Milwaukee. 
.\rchts. 

WiH..  >[ilwaiikre — The  Sewerage  Comn.  Is 
bavins  plans  iireiiai-ed  for  a  power  house 
including  eciuipment.  $250. ono.  sewage  tanks 
.-xnd  efjuipment.  $2.1 7.". 000.  boilers,  piping 
and   equipment.    S.'nii.ono.    etc. 

Wix..  Wauwatosn — ^Thi-  P.d.  of  Adminis- 
tration plans  to  luiild  a  1  story  central 
heiLting    plant    including    i-(|Uiiiment.       .\bout 

.<5noo.onn. 

la^  Wapello — F.  G.  Wright.  Co.  Aud.. 
will  receive  bids  until  September  22  for  a 
drainage  pumping  plant  including  2  cen- 
trifugal pumps  of  equal  capacit.v  driven  by 
oil   engines,   etc.      .\liout    S.'io.OOO. 

Miiiii..  Cliisliolm — The  city  elk.  will  re- 
ceive bids  until  October  15  for  a  2  story. 
19.5  X  300  ft.  mtinicipal  building,  including 
a  steam  heating  system.  .Vbout  $6.50.000. 
Anthony  Puck.  Torrey  Bldg..  Duluth.  Archt. 
and   Fngr. 

Kan.,  Topeka — The  Security  Benefit  -As- 
sociation is  having  plans  prepared  for  a 
hospital  and  detention  building  including  a 
small     garage     and     power     house.       .\bout 


|:iO0,0Oii  .Sehiiii.lt.  Garden  Ak  .Martin  104 
South    Mlchluan    Ave,   Chli-ago,    ArchtH. 

\.  !»..  nr»ll.  I.nki-— Till-  FarmiTH'  Colil 
Storiig.'  Co  plans  to  l.iill.l  a  i-reaiiary  iin.l 
C..I.I  Hi..niK.  I.ulliling  Al.oiil  $100. mio 
ThomiiH   Miili.ny.    Pies 

Miiiil..  Mil...  CM,* — Th.  VelloWMtone  Irrl- 
Kill  Ion  Co.  Is  proiiuitlng  a  power  and  Irrl- 
Kiillon  projeel.      .\l.oiit   f r.Oii.llOli. 

M<.„  St.  LoiiIh— The  city  will  receive  liidH 
until  Si-ptember  21  for  an  addition  lu  the 
holler  room  al  the  Kim-Ii  lIoHpllal  .N'ole.l 
.\UKIISl     10 

Ark^  .liiilMoiitii  Th.'  .VrkiinsaH  llv.lro- 
Kleetrli-  I  >e\.>|.>pmi'nl  Co.,  Mill..  lt<K-k. 
plans  to  build  the  Ili-Nt  unit  of  a  hvdro- 
el.-<-lric  plant  on  1,1111.-  It.d  Itlv.r  iiliont  I* 
mll.-s  from  h.-re  iiii-lii.ling  10, .'.ao  hp,  power 
plain  and  .lam  ,\l.<.iit  $1.2oh.iiimi.  .1  K. 
Sirrlne.  Gn-eiuille.  S,  C,.  Coimult,  l-'ngr.  ; 
Dickinson  &  Watklns,  Little  Kock.  U.-Hl.l.nt 
l-^ngrs 

Opf^  iliiiiiliiii — The  (-Ity  has  applied  to 
the  stale  <-iigin.-.-r  for  in-rtnission  to  divert 
2.5  aec.-fl.  water  from  Wilson  Cr.-ek  for 
power  purposes.  Plans  in.lu.le  a  l.oiio  kw. 
power    plant 

(al..  liiMieat — The  Irrigation  Md.  i.lans  to 
build  a  eaiial  and  ii'i'igation  i-eservnir  sys- 
tiin  in  tin-  lloncut-Vulia  Irrigation  Dist 
Th,.  project  iiuludes  gravity  and  pumping 
di\.-i-sion  al  s.parale  points,  .\boiil  $1.7Xo.. 
6:ir..  V  I'  M.-c,ay  :in.l  I-".  T  .M.Cray, 
Kngrs. 

Cal..  xaira-iieiil.i — M  .1.  D.smond.  City 
Clk  .  will  S....I1  .iw.iril  lb.  contrai-t  for  fur- 
nishing transformers,  sliiic.-  gati-s.  c-entrlf- 
ugal  pumps,  iiiiluction  motors,  intake  con- 
duits, pumjiing  station,  power  maiih.)le.  .-tc. 
for  the  jiroposi-il  pumping  an.l  filtration 
works. 

N.  S„  WlndMor  —  T  P..  .Vkins.  Windsor, 
.-ind  Wright  .<l  .lodrey.  Wolfville.  are  in- 
terested in  .1  company  which  is  having  plans 
lirepared  for  a  dam.  power  house,  pulp  mill, 
etc.      .^bout  $250.(100. 

Que..  Three  Kivern — Mr.  Lambert.  City 
Kngr..  is  in  th.-  market  for  one  ion  hji 
62  cycle,  2.200  volt.  900  rev..  7.5  amp.  elec- 
tric synchronous  motor. 

Oat..  Feiieloii  Falls — Oliver  Smith.  Engr.. 
I^indsay.  is  having  plans  prepared  for  a  new- 
water  works  s.\stem  including  a  immphouse 
and  the  installation  of  electrically  operated 
centrifugal   pumps.      .Aiiout   $50,000, 

Ont..  Kapuskawing — The  Sjiruce  Palls  Co. 
plans    to   develo).    the    water    power    here. 

Out..  Richmond  Hill  —  The  I.oyal  True 
Klue  X-  Orange  Home.  County  Orange  Bldg.. 
Richmonil  St..  Toronto,  plans  to  build  a  3 
storv  cliildren's  home  including  a  steam 
heatiiiL'   svst.  ni    nn    Vonge  St.       .\hout    $300.- 

ono. 

:Mexieo.     Villa     .\ruiia.     Ooahuila     —    The 

Jlexican  Croveniment  has  granted  a  con- 
cession to  Antonio  Guijosa  for  a-n  electric 
light    and    pf)wer    i.lant    here. 


CONTRACTS   .AW.^ROKn 

Mass.,  Boston — The  Tremont  Trust  Co.. 
14  State  St..  has  awarded  the  contract  for 
a  12  storv.  ion  x  13o  ft.  hank  an.l  offic. 
building  (in  Court  St.  to  .T.  H.  Hro.lerick. 
101  Tremont  St.  A  steam  heating  system 
will  be  installed  in  .same,      .\bout  $2.:ioo..Hiii 

Mass..  Fall  River — The  Xew  Knglaml  Oil 
Corp.  has  awarded  the  contract  for  an  oil 
storage  building,  pumping  station,  etc..  to 
the  T'nit  Con.str.  Co..  299  Madison  .\ve.. 
New  York  City.      About  $5,000,000. 

R.  I..  Bellefoiite — The  Imperial  Printing 
&  Finishing  Co.  has  awarded  the  contract 
for  a  1  story.  27  x  135  ft.  generator  build- 
ing to  the  C.  I.  Bigney  Constr.  Co..  357 
Westminster  St..  Providence.  .\bout  $25.- 
000. 

N.  Y..  Xew  York — The  Herald  Sq.  Print- 
ing Co..  care  of  H.  C.  Volz.  .A.rcht.  and 
Engr..  373  Fulton  St..  Brooklyn,  will  con- 
struct   an    8    story    loft    building,    including 


a    Ht.alli   liellllng   N.Mtt.'lli       Work    will    I..    .1...., 
I>y  day  labor 

N.  v.,  Vonkrr*  —  The  Vonkem  Kl.-cti. 
I.lglic  *  power  Co  liax  iiwanled  th.-  c.n 
tract  for  a  1  Htory  HUli-Mtatlon.  to  Willi;. i. 
Young  &  Co.  411  WeM  lint  Hi  .  New  V... 
City,    at    175,(100 

I'll..     Nrw      CuNllr         The     P.d       IMiic      1, 
awanl.d    lli.-    contnicl    for   a    3    Htory     240 
3  III    ft.    high    Hi-hool    to    Moore   &    Lanil..    L" 
Slaml.aiiKh    St.     VounKHlown.    O..    at    $34" 
H2.'..       .\    steam    beiitliiK    syHlem    will    In-    in 
HtiiU.'d    111    same 

l>.     ('..     WiiMlilnKliin  —  Th.       Dist 
liav.-  aw.-ir<lei|   th.-  contract   for  the   i    . 
tlon    of    .1     li.aliiig    and     v.  iil Hal lii*.- 
In    the    P.-lworth    School    and    addiii- 
111..     Federal     Heating    Co.,    310     13lb    .St     . 
W..    at    $33,938 

Va..    niuMlllf    —    The    niverHlde    &    D;  . 
Uiver    Cotton    Mills    has    awarded    th.     coi 
tract     for    a    power    hoiis.     to    the    Ahertha 
Constr.    Co..     27    School    St  .    Boston.     M.-is'- 
.Miollt     $1(10.000. 

«).,  Cletelanil — The  cil.v  has  awarded  cfni- 
tr.-icts  ,is  follows:  turbo-generator  .\lll«. 
Chalmers  Mfg.  Co..  1121  Schofield  Bl.lg., 
$lSX.(i(iO;  switchboarrl.  W.-Htinglioiis.-  .Mfif. 
Co..  fi9(i5  SiLsquehanna  St..  Pittsburgh,  Pa.. 
$12,707:  condenser  and  auxiliaries,  Wheeler 
Condenser  Co..  Indi.-inapoliH.  Ind..  $65,000. 
Not.-.l   Aug.   17. 

Mich.,  netrolt — The  Bd.  Educ,  50  B'way. 
has  awarded  lli.-  contract  for  heating  ven- 
tilating and  phiinbing  systems  in  the  Cooper 
school,  to  .1  W  Parflan.  51  I'ark  Pi.,  al 
$93,800;  in  th  Leland  school  addition.  Cus- 
ter .school  .-ind  Crossman  school  addition,  to 
the  Drake  Avi-rv  Co..  4ti  State  St..  at  $91,- 
915.  $92,212.  $51,821  :  and  in  the  Carstenn 
school,  to  AV.  .T.  Uewoldt.  .506  Owen  Bldg., 
.-It    $62,108.      Noted   Sept.   7. 

Midi..  Kalamazoo  —  The  Kd.  Educ.  haji 
awarded  the  contract  for  a  3  story.  1 4o  x 
36;i  ft.  scliool.  to  the  Vanderhorst  Co.  al 
$551,512.  .\  st.-am  he.-iting  system  will  lie 
installed     in    same. 

III..  F.asI  St.  r.oiiis  —  The  Eagle-Picher 
Lea/I  Co..  Ky.  Kxch.  Bldg..  St.  l.,ouis.  Mo., 
has  awarded  tin-  contract  for  a  fai-tory 
here  including  power  plant,  boiler  room, 
machine  shoii.  etc..  to  the  Wimmer  Coiitg. 
Co..  Victoria  Bldg..  St.  Louis.  Mo.  .\bout 
$60(1.000. 

M'is.,  Shelioygaii — The  H.  .1.  Tlolman  Co., 
1716  Calumet  Drive,  has  awarded  the  con- 
tract for  a  2  story.  60  x  120  ft.  overall 
facti.r\-  to  .1.  Ilammes.  1409  I,incoln  St..  at 
$6.0011,  ;,nil  is  in  the  market  for  motorn. 
etc. 

Wis..  Sheboygan  —  The  Sheboygan  Cigar 
Box  Lumber  &  Mfg.  Co  has  awarded  the 
contract  for  a  :!  story  60  x  8.5  ft.  cigar  box 
factory  and  reni....i  ling  present  power 
house,  in.stalling  ■•  w  hoilers.  eti-..  to  J. 
Hildebrand.  907  .\orth  4th  St.  About 
$10,000. 

N.  I>,  fframi  Forks — The  Industrial 
Comn.  of  North  T)akota.  has  awarded  the 
contract  for  the  installation  of  17  motors  of 
various  sizes  in  the  new  terminal  mill  and 
elevator  here,  to  the  General  Electric  Co.. 
410  :!rd  Ave..  North  Minneapolis.  Minn. 
Noted     Aug.    30. 

Mil.,  St.  Louis  —  The  Bd.  Educ.  haB 
awarded  the  c-ontracts  for  4  sclvools  here, 
to  the  Murch  Bros  Constr.  Co..  Exchange 
Bldg  $328,930:  I-.  C.  Gerhard  Bldg.  Co.. 
Post-Dispatch  Bldg.,  $280,268;  Kellerman 
Constr.  Co  .  Victoria  Bldg..  $298,458  and 
$437,799  A  low  pressure  steam  heating 
and  forced  ventilation  system  will  be  in- 
stalled   ill   each. 

.Mo..  St.  Louis — The  Bridge  &  Beach  Mfg. 
Co..  5o:!  South  1st  St..  has  awardetl  the 
contract  for  17  buildings  including  a  power 
plant,  etc..  on  Union  and  Brown  Aves..  to 
the  Fru'"  "^olnan  Contg.  Co..  Merchants 
Laclede    Bldg..    at    $800,000. 

Tex..  Aastiit — The  State  P.d.  of  Control 
has  awarded  the  contract  for  the  instalki 
tion  of  a  heating  plant  in  the  Confederal. 
Home  here,  to  Kirkwood  &  Wharton.  Sao 
Antonio    at  $20,316. 
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An  Opportunity 

for  the 

Engineering  Profession 

** Everywhere  we  look  ^^  see  the  products  of  engineering.  " 


THE  foregoing  might  well  be  taken 
up  as  a  slogan  for  engineers.  Yet, 
in  spite  of  this  ever  present 
reminder  of  their  work,  engineers  as  a  class 
figure  little  in  public  affairs  and,  with  few 
exceptions,  in  directing  large  enterprises. 
Many  are  well  up  the  ladder,  but  few  are 
at  the  top. 

Various  explanations  for  this  have  been 
offered.  Some  attribute  it  to  the  engineer's 
training,  which  teaches  him  to  think  along 
concrete  lines;  others  have  sought  to  blame 
his  modesty  and  lack  of  self-advertise- 
ment; while  a  few  have  even  questioned 
his  claim  to  such  aspirations. 

That  a  man,  because  he  is  an  engineer, 
should  be  more  modest  or  retiring  than 
another  who  happens  to  be  a  lawyer  or  a 
business  man,  may  seem  incredulous,  for  it 
will  be  argued  that  this  is  a  matter  of 
personal  disposition;  yet  it  is  a  fact  that 
the  lawyer  and,  to  a  lesser  extent,  the 
business  man,  are  accustomed  to  come 
forward  with  their  views  and  argue  their 
cases,  which  habit  tends  to  cultivate  ag- 
gressiveness and  often  leadership. 

Engineers  in  general  are  to  be  found 
more  as  employees  than  as  directors  of 
work  for  which  by  training  they  are  emi- 
nently fitted;  and  as  such  the  very  nature 
of  their  occupations  tends  to  restrict  their 


opportunities  to  certain  channels  and 
divert  their  attention  from  the  broader 
problems. 

The  war  brought  about  public  recog- 
nition of  engineering  accomplishments. 
There  was  need  of  something  to  sustain 
and  capitalize  such  recognition.  Individu- 
ally, engineers  could  do  little,  but  col- 
lectively, the  opportunities  were  without 
limit.  There  was  a  general  demand  from 
the  ranks  that  action  be  taken,  and  the 
movement,  which  has  been  gaining 
momentum  for  the  last  two  years,  has 
crystallized  into  the  Federated  American 
Engineering  Societies,  which  held  its 
founder  meeting  last  May.  Since  that  time 
engineering  societies  all  over  the  country 
have  signified  their  intention  of  joining  in 
this  great  co-operative  effort  for  public 
service. 

The  second  meeting  of  the  Federation  is 
to  be  held  in  Washington  on  November  18, 
at  which  time  plans  will  be  formulated  foi 
concrete  action.  The  program  will  be  found 
elsewhere  in  this  issue. 

The  influence  of  such  an  undertaking 
cannot  be  overestimated,  and  it  behooves 
every  engineer  to  throw  his  hearty  support 
into  the  work  through  the  channels  of  his 
local  society. 
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Now NorthQasi  Station 

Bit^KMM^sas  City 


A  STRICTLY  niodeni  power  station  to  supply  effi- 
ciently power  and  lighting  for  Kansas  City,  Mo., 
k.  and  the  surrounding  territory  has  been  needed 
for  years.  The  three  older  plants  serving  the  city  had 
become  inadequate,  and  during  the  war  period  a  new 
plant  of  ample  capacity  became  imperative  even  in  the 
face  of  high  prices  and  the  adverse  manufacturing 
conditions  existing  at  the  time.  A  level  tract  of  land 
on  the  Missouri  River, 
with  good  railway  and 
water  facilities  was 
chosen  as  the  site. 
Construction  began 
in  1917  and  has  been 
continued  as  rapidly 
as  possible.  As  the 
property  was  low  and 
made  up  for  the  most 
part  of  sand  and  silt 
deposits,  all  founda- 
tions were  sunk  to  bedrock  and  provisions  made  to  take 
distribution  lines  out  overhead.  Sand  has  been  pumped 
from  the  river  bed  so  as  to  bring  the  ground  above 
high  water,  and  a  levee  has  been  built  along  the  river 
bank  to  fully  protect  the  site. 

Reference  to  the  property  plat  shown  in  Fig.  1  will 
indicate  the  tentative  layout  of  the  station.  The  plan 
shows  four  unit  groups  with  a  condenser  well  for 
each  and  two  intake  wells  for  the  four.  The  first 
group  unit  is  to  consist  of  three  20,000-kw.  machines, 
two  of  which  have  been  installed  and  put  in  operation; 
the  third  is  now  being  erected.  Each  of  the  other 
three  condenser  wells  is  to  serve  two  35,000-kw. 
machines,  so  that  the  ultimate  intention  is  to"  have  four 
units  made  up  of  nine  machines  having  an  -aggregate 
capacity  of  270,000  kw.  The  general  layout  shows  the 
transmission  lines  coming  out  on  the  river  side  of  the 
station,  a  coal-storage  yard  on  the  opposite  side  and 
railway  tracks  leading  to  each  department  of  the  plant 
for  handling  coal  and  ashes  and  the  mechanical  equip- 
ment. The  layout  is  self-explanatory,  and  it  is  evident 
that  there  is  still  room  for  extension  above  the  ulti- 
mate capacity   planned. 


One  of  the  latest  high-pressure  stations  with  plaiiM 
calling  for  an  ultimate  capacity  of  270,000  kw.  It  is 
featured  bv  combination  high-and  low-pressure  econ- 
omizers, submerged  ashpits,  vertical  condensers  with 
hydraulic  vacuum  nozzles,  a  ring  bus  system  and  a 
number  of  other  features  new   on  the  electrical  end. 


The  out.standing  features  of  the  plant  are  a  special 
arrangement  of  high-  and  low-pressure  economizer.^, 
a  steam  temperature  of  675  deg.  made  up  from  an 
operating  pressure  of  300  lb.  gage  and  superheat  of 
250  deg.  F.,  chain-grate  stokers  17.5  ft.  long,  sub- 
merged ashpits,  vertical  condensers  placed  in  a  pit  to 
meet  the  great  changes  in  river  level,  and  a  numbei 
of  new  features  on  the  electrical  side.   A  study  of  Fig.s. 

8  and  9  will  di.sclost 
the  general  arrange- 
ment of  the  initial  in- 
stallation, and  the 
accompanying  table 
will  give  the  sizes  and 
relative  proportions 
of  the  equipment 
serving  the  two  ma- 
chines now  in  opera- 
tion. At  80  per  cent 
power  factor  each  of 
these  machines  is  rated  to  develop' 20,000  kw.;  making 
40,000  kw.  for  the  initial  in.stallation.  Three-phase 
60-cycle  current  is  generated  at  13,200  volts.  The  two 
machines  first  installed  are  served  by  six  boilers,  each 
having  13,512  sq.ft.  of  steam-making  surface  and  a 
maximum  generating  capacity  of  110,000  lb.  of  steam 
per  hour.  With  the  addition  of  the  third  machine  two 
more  boilers  are  being  installed.  It  is  the  expecta- 
tion that,  normally,  seven  boilers  will  carrj'  the  three 
turbines,  leaving  one  boiler  in  reserve.  This  is  a  pro- 
vision of  1.576  .sq.ft.  of  steam-making  surface  per 
kilowatt,  or  an  allowance  of  6.3  kw.  to  the  boiler- 
horsepower. 

The  eight  boilers  are  arranged  four  on  either  side 
of  a  central  firing  aisle,  with  the  high-  and  low-pressure 
economizers  above  the  boilers  and  induced-draft  fans 
between  the  economizers  and  the  smoke  flue.  Each 
pair  of  boilers  is  served  by  a  steel  stack  10  ft.  diam- 
eter and  126  ft.  high  above  the  boiler-room  floor. 
Individual  overhead  coal  bunkers  having  a  capacity  of 
125  tons,  or  a  24-hr.  supply,  are  placed  over  the  central 
firing  aisle,  on  either  side,  with  a  skylight  between, 
and  below  is  a  concrete  coal-storage  pit  containing  the 
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coal  crushers  with  a  capacity  of  820  tons  per  boiler, 
sufficient  for  a  six-day  run  at  normal  capacity.  This 
arrangement  calls  for  an  exceptionally  high  building. 
To  allow  coal  cars  to  come  in  at  ground  level  Vjelow 
the  unloading  crane,  the  boiler-room  floor  is  30  ft. 
above  the  ground  and  70  ft.  below  the  roofs  covering 
the  boilers  and  economizers.  An  innovation  is  a  sub- 
merged ashpit,  into  which  the  a.shes  drop  directly  from 
the  stokers,  this   forming  a  seal  and  doing  away  with 


the  slope  of  the  boiler  upward,  a  furnace  volume  ot 
3,100  cu.ft.  has  l^en  provided.  This  reduces  to  8.9  cu. 
ft.  per  square  foot  of  active  grate,  and  when  burning 
coal  at  the  maximum  rate  obtainable  with  induced  draft, 
about  45  lb.  per  hour  per  square  foot  of  grate,  the  fur- 
nace volume  per  pound  of  coal  becomes  approximately 
0.2  cubic  foot. 

Except     for    their    unusual     size    the     stokers     are 
standard,   but   of  heavv  construction.      There  are   two 
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the  usual  spray  pipes.  The  ashes  are  transferred  from 
the  pits  by  traveling  cranes  equipped  with  grab  buckets 
to  railway  cars  also  operating  at  the  ground  level.  It 
will  be  understood  that  the  incoming  coal  is  trans- 
ferred by  the  traveling  crane  either  to  storage  or 
directly  to  the  crushers  and  thence  overhead  to  the 
bunkers  by  means  of  the  continuous  bucket  conveyors 
shown  with  their  lower 
runs  under  the  crushers. 
Reference  to  the  vertical 
section  of  the  plant  will 
show  that  the  boilers  are 
of  the  cross-drum  type, 
with  the  stokers  under  the 
low  end  and  the  rear  wall 
of  the  .setting  drawn  in 
to  meet  the  bridge  wall 
Inspection  doors  at  this 
point  allow  the  fuel  bed 
to  be  inspected  or  sliced 
when  necessary.  To  facil- 
itate the  removal  of  slag 
and  soot,  drop  legs  con- 
tinued from  the  tube  head- 
ers place  the  first  row  of 
tubes  21  in.  center-to- 
center  below  the  second 
row.  With  the  bottom  of 
the  mud  drum  below  the 
front  tube  header  10  f1. 
above  the    floor   line   and 


per  boiler,  each  10  ft.  wide  and  17.5  ft.  long,  giving 
an  active  grate  area  of  350  sq.ft.,  which  bears  a  ratio 
to  the  steam-making  surface  of  1  to  38.6.  Burning  the 
coals  of  Kansas  and  occasionally  the  semi-lignites  of 
Arkansa.s  requires  a  grate  of  large  proportions  if  the 
boiler  is  to  operate  at  high  capacity.  The  stokers  are 
designed  to  operate  at  speeds  ranging  from  2  to  11  in. 

per  minute,  allowing  a 
wide  margin  for  variation 
in  thickness  of  fuel  bed 
or  in  rate  of  travel  to  suit 
the  time  element  estab- 
lished by  the  quality  of 
the  coal  being  burned.  The 
stokers  are  driven  by  belt 
from  a  lineshaft  which  is 
turned  either  by  an  engine 
or  a  motor,  both  on  the 
boiler-room  floor  and  one 
of  each  for  each  row  of 
four  boilers. 

Previous  mention  of  the 
economizers  has  been 
made  in  Fmoer*  High 
operating  pressure  and 
corrosion  from  the  con- 
densation of  vapors  in  the 
flue  gases  were  the  two 
factors    determining    the 
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division  of  the  ocoiiomi/A'r  into  two  Hectioii.s — one  u  hiKh- 
pre8.Hure  section  made  of  steel  to  better  wilhstmid  the 
pressure,  and  the  other  a  standard  low-pressuie  casl- 
iroii  etonoini/.er  to  resist  the  eurrosion  from  the  con- 
densed vapors.  The  former  resemijies  a  .section  from  a 
Stirling  boiler.  It  is  located  immediately  above  the  boiler 
outlet,  contains  about  one-third  as  much  surface  as  the 
boiler  proper  and  is  ballled  for  three  passes  of  the  Kuses. 
The  elements  of  the  low-pressure  .section  have  4,8:5«  s(|.- 
ft.  of  surface,  as  compared  to  4,205  sq.ft.  for  the  hotter 
part  of  the  economizer  and  i;{,512  sq.ft.  for  the  boiler. 
The  proportions  are  such  that  the  water  in  the  cast-iron 
-section  is  heated  to  somethintr  less  than  200  deg.  F., 
say  170  to  190  deg.,  which  will  prevent  the  formation 
of  steam  and  put  the  water  into  the  high-pressure 
section  at  a  temperature  sufticiently  high  to  prevent 
condensation  on  the  tubes  and  the  resulting  corrosion. 


pure  steam  and  water  drains  and  a  supplementary  hui>- 
ply  from  deep-well  jjunips  to  maintain  the  water  level. 
Deep-well  putnps  also  supply  the  house  service,  the  mud- 
dy river  water  being  u.sed  only  for  condenser  cooling 
jiurpo.Hes. 

In  the  steam-piping  layout  the  long  expanuion  bends 
will  be  evident.  The  piping  is  extra-heavy,  steel  fit- 
tings are  employed  and  the  high-pressure  joints  are 
welded  to  make  them  steamtight. 

Reference  to  the  plan  view  of  the  station  will  show 
that  the  turbine-room  floor  is  practically  clear  of  aux- 
iliary machinery,  the  only  machinery  in  addition  to  the 
main  units  being  the  turbine-driven  exciter.  The.se 
machines  have  a  rating  of  20,000  kw.  at  80  per  cent 
power  factor.  Three-phase  60-cycle  current  is  gen- 
erated at  13,200  volts.  In  the  city  current  is  distributed 
at  this   voltage,   but    for  outlying  districts   the   supply 


FIGS.   3  TO  7. 


\t;ews  of  turbine  and  boiler  rooms,  benchboard,  feeder  panels  -vnd  auxiliary 
power-distributing  panels 


The  gases  are  dravm  through  the  economizer  sections 
by  two  induced-draft  fans  driven  by  a  slip-ring  induc- 
tion motor  with  numerous  points  on  the  controller  giv- 
ing a  range  in  speed  of  about  2  to  1.  The  controllers 
are  located  on  the  main  floor  near  the  boiler  fronts. 

Feed  water  is  largely  condensate  discharged  by  the 
hotwell  pumps  through  a  closed  feed-water  heater,  one 
for  each  condenser,  into  the  cool  compartment  of  an 
immense  feed  tank  mounted  over  the  boilers.  Motor- 
driven  pumps  then  force  the  water  through  the  low- 
pressure  section  of  the  economizer,  from  which -it  runs 
by  gravity  into  the  hot  compartment  of  the  feed  tank. 
From  the  latter  turbine-driven  boiler-feed  pumps  take 
their  suction  and  force  the  water  through  the  high- 
pressure  steel  economizer  into  the  boiler.  There  will 
be  six  of  these  pumps  for  the  eight  boilers. 

Makeup  water  under  float  control  comes  into  the  hot 
compartment  of  the  feed  tank  from  a  large  concrete 
tank  below  the  basement  floor.     This  tank  receives  all 


is  stepped  up  to  33,000  volts  in  an  outdoor  substation 
located  on  the  premises.  The  machines  have  direct- 
connected  exciters,  and  in  reserve  there  is  a  separate 
steam-turbine  reduction-gear  unit  rated  at  200  kw. 
Each  main  generator  is  also  provided  with  an  air 
washer  to  clean  and  cool  the  air  used  for  ventilation. 
All  condensing  equipment  is  located  in  a  well  70  ft. 
in  diameter  and  57  ft.  deep  below  the  turbine-room 
floor.  Each  turbine  is  served  by  a  condenser  of  the 
vertical  two-pass  type  containing  35,000  sq.ft.  of  sur- 
face in  1-in.  tubes  18  ft.  long,  the  steam-condensing 
capacity  being  225,000  lb.  per  hour,  which  reduces  to 
6.4  lb.  of  steam  per  square  foot  of  surface.  A  ver- 
tical exhaust  pipe  12  ft.  in  diameter  extends  from  each 
turbine  to  the  bottom  of  the  well.  Exhaust  steam 
enters  the  condenser  through  an  opening  extending 
practically  the  full  height  between  the  tube  plates.  Con- 
densation from  the  turbine  and  the  exhaust  pipe  col- 
lects in  the  hotwell  at  the  bottom  of  the  latter,  and 
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the  conden.^atioii  from  the  condenser  drains  to  this  same 
hotwell.  From  here  the  hot  water  is  taken  by  either 
one  of  two  condensate  pumps,  one  a  reserve,  and  is 
passed  through  preheating  tubes  shut  off  from  the  con- 
denser, to  the  feed  tank   in  the  boiler  room. 

Circulating  water  enters  at  the  top  of  the  condensers 
and  leaves  at  the  same  level  at  the  opposite  side.  It 
is   supplied   by  a   vertical   volute   pump   drawing   from 


the  river.  As  the  water  carrfes  a  great  deal  of  sus- 
pended matter,  a  sand  pump  has  been  provided  for  each 
condenser  to  remove  any  accumulation  that  may  col- 
lect in  the  bottom  head. 

Air  is  removed  from  each  condenser  by  three  10-in. 
hydraulic  nozzles,  the  water  for  operating  these  nozzles 
being  supplied  by  two  motor-driven  10-in.  centrifugal 
pumps  connected  in  a  closed  circuit.     The  nozzles  dis- 


KIG.   8.      GENERAL  ARRANGEMENT   PLAN   OF  STATION 


the  intake  well  at  the  rate  of  35,000  gal.  per  min.  It 
is  driven  at  514  r.p.m.  by  a  vertical  induction  motor. 
The  intake  well,  which  is  70  ft.  in  diameter  and  13  ft. 
deeper  than  the  low-water  level,  serves  two  condenser 
wells.  Water  from  the  river  enters  the  center  of  the 
well,  and  from  one  side  water  is  drawn  off  to  the 
three  units  under  discussion.  It  passes  through  a  bar- 
iron  grill,  then  through  traveling  screens,  and  finally 
through  stationary  screens  before  entering  the  48-in. 
main  leading  to  each  circulating  pump.  Discharge  water 
leaves  the  station  by  means  of  a  tunnel  to  a  point  down 


charge  into  a  tank  cooler  in  which  the  air  is  liberated 
and  the  water  is  again  taken  by  the  pumps  and  forced 
through  the  nozzles.  To  keep  the  supply  of  water  cool, 
a  sufficient  amount  of  water  from  the  deep-well  supply 
is  admitted  to  maintain  the  required  temperature. 
Fig.  2  is  a  plan  view  showing  the  arrangement  of  the 
condenser  equipment  in  the  well. 

On  the  electrical  end  a  ring  bus  sy.stem  is  employed. 
Fig.  10  shows  the  plan  as  it  is  drawn  up  for  the  first 
two  unit  divisions  of  the  plant,  consisting  of  five 
machines.     As  the  diagram  shows,  these  five  machines 
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;ir<<  romuTtod  to  thr  ono  riiip  1)Uh.  V.nvh  ponorntor 
siip|)lu>s  its  piirt  itiiliir  soil  ion  of  the  bus  and  the  cor- 
nvspoiuiiiiK  fopdcrs.  Hptweon  ouch  unit  is  a  T)  per  cent 
l>us  roac'tanco  with  a  short-circuitinjr  switch  so  inter- 
locked with  the  fronenitor  switch  that  it  will  close  when 
the  latter  opens  and  cut  out  the  reactance,  and  vice 
versa,  when  the  K'^'iPrator  switch  closes,  the  short- 
lin-uitinjr  switch  is  automatically  opened.  Owinjr  to 
this  provision  oidy  one  reactance  can  intervene  between 
runninpr  generators,  and  the  voltajje  troubles  that 
Miijrht  ensue  if  the  current  from  one  section  of  the  bus 
should  pass  through  several  reactances  in  series,  are 
eliminated.  Three  per  cent  reactors  are  introduced  in 
the  feeder  circuits. 

Fifr.  11  is  a  siuRle-line  diagram  showing  the  elec- 
trical layout.  Current  from  each  main  unit  is  fed  at 
the  generator  voltage  of  l.S,200  volts,  into  either  its 
respective  main  bus  or  the  reserve  bu.s.  The  latter  is 
not  of  the  ring  type  and  has  no  bus  reactances,  although 
it  does  have  the  sectionalizing  switches.  As  previ- 
ously stated,  each  .section  of  the  main  bus  is  supplied 
by  its  respective  srenerator  and  has  a  definite  number 
of  feeder  circuits.  In  addition  each  division  supplies 
through  an  1,800-kva.  transformer  a  600-volt  alternat- 
ing-current bus  for  the  auxiliary  motors  belonging  to 


current  three-phase  OO-cyde  induction  motors,  both  slip 
ring  and  s(|uirrel-cage  type  being  employed.  Where 
the  service  requires  variable  speed,  «lip-ring  induction 
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motors  are  u.sed,  with  suitable  control  equipment  to  give 

the  variation  desired. 

Differential  relays  actuated  by  two  sets  of  current 
transformers,  one  at  the 
generator  neutral  and  the 
other  at  the  generator  oil- 
circuit  breakers,  proteci 
the  generator-armature  cir- 
cuit. In  case  of  grounds  or 
shoi*t  circuits  in  the  gener- 
ator windings  or  leads, 
these  relays  open  the  main 
and  neutral  oil  circuit 
breakers  and  the  field 
,/,,,  switch,    suitable    interlocks 
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the  particular  units  in  question.  To  take'  care  of 
the  various  .station  motors  which  are  used  in  common 
for  the  entire  station,  driving  supply  pumps,  cranes, 
etc.,  another  600-volt  bus  has  been  provided,  and  in 
addition  there  is  an  emergency  600-volt  bus  fed  by  a 
reserve  transformer,  which  may  be  thrown  onto  any 
one  of  the  aforementioned  low-tension  busses  in  the 
event  that  their  respective  transformers  are  out  of 
service.     The  station  auxiliaiy  service  is  alternating- 


being  used  to  insure  the  proper  sequence  of  operation. 
The  re.spective  generator  neutrals  are  connected  to  the 
neutral  bus  through  single-pole  oil  circuit  breakers,  and 
the  bus  itself  is  permanently  connected  to  ground 
through  resistance. 

With  the  exception  of  the  neutral  breakers  all  gen- 
erator circuit  breakers  are  of  the  triple-pole  single- 
throw  type.  All  13,200-volt  oil  circuit  breakers  are 
motor-operated.    The  generator  neutral  circuit  breakers 
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and  al!  600-volt  auxiliary  feeder  oil  circuit  breakers 
are  of  the  solenoid-operated  type,  and  this  applies  also 
to  the  generator  field  and  exciter  switches.  The  larger 
auxiliary  motors  such  as  are  employed  to  drive  the 
circulating  pumps,  hotwell  pumps,  etc.,  are  fed  directly 
from  600-volt  oil  circuit  breakers  in  the  switchhouse. 
The  smaller  auxiliary  motors  are  fed  from  inclosed- 
fuse,  lever  switches  of  the  safety  type.  These  switches 
are  arranged  in  groups,  being  fed  from  busses  supplied 
through  600-volt  oil  circuit  breakers  in  the  switch- 
house.     Some   idea  of  this   new   departure   in   station 


the  basement  floor  the  bus  and  feeder  reactors  are 
located  almost  immediately  under  their  respective  cir- 
cuit breakers.  The  grounding  resistances,  generator 
and  neutral  switches  and  generator  field  rheostats  are 
also  placed  on  this  floor.  Ventilation  is  insured  by  a 
motor-driven  fan  with  louvers  in  the  floor  above  to 
allow  the  heat  to  flow  upward  during  the  colder  months. 
Under  the  basement  floor  are  manholes  to  receive  the 
13,200-volt  feeder  cables.  The  generator  cables  enter 
below  the  first  floor  through  fiber  ducts  laid  in  con- 
crete.   All  the  modern  instruments  usually  employed  in 
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auxiliary'   distributing   panels    may    be    obtained    from 
Fig.  13. 

As  indicated  in  the  plan  view  of  the  stations,  the 
switchhouse  is  located  at  one  end  of  the  turbine  room. 
This  structure  will  serve  the  first  'two  unit  divisions 
of  the  plant,  and  a  similar  switchhouse  at  the  opposite 
end  of  the  station  will  serve  the  remaining  units  when 
installed.  Fig.  12  will  show  that  the  switchhouse  has 
three  floors.  The  operating  room  for  the  entire  station 
is  on  the  top  floor  overlooking  the  turbine  room.     On 


such  a  station  have  been  instated  on  the  bench  and  switch- 
boards. There  are  standard  signal  systems  between  the 
benchboard  and  each  unit,  consisting  of  an  eight-circuit 
signal  box  with  push-button  switches  and  lamps  with 
lenses  lettered  for  the  different  operations.  A  duplicate 
box  with  a  signal  bell  to  attract  attention  is  mounted 
on  each  turbine-room  gage  board,  and  here,  too,  is  an 
indicating  wattmeter  to  show  the  load  on  the  machine. 
A  duplicate  instrument  is  placed  on  the  boiler-room 
gage  board  so  that  both  turbine-room  operators  and  the 


FIG.    12.       SECOND-FLOOR    PLAN    AND    ELEVATION    OP    SWITCHHOUSE 


the  same  floor  are  the  storage  batteries,  consisting  of 
two  125-volt  62-cell  units  connected  in  series  vdth  three- 
wire  connections  to  give  125  volts  for  switch  control 
and  250  volts  for  emergency  lighting  or  excitation. 
Space  has  also  been  allotted  to  the  600-volt  auxiliary 
feeder  circuit  breakers  which  are  mounted  on  open, 
pipe  framework  with  fire  walls  between  every  two 
groups  of  breakers.  Underneath  is  a  conduit  floor 
principally  for  the  control  and  the  stationary  auxiliary 
feeder  cables.  The  first  floor  of  the  switchhouse  con- 
tains the  13,200-volt  bus  structure  and  the  oil  circuit 
breakers,  as  well  as  exciter  and  field  switch  panels.    On 


boiler  force  may  know  the  exact  load  that  is  being 
carried.  For  convenience  in  operation  all  600-volt 
auxiliary  feeder  oil  circuit  breakers  are  electrically 
controlled  from  panels  on  the  turbine-room  floor. 

An  interesting  innovation  is  the  system  installed  for 
generator  fire  protection.  It  consists  of  a  pipe  ring  at 
either  end  of  the  machine  inside  of  the  end  shield,  with 
nozzles  projecting  from  these  circular  pipes  toward  the 
stationarj'  windings.  The  pipes  are  brought  to  the 
turbine-room  wall  at  a  distance  from  the  machines,  so 
that  a  hose  connection  can  be  easily  and  quickly  made 
in  case  of  fire. 
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station.  Josopli  F.  I'ortor  is  president  of  the  Knn.sas 
City    I'owor    and    I.iK'liI     Co.,    and    II.    C.    niackwcil    is 
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vice  president  and  k*;"*?!"'*'  manager.    Edwin  Jowett  has 
charge  of  the  operation  of  the  station. 

I'Ui.NCii'.M.  i:qiii».mk.\t  ok  ni:\v  k  ans.v.s  en  \  I'l.  \.\  i 
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.  One  per  two  In 


IJoiler.-: 
Type 

Vunilier  iii-lalie<l 

■Sicaiii-iiiakiim  surface,  sq.ft 

^^  orkiiii:  i)r("->ure,  lb.  gnge 

.-liprrlir.'lt.  .I.-K-   !•■ 

SiiperlicatiT.  R.  *  W.,  sq.ft      

TinipiTature  steam,  deg.  F 

Capacity  of  each  boiler,  max.  lb.  steam  per  liour 

.Stokers: 
R.  &  W.  chain  grate,  two  per  boiler.  10  ft.  wide.  17  ft.,  6  in.  long,  belt-dri 
line  shaft,  one  engin*'  and  one  motor  per  four  boilers 

(irate  area,  active,  per  boiler,  sq.ft 

Capacity,  max.  lb.,  coal  per  hr 

ICconomizcrs; 
B.  &  W.  high-pressure  steel  economizer,  surface,  sq.ft 
Green  low-pressure  cast-iron  economizer,  surface,  sq.ft 

Fans: 
Green  induced-tlraft,  two  per  boiler,  driven  by  one  150-hp.  slip-ring  in- 
duction motor,  r.p.m 

Capacity,  lb.  gas  per  min.  jht  boiler  at  375  deg.  F 

Stack: 
Steel 

Height  above  boiler-room  floor,  ft  

Diameter  at  top,  ft 
Free  area,  stj.ft . 

Boiler  Ratios: 
Ratio  grate  area  to  steam-making  .-.urfaii 
Ratio  superheater  surface  to  steam-making  surface 
Ratio  surface  in  hp.  ccou.  to  steam-making  surface 

Ratio  surface  lip.  eenii   to  steam-niaking  surface 

■Stack  area  per  100  si|  ft    stcain-niaking  surface,  sq.ft 
Breaching  area  per  100  sq  ft.  steam-inakiiig  surf.,  sq  f t . 
Connected  grate  area  per  sq  ft.  of  stack 

I'umps: 

Boiler  feed.  4  Worthiugton,  4-stage,  4-iii.  cent,  turbiiie-dri' 

of  each,  g.p.m 

^jervice,  2  Worthington  cent,  one  motor-  and  one  turbine-driven,  capac- 
ity of  each,  g.p.m 

Makeup,  2  yeomans,  vertical,  uiotor-Urivers,  capacity,  g.p.m 

Deep  well,  2  .\merican  Well  Works,  vertical  volute,  motor-driven  at 
1 200  r.p.m.,  capacitj- of  each,  g.p.m 

Feed-Water  Heaters: 
One  per  unit,   closed   type,    Pattersou-Kclley.    east-iron   shell,    copper 
tiibes,  capacity,  lb.  water  per  hr,  from  75to  l20deg.F. 

Coal  .Storage: 
Overhead  steel  bunkers,  one  per  boiler,  tons . 
Pit  ui.der  central  aisle,  tons  per  boiler      , 

Cranes: 
Coal-handling,  one  Whiting,  four-motor  traveling  type,  2-eii  yd.  Inuket. 

span,  ft 

One  locomotive  crane,  W.  B.  Lover  Co.,  capacity,  tons 

.\sh-handling,  two  Whiting  four-motor  traveling  tyiJC,  I  j-eu.yd.  bucket. 

span  ft 

Turbine  room,  one  Whiting,  four-motor  traveling  type,  80-ton  hoist,  1 5 

ton  aux.  hoist,  span,  ft 

Coal  Cmshers: 
Two  four-roll  traveling,  Orton  &  Steinbrenncr,  cap.  per  hr.,  tons 
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Mine  Hoist  to  Carry  One  Hundred  Men 

As  in  all  other  trades  the  working  hours  of  the  miner 
have  been  .shortened.  The  time  spent  in  lowering  the 
men  into  the  mines  or  hoisting  them  to  the  surface  i- 
thus  a  factor  of  increasing  importance,  as  it  represents 
a  larger  fraction  of  the  working  time  and  consequently 
has  a  corresponding  influence  upon  the  output.  It  is 
to  the  mines'  interest,  then,  in  particular  where  large 
bodies  of  men  are  employed,  to  provide  larger  and  faster 
hoist.s.  so  that  this  item  of  loss  may  be  held  to  a 
minimum. 

It  was  with  this  idea  in  view  that  the  United  Verde 
Copper  Co.  ordered  for  its  mine  at  Clarkdale,  Ariz.,  a 
Nordberg  man  hoi.st  of  unusual  proportions.  The  hoist, 
which  is  of  the  single-drum  motor-driven  type,  is 
designed  to  operate  in  balance  at  a  rope  speed  of  800  ft. 
per  min.  It  has  capacity  to  carry  at  one  time  100  men, 
which  is  about  three  times  the  number  usually  handled. 
In  addition  to  the  large  carrying  capacity  an  unusual 
feature  with  this  hoist  is  the  provision  of  a  reel, 
independent  of  the  drum  although  keyed  to  the  drum- 
shaft,  for  carrying  the  flat  counterbalance  rope. 

The  hoist  has  three  main  bearings,  with  a  herringbone 
reduction  gear  between  the  drum  and  the  motor,  the  latter 
being  of  the  induction  type  rated  at  3.50  hp.  and  having 
a  speed  of  345  r.p.m.  The  entire  hoist  weighs  approx- 
imately 165,000  lb.,  and  the  drum,  which  is  12  ft.  in 
diameter,  with  a  6-ft  face,  weighs  65,000  lb.  The  drum 
has  been  designed  to  hold  2,500  ft.  of  l;-ln  rope  in  two 
layers.  Its  shell  is  of  rolled  steel  plate  lUin.  thick  with 
cast-steel  end  rings.  The  spiders  are  cast  separately  and 
fastened  to  the  end  rings  with  turned  bolts  driven  into 
reamed  holes.  The  reel  has  a  bottom  diameter  of  6  ft. 
and  is  5-;  in.  wide  to  take  a  51.-in.  flat  rope.  The  loading 
is  approximately  as  follows : 

Men.    lb 16.500 

Empty  double-deck  cage,  lb 13,500 

Two  loaded  cars  ore  cars,  lb 12,000 

2500  ft.  13-in.  rope,  lb 12,200 

Maximum  cable  pull.   lb 42,200 

Counterweight,   lb ^"•?X$ 

2100  ft.   J  X  5J-in.  flat  rope,  lb 8.80n 

The  hoist  is  provided  with  one  set  of  brakes  of  the 
gravitj'  post  type,  operating  on  a  brake  ring  bolted  to 
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the  drum.  The  brake  itself  consists  of  a  pair  of  wood- 
lined  brake  posts  supported  on  heavy  carrier  bolts  to  the 
bedplate.  The  posts  are  mounted  so  as  to  compel 
parallel  motion  when  engaging  or  releasing.  The  tops 
and  bottoms  of  these  posts  are  drawn  together  by  means 
of  drawbars  and  forged  steel  levers,  having  turnbuckles 
for  ad.iu.stment. 

Control  is  effected  hydraulically ;  the  brake  and  clutch 
are  operated  In  outside-packed  plunger-type  thru.st 
engines  using  oil  under  pressure  furnished  by  an 
accumulator.  The  oil  is  admitted  to  and  exhausted  from 
these  thrust  cylinders  by  balanced  pojipet-type  hydraulic 
valves  operated  by  a  system  of  floating  levers  arranged 
so  that  the  plunger  of  the  thrust  engine  follows  the 
motion  of  the  operator's  lever.  Whenever  the  operator's 
lever  comes  to  re.st,  the  plunger  also  comes  to  rest,  and 
is  locked  in  that  position  owing  to  the  fact  that  both 


mechanically  operated  safety  device  provided  to  protect 
the  operation  of  the  hoist.  At  each  trip  the  power  is 
f.utomatically  shut  off  and  the  brakes  automatically 
applied  by  means  of  cams  driven  from  the  drumshaft. 
The  cams  are  constructed  to  give  gradual  operation  of 
the  brakes  and  insure  the  complete  stopping  of  the  hoist 
by  the  time  the  load  reaches  the  top  of  the  run.  Should 
one  of  the  clutches  be  disengaged  and  the  load  lowered 
on  the  brakes,  the  brakes  will  be  applied  gradually  and 
the  load  brought  to  rest  at  the  bottom  of  the  descending 
trip.  In  case  of  overspeeding  the  brakes  are  applied, 
the  current  cut  off  and  the  hoist  brought  to  rest.  Any 
attempt  to  overwind  or  start  the  hoist  in  the  wrong 
direction  will  result  in  the  instant  application  of  the 
brakes  and  the  shutting  off  of  the  power. 

All  these  operations  take  place  every  trip  made  by  the 
hoist  if  the  operator  leaves  the  controller  levers  alone, 
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inlet  and  exhaust  valves  are  closed.  In  this  way  the 
operator  has  full  control  of  the  brakes  just  as  if  he  were 
operating  them  by  hand. 

The  accumulator  is  of  the  direct-pressure  loaded 
plunger  type,  consisting  of  a  vertical  hydraulic  plunger 
and  a  loaded  cylinder  working  on  it.  To  the  upper  end 
of  the  cylinder  is  secured  a  cylindrical  steel  bucket 
arranged  so  as  to  bring  its  center  of  gravity  as  low  as 
possible,  the  bucket  being  of  sufficient  size  to  hold  the 
proper  weight  of  sand  or  other  material  to  balance  the 
working  oil  pres.sure. 

Two  motor-driven  triplex  pumps,  one  unit  acting  as  a 
reserve,  supply  the  necessary  oil  for  the  operation  of  the 
brakes.  Bypass  valves,  operated  by  the  movable  bucket, 
have  been  provided  for  bypassing  the  surplus  oil.  One 
of    the    most    interesting    features    of    the    unit    is    a 


but  these  features  do  not  interfere  if  the  operator  takes 
control  of  the  operating  levers  and  wills  to  stop  the 
hoist  in  the  ordinary  manner. 


Owing  to  the  Chinese  fondness  for  things  durable, 
giving  good  service  a  long  time,  electric-plant  equipment 
of  sterling  quality,  capable  of  withstanding  untrained 
usage,  is  in  strong  demand  now  that  electricity  is  com- 
ing into  its  own  in  China,  comments  the  North  China 
Daily  Netos.  Many  orders  have  been  given  for  power 
and  lighting  plant  for  cotton  mills,  and  the  demand  for 
lighting  plant  for  cities  in  the  interior  is  steadily  grow- 
ing. Steam  turbines  are  to  the  fore  where  large  plant 
is  concerned  and  they  are  being  introduced  to  some 
extent  in  the  smaller  plants,  since  the  advance  in  the 
price  of  crude  oil. 
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I  sing  the  lii<licator  on  a  DicHcl  Kii<{iiir 

Uiifortunatcly,  the  avoriiKt'  Diesel  eiiKi'^eer  lui.s  md 
I'oiK'uption  of  the  value  of  an  iiuliuatur  as  a  incaius 
whereby  the  valve  setting  may  be  i)ioperly  checked.  11 
ha|)pen.s  that  the  Diesel  operator  is  usually  the  product 
of  an  automobile  repair  shop  and  his  experience  has 
been  almt)st  entirely  along  automatic  lines.     The  tend- 
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ency  to  employ  such  men  rather  than  steam  engineers 
is  practically  universal.  This  is  wholly  the  fault  of  the 
steam-engineering  profession  in  that  it  has  never 
seriously  taken  up  Diesel  engineering.  The  ex-auto- 
mobile mechanic  knows  nothing  of  the  indicator  and 
attempts  to  set  the  valves  by  shop  data.  After  an 
engine  has  been  in  operation  for  some  time,  the  old 
shop  data  cannot  be  considered  as  dependable,  since 
considerable  backlash  now  exists.  The  indicator  is  the 
only  means  whereby  faulty  adjustment  can  be  detected. 

As  an  example  of  faulty  valve  setting  attention  is 
called  to  Fig.  1.  Here  the  exhaust  valve  opens  extremely 
late  and  imposes  a  considerable  back  pressure  on  the 
piston.  An  engine  having  the  valve  opening  so  late  will 
labor  and  show  an  inability  to  cany  its  load. 

Fig.  2  is  a  diagram  from  the  same  engine  after  the 
exhaust-valve  opening  had  been  advanced.  A  light 
spring  was  not  available,  and  as  a  result  the  point  of 
valve  opening  is  not  so  clearly  indicated  as  is  desirable. 
In  this  case,  if  the  engineer  had  had  an  indicator  and 
had  used  it,  the  engine  would  have  been  tuned  up 
at  once. 

Every  Diesel-engine  plant  should  be  provided  with  an 
indicator;  if  the  management  is  unwilling  to  invest,  it 
is  money  well  spent  even  though  the  engineer  must  dig 
down  into  his  own  pocket. 


(loniiniitator  Made  from  (iopprr  |{|o<*k 

J5Y    VWNON    J'KAICSON 

Some  years  ago  I  had  occasion  to  replace  the  commu- 
tator of  a  small  generator;  the  job  was  done  in  what  I 
believe  to  be  an  unusual  way.  and  I  pass  it  along  for 
what  it  is  worth. 

The  dimensions  of  the  commutator  to  be  replaced 
were,  roughly,  2-in.  face  by  2i-in.  diameter.  A  block 
of  copper  was  secured  about  this  size  and  a  1  1-in.  hole 
drilled  through  its  center  and  placed  in  a  lathe  on  a 
mandrel.  The  back  gears  were  used  for  a  dividing  head, 
and  the  number  of  slots  were  laid  off  across  the  face 
ends.  Then,  after  taking  the  blank  off  the  mandrel, 
the  .slots  were  sawed  down  to  within  -.h  in.  of  the  bore, 
as  shown  in  Fig.  1. 

These  slots  were  next  filled  with  sheet  mica 
coated  with  shellac.  A  2 1-in.  pipe  coupling  was  placed  in 
the  lathe  chuck  and  bored  out  to  within  about  >!>  in.  of 
the  outside  diameter  of  the  blank,  with  the  outer  end  of 
the  bore  beveled  off  to  make  entrance  ea.sy.  After  trim- 
ming the  excess  mica,  the  blank  was  forced  into  the 
coupling,  Fig.  2,  by  placing  the  two  between  the  jaws  of 
a  vise    and  closing  them.    The  piece  was  then  mounted 
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in  the  lathe  chuck  and  the  center  hole  bored  out  to  its 
proper  size,  thus  removing  the  .V-in.  of  metal  left  to 
hold  the  blank  together.  A  careful  inspection  was  made 
of  the  bore  to  see  that  no  pieces  of  chips  remained  to 
bridge  any  slots,  and  then  the  piece  was  mounted  on  a 
mandrel  and  the  ends  shaped  to  receive  the  clamping 
rings. 

After  mounting  the  new  commutator  on  the  armature 
shaft,  the  pipe  coupling  was  pulled  off  and  the  face 
turned  down  to  a  fine  finish. 
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Lining  Up  a  Motor  for  Shafting  or  Machine  Drive 


By  K.  a.  reed 


Il())v  to  itistall  a  iiiotor  on  ihe  ceiUufj,  ivall  or  floor 
'nid  line  it  up  to  shafting  is  explained  and  meth- 
iidti  of  handling  the  motor  during  ivMallation 
lire  given. 

FOR  the  inexperienced  it  is  generally  somewhat  of  a 
job  to  properly  install  a  motor  so  that  its  pulley  will 
line  up  correctly  with  the  pulley  on  the  lineshaft  to  which 
it  is  to  be  belted  or  to  the  individual  machine  which  it  is 
to  drive  and  in  such  manner  that  satisfactory  operation 
will  be  obtained.  Upon  giving  the  problem  serious 
thought,  however,  it  will  be  found  that  by  bearing  in 
mind  a  few  fundamental  principles  and  applying  them 
to  each  individual  case,  the  solution  is  usually  fairly 
simple. 

In  the  first  place,  as  every  engineer  knows,  the  shaft 
of  the  motor  must  be  exactly  parallel  to  the  lineshafting 
or  the  shaft  of  the  machine  which  the  former  is  to  drive. 
Secondly,  the  center  of  the  pulley  of  the  motor  must  be 
in  line  with  the  center  of  the  pulley  on  the  lineshaft  to 
which  it  is  to  be  belted,  and  such  details  as  leaving  room 
for  tightening  the  belt  (that  is,  do  not  mount  the  motor 
too  close  to  a  column  or  beam,  which  would  prevent  it 
from  sliding  on  its  base),  having  the  motor  as  accessible 
as  possible  for  cleaning,  with  the  oil  wells  easy  to  get  at, 
choosing  just  the  right  place  for  the  starter,  etc..  must 
not  be  over- 
loo  k  e  d.  In 
selecting  the 
location  for 
the  motor, 
the  question 
of  proper  dis- 
tance between 
shaft  centers 
for  the  ratio 
of  the  pulley 
diameters 
should  be 
taken  into 
consideration. 
If  the  motor 
is  to  be  sus- 
pended from 
the  ceiling  or 
mounted  o  n 
the  wall,  care 
must  be  used 
to  see  that  a 
foundation  of 
proper  design 
is  provided. 
For  floor 
mounting  the 
f  ou  ndation 
should  be  at 
least  eight 
inches  or  a 
foot  above 
the  floor  level 
so     that    the 
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FIG.    1.      MOTOR  DIMENSION'S  DATA  SHEET 
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motor  will  not  be  injured  by  water  when  washing  the 
floor  or  dirt  from  .sweeping,  and  will  be  accessible  for 
inspection   or  repairs. 

It  is  usually  possible  to  secure,  from  the  district  office 
of  the  manufacturer  of  practically  any  motor,  a  dimen- 
sion leaflet  giving  complete  information  about  the  motor, 
similar  to  that  shown  in  Fig.  1.  From  such  a  leaflet  it  i.s 
a  simple  matter  to  find  all  the  dimensions  required  for 
the  sliding  ba.se  or  rails,  if  the  foundation  is  to  be  con- 
crete or  wood,  or  for  the  motor  feet  if  it  is  to  be  mounted 
on  the  frame  of  a  machine  arranged  for  individual  drive. 
In  the  case  of  wall  or  ceiling  mounting  the  foundation 
details  are  likewise  simplified,  and  the  actual  weight  of 
the  motor  is  given.  If,  however,  it  is  impracticable  to 
secure  a  dimension  leaflet,  the  principal  dimensions  can, 
by  using  a  little  care,  be  accurately  obtained  by  measure- 
ment from  the  motor  itself.  Such  dimensions  might  be 
li.sted  as  D,  E,  W,  T,  J  and  M,  and  for  the  purpose  of 
clearing  beams,  columns,  etc.,  H,  B  and  F.  The  essential 
dimensions  can  be  obtained  as  follows: 

Dimension  D  is  taken  when  the  motor  is  exactly  half 
way  between  surfaced  parts  of  the  slide  rails,  which  act 
as  guides  for  the  motor  feet;  that  is,  when  the  same 
length  of  these  guides  projects  beyond  each  end  of  the 
motor  feet,  Fig.  1.  Under  these  conditions  D  is,  there- 
fore, one-half  of  the  distance  between  the  bolt  holes  in 
the  slide  rails  in  a  direction  at  right  angles  to  the  shaft. 

To  get  W 
simply  meas- 
ure the  diam- 
eter of  one 
of  the  bolt 
holes  in  the 
slide  rails.  T 
may  be  se- 
cured by  plac- 
ing the  end 
of  a  rule  on 
the  center 
line  of  the 
motor  at  the 
eye-bolt,  and 
dropping  a 
pi  u  m  bl  i  ne 
just  flush  with 
the  oil  well 
in  the  end 
bell  at  the 
point  X,  Fig. 
3.  In  order 
to  get  /,  place 
the  rotor  in 
the  bearings 
so  that  one- 
half  of  the 
total  end  play 
is  on  each 
end  of  the 
shaft  and 
measure  that 
portion  of  the 
shaft     which 


Pu//ey  A-Di<» 

^'  Overhang 


*  This  dimension  will  never  be  exceeded.    When  exact  dimension  is  required  liners  up  to  A  '°ch  may  be  necessan.- 

t  .\pproxiniate. 

Table  eorreet  at  date  of  publication ;  for  latest  data  apply  to  nearest  district  office  of  the  Company. 
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projeitM  beyond  thi'  t'tid  bell.  Hy  placing'  »  striiiprht-cilKt 
iunis.-*  the  lop  of  tho  motor  aiul  (Iroppin^'  a  pliiniblin«' 
Mii.sb  with  tho  oil  wt-ll  on  one  oiid  and  another  plumbline 
flii.><h  with  the  end  of  the  shaft,  dimension  //.  Fi;r.  1,  i.s 
obtained.  With  the  motor  rcstinp  on  the  slide  rails 
on  the  floor,  measure  the  distance  from  the  floor  to 
the  center  of  the  shaft  and  to  the  top  of  the  motor 
for  dimensions  /.'  and  F  respectively.  Dimension  M 
is  most  readily  obtained  hy  turninp  one  of  the  slide 
rails  upside  down  and  takinp  half  the  distance  between 
the  holdinjr-down  bolt  holes  in  a  direction  parallel  to 
the  motor  shaft.  Likewise  dimension  E  is  obtained 
by  turniuK  the  motor  on  its  side  and  takinp  half  of 
the  distance  between  the  bolt  holes  in  the  feet  in  a 
direction  parallel  to  the  shaft.  It  should  be  borne 
in  mind  at  all  times  that  the  magnetic  center  is  not  al- 
ways the  mechanical  center  of  the  motor  and  this  point 
must  he  piven  special  attention  when  connecting  a 
motor  to  a  pump,  blower  or  other  machine  by  means  of 
a  rtanpe  or  other  type  of  solid  coupling. 

When  installing  a  motor  for  ceiling  operation  it  is, 
of  course,  necessary  to  turn  the  end  bells,  or  bearing 
housings,  180  deg.  around  the  yoke,  so  that  the  oil  wells 
will  be  in  the  proper  position.  If  the  machine  is  a 
direct-current  motor,  it  will  be  necessary  to  remove  the 
brush-holder  yoke  and  to  put  the  yoke  back  in  place 
again  when  the  end  bell  is  turned.  In  making  any 
change  in  the  position  of  the  leads,  care  should  be  ob- 
served to  see  that  they  are  replaced  in  exactly  the  same 
electrical  and  physical  position  as  the  original,  .so  that 
when  connections  are  made  in  accordance  with  the  dia- 
gram accompanying  the  motor,  proper 
operation  will  be  obtained.  For  wall 
mounting  the  end  bells  will  re-  ^^^      :^\^ 

quire  shifting  only  90  degrees. 
After    the    shafting   which 
the  motor  is  to  drive  has 
been     installed    and 
properly    lined    up. 


OHT.MXING  MOTOB 
DIMENSIONS 


FIG.   2.      .-^HOW  S   METHOD  OF  LINING  UP  MOTOR  ON 
CEILING 

fasten  a  strong  cord  to  a  support  which  has  been  placed 
in  front  and  near  the  center  of  the  pulley  on  the  line- 
shaft  to  -which  the  motor  is  to  be  belted.  Extend  the 
cord  across  the  shaft  and  somewhat  beyond  the  motor 
location  on  the  ceiling  and  move  it  until  it  is  exactly 
even  with  the  rim  of  the  pulley  at  the  point  B  on  the  side 
opposite  to  that  on  which  it  is  fastened  at  A.  as  per  Fig. 
2.  Draw  the  cord  tight  and  secure  it  to  the  ceiling  or  to 
a  piece  of  wood  extending  down  from  the  ceiling  at  the 
point  D,  after  which  two  points  C  and  C  can  be  located 
on  the  ceiling  by  means  of  a  plumbbob.  as  indicated.  The 


line  ('(",  of  course,  coincides  with  the  outside  rim  of  the 
ilriving  pulley  on  the  motor  shaft.    Locate  two  points  f! 
and  H,  the  distance  ./  plus  T,  plus  the  overhang  of  the 
pulley.  Fig.   1,  from  points  C  and  C",  and  the  line  (ill, 
which  is  parallel  to  fY".  will  be  the  center  line  of  the 
motor.      To   obtain    the   overhang   of    the   pulley    place 
a   square   or   straight-edge    across   the   diameter   anri 
measure  the  distance  from  the  end  of  the  hub  to  tli' 
outside  rim.    As  a  rule  the  location  of  a  standard  pnl 
ley  on  a  motor  shaft  is  such  that  the  outHJde  end  << 
the   hub   is   not   flush   with 
the  end  of  the  shaft.  After 
this   center   line   has   been 
located     and    the    distance 
between    shaft   centers   de- 
termined the  bolt  holes  for 
the    sliding    base    or    rails 
can  be  readily  located  from 
Fig.  1,  and  are  indicated  in 
Fig.  2  by  the  lines  KL  and 
MN.     In  building  concrete 
foundations    it    is    usually 
customary   to    make   a 
wooden   templet   either   ac- 
cording to  dimensions  taken   from  the  motor  itself  oi 
the  dimension  leaflet.    After  locating  the  center  line  ol 
the  motor  in  the  same  manner  as  in  the  case  of  ceiling 
mounting,    the    templet    supporting    the    holding   bolts 
for  the  slide  rails  or  base  is  properly  located  above 
this  line  and  carefully  leveled.     The  concrete  is  then 
poured  in  the  form  which  has  been  provided.    When  it 
is  necessary  to  mount  the  motor  on  th€ 
wall  proceed  with  the  line  as  in  the  case 
of  ceiling  mounting  and  locate  a  poini 
C  at  any  convenient  place  on  the  wal! 
near    the    ceiling.    Fig.    2.      With    tht 
plumbbob  draw^  the  line  CC,  and  thi£ 
line,  as  in  the  former  case,  coincides 
with    the   outside    rim   of   the    driving 
pulley  on  the  motor  shaft.   Line  GH,  whicli 
r^      is  the  center  line  of  the  motor,  can  now  be 
located  and  the  holding-down  bolts  for  the  bed- 
plate located  as  in  the  former  case.     Care  .should 
always  be  taken  to  see  that  rigid  timbers  and  bolts 
are   used    when    building   a    wooden    foundation    for 
motor.     If  this  is  not  done  vibration  is  sure  to  follow 
and  serious  motor  trouble  may  be  the  result.    Whether 
the  motor  is  mounted  on  a  ceiling,  wall  or  floor,  it  is' 
necessary  that  the  slide  rails  or  bedplate  be  level  in  the 
direction  parallel  to  the  motor  shaft  in  order  to  avoid 
belt  trouble;  leveling  the  bedplate  in  the  direction  at 
right  angles  to  the  motor  shaft  is  also  advisable. 

The  question  of  actually  placing  the  motor  on  its 
ceiling  foundation  often  proves  troublesome  if  the 
motor  is  too  heavy  for  four  or  five  men  to  handle 
while  standing  on  a  platform.  Under  these  circum- 
stances a  scaffold  strong  enough  to  support  the  motor 
and  men  safely  should  be  built  under  the  foundation 
and  as  close  to  the  bottom  of  the  foundation  as  pos- 
sible and  still  permit  the  motor  to  be  raised  by  a  block 
and  tackle  and  landed  on  it,  as  shown  in  Fig.  4.  A 
safe  and  easy  way  to  handle  the  motor  when  it  is 
upside  down  and  prevent  it  from  turning  is  to  support 
it  on  a  wooden  frame  made  out  of  2  x  10-in.  planks 
the  top  sides  of  which  are  curved  to  fit  the  frame  of 
the  motor,  as  shown  on  top  of  the  scaffold.  This 
frame  should  be  placed  on  pipe  rollers  so  that  the 
motor  can  be  easily  moved  under  its  proper  position. 
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Vhen  this  has  been  done  each  end  of  the  frame  in 
vhich  the  motor  rests  can  be  raised  alternately  a  few 
nches  at  a  time  and  blocking  inserted  until  the  motor 
•eaches  its  operating  location.  Placing  the  motor  on 
ts  foundation  on  the  wall  is  a  much  simpler  opera- 
ion,  since  it  is  only  necessary  to  suspend  a  chain 


METHOD   OP  HANDLING   MOTOR   \\TIEN   INSTALL 
INC!    IT   ON   CKILING 


ilock  or  block  and  tackle  from  the  ceiling  immediately 
ver  the  foundation  near  the  wall  and  lift  the  motor 
iirectly  onto  the  holding  bolts. 

Royer  Flow  Indicators 

In  the  June  17,  1919,  issue  the  Royer  Flow  Meter  was 
lescribed.  Since  that  time  the  manufacturers,  the  A.  H. 
sloan  Co.,  Inc.,  of  Detroit,  have  made  refinements  in  the 
iesign  and  developed  a  number  of  types  for  specific 
ises.  All  the  meters  are  based  on  the  Pitot-tube  prin- 
iple  and  are  purely  indicating  instruments. 

In  the  accompanyingi  illusti'ation  the  upper  view 
ihows  a  light,  compact  meter  for  portable  use.  A  shut- 
iff  valve  is  attached  to  the  pipe,  and  the  instrument  is 
nserted  into  the  valve  and  secured  by  means  of  the 
ving  nut,  after  which  the  valve  is  opened  for  the  en- 
rance  of  the  impact  tube.  The  main  body,  or  barrel,  of 
he  instrument  is  separated  into  two  chambers.  The 
mpact  chamber  consists  of  a  bored  opening  in  the  outer 
lalf  of  the  body  of  sufficient  length  to  permit  a  range 
)f  movement  for  the  impact  tube  when  making  a  search 
>r  traverse  for  the  mean  velocity  point  in  all  sizes  of 
)ipe.  This  chamber  is  connected  to  one  leg  of  the 
J-tube  by  means  of  a  valve  and  flexible  high-pressure 
ubing.  The  static  chamber  leads  from  the  end  of  the 
-•onnection  inserted  into  the  wall  of  the  pipe  terminat- 
ng  at  the  valve  and  has  flexible  connection  to  the  other 
eg  of  the  manometer.  The  two  chambers  are  separated 
jy  a  simple  type  of  stuffing  box,  the  gland  of  which  is 
he  outer  half  of  the  main  body  of  the  instrument  carry- 
ng  the  impact  chamber. 


The  manometer  is  so  mounted  that  it  is  adjustable 
for  various  slope  angles,  the  position  being  controlled 
by  the  leveling  collar  mounted  thereon.  This  feature  en- 
ables the  operator  to  measure  low  velocities  such  as  are 
encountered  in  the  metering  of  air  and  gases.  It  may 
also  be  removed  from  the  plug  end  of  the  instrument 
and  mounted  on  a  separate  base,  where  there  is  suffi- 
cient vibration  in  the  pipe  line  to  interfere  with  accu- 
rate reading  or  where  it  is  necessary  to  apply  the  plug 
in  a  position  that  would  be  inaccessible  for  obtaining  a 
reading. 

The  two  lower  views  show  the  instrument  designed 
for  measurement  of  chemicals  such  as  bicarbonate  of 
soda  solutions,  saponified  oils,  cutting  compounds, 
ammonia  liquors  and  other  corrosive  mediums.  The 
nozzle  plug  is  shown  at  the  left  and  the  manometer  at 
the  right.  An  oil  seal  is  sometimes  provided  to  prevent 
the  solution  being  measured  from  coming  in  actual  con- 
tact with  the  steel  parts,  and  those  parts  which  it  is  im- 
possible to  protect  are  made  from  monel  metal  or  other 
alloys,  depending  upon  the  chemical  action  encountered. 

This  type  of  meter  is  especially  adapted  for  condi- 
tions where  the  point  of  measurement  is  isolated  from 
the  place  at  which  the  actual  reading  is  to  be  taken,  that 
is,  the  indicating  unit,  or  manometer,  is  separated  from 
the  other  member  of  the  meter,  commonly  called  the 
nozzle  plug,  which  carries  the  impact  and  static  cham- 
bers which  are  connected  to  the  two  legs  of  the  U-tube 
in  the  manometer  unit. 

In  applications  involving  the  measurement  of  liquors 
or  solutions  cai'rying  solids  such  a  tar,  the  in.struments 


THE    ROYER   PLOW   INDICATOR 
Tilt?   upper  view  shows  an   indicator  for  portable  use,   and   the 
two  lower  views  show  a  type  designated  for  measuring'  corrosive 
niedium.s. 

are  furnished  with  a  steam  connection  for  clearing  the 
impact  tube.  The  same  instrument  is  also  adaptable  for 
measuring  fluids  under  extremely  high  pressures. 


The  average  increase  in  freight  rates  on  commercial 
bituminous  coal  under  the  new  rates  which  will  go  into 
effect  shortly  by  permission  of  the  Interstate  Commerce 
Commission  will  be  about  57  cents  per  ton  according 
to  an  estimate  of  a  railroad  statistician  of  high  stand- 
ing, given  to  the  Coal  Review, 
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KrniiiiiMrenreH  of  An  Kii^iiumt 

Ry   \V.    M    Fokiik.x 

III  a  former  article  I  retVrre<l  to  the  liaxter  eiivine. 
which,  it  8eems  to  me.  anticipated  the  fuiulameiital 
idea  of  the  locomobile  eiu'ine.  Fii  the  locomobile  eiiKine 
'.he  heat  of  the  boiler  and  smokestack  is  utilized  to 
keej)  the  cylinders  hot.  This  conforms  with  the  dynamic 
law  which  would  make  for  economy  in  any  desipn  of 
steam-driven  machine. 

Mr.  Baxter,  I  believe,  was  the  man  who  desijrned  the 
system  of  proj)ulsion  lor  the  Erie  Canal.  In  his  system 
the  projie'Iei-  was  only  partly  submerged,  and  I  think 
it  was  reported  'is  the  most  .satisfactory  system  pre- 
sented. A  prize  was  offered  in  the  early  .seventies,  I 
believe,  by  the  State  of  New  York  for  the  best  method 
of  canal  towinjr,  but  I  do  not  think  anyone  received 
the  prize.  Now  we  have  from  France  records  of  experi- 
ments drivinp-  canal  boats  with  a  propeller  entirely  in 
the  air,  and  it  appears  from  them  that  the  system  is 
practical,  but  I  think  that  the  published  reports  of  the 
trials  give  results  that  can  be  fairly  questioned.  The 
speeds  obtained  seem  far  too  high  for  the  power 
expended.  Mr.  Baxter  started  on  the  right  road  by 
lifting  his  propeller,  but  did  not  go  quite  far  enough. 
I  do  not  have  the  records  handy  of  the  results 
of  my  Baxter-engine  tests,  but  I  am  quite  sure  that 
they  showed  a  water  consumption  of  less  than  half 
of  that  of  the  usual  small  steam  engine.  The  only 
reason  why  this  engine  was  not  widely  used,  it  seems 
to  me,  was  that  the  low  cost  of  fuel  resulted  in  buyers 
of  small  prime  movers  giving  little  or  no  thought  to 
economy,  first  cost  governing. 

People  bought  the  Baxter  engine  mainly  because  it 
was  self-contained  and  good  looking.  About  the  time 
I  te.sted  the  engine,  T  went  to  the  graduating  exercises 
of  a  class  at  Stevens,  when  Professor  James  Denton, 
one  of  the  graduates,  read  his  thesis  on  "Locomotive 
TriU'tion."  Horatio  Allen  delivered  the  address  to  the 
class.  I  went  to  President  Morton's  house  after  the 
exercises  and  met  Mr.  Allen,  and  in  a  conversation  with 
several  engineers  there  he  remarked  that  he  often 
thought  that  it  would  be  possible  to  send  the  exhaust 
of  a  locomotive  around  the  cylinders  and  steam  chests 
and  thus  effect  a  great  saving  in  steam,  and  he  believed 
that  too  little  attention  had  been  given  to  keeping  the 
cylinders  of  locomotives  hot. 

The  Engines  of  the  "B.a.ttery,"  Stevens'  Steamer 

The  conversation  then  turned  to  marine  steam 
engines,  and  it  came  out  that  the  first  engines  designed 
for  the  celebrated  Stevens'  steamer,  the  "Battery,"  were 
multi-cylinder  affairs,  eight  cylinders  in  each  engine, 
driving  the  propellers  direct.  Twin  screws  were  fitted 
in  the  design,  but  the  engines  were  never  built,  although 
the  patterns  had  been  made.  At  that  time  the  "Battery" 
was  partly  finished,  and  in  walking  down  Hudson  Street. 
Hoboken,  on  the  east  side  you  walked  over  the  bow 
of  the  "Batter\-."  The  boat  was  constructed  in  a  hole, 
dug  to  receive  it,  as  it  was  believed  by  marine  men 
that  it  would  not  be  possible  to  launch  such  a  heavy 
vessel  in  the  usual  way,  so  the  hole  was  dug  and  a 
bulkhead  left  between  it  and  the  river.  This  was  to 
be  dredged  away,  allowing  the  w-ater  to  fill  the  hole 
and  float  the  vessel. 

John  Stevens'  first  propeller  boat  was  built  in  1804. 
It  had   twin   screws  coupled    up   with   gears,    and   the 


boiler  was  a  coil  or  coils  of  piju-.     Thi.s  is  in  gcn<T.il 
the  design  that  we  are  putting  into  Mhips  today. 

.lust    above     President     Morton's    house    was    Casll 
I'oiiit,  the  home  of  the  Stevens  family  for  many  year.., 
and   the   hou.se   was   the   first  dwelling   ever   heated   by 
steam.     The   work   wjus   laid   out    and   done   by    Francis 
Stevens,  a  cousin  of  the  late  Col.  E.  A.  Stevens,  abon 
1840,    I    think.      Castle    Point    now   belongs    to    Steven 
Institute,  and   its   many   rtrnms  have  been   fitted   up  b 
the  various  classes  that   have  been  graduated. 

Francis  Stevens  always  claimed  to  have  invented  the 
valve  cams  used  on  beam  engines,  which  made  the 
valves  move  in  quick  jumps  without  a  jar,  and  it  was 
fa.scinating  to  watch  these  cams  work.  Another  mem- 
ber of  the  family  laid  claim  to  having  invented  these 
cams,  but  from  the  talks  I  had  with  Francis  and  others, 
I  made  up  my  mind  it  was  a  combination  invention. 
One  of  the  Stevens  got  the  idea  of  having  cams  lifting 
the  valves,  but,  as  first  made,  the  contact  was  a  blow 
in  fact  and  gave  trouble;  and  then  Francis  improved 
on  the  idea  by  the  rocking  cam,  or,  as  he  often  called 
it,  the  "alligator  jaw,"  which  made  the  cam  action 
smooth  and  quick  just  where  quickness  was  wanted. 
Of  course  I  may  be  wrong  in  this  assumption,  but  I 
know  that  Francis  had  in  his  pos.session  the  original 
drawings  of  the  cams. 

Compound  Engines  for  Railroad  Tugboats 

Francis  Stevens  was  the  engineer  of  the  Hoboken 
yards  of  the  Pennsylvania  Railroad  floating  equipment, 
and  he  designed  the  first  compound  engines  used  on 
the  tugs  of  that  company.  These  engines  were  steeple 
compounds,  and  the  first  I  ever  saw  where  the  low 
pressure  cylinder  was  set  above  the  high  and  the  stuff- 
ing boxes  were  interior  ones ;  that  is,  they  could  not  be 
reached  without  taking  out  the  low-pressure  pistons 

The  reason  for  this  design  was  to  keep  the  engines 
as  low  as  possible  for  if  the  usual  exterior  stuflfing 
boxes  had  been  used  the  height  of  the  engine  would 
have  been  materially  increased.  The  interior  stuffing 
boxes  never  gave  any  great  trouble.  Remarking  on 
this  to  one  of  the  towboat  engineers,  he  said:  "If 
those  stuflfing  glands  leaked,  how  could  I  find  it  out 
unless  I  got  cards  taken?"  Of  course,  to  a  certain 
extent,  that  was  true.  The  packing  used  in  the  stuffing 
boxes  was  metallic,  and  Mr.  Stevens  told  me  that  its 
design  was  obtained  from  the  Cold  Spring  works,  just 
across  the  Hudson  River  from  West  Point.  Mr.  Stevens 
remarked  that  his  experience  went  to  show  that  the 
metal  of  the  packing  had  more  to  do  with  its  satis- 
factory working  than  did  its  design.  I  do  not  wish 
to  give  the  impression  that  Mr.  Stevens  was  the 
first  designer  of  a  compound  engine  in  America,  as 
that  honor  belongs  without  doubt  to  Charles  Hyde,  ol 
Bath.   Maine.  ~ 


The  Willans  Compound  Engine 


Speaking  of  steeple  compounds,  there  was  one 
this  class  that  sold  in  England  to  an  extent,  I  was 
told,  that  was  equal  to  all  other  styles  of  engines  put 
together.  It  was  known  as  the  Willans.  It  was  single- 
acting  and  most  often  seen  in  multi-cylinder  design. 
It  was  almost  silent  in  action,  and  being  entirely 
inclosed,  it  required  very  little  care,  and  its  economy 
was  satisfactory.  I  think  the  Bullock  Co.,  of  Chicago, 
undertook  to  make  the  engine  in  this  country,  but  I 
never  ran  across  one  here. 
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Economy  is  a  word  just  now  in  the  mouths  of  all 
people  and  is  not  confined  to  engineers.  A  reduction 
in  manufacturing  is  equal  to  an  advance  in  price,  so 
everyone  is  hard  after  economy  of  production,  but  at 
times  economy  is  disregarded  for  reasons  which  offset 
any  apparent  saving. 

The  Direct-Acting  Steam  Pump 

The  most  striking  example  of  this,  in  engineering,  to 
my  mind,  is  the  direct-acting  steam  pump.  The  cost 
of  pumping  with  this  design  is  known  to  all  engineers, 
but  the  design  is  so  simple,  compact  and  cheap,  and  the 
pumps  are  so  easily  obtained,  that  the  economy  is  will- 
ingly disregarded.  I  suppo.se  more  pumps  of  this  .«?tyle 
are  in  use  than  all  other  designs  put  together  several 
times  over.  All  one  has  to  do  is  to  explain  the  require- 
ment and  get  just  what  is  wanted,  almost  by  return 
mail,  and  it  will  fill  the  bill.  The  pump  is  self-contained 
and  can  be  piped  up  by  anybody,  and  a  very  short  time 
after  its  arrival  it  can  be  put  to  work.  All  this  is  fine 
and  practical,  but  when  it  comes  to  paying  for  the 
steam  to  run  and  then  seeing  the  work  done,  one  is 
sad,  that  is,  the  one  who  is  doing  the  paying.  I  do 
not  believe  that  the  design  could  be  driven  out  of  the 
market  if  the  steam  consumption  was  four  times  as 
great  as  it  is  or  if  prices  were  increased  in  the  same 
proportion. 

When  Alexander  Hamilton  conceived  the  idea  of 
making  Paterson,  N.  J.,  the  great  manufacturing 
center  of  the  country,  he  did  so  because  the  water 
power  of  the  Passaic  River  was,  he  considered,  quite 
enough  to  do  the  work  for  all  America.  At  Ihat  time 
water  was  the  only  power  known  to  him  or  to  the  world. 
How  short  was  his  vision!  Yet  it  was  far  greater 
than  other  men  of  his  time.  Within  two  miles  of  the 
Falls  the  Rogers  people  turned  out  locomotives  by  the 
score  in  less  than  75  years  from  the  death  of  that 
great  man,  eclipsing  the  power  of  the  falls  many  times. 
The  river  for  power,  the  river  for  transportation,  was 
Hamilton's  idea,  and  for  his  time  it  was  a  correct  one. 

The  Corliss  Rotary  Engine 
I  was  once  taken,  by  George  H.  Corliss,  to  a  place 
just  outside  of  Providence,  R.  I.,  to  look  at  a  founda- 
tion for  a  pumping  engine  which  he  had  built,  I  think. 
Mr.  Corliss  was  a  man  with  whom  I  got  on  very  well 
at  times,  and  he  seemed  to  be  impressed  with  my 
ability  to  "chase  x's"  and  several  times  got  me  to  work 
out  mathematical  problems  for  him  seemingly  with  the 
intention  of  merely  noting  the  difference  between  my 
way  of  working  and  his. 

On  this  trip  Mr.  Corliss  opened  a  vague  conversation 
on  a  steam  prime  mover,  at  last  saying  that  he  had  an 
idea  of  a  single-piece  engine;  that  is,  where  only  one 
part  would  move,  except  the  governor. 

"What!"     I  exclaimed.     "A  rotary  engine?" 
This   annoyed   Mr.   Corliss   and   he  at   once  changed 
the  subject,  but  returned  to  it  later  in  the  day,  sug- 


gesting that  I  undertake  to  build  the  apparatus,  but 
he  as  designer  or  originator  of  the  idea  need  not  be 
known.  I  did  not  like  undertaking  the  work  under 
any  such  understanding,  so  for  some  years  the  rotary 
engine  was  never  i-eferred  to  between  us.  At  last  Mr. 
Corliss  asked  me  to  make  some  drawings  showing  the 
principle  of  the  engine  so  that  he  could  have  a  patent 
search  made.  Now  that  Mr.  Corliss  is  dead,  I  do  not 
feel  that  I  am  acting  unfairly  to  his  memory  in  giving 
an  outline  of  his  idea. 

The  engine  consisted  of  a  cast-iron  case  which  was 
cone-shaped,  a  rotor  fitted  the  bored  taper  hole  of  the 
casting,  and  on  this  rotor  were  to  be  milled  steam 
pathways  the  bottoms  of  which  were  parallel  to  the 
center  of  rotation.  The  faces  of  these  steam  pathways 
were  to  be  curved,  a  tangent  leading,  however,  to  the 
curved  face,  the  curves  increasing,  slowly  at  first,  then 
steepening  rapidly  to  a  short  tangent  at  the  larger  end. 
The  .special  form  of  curve  was  only  on  the  power  side 
of  the  pathway.  The  steam  entered  at  the  smaller 
end  of  the  cone  from  several  nozzles,  and  as  it  traveled 
along  the  pathway  was,  of  course,  meeting  with  an 
increasing  surface,  owing  to  the  cone  shape. 

A  first  cone  was  separated  from  a  second  by  heads 
pierced  with  holes,  thus  making  a  steam  chamber,  and 
from  this  chamber  the  steam  was  again  led  into  noz- 
zles in  the  second  head  to  a  second  cone,  larger,  of 
course,  than  the  first.  Several  cones  were  to  be  used, 
making  stages,  and  it  was  proposed  to  use  a  condenser. 
After  the  drawings  were  begun,  Mr.  Corliss  changed 
tbem  by  adding  check  valves  to  the  exhaust  holes,  and  he 
proposed  to  use  a  little  live  steam  in  each  chamber. 

One  side  of  the  steam  pathway  was  to  be  formed  with 
great  care,  and  Mr.  Corliss  cut  three  forms  out  of  paper. 
One  was  the  form  at  the  end  of  the  first  tangent,  one 
at  the  middle,  and  one  at  the  end  of  the  pathway  that 
led  to  the  final  tangent.  How  he  arrived  at  these  forms 
1  was  never  told,  but  I  was  to  make  the  complete  spiral 
pathway  lead  smoothly  to  these  cross-sections. 

If  I  remember  rightly,  Mr.  Astor  patented  a  steam 
turbine  in  which  spiral  fins  were  placed  around  a  drum 
and  steam  entered  a  casing  at  one  end.  The  rotor  was 
quite  long  and  parallel,  but  in  this  design  there  was 
no  cone,  steam  receiver  or  stages.  I  never  knew  whether 
Mr.  Corliss  finished  an  actual  engine.  I  became  tired 
of  working  in  the  dark.  I  wanted  his  entire  confidence, 
and  as  I  was  not  able  to  get  it,  I  decided  to  drop  the 
matter. 

The  drawings  were  labeled,  "Proposed  Experimental 
Centrifugal  Pump,"  or  some  such  designation.  One  day 
very  much  later  I  took  up  the  subject  while  driving 
with  Ml'.  Corliss,  and  he  said:  "That  pump  idea  I 
want  to  modify,  by  turning  annular  spaces  in  the  cone 
rotor  and  fitting  in  these  spaces  especially  shaped 
fillers  fastened  to  the  case  so  that  they  will  act  as  steam 
abutments."  As  I  look  back  on  these  ideas  of  Mr. 
Corliss,  it  strikes  me  he  came  pretty  near  inventing  a 
steam  turbine  as  early  as  the  vear  1884. 
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IlaiuUing  the  Fl<)c)(k(l-Ty|>c  Brine  Cooler 


By  B.  E.  hill 


SOMETIMES  with  the  flooded-type  brine  cooler  as 
applied  in  roniiec'ion  with  the  double-pipe  brine 
cooler,  the  atiunuilator  is  used.  The  duties  of  the 
accumulator,  when  u.'<ed  for  this  purpose,  are  similar  to 
tho.se  of  a  blowolf  tank  connected  to  the  blowofl  lines 
from  steam  boilers.  A  lilowofT  tank  is  u.sed  to  prevent 
blowiuK  hijrh-velocity  steam  and  water  into  the  city 
or  private  sewer  lines  and  thereby  prevent  damage  to 
them.  As  the  blowofT  tank  is  vented  to  the  roof 
( atmo><phere'i    with    ,(    line    '.irvre    enoufrh   to    cut   down 
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the  high  velocity,  this  allows  the  water  to  flow  off  into 
the  sewer  while  the  steam  is  carried  off  through  the 
vent. 

A  boiler  carr\'ing  150  lb.  pressure  has  a  boiling  point 
around  365  deg.  F.  When  water  from  such  a  boiler 
is  suddenly  released  to  atmospheric  pressure  with  a 
corresponding  boiling  temperature  of  212  deg.  F.,  a 
portion  of  the  water  is  instantly  flashed  or  evaporated 
into  steam. 

In  the  case  of  the  accumulator,  as  shown  in  the  illus- 
tiation,  as.sume  that  it  is  u.sed  in  connection  with  sharp 
or  low-temperature  freezer  work.  The  liquid  is  fed 
into  the  accumulator -onder  ^  pressure  of  180  lb.  and  a 
corresponding  temperature  of  about  95  deg.  F.  The 
pressure  that   is  carried  on  the  accumulator  for  low- 


temperature  work  we  will  assume  to  be  zero,  or  atmos- 
pheric pressure.  As  the  boiling  iwint  at  atmospheric 
I)ressure  is  about  28.'  deg.  F.  below  zero,  a  portion  of 
the  li(iuid  ammonia  is  instantly  flashed  or  evaporated 
into  a  vapor  for  the  .same  rea.son  that  the  high-tem- 
perature water  is  evaporated  as  it  leaves  the  blowofT 
tank  and  goes  into  the  atmo.sphere. 

The  object  of  the  accumulator  is  to  remove  the  vapor 
or  saturated  ammonia  gas  from  the  liquid  ammonia  and 
Teed  the  liquid  ammonia  to  the  brine  cooler  at  the 
reduced  temperature  due  to  the  reduced  pressure,  allow- 
ing the  gas  evaporated  in  this  way  to  pa.ss  off  into  the 
suction  line  and  on  to  the  compressor  the  same  as  the 
steam  from  the  vent  in  the  blowoff  tank  passes  out  to 
the  atmosphere. 

The  merits  of  the  accumulator,  when  used  for  this 
purpose,  over  the  direct  feed  into  the  bottom  coils  lie 
in  the  fact  that  it  affords  a  space  large  enough  to 
separate  the  gas  from  the  liquid  and  pass  the  gas  on 
its  way  back  to  the  compres-sor  without  first  passing 
it  through  the  entire  length  of  the  brine-cooler  coils. 

Another  advantage  of  the  accumulator  is  the  safety 
'eature.  In  case  a  sudden  change  in  temperature  of 
the  brine  through  the  brine  cooler  causes  a  rapid  evap- 
oration of  ammonia  and  throws  the  liquid  out  of  the 
coils  into  the  accumulator,  which  would  gravitate  back 
to  the  cooler  instead  of  to  the  compressor,  as  would  be 
the  case  where  there  is  no  accumulator,  the  latter  would 
act  the  same  as  a  separator  on  a  steam  line  and  the 
coils  act  like  a  priming  boiler  that  is  short  on  steam 
space. 

The  illustration  shows  a  sy.stem  of  calcium  brine 
coolers  with  the  pumps  in  the  basement  or  cellar  floor 
and  a  makeup  brine  tank  on  the  seventh  floor,  an  ex- 
planation of  which  is  hardly  necessary. 

The  Shell  Brine  Cooler 

The  shell  brine  cooler  is  nearly  like  a  surface  steam 
condenser  and  also  embodies  the  principles  of  the 
return-tubular  boiler. 

For  simplicity,  capacity,  efficiency,  compactness,  dura- 
bility and  no  leaks,  the  well-designed  and  well-built 
shell  brine  cooler  is  among  those  at  the  top  of  the  list. 
There  have  been  mistakes  made  in  these  coolers  as  well 
as  in  all  other  apparatus.  The  writer  will  tiy  to  point 
out  some  of  the  most  serious  as  a  guide  to  the  engineer 
operating  these  coolers  or  who  is  expected  to  draw  up 
specifications  for  their  purchase. 

The  best  design  of  shell  for  durability  and  strength 
has  the  longitudinal  seams  riveted  together  with  a 
double  butt-strap  seam  with  the  calking  edges  welded 
inside  and  out.  The  heads  are  flanged  out  beyond  the 
shell,  which  allows  for  expansion  and  contraction  with- 
out serious  strain  on  the  tube  sheet  cau.sed  by  a  short 
bend.  The  tubes  for  these  coolei-s  can  be  made  either 
of  charcoal  iron  or  steel,  rolled  and  beaded  the  same 
as  the  tubes  in  a  return-tubular  boiler. 

The  capacity  as  well  as  efficiency  of  these  coolers  is 
due  to  the  circulation,  there  being  no  dead  corners  as 
is  the  case  with  the  submerged  brine  cooler.  The  large 
area  or  surface  for  the  saturated  gas  to  pass  out  into 
the  suction  line  as  soon  as  evaporated,  without  passing 
through  a  long  line  of  piping  as  is  the  case  with  the  i 
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double-pipe  and  other  types  of  pipe  brine  coolers,  makes 
it  possible  to  carry  the  brine  temperature  closer  to 
the  temperature  of  the  boiling  ammonia  without  gen- 
erating an  internal  pressure  caused  by  the  violent 
boiling  of  ammonia.  The  closer  the  engineer  can  run 
the  boiling  point  of  the  ammonia  in  the  brine  cooler 
to  the  temperature  of  the  brine,  the  greater  will  be 
its  capacity  and  efficiency;  in  other  words,  carry  the 
suction  pressure  as  high  as  the  required  temperatures 
will  permit,  which  will  give  the  maximum  capacity,  and 
install  a  brine  cooler  that  will  deliver  brine  as  close  to 
the  boiling  point  of  the  ammonia  as  possible  and  prac- 
tical. 

The  greatest  objection  to  the  installation  of  a 
plant  to  obtain  the  capacity  and  efficiency  as  mentioned, 
is  the  cost  of  the  evaporating  coils  or  brine  coolers  of 
sufficient  pipe  and  tube  surface  and  design  to  obtain 
results. 

Rapid  Circulation  of  Brink 

As  before  stated,  one  of  the  greatest  features  of  the 
shell  brine  cooler  is  the  rapid  circulation  of  brine.  One 
of  the  mistakes  that  has  been  made  in  the  past  is  in 
carrying  this  valuable  feature  too  far,  the  brine  being 
made  to  pass  back  and  forth  through  the  tubes  so  many 
times  that  the  combined  area  of  the  tubes  in  each  pass 
was  reduced  to  such  an  extent  that  the  friction  head 
was  abnormal,  there  being  a  difference  in  pressure 
between  the  inlet  and  outlet  of  from  15  to  90  lb.,  de- 
pending on  the  quantity  of  brine  required  to  be  pumped 
through  the  cooler. 

These  coolers  are  limited  in  the  diameter  of  the  shell 
to  about  48  or  54  in.,  and  the  number  of  passes  in 
many  instances  have  been  made  from  eight  to  twelve, 
with  bad  results  as  to  friction  head.  It  is  the  judgment 
Of  the  writer  that  in  no  case  should  the  number  of 
passes  exceed  six,  and  in  no  case  should  a  brine  cooler 
be  purchased  without  complete  specifications,  stating 
the  range  in  temperature,  maximum  quantity  of  brine 
to  be  passed  through  the  cooler  in  a  stated  time,  allow- 
able friction  head  between  the  inlet  and  outlet,  etc., 
which  will  put  it  up  to  the  manufacturer  to  design 
the  cooler  to  meet  requirements. 

Manufacturers'  Guarantee 

Owing  to  the  danger  of  "freeze-ups"  in  these  coolers, 
the  manufacturer  in  most,  if  not  all  cases,  will  not 
guarantee  them  for  anything  but  a  solution  of  calcium 
chloride  of  sufficient  strength  to  prevent  freezing.  The 
late  P.  J.  Slagle,  chief  engineer  for  Swift  &  Co.  for 
many  years,  "thrashed"  this  point  out  with  several  of 
the  leading  manufacturers  and  has  successfully  oper- 
ated the  shell  brine  cooler  for  years  in  many  of  the 
Swift  plants  with  a  solution  of  common  salt  brine.  The 
circulation  in  these  coolers  is  so  nearly  perfect  in  all 
parts  of  the  cooler  that  it  is  only  necessary  that  the  cir- 
culation be  kept  up,  and  to  do  this  the  engineer  must 
have  some  assurance  that  the  pump  is  kept  going  at 
all  times  while  the  machines  are  in  operation.  Mr. 
Slagle,  being  thoroughly  familiar  with  this  part  of  the 
operation,  installed  a  check  valve  on  the  outlet  end  of 
the  brine  line  with  the  stem  extending  through  a 
stuffing  box.  Attached  to  the  valve  stem  is  a  lever 
which  answers  the  double  purpose  of  a  counterweight, 
v/hich  closes  the  check  valve  when  the  flow  stops,  and 
makes  contact  with  an  electric  switch.  This  lever  is 
.«o  f.djusted  as  to  ring  a  bell  and  light  a  red  signal  light 
when  the  pump  stops  or  shows  to  the  danger  point,  as 


the  valve  will  vary  the  distance  of  opening  according 
to  the  flow  of  brine. 

These  coolers  can  be  arranged  for  installation  either 
horizontally  or  vertically.  The  horizontal  installation 
requires  more  floor  space  and  less  headroom,  but  is 
much  easier  to  repair  when  necessary.  The  vertical 
installation  requires  less  floor  space  and  more  head- 
room and  is  much  more  difficult  to  repair. 

These  coolers,  whether  installed  vertically  or  horizon- 
tally, should  have  a  trap  or  good  make  of  steam  sep- 
arator in  the  suction  line  between  the  cooler  and  com- 
pressor, it  being  installed  high  enough  above  to  drain 
back  into  the  cooler  in  case  of  overfeeding  or  priming. 
Take  the  same  precaution  for  safeguarding  the  com- 
piessor  that  you  would  to  safeguard  an  engine  from 
the  boiler,  as  the  cooler  is  the  boiler  of  the  refrigerat- 
ing plant. 

Refrigfration  Effect  Circulated  from  Delivery 
OF  Brine  Pump 

To  determine  the  refrigerating  effect  delivered  by 
the  reciprocating  brine  piimp,  the  first  essential  is  to 
ascertain  with  a  reasonable  degree  of  accuracy  the 
amount  of  brine  pumped.  To  do  this,  close  the  dis- 
charge valve  on  the  pump  line  and  start  the  pump, 
regulating  the  speed  at  a  point  where  the  discharge 
gage  registers  normal  working  pressure;  the  gage  in 
this  case  must  be  tapped  below  the  discharge  valve. 
After  the  pump  has  been  regulated  to  hold  the  re- 
quired pressure,  count  the  strokes  for  five  or  ten  minutes 
and  get  a  good  average  of  the  strokes  per  minute. 

Now,  for  example,  assume  that  the  water  or  brine 
end  of  the  pump  to  be  used  in  the  test  is  10  in.  in 
diameter  and  12  in.  stroke,  and  also  that  the  average 
number  of  strokes  with  the  discharge  closed  was  found 
to  be  18  per  min.  Assume  brine  at  80  deg.  salinometer 
;>.nd  the  specific  heat,  which  in  this  case  would  be  9.6  lb. 
and  0.80  respectively.  Then  to  reduce  the  385.4  gal. 
oer  min.  to  pounds,  385.4  X  9-2  =  3,545.68  lb.,  and  as 
there  was  a  rise  in  temperature  of  4  deg.  between  the 
di.scharge  and  return  brine  and  a  specific  heat  of  0.98, 
the  refrigerating  effect  delivered  per  24  hours  would 

3,545.68  X  0.94  X  4 


be 
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66.65  tons  refrigeration. 


Oxyacetylene  Welding  of  Damaged 
Engine  Cylinders 

Although  practically  every  job  undertaken  by  a  weld- 
ing shop  represents  a  saving  of  time,  labor  and  money, 
it  is  not  until  some  particularly  large  job  comes  along 
that  the  value  of  oxyacetylene  welding  is  driven  home 
with  a  punch.  One  of  these  large  jobs,  the  execution 
of  which  resulted  in  substantial  saving,  was  recently 
completed  by  the  Imperial  Welding  Co.  of  Minneapolis, 
Minn. 

The  parts  to  be  repaired  were  the  fractured 
high-  and  low-pressure  cylinders  of  a  1,000-hp.  com- 
pound steam  engine  employed  to  furnish  power  for  a 
flour  mill.  The  damage  was  due  to  the  piston  rod 
fracturing  close  to  the  cros.shead  and  the  pistons  driv- 
ing through  the  ends  of  the  cylinders.  The  fractures 
in  the  low-pressure  cylinder  are  shown  in  Fig.  1.  The 
crack  shown  in  the  upper  left-hand  corner  of  the  picture 
extended  back  to  and  completely  around  the  inlet-valve 
port.  The  crack  shown  at  the  bottom  of  this  cylinder 
extended  no  farther  than  can  be  seen  in  the  illustration. 
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As  th»'  castiiiK  was  pivhoatcil  tlio  nuMi  could  not.  of 
lourse,  have  worked  from  the  position  shown,  hut  they 
jrive  an    idea  of  the  size  of  the  cylinder  bore. 

The  hijfh-pressure  cylinder,  indicated  at  the  rijrht 
in  Fip.  2,  was  also  badly  broken,  as  the  welded  section 
shows.  Fifr.  :>  shows  the  low-pressure  cylinder  after 
it  had  been  welded. 

Inasmuch  as  the  entrine  was  of  an  obsolete  type  and 
occupied  excessive  space  in  the  enjirine  room,  u|)on  a 
report  of  the  accident  the  owners  decided  that  they 
would  replace  it  by  a  steam  turbine,  l>ut  when  the 
matter  was  taken  up  with  the  manufacturers,  it  was 
found  that  no  delivery  date  could  be  promised  within 
ten  months.  This  lon>r  delay  was,  of  course,  out  of  the 
(|uestion,  no  outside  power  beinp  available  in  the 
interim. 

Then  an  effort  was  made  to  obtain  the  old  ijatterns 
from  the  firm  that  had  originally  made  the  (.ylinder. 
Here  ajrain  the  owners  met  with  di.sappointment.  The 
original  patterns  had  been  destroyed,  and  new  castings 
would  have  cost  approximately  $9,000  exclusive  of 
freight  charges  and  cost  of  installation.  The  location 
of  the  engine  room  and  adjacent  machinery  was  such 
that  the  cost  of  installation  would  have  reached  a 
high  figure  and  would  have  brought  the  entire  bill, 
e.xclusive  of  the  costs  of  delay,  up  to  approximately 
$15,000. 

Having  failed  to  obtain  a  steam  turbine  and  not  car- 
ing to  spend  such  a  large  amount  for  new  castings,  the 
owners  took  the  matter  up  with  the  welding  company 
and  upon  being  assured  that  the  cylinders  could  be 
satisfactorily  welded  the  job  of  reclamation  was  given 
to  them  and  men  were  set  to  work  at  once  to  repair 
the  damage. 

Four  men  were  employed  in  doing  the  work,  the  actual 
time  to  weld  the  castings  being  forty-eight  hours.  The 
total  amount  of  time  to  chip  out  the  castings  and  other- 
wise prepare  for  w-elding,  as  well  as  to  actually  make  the 
welds,  was  three  weeks.     The  operation  presented  no 


unusual  diHlculties,  preheating  being  dpne  one  section 
at   a  time. 

The  material  used  for  the  work  consisted  of  :J0  cylin- 
<lers  oxygen,  2(>  cylinders  acetylene.  -1  lb.  flux,  407  lb. 
cast-iron  rod,  1, 150  lb.  charcoal  and  :\2  carbon  blocks 
'•  X  6  X  12  inches. 

The  actual  cost  fif  welding  these  cylinders  was 
$1,572.22.    Not  taking  into  consideration  the  delav  that 


FIG.  2.     .\Pl->AR.\Tr.'<  AND  WELDED   (IKlIl-PKES.SrHK 
CVI.IXDRR 

would  have  resulted  if  new  castings  had  been  made 
ihe  owners  were  able  to  save  over  $18,000  by  taking 
advantage  of  the  welding  process. 

A  month  ago  the  Department  of  Justice  issued  special 
instructions  to  all  district  attorneys  to  bring  action 
again.st  those  who  are  enhancing  the  price  of  coal  ille- 
gally. As  a  result,  indictments  have  been  brdQght 
against  nearly  five  hundred  bituminous  coal  dealers 
throughout  the  United  States.  The  next  thirty  days  will 
see  even  a  larger  number  indicted,  it  was  predicted  at 
the  Department  of  Justice. 


FTO.    1.      FRAOTTRE   IX   DOW-PRE.SSURE   CYLINDER 


FIG.    3.      LOW-PRES8TRE   CYLINDER   AFTER   WELDING 
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Checking  Three-Wire  Tliree-Phase 
Switchboard  Wattmeters 

By  H.  C.  Yeaton 

All  switchboard  indicating  wattmeters  should  be 
checked  frequently  in  order  to  insure  their  accuracy, 
and  the  following  covers  two  methods  of  checking  three- 
wire  three-phase  switchboard  wattmeters. 

In  the  portable  polyphase  wattmeter  method  connect 
a  portable  polyphase  wattmeter  in  the  circuit,  as  shown 
in  Fig.  1,  2  or  3.  The  current  terminals  of  the  portable 
instrument  are  connected  in  series  with  the  current  ter- 
minals of  the  switchboard  meter,  and  the  potential 
terminals  of  the  former  are  connected  across  the  poten- 
tial circuits.  The  connections,  Fig.  1,  are  those  where 
both  current  and  potential  transformers  are  used,  in 
Fig.  2  current  transformers  only  are  u.sed,  and  in  Fig.  3 


transformer  has  a  ratio  of  20:1  or  2,200  to  110  volts;  and 
each  current  transformer  has  a  ratio  of  20:  1  or  100  to 
5  amperes.  The  full-load  watts  of  the  circuit  at  unity 
power  factor  would  be  equal  to  2,200  X  100  X  l-7''52,  or 
380.6  kw.,  but  as  this  value  would  cause  the  scale  to  have 
an  uneven  ending,  a  400-kw.  scale  would  probably  be 
marked  on  the  instrument. 

Suppose,   now,   that   the   pointer   on   the   switchboard 
meter   indicated    200    kw.,    then    the   calibrating   watts 


=  -  500.     There- 
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the  instruments  are  connected  directly  into  the  circuit. 
Switchboard-wattmeter  scales  are  usually  marked  in 
primary  watts,  which  are  the  actual  watts  or  kilowatts 
of  the  circuit,  and  on  a  balanced  circuit  at  unity  power 
factor  are  equal  to 

Primal y  Amperes  X  Primary  Volts  X   1-732 
The   calibrating    watts   of   a    three-wire    three-phase 
wattmeter  are  the  watts  required  to  make  the  pointer 
deflect  from  zero  to  full  scale,  and  equal 

Scale  Range  in  Watts  -^  Potential-Transformer  Ratio 

X  Current-Transformer  Ratio 
Then  by  checking  the  calibrating  watts  of  the  switch- 
board meter  with  the  portable  meter,  the  accuracy  of 
the  former  may  be  determined.  For  example:  Suppose 
that  in  Fig.  1  the  three-wire  three-phase  circuit  has 
a  rating  of  100  amperes  and  2,200  volts.    Each  potential 


200,000 
for  this  point  would  be  equal  to  KQ-yYo 

fore,  if  the  pointer  of  the  switchboard  instrument  in- 
dicated 200  kw.,  it  would  mean  that  only  500  watts 
were  impressed  on  it  to  produce  this  deflection,  and 
the  portable  wattmeter,  also  being  connected  on  the 
secondaries  of  the  transformers,  would  indicate  500 
watts  if  the  switchboard  wattmeter  was  indicating  cor- 
rectly. [The  switchboard  watt- 
meter is  calibrated  so  that  it  reads 
directly  in  primary  watts  or  kilo- 
watts and  does  not  have  to  be  multi- 
plied by  the  transformer  ratios, 
where  portable  wattmeters  are  cali- 
brated to  read  the  watts  passing 
through  the  instrument  and  must  be 
multiplied  by  the  transformer  ratios 
to  obtain  primary  watts. — Editor.] 
The  foregoing  method  checks  only 
one  point  as  it  probably  would  not 
be  convenient  to  vary  primary  load. 
Several  points  may  be  checked  dur- 
ing the  day,  however,  if  the  load 
varies  on  the  circuit. 

Another  method  that  can  be  used 
to  check  more  than  one  point  on  a 
three-wire  three-phase  wattmeter  is 
to  short-circuit  the  current  trans- 
formers and  disconnect  the  instru- 
ment from  the  circuit.  Then  con- 
nect the  switchboard  instrument 
on  a  single-phase  circuit  with  a 
portable  single-phase  meter,  using 
a  variable  load,  as  shown  in  Fig. 
4.  In  the  figure  the  current  coils 
of  the  switchboard  meter  are  con- 
nected in  series,  and  the  potential 
coils,  together  with  the  resistances, 
are  connected  across  the  circuit. 
The  current  winding  of  the  port- 
able instrument  is  connected  in 
series  with  both  current  windings  of  the  switchboard 
wattmeter,  and  its  potential  terminals  are  connected 
across  the  circuit.  Therefore,  as  there  are  two  cur- 
rent and  two  potential  elements  in  the  switchboard 
meter  and  one  current  and  one  potential  element  in 
the  portable  instrument,  the  total  watts  impressed  on 
the  polyphase  meter  would  be  twice  those  impressed  on 
the  single-phase  meter,  consequently  the  calibrating 
watts  per  element  of  the  switchboard  wattmeter  equal 

Scale  Range  -=-  Current  Trans.  Ratio  X  Potential  Trans. 
Ratio  X  2 

Therefore,  by  determining  the  calibrating  watts  of  the 
switchboard  wattmeter,  from  this  formula,  the  scale 
readings  of  the  instrument  may  be  checked  with  the 
single-phase  wattmeter. 

Suppose  that  it  is  required  to  check  the  switchboard 


Portable  Single-Phcse 
Wattmeter 
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vvaltiiii'lor,  ;i.s  j^'ivi'ii  in  |irt'vi<ni.s  (.'xamplo,  a(  the  ri'adiiiKH 
10(1.  200.  aOO  ami  400  k\v.  First  roimeit  the  (wo  iii- 
slriiim-nts  a.s  .shown  in  V'm.  -I.  The  calibrating  wutta 
|KT  elpincnt  of  any  rending  equal  Scale  Heading 
I'dloitial  Trans,  lialio  X  (■nrrctil  Trans.  Ratio  X  2. 
Sulistituting  the  readings  100.000.  200.000,  :?00.000  and 
400.000  for  the  siale  reading  and  dividing  hy  20  X 
20  A  2  (800).  the  following  calibrating  table  can  be 
made  up: 


Suiti'lilxiiinl 

WntiincliT  ltcn(liiiK>- 

III    Kiluwiitti. 

Cnlilirntinii    Wniu 

F'lT  ICIcnioiil  of 

.Switcliboaril  Wiilt irr 

I'ortalilf  T«t 
Wuttiiirirr  RcudiiiK 

100 
JOO 
400 
400 

125 
250 
)75 
500 

125 
250   . 
175 
500 

Other  readings  lan  be  checked  in  the  same  manner, 
if  it  is  so  desired,  but  four  or  five  readings  are  usually 
sufficient  to  determine  the  general  accuracy  of  an  in 
dicating  switchboard  wattmeter. 

Coleman's  No-Leak  Safe  Tube  End 

Following  is  a  description  of  a  method  of  apply ini 
tube  ends,  the  object  being  to  double  the  life  of  ordinary 
tubes,  do  away  with  leaking  tube  ends,  to  be  practically 
90  per  cent  efficient  l)y  actual  test  and  to  save  from 
10  tc  20  per  cent  of  the  fuel  bill. 

As  is  well  known  in  locomotive  practice,  with  the  old 
style  of  tube  the  Prosser  expander  forms  a  semicircular 
corrugation  on  the  water  side  of  the  tube  plate.  The 
edge  of  the  semicircle  freiiuently  only  touches  the  top 
of  the  copper  ferrule  which  is  in  contact  with  the  plate 


is    tinishi-d   ami    headed   dnwii   on    the    tube    plate   on    tin 
lire  side  and  holds  the  square  shoulder  aKainst  the  piaii 
and  i)revenlN  movement  of  the  tube  in  the  plate  due  u, 
either  expansion  or  contraction;  hence  it  prevents  leal. 
The  shoidder  carries  the  vibration. 

The  merits  claimed  for  the  Coleman  device  lie  in 
the  increa.sed  thickness  of  the  due  point  and  in  the 
tiiporing  holes  through  the  flue  sheet  at  the  firebox, 
tapering   from   the   firebox   side.     When  the   flue  point 


ST^e/  Point 

Taper  I'lvlE- 
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riG.     1.       COLEMAN 
TUBE  POINT 


FIG.    2.      TCBli  I'OIXT   WELDED 
AND  EXPANDED 


FIG.   3.     TUBE  PULLED  OUT  OF      FIG.  4.    TUBE  PARTED. 
THE  TUBE  .'=HEET  BEADIXr;   HELD 

and  does  not  prevent  more  or  less  working  of, the  tube 
in  the  plate,  which  eventually  results  in  leaking  tubes, 
caused  by  expansion  and  contraction.  The  Coleman 
safe  tube  end.  Fig.  1,  which  is  manufactured  by  the 
Coleman  Boiler  Appliance  Co.,  406  Grosse  Building,  Los 
Angeles,  Cal.,  has  a  square  machined  shoulder  that  fits 
tightly  against  the  copper  gasket  which  rests  solid 
against  the  plate.  This,  with  the  tapered  holes  through 
the  plate.  1  \  to  the  foot,  forms  a  wedge  where  the  end 


is  set  firmly  against  the  plate  at  the  water  side  and 
the  expansion  is  taking  place,  the  flue  is  pu.shed  against 
the  square  shoulder  on  the  water  side  of  the  sheet  and 
is  not  pushing  the  bead  away  from  the  sheet  on  the 
fire  side,  as  is  done  by  the  old  method.  When  the 
tube  is  contracting,  instead  of  pulling  against  the  bead 
and  loosening  the  tube,  it  is  pulling  against  the 
tapered  hole  in  the  plate  and  not  straining  the  bead. 

Figs.  2  and  3  show  a  tube  welded  to  a  tube  point  and 
expanded  into  a  ring  which  represents  a  tube  sheet.  A 
copper  ferrule  is  shown  between  the  tube  point  and  the 
tube  sheet,  but  Mr.  Coleman  advocates  omitting  this 
ferrule,  using  a  thin  one  between  the  shoulder  on  the 
point  and  the  inside  of  the  tube  sheet.  This  eliminates 
one  joint  in  the  tube  .sheet. 

In  order  to  properly  and  conclusively  demonstrate  the 
superiority  of  the  Coleman  method,  both  were  put  under 
test  with  the  result  that  a  tube  with  the  ordinary 
expanding  and  beading  pulled  out  of  the  tube  sheet  when 
under  test  at  a  pull  of  24,130  lb.  and  started  with  a  pull 
of  21,000  lb.  This  is  shown  in  Fig.  3.  Under  test  the 
Coleman  joint  failed  to  start,  but  the  tube  started  to 
break  outside  of  the  weld  at  a  pull  of  34,000  and  parted 
at  a  pull  of  36,330  pounds,  Fig.  4. 

The  Coleman  process  has  been  tested  out  on  one  of 
four  engines  on  the  Rio  Grande  division  of  the  Santa 
Fe  Railroad.  These  engines  were  all  of  the  same  class 
and  type.  Engine  1,117  was  equipped  with  the  Coleman 
safe-tube  ends,  and  the  other  three  engines  were  fitted 
with  the  old-style  flue  ends,  the  test  being  for  efl^ciency, 
mileage  and  coal  saved.  It  lasted  over  fifteen  months, 
when  the  tubes  in  No.  1,117  were  found  as  good  as  when 
first  put  in  and  were  declared  good  for  another  six 
months'  service.  The  other  engines  had  each  received 
a  second  set  of  tubes  four  months  before. 
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Operation  and  Adjustment  of  Turbine  Machinery 
VII — Fitting  Carbon  Ring  Packing 


By  EUSTIS  H.  THOMPSON 

Consulting  Engineei-,   Baltimore,  ifarylancl 


VARIOUS  numbers  of  rings  are  used  in  pack- 
ings to  suit  different  conditions.  Fig.  1  shows 
two  packing  rings  used  to  hold  the  vacuum  end 
of  a  turbine.  The  lower  drain  is  normally  closed. 
Steam  is  admitted  through  the  upper  drain  so  that  the 
leaking  of  steam  past  the  inner  ring  is  compensated 
for  and  a  little  extra  is  supplied,  which  usually  con- 
den.*es  and  leaks  out  of  the  turbine  casing.  The  .steam 
exerts  an  axial  pressure  PI  and  P2  against  the  carbon 
rings,  as  shown.  This  tends  to  hold  them  against  the 
surfaces  Dl  and  D2.  Under  ordinary  circumstances 
this  joint  is  practically  steamtight.  The  actual  leakage 
takes  place  along  the  shaft.  The  joints  of  the  rings 
hold  steamtight. 

Packing  for  holding  high-pressure  steam  in  the  first 
stage  of  an  impulse  turbine — small  machine — is  shown 
in  Fig.  5.  A  small  amount  of  .steam  leaks  past  the  first 
ring  Fig.  1,  and  this  is  forced  into  the  drain  by  the 
resistance  offered  by  the  second  ring.  This  type  of  pack- 
ing is  generally  equipped   with   three   rings   instead   of 


1.       TWO     HAOKlNl.l 
RINGS 


rHKKK     rACKI.N'i 

RINGS 


two,  as  shown  in  Fig.  2.  It  is  more  difRaalt  for  the 
steam  to  leak  by  two  rings  than  one.  The  leakage  going 
through  the  drain  pipe  is  much  less.  Large  machines 
seldom  have  less  than  three  rings. 

Fig.  3  shows  the  same  packing  with  a  drain  placed 
between  the  first  and  second  rings  which  carries  the 
leakage  from  these  rings  into  some  part  of  the  turbine 
where  the  pressure  is  lower,  so  that  the  leakage  may 
expand  and  do  work.  The  di'ain  between  the  second  and 
third  rings  acts  the  same  as  in  the  two-ring  packing. 

Fig.  4  shows  a  high-pressure  packing  adapted  to  a 
condensing  turbine.  Steam  is  supplied  for  the  purpose 
of  sealing  against  the  vacuum.  When  the  turbine  is 
loaded  and  a  steam  pressure  exists  between  the  first 
and  second  rings,  the  sealing  steam  is  not  necessary. 
Often  the  sealing  steam  is  supplied  through  a  reducing 
valve  and  the  .steam  line  is  equipped  with  a  check  valve. 
Another  combination  of  four  rings  to  accomplish  the 
same  purpo.se   is  shown   in   Fig.   5.     Sealing   steam   is 


here  admitted  between  the  third  and  second  rings.  It 
can  be  left  turned  on  whether  the  turbine  is  loaded  or 
unloaded.  The  drain  is  placed  between  the  first  and 
second    rings   and    leads   to    one   of   the   lower-pressure 


;H()\\  I.XU    PIPING  OF   DRAIN    UKTWEEN   FIRST 
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stages  of  the  machine.   The  drain  between  the  third  and 
fourth  rings  opens  to  the  atmosphere. 

Various  combinations  of  rings  and  drains  are  used  to 
suit  the  conditions  of  the  machine.  In  any  case  the 
action  will  be  the  same  as  far  as  leakage  is  concerned. 
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whether  the  rings  are   carbon  or  metallic.     The  latter 
material  is  u.sed  principally  on  small  machines. 

In  impulse  turbines  it  is  often  the  practice  to  place 
interstage  rings  between  two  stages  to  prevent  steam 
leaking  from  the  higher  to  the  lower  stage.  These 
rings  are  generally  single  and  seldom  more  than  double. 
Carbon  or  the  labyrinth  metallic  ring  is  generally  used. 
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Old  rinj;«  f"i>  '"c  ro(itt<'(l  for  ii  fnii-tion  of  the  coHt 
i)f  iipw  riiijrs,  moio  pspociiilly  in  larKt'i'  mathiiu's.  When 
iipw  riiifrs  arc  installed,  the  eiipineer  should  thoroiivrhly 
understand  their  nature  to  l)e  sure  that  the  factory  has 
supolieil  them  with  the  proiicr  dimensions,  machine 
work  and  elearnmes.  The  principles  of  adjustment  arc 
I's  follows : 

1.  The  rinjr  should  not  he  stnaller  than  the  diameter 
of  the  shaft. 

2.  This  .should  not  exceed  the  diameter  of  the  shaft 
more  than  a  certain  fi.xed  amount. 

;{.  The  rin^s  should  he  free  to  move  in  their  grooves 
so  that  they  can  change  their  position  when  expan- 
sion or  contraction  of  the  turbine  casinpr  chanjres  its 
relative  position  with  the  shaft. 

4.  Joints  between  the  .segments  should  be  true  flat 
surfaces  bearing  throughout  their  whole  extent. 

5.  These  joints  should  be  held  together  firmly  by 
the  spring's. 

6.  The   rinjrs  should  not  be  too  free   in   the  casings. 
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7.  The  joints  in  the  various  parts  of  the  casings 
should  be  made  steam-tight. 

When  the  ring  is  smaller  than  the  shaft,  it  causes 
cutting  or  vibration,  as  described.  Usually,  a  day's  run 
will  wear  it  into  running  condition  when  the  difference 
is  only  0.004  to  0.006  in.  in  diameter.  The  rings  are 
generally  fitted  to  exceed  the  shaft  by  0.002  in.  or 
0.003  in.  per  inch  of  shaft  diameter,  which  is  an  allow- 
ance for  ordinary  shaft  expansion  together  with  a 
net  clearance  of  approximately  0.0005  in.  to  0.001  in. 
per  inch  of  diameter.  For  high  pressures  and  superheat 
allow  0.003  in.  per  1  in.  diameter 

In  refitting  old  rings  a  good  way  is  to  have  a  wooden 
model  made  of  the  size  of  the  packing  which  is  split  in 
an  axial  plane,  as  shown  in  Fig.  6.  The  joints  can  be 
di-essed  down  to  a  true  surface  with  a  file  so  that  the 
ring  will  come  together  to  a  considerably  smaller 
diameter  than  the  shaft:  each  joint  should  be  marked 
with  a  number  so  that  it  can  be  taken  apart  and 
correctly  put  together.  This  complete  ring  should  be 
put  in  a  lathe  and  centered  as  nearly  as  possible  with 


its  out.sidc  surface.  The  inside  can  then  ijc  bored  to  the 
proiH!r  diameter.  If  it  is  relwred  too  large,  the  joint 
surf.'ices  lan  be  dressed  with  a  tile. 

The  bore<l  surface  of  the  rings  can  he  made  smooth  l<y 
polishing  with  No.  00  sand  paper.  FCmery  cloth  should 
never  lie  used  on  the  packing  as  the  particles  of  emery 
may  stick  to  the  packing  and  badly  cut  the  shaft. 

Another  way  of  making  the  ring  diameter  smaller 
before    boring    it    in    the    lathe    is    to    place    the    ring 
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assembled  on  a  board  and  clamp  it  as  shown  in  Fig.  7. 
Re  sure  that  the  joints  are  in  good  contact.  Then  take 
a  hacksaw  and  cut  through  each  joint,  keeping  the  saw 
in  a  radial  position  so  that  the  blade  lines  up  with 
the  center  of  the  ring.  The  segments  can  then  be 
removed,  and  the  thickne.ss  of  material  which  was  thus 
cut  off  from  each  joint  should  allow  the  ring  to  come 
close  enough  together  for  pui"poses  of  refitting. 

When  rings  are  but  slightly  worn  so  that  0.003  to 
0.006  in.  must  be  taken  from  the  diameter,  it  is  not 
iiecessary  to  rebore,  but  only  to  file  the  joint  surfaces 
as  before  described.  If  desirable  to  fit  these  without  a 
wooden  form,  the  easiest  method  of  keeping  the  surfaces 
true  is  to  place  all  the  segments  together  in  a  vise  (see 


FIO.    S.      UIXGS    UELXG    FITTED    IX    VISE 

Fig.  8K  Line  up  the  joint  surfaces  at  each  end  -so  they 
are  in  a  plane  before  tightening  thoroughly  in  the  vise. 
Remember  that  carbon  is  brittle  and  will  not  stand  much 
pressure.  If  the  vise  jaw  is  rough,  line  it  with  .sand- 
paper. All  the  joint  surfaces  on  one  end  can  now-  be 
filed  together.  This  makes  it  much  easier  to  handle  the 
file  to  produce  a  practically  true  surface.  If  the  seg- 
ments are  filed  one  at  a  time,  it  is  difficult  to  make 
the  joints  bear  on  the  entire  surface. 
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The  Status  of  the 
Oil-Eiigine  Operator 

THE  manufacturer  has  excellent  grounds  for  his 
claim  that  the  oilengine  has  emiei-lged  from  the  de- 
velopment stage.  Only  a  radickl  partisan  of  the  steam 
engine  will  refuse  to  agree  that  the  oiP engine  has  ar- 
rived. This  prime  mover  Has  been  sold  to-the  engineer- 
ing public;  the  efforts  of  all  concerned  in'ffie  industry 
should  be  directed  toward  seeing  that  it  stays  sold. 

The  present-day  problem  is  not  one  of  design,  but  is 
essentially  one  of  operation.  There  is  one  condition 
existing  in  numerous  oil-engine  stations  which,  if  not 
corrected,  will  eventually  result  in  a  recession  of  the 
popularity  of  this  prime  mover.  This  is  the  degree  of 
engineering  intelligence  and  skill  possessed  by  the  en- 
gine operator.  Only  in  a  few  instances  are  the  oper- 
ators as  well  trained  as  are  the  engineers  in  steam 
plants  of  equal  capacity.  It  seems  quite  the  custom  to 
employ  some  man  who  has  had  a  few  months'  ex- 
perience in  an  automobile  shop.  This  man,  who  knows 
nothing  of  engine  maintenance  or  even  of  the  theory 
of  the  engine's  operation,  is  placed  in  charge  of  a  ma- 
chine costing  thousands  of  dollars.  Even  men  who  have 
operated  oil  engines  for  a  considerable  time  appear  to 
understand  only  in  a  vague  way  the  principles  of  the 
engine's  cycle,  the  necessity  of  keeping  the  various  parts 
in  adjustment  and  the  amount  of  clearances  allowable  in 
th6  several  moving  parts. 

The  engine  manufacturer  realizes  the  high-grade 
workmanship  required  in  the  construction  of  the  engine 
and  so  employs  only  the  highest  type  of  machinists.  The 
powei'-plant  management  should  be  impressed  with  the 
thought  that  only  high-grade  mechanics  are  capable  of 
successfully  operating  the  engine.  The  engineer  should 
realijie  that  the  machine  under  his  care  represents  the 
highest  development  of  prirne  movei' — that  the  slightest 
departure  from  proper  operating  procedure  will  event- 
ually result  in  a  failure- — that  adjustments  are  matters 
of  but  a  few  thousandths  of  an  inch.  There  is  no  room 
for  the  yardstick  or  the  wooden  rule  in  the  Diesel-engine 
plant. 

In  practically  all  instances  of  oil-engine  failure,  the 
underlying  cause  has  been  the  lack  of  care  the  engine 
received  from  the  operating  force.  Largely,  the  fault 
is  not  one  of  slothfulness,  but  comes  from  lack  of  in- 
formation at  the  command  of  the  engineer. 

It  follows  that  both  the  plant  management  and  the  oil- 
engine builder  must  take  steps  to  remedy  these  condi- 
tions. When  making  a  sale,  the  manufacturer  should 
insist  that  the  purchaser  secure  the  services  of  an  oper- 
ator who,  however  little  he  knows  of  oil  engines,  is  a 
mechanic.  In  most  cases  the  best  type  of  man  can  be 
found  in  the  ranks  of  the  steam  engineer.  However, 
care  must  be  exercised  to  see  that  the  engineer  is  adapt- 
able. 

After  the  purchaser  has  engaged  his  engineer,  the 
latter  should  be  given  a  course  of  training  at  the  build- 
er's factory.     Here  he  should  be  set  at  work  as  an  erec- 
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tor's  helper  rather  then  as  an  observer.  With  such 
training  the  engineer  .should  be  able  to  show  satisfactory 
results  in  the  power  plant.  The  Die.sel  engineer  must 
keep  in  touch  with  operating  practice  of  other  plants. 
Only  by  interchange  of  ideas  and  experience  can  the 
oil-engine  operator  hope  to  keep  abreast  of  the  times. 

Ill  His  Working  Clothes 

"V  T  OT  long  since  the  editor  passed  a  half  day  with 
1^  the  chief  engineer  of  a  large  manufacturing  com- 
pany. He  has  come  up  from  the  ranks,  and  what  edu- 
cation he  has  he  won  for  himself  out  of  the  solid  rock. 
He  has  no  degree  of  M.  E.,  but  he  knows  that  power 
plant  to  the  last  shade  of  intimacy.  He  may  not  have  a 
very  clear-cut  idea  of  what  is  meant  by  "thermody- 
namics," but  he  knows  how  to  make  that  plant  run  on 
the  least  possible  number  of  B.t.u.  His  language  and  ap- 
pearance are  not  of  the  most  polished,  but  he  talks  the 
language  of  the  power  plant  intelligently  and  makes  it 
say  things;  and  w.'iat  he  may  lack  in  upkeep  and  groom- 
ing is  compensated  by  the  spick-and-span  condition  of 
his  plant  and  the  state  of  inspegted  .r^diness  of  everyr 
thing  dependipg  upon  his  sypervision.  His  men  regard 
him  as  a  ma.sj;er  of  power-plant  engineering;  and  he  iS', 
quite  as  much  so  as  many  whose  names  are  painted  upon 
the  doors  of  consultant  offices. 

In  looking  about  the  plant,  a  situation  was  disclosed 
where  a  considerable rsavirfg- could  obviously  be  made 
by  a  simple  change  in  practice.  This  change,  however, 
involved  an  expenditure  for  equipment  which  required 
the  approval  of  these  higher  up;  and  this  approval  the 
chief  could  not  get. 

The  advantage  of  the  change  was  so  apparent,  the 
return  upon  the  necessary  investment  so  certain  and 
so  considerable,  that  the  editor  ventured  to  express  the 
doubt  that  was  in  him  as  to  the  convincingness  with 
which  the  proposition  had  been  presented,  which 
brought  out  the  response: 

"I  presented  it  all  right,  but  they  had  seen  me  in 
my  working  clothes." 

There  is  a  whole  lot  of  human  nature  in  that  response 
and  in  the  situation. 

If  the  exi.sting  condition  had  been  described  to  the 
president  or  board  of  directors  by  a  professional  engi- 
neer of  impressive  appearance,  accustomed  to  meeting 
men  of  this  class  in  a  concise  and  convincing  brief,  it 
would  probably  have  been  adopted. 

Too  many  men  having  the  power  of  decision  in  such 
eases  pay  more  attention  to  the  source  of  such  a  recom- 
mendation than  to  its  merits. 

They  are  often  incapable  of  weighing  the  advantages 
and  disadvantages  of  a  proposition  and  subjecting  it  to 
an  engineering  analysis,  but  they  a're  very  susceptible  to 
the  impressions  aroused  by  the  appearance  and  position 
of  the  one  who  suggests  it;  and  if  these  impressions 
are  not  satisfying  and  impelling,  they  will  combine  with 
inertia  and  the  natural  reluctance  to  spend  money,  in 
producing  an  unfavorable  reaction  or  a  failure  to  act 
at  all. 
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Too  iimiiy  of  us  lail  to  ili-lt'it  I  hi*  iliatnoml  in  il.s 
rouKh  I'lisiiiK — I"  viiliie  hm  idea  at  its  tnu-  worth  l)ecau.s(' 
of  the  ihaniu'l  liy  which  it  reaches  ii.s.  The  men  who.sc 
(Ipvotioii  to  exact iiiK  practical  work  has  kept  them  iso- 
lated and  ditlident  about  makiiiK  advances  to  their 
superiors  in  authority  arc,  by  their  very  association 
with  the  intinuite  details  of  their  plants  and  their  opera- 
tion, full  of  ideas  for  their  betterment. 

They  would  be  more  so  if  they  were  given  some  eii- 
courajrement  in  their  consideration.  It  is  a  wise 
superior  with  the  taste  of  whose  cigars  these  men  are 
familiar. 

l*rr\<*iitin«:  KI<\alor    V«ij<l«'iils? 

MUCH  has  been  accomplished  in  industries  toward 
accident  prevention  by  the  installation  of  proper 
.-afeguards  and  educational  safety  propaganda,  but  there 
still  remains  a  great  deal  to  be  done.  Passenger  and 
freight  elevators  contribute  their  cjuota  each  year  to 
the  accidents  of  the  country,  notwithstanding  it  is  pos- 
sible, by  the  u.se  of  safety  devices,  to  prevent  ninety  per 
cent  of  all  accidents.  Why  the  installation  of  these 
devices  has  not  been  made  mandatory  by  state  law 
throughout  the  country  may  be  accounted  for  in  the 
same  way  as  the  lack  of  suitable  boiler  laws  and  other 
statutes  for  public  safety  in  many  of  the  states. 

Statistics  have  shown  that  at  least  seventy  per  cent 
of  all  elevator  accidents  occurring  to  persons  traveling 
on  passenger  and  freight  elevators  happen  in  connection 
with  the  opening  to  and  from  the  elevator  shaft.  In 
states  where  elevator  hatchway  and  car  doors  must  by 
law  be  etiuipped  with  suitable  and  effective  interlocks  so 
that  the  car  cannot  be  started  until  all  doors  are  closed 
and  locked,  injury  to  persons  entering  and  leaving  eleva- 
tors is  practically  unknown.  Nevertheless,  in  spite  of 
the  proved  effectiveness  of  door  interlocks  in  preventing 
accidents  at  elevator  landings,  few  states  require  by  law 
their  installation.  Accidents  due  to  the  elevator  car 
falling  have  been  practically  eliminated  by  the  installa- 
tion and  maintenance  of  proper  safety  devices,  so  much 
so  that  the  modern  passenger  elevator  is  the  safest 
means  of  transportation.  Is  it  not  about  time  to  give 
a  little  less  thought  to  the  cost  of  installing  and  main- 
taining interlocks  on  elevator-shaft  doors  and  more  to 
the  accident-prevention  possibilities  of  these  devices 
and  make  it  mandatory  by  law  that  all  elevator  doors 
must  be  so  equipped? 

Proper  Alignment 
of  Electric  Motors 

IN  THE  application  of  an  electric  motor  no  feature 
is  of  any  greater  importance  than  the  proper  instal- 
lation of  the  machine.  Not  infrequently,  the  purpose 
of  proper  design,  good  workmanship  and  materials  and 
correct  application  have  been  defeated  by  poor  in- 
stallation. 

Good  installation  includes  the  proper  foundations, 
alignment  and  high-grade  wiring.  Misalignment  of  the 
motor  to  the  machine  it  is  driving,  if  gears  are  used, 
will  cause  excessive  wear  on  the  gears  and  bearings, 
even  breaking  of  the  gears  and  vibration.  This  vibra- 
tion will  be  transmitted  to  the  current-carrying  parts 
of  the  motor  and  will  result  in  unending  electrical 
troubles.  With  chain  or  belt  drive,  although  there  vdll 
not  be  the  vibration  transmitted  to  the  motor  as  with 


gear  drive,  there  will  be  excessive  wear  of  either  the 
belt   or  chain.     The   latter   in   particular   is   expensive. 

There  may  also  be  caused  an  excesHive  end  oscillation 
of  the  armature  which  will  result  in  electrical  troubles. 
Strange  as  it  may  seem,  once  a  motor  is  installed  out  of 
line  it  is  in  general  a  long  time  being  rectified,  those 
responsible  apparently  being  willing  to  struggle  along 
with  the  mistakes  of  the  past. 

The  proper  alignn\ent  of  a  motor  with  the  machincr>' 
is  not  a  diflicult  job  even  when  the  former  is  mounted 
on  the  ceiling,  as  in  shown  by  K.  A.  Reed  in  the  article, 
"Lining  Up  a  Motor  for  Shafting  or  Machine  Di'ive," 
in  this  i.ssue.  PVom  Mr.  Reed's  explanations  the  solu- 
tion of  the  problem  may  be  reached  by  applying  a  few 
well-known  principles,  and  is  not  a  hit-or-miss  propo- 
sition. It  is  so  simple  that  one  wonders  why  there  are 
so  many  motors  out  of  line  with  the  machinery  they 
are  driving.  As  Mr.  Reed  points  out,  it  is  not  enough 
that  the  center  of  the  drive  on  the  motor  line  with  the 
center  of  that  on  the  driven  machine,  but  the  motor 
must  be  level  on  its  foundation.  Foundations  out  of 
level  cause  the  rotating  element  to  tend  to  pull  out  of 
the  magnetic  center,  resulting  in  oscillation  that  fre- 
(juently  cau.ses  trouble.  When  the  motor  is  mounted  on 
the  ceiling,  it  offers  the  most  difficult  problem  of  align- 
ment, but  this  resolves  into  a  careful  laying  out  of  a 
few  lines  on  the  ceiling,  after  which  the  foundation  is 
easily  located.  In  fact,  the  most  difficult  part  of  the 
job  is  getting  the  motor  in  position  after  the  foundation 
has  been  put  into  place. 


President  Wilson's  prompt  and  firm  refusal  to  re- 
open the  award  of  the  Anthracite  Wage  Commission 
is  to  be  heartily  commended  and,  it  is  believed,  will 
meet  with  general  approval.  The  point  at  issue  was 
that  of  holding  to  an  agreement  and  not  a  question  of 
whether  the  award  was  adequate.  Both  the  miners  and 
the  operators  had  agreed  in  advance  to  accept  the  find- 
ings of  the  commission,  in  the  personnel  of  which  they 
had  equal  representation.  That  the  award  did  not  meet 
the  expectations  of  some  of  the  miners  is  unfortunate, 
but  if  adjustment  of  disputes  by  properly  constituted 
commissions  are  to  amount  to  anything  their  decisions 
must  be  accepted ;  otherwise  we  are  likely  to  be  involved 
in  constant  industrial  turmoil.  On  the  other  hand,  the 
miners  must  be  shown  by  the  President  that  he  intends 
to  deal  as  firmly  with  the  operators  and  coal  dealers  in 
the  prosecutions  recently  undertaken  by  the  Department 
of  Justice. 


In  this  issue  W.  D.  Forbes,  under  the  heading, 
"Reminiscences  of  an  Engineer,"  tells  of  some  of  the 
early  work  of  Baxter,  Stevens,  Allen  and  Corliss.  One 
is  accustomed  to  live  so  much  in  the  present  as  to  lose 
sight  of  the  advances  that  have  been  and  are  being 
made  in  engineering  practice.  It  is  indeed  a  privilege, 
therefore,  to  occasionally  meet  with  someone  like  Mr. 
Forbes,  who  can  take  us  back  to  intimate  association 
with  these  pioneers  in  steam  engineering. 


There  has  been  considerable  discussion  during  the 
last  two  or  three  years  on  the  advisibility  of  installing 
turbo-alternators  in  extremely  large  sizes.  However, 
be  the  weight  of  the  argument  for  or  against  such  ma- 
chines, evidently  the  large  operating  companies  retain 
their  confidence  in  them  as  demonstrated  by  the  orders 
placed  for  this  class  of  equipment. 


September  21,   1920 
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Water  Hammer  in  Elevator 

Pressure  Lines 

In  the  Aug.  17  issue  of  Power,  page  267,  Mr.  Ryan 
speaks  of  trouble  caused  by  too  much  vacuum  in  the 
suction  line  of  an  elevator  pump  with  only  about  7  ft. 
in  length  lift,  some  of  the  di.scharge  lines  being  as  much 
as  1,500  ft.  long. 

The  sketch  does  not  show  a  stop  valve  or  foot  valve 
in  the  suction  pipe,  which  brings  the  weight  of  the 
lift  on  the  pump  suction  valves.  The  old  air-inlet 
valve,  described  as  being  connected  to  the  discharge 
and  suction  pipe,  would  appear  to  be  an  arrangement 
for  priming  as  well  as  an  air  inlet.  The  absence  of 
in  air-cushion  chamber  on  a  pump  of  such  size  is  some- 
what of  a  handicap,  but  one  could  be  made  out  of  4- 
or  6-in.  pipe  and  connected  to  the  top  of  the  discharge 
;hamber  to  help  steady  the  flow  through  the  1,500-ft. 
ines. 

:  I  have  had  similar  troubles  with  the  discharge  lines 
;o  the  tanks,  although  they  were  not  so  long.  I  have 
lever  seen  the  time  that  I  could  get  too  much  vacuum 
n  a  pump  to  lift  water,  for  the  highest  possible 
;acuum  is  30  in.  and  the  theoretical  lift  of  water  is 
$4  ft.,  which  is  difficult  even  if  the  pump  is  primed. 
!  have  .seen  pumps  run  so  fast  that  the  water  could  not 
"ollow  the  pi.ston  and  thus  caused  a  break  between  the 
vater  volume  in  the  suction  pipe  and  the  piston  in  the 
5ump  cylinder,  which  made  the  piston  bound  forward, 
ifter  pulling  steadily  for  a  few  inches  of  the  stroke, 
vith  a  snapping  pound  much  resembling  water  ham- 
ner  in  a  .steam  pipe.  Anyone  not  familiar  with  this 
lound  and  some  who  are  would  think  at  first  that  the 
)istons  were  loose. 

It  is  most  likely,  judging  from  the  illustration 
ihown,  that  the  suction  strainer  on  Mr.  Ryan's  pump 
)ecame  corroded  and  choked,  having  been  shut  down  all 
;ummer,  by  the  grease  from  the  elevator  machines 
nixed  with  ground  fiber  of  the  packing,  getting  into 
;he  return  and  collecting  on  the  strainer. 

If  such  is  the  case,  it  would  cause  the  pipe  lines 
0  vibrate  through  to  the  pressure  tanks.  I  think  that 
mtting  a  vacuum  breaker  on  the  suction  line,  which 
illowed  air  to  enter,  partly  broke  the  vacuum  and 
itopped  the  hammer  in  the  pump  and  also  eased  off  the 
hud  sound  in  the  discharge-pipe  line  by  giving  a  little 
lir  cushion  to  the  pipe  and  building  up  a  larger  air  vol- 
ime  in  the  pressure  tank,  which  aided  much  to  relieve 
he  obnoxious  sounds.  The  pressure  tank  should  not  con- 
tain either  too  much  water  or  too  much  air.  Had 
Mr.   Rvan  continued  to  make  use  of  the  old   air-inlet 


valve  on  the  suction  pipe,  he  probably  would  have 
obtained  the  same  result  that  he  did  with  the  new  air 
valve.  That  the  pump  lost  its  water  so  easily  leads  one 
to  believe  that  the  suction  valves  or  springs,  or  both, 
were  badly  worn  and  that  the  valves  were  leaking. 

A  small  air  leak  in  the  suction  line  would  not  cause 
failure  of  operation,  because  if  the  suction  valves  were 
tight  air  could  not  get  back  through  them  when  water- 
sealed,  and  it  would  be  forced  up  through  the  dis- 
charge valves  with  whatever  water  passed  through 
them.  Such  a  leak  would  have  given  the  same  result 
as  the  vacuum  breaker  or  air-inlet  valve.  If  the  suc- 
tion valves  were  tight,  the  pressure  on  the  discharge 
valves  would  keep  them  water-sealed  and  the  air  would 
escape  where  there  was  least  resistance,  through  the 
suction  valves.  This  would  give  a  tremendous  ham- 
mer from  the  pump  to  the  tank  each  time  the  piston 
reached  the  end  of  the  stroke.  If  the  pump  was  able 
to  retain  its  priming  and  pump  any  water,  the  pressure 
in  the  tank  would  slam  the  valves  down  hard  on  the 
di.scharge  and  on  the  suction-valve  seats  as  the  pistons 
passed  the  ends  of  the  stroke. 

All  such  pumps  will  slam  and  hammer  when  started 
up,  just  as  the  cylinders  begin  to  fill  with  water,  because 
a  long  suction  pipe  contains  a  large  volume  of  air  which 
should  be  allowed  to  escape  through  the  drip  on  the 
dicharge  chamber  before  the  pump  is  put  in  sei-vice, 
and  as  the  pump  is  running  a  little  fast  on  a  high 
lift,  it  should  be  throttled  down  some  to  prevent  pos- 
sible breaking  of  valve  bolts  or  stretching  the  piston 
rods   where  they   pass  through   the   water   pistons. 

Cambridge,  Ma.ss.  R.  A.  CULTRA. 


Testing  Governor  and  Valve  Adjustment 

In  the  Aug.  24  issue  of  Power,  p.  307,  C.  W.  Peters 
speaks  of  the  danger  of  having  the  valves  and  governor 
of  an  engine  so  adjusted  that  the  speed  will  not  be  con- 
trolled in  case  of  the  main  belt  breaking  or  the  engine 
otherwise  losing  its  load. 

The  governor  and  valve  adjustment  is  easily  proved 
by  forcing  the  governor  against  the  top  collar  and 
taking  an  indicator  diagram  while  in  this  position  from 
one  end  and  then,  after  the  speed  has  steadied  down, 
indicating  the  other  end  of  the  cylinder.  The  valves 
should  show  no  opening,  or  at  least  the  retarding  force 
shown  by  that  part  of  the  diagram  below  the  at- 
mospheric line  should  be  equal  to  or  gi-eater  than  the 
part  above  the  line.  J.  0.  Bbnefiel. 

Anderson,  Ind. 
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K<'(l  Mrlid  in  Steam  I'^iigiiir  I'ihtoiiK 

On  puKi'  '•'•''  ol  thi-  .luly  2()  issue  of  I'lnrii.  Mr. 
ilamkens  says,  in  that  part  of  his  artitlf  relating  to 
the  use  of  rod  metal  in  sleam-eiiKine  pistons,  thut  it 
IS  not  feasible  to  allow  the  red  metal  to  project  '  or 
,n  in.  above  the  face  of  the  piston  with  the  idea  of 
supportiM}r  the  piston  solely  on  the  soft-metal  .strips, 
as  the  latter  wear  drwn  in  a  short  while  and  allow  too 
much  play  betwet'u  the  hidl  rinjt  and  the  cylinder  walls. 

The  accompanvinir  drawing'  shows  a  section  throuprh 
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the  bull  rings  of  two  24  and  11  l)y  42-in.  cross-compound 
engines  that  have  been  in  service  for  the  last  twenty 
years  direct-connected  to  500-kw.  generators.  We  have 
never  had  trouble  with  the.se  pistons  due  to  the  i-in. 
projection  of  red  metal  shown.  In  fact,  the  soft-metal 
strips  always  outlive  the  steam-packing  ring,  and  their 
value  is  shown  by  the  fact  that  the  cylinders  have  never 
been  rebored  and  have  worn  less  than  iV  in.  from  their 
original  diameter.  Adolph  Quadt. 

Perth  Amboy,  N.  J. 

Where  Should  the  Beginner  Start? 

In  Power  of  Aug.  10,  page  229,  J.  A.  Lane  asks  the 
(juestion,  "What  has  become  of  all  the  first-class  fire- 
men within  the  last  five  years?"  and  says  he  believes 
this  to  be  a  pertinent  question.  It  is.  Have  these  fel- 
lows been  promoted  to  the  engine  room,  or  have  they 
gone  into  more  lucrative  jobs? 

The  attractive  wages  offered  in  production  work 
during  the  late  war  lured  many  a  man  from  his  old-time 
job.  and  the  man  in  the  fire  hole  certainly  was  not  an 
exception.  However,  conditions  are  now  undergoing 
a  great  change,  the  labor  market  has  eased  up,  fabulous 
wage  rates  are  no  longer  being  offered,  but  will  be 
based  on  the  ability  to  produce. 

On  the  other  hand,  the  price  of  coal  has  steadily  gone 
up,  so  that  today  the  economical  use  of  fuel  is  of  par- 
amount importance.  In  consequence  it  may  be  that 
experienced  firemen  who  found  it  advantageous  several 
years  ago  to  leave  their  jobs,  may  now  find  it  just  as 
much  to  their  advantage  to  seek  positions  in  the  boiler 
rooms. 

Mr.  Lane,  in  his  suggestion  that  young  men  be 
started  in  the  engine  room,  with  the  view  of  later  pro- 
moting them  to  the  boiler  room,  voices  the  trend  of  the 
present  day.  In  production  plants  the  purchasing,  stor- 
ing and  handling  of  raw  material  through  the  various 
producing  operations  into  finished  salable  product  are 
constantly  being  studied  by  experts  with  a  view  of 
reducing  waste  and  holding  the  cost  of  finished  product 
to  a  minimum.  Production  methods  are  being  applied 
in  the  boiler  room  in  converting  the  potential  energy 
in  the  fuel  into  such  form  that  it  may  be  useful  for 
heat,  light  or  power  applications. 


It  iniKht  Ih'  w«11  to  more  or  lesh  deliiiitely  .settle  the 
'luestion,  "What  is  a  fireman?"  is  he  a  coal  heaver, 
combustion  engineer,  boiler-room  manaRer,  water 
tender,  etc?  Let  us  have  opinions  as  to  the  (lualifica- 
tions  r)f  a  (irst-class  fireman.  .1.  H.  (^I.API'KR. 

Cleveland,   Ohio. 

Socketing  Hoisting  (iahh's 

The  Spring  Valley  Coal  ('o.  ha.•^  piacliced  the  Kieli- 
ling  system  of  socketing  hoisting  ropes  wilh  zinc  for  the 
last  fifteen  years,  and  it  has  given  excellent  results,  as 
described  in  the  article  "Re.serve  Strength  of  Elevator 
Kope.s,"  by  W.  Voightlander,  page  11"),  I'oiiur,  July  20 
1920. 

It  is  our  practice  to  re.socket  the  hoisting  ropes 
every  six  months.  Our  socket  for  1  --in.  ropes,  shown  in 
the  figures,  was  designed  by  the  writer  and  is  made  in 
steel  casting.  It  will  be  noted  that  the  basket  is  made 
longer  than  is  usual  practice  and  the  lugs  are  far 
enough  apart  to  allow  the  zinc  casting  to  pa.ss  between 
them.  When  we  wish  to  remove  the  zinc,  we  cut  the 
wires  off  do.se  to  the  top  of  the  basket  with  a  hacksaw 
and  back  out  the  zinc  with  a  punch  and  sledge.  This 
saves  heating  the  .--ocket  and  adds  to  its  life.  In  order- 
ing sheave  wheels,  it  is  our  practice  to  order  them 
grooved  for  1  A-in  rope  and  then  use  them  on  K-in.  rope. 
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This  gives  plenty  or  room,  and  we  never  have  trouble 
with  a  new  rope  binding  in  the  groove. 

A.  H.  Halladay, 
Master  Mechanic  Spring  Valley  Coal  Co. 

Spring  Valley,  111. 

[Mr.  Halladay's  letter  is  interesting  and  should  prove 
valuable  to  many  Power  readers.  From  the  number  of 
inquiries  received,  there  is  apparently  considerable  diffi- 
culty experienced  with  wire  cable  on  both  elevators  and 
mine  hoists.  To  promote  an  exchange  of  experiences, 
Power  would  appreciate  articles  for  publication,  on  the 
practice  of  a  number  of  its  readers  in  maintaining  and 
socketing  hoist  cables. — EDITOR.]  .     . 
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!  Valve  Cam  Worked  Ahead 

A  rather  peculiar  thing  has  happened  to  one  of  my 
|:louble  30  x  60-in.  engines,  developing  a  maximum  of 
•2,500  hp.  All  valves  are  actuated  by  cams,  and  one 
bam  has  slipped  ahead.  No.  1  diagram  was  submitted 
!to   me    first.      The    a.ssistant    engineer   was    instructed 


DIAGRAM    NO.    1,    CAM    SLIPPED.    KKEPKKS    OPK.X  :    Xo.    : 

RESULT  OF  MORK  CAM  SI.IPPAGK  ;   XO.   3.  CRAXK  EXU 

GETTIXG    RACK    TO   POSTTIOX  ;   XO.    I.    BOTH  E.N'DS 

.XPPIinx'IMATKT.Y   CORRECT 


after  shutting  down  at  5  p.m.  to  turn  the  head-end 
exhaust  cam  back  to  the  mark,  as  it  was  ahead. 

Half  an  hour  after  shutting  down,  No.  2  diagram 
was  submitted,  with  the  remark,  "She's  pounding." 
Then  the  diagram.  No.  3,  was  taken,  the  assistant 
remarking  that  "the  other  end  was  now  on  the  'bum,'  " 
and  that  the  compression  had  gone  "dippy." 

I  suggested  that  when  the  head-end  exhaust  cam  had 
been  adjusted  the  crank  end  would  take  care  of  itself. 
No.  3  diagram  shows  that  the  exhaust  opened  .so  quickly 
that  it  built  up  the  back  pressure  on  the  crank  end. 
making  it  look  as  if  the  crank-end  exhaust  had  .started 
to  close  and  build  up  compression,  losing  it  a  second 
later,  then  picking  it  up  again.  It  was  the  exhaust 
line  in  general,  as  the  back-pressure  gage  would  have 
shown  had  the  engineer  looked  closely. 

Single  indicator  cocks  are  used,  and  one  motion  i.*-- 
just  a  trifle  longer,  making  diagrams  overlap  as  marked 
at  X,  No.  4.  The  next  diagram  looked  as  if  the  cam  had 
been  put  back  in  place,  but  the  compression  on  the  head 
end  was  just  a  trifle  off.  Diagram  No.  4  shows  that  all 
trouble  has  been  eliminated. 

It  will  be  observed  that  there  is  some  load  on  this 
side  of  engine.  That  cam  was  approximately  72  deg. 
ahead,  not  288  deg.  back  of  the  crank.  We  caught  it 
on  the  way  ahead  as  Nos.  1  and  2  prove.  If  an  eccentric 
slipped  ahead  it  would  cause  some  discussion! 

New  York  City.  C.  W.  Peters. 

Trouble  with  Split  Eccentric 

On  a  certain  engine  the  eccentrics  A  and  B  are  set 
clo.se  up  to  the  end  of  the  main  pillow  block.  The 
governor  pulley  C  was  made  a  part  of  the  exhaust 
eccentric,  and  all  three  were  of  the  split  type  so  that 
they  could  be  taken  off  the  shaft  at  will.  They  were 
held  in  position  by  two  setscrews  D  without  a  key  to 
keep  them  from  slipping,  a  common  occurrence  unless 
the  setscrews  were  tightened  every  week. 

The  real  cause  of  their  becoming  loose  was  that  the 
shaft  was  out  of  level  about  i'..  in.  and  had  an  end 
thrust  of  s  in.,  which  caused  the  eccentrics,  which  also 
served  as  a  collar  to  prevent  the  end  thrust,  to  bump 
hard  against  the  main  bearing.     This  threw  a  strain 


on  the  bolts  holding  the  two  halves  of  the  eccentrics 
together,  which  caused  the  nuts  to  give  slightly  until 
the  setscrews  were  loo.sened.  One  not  familiar  with 
this  action  would  naturally  tighten  the  setscrews  to 
hold  the  eccentric  from  turning  on  the  shaft.  This  left 
the  rim  bolts  .still  loose,  and  in  the  revolution  the  eccen- 
tric would  rock  on  the  setscrews. 

The  steam  eccentric  cau.sed  the  most  trouble,  as  it 
not  only  carried  the  heavier  load,  but  was  between  the 
exhaust  eccentric  and  the  end  of  the  bearing,  and  but 
one  setscrew  could  be  tightened  with  a  wrench ;  with 
care  the  other  was  tightened  with  a  cold  chisel,  but 
the  rim  bolts  had  not  been,  tightened  and  of  course 
the  eccentric  was  expanding,  so  to  speak,  until  the 
eccentric  strap  ran  hot.  Someone  had  loosened  the 
bolts  F  and  G  until  there  was  a  looseness  at  H  and  /, 
and  this  space  grew  wider  and  the  eccentric  continued 
to  run  hot.  It  was  thought  best  to  put  a  shim  in  the 
strap  at  H  and  /. 

Other  troubles  made  it  necessary  to  remove  the 
eccentrics  from  the  shaft,  and  when  the  faces  of  the 
rims  were  cleaned  the  bolts  J  were  easily  tightened 
while  the  cap  was  off  the  bearing.  When  the  setscrews 
D  were  set  up  tight,  it  was  found  that  the  eccentric 
strap  could  be  clamped  tight  and  still  swing  loose  on 
the  eccentric,  and  shims  at  H  and  /  were  not  needed. 

The  split  at  the  center  line  of  the  shaft  is  represented 
by  KK,  and  dirt  prevented  the  bolts  JJ  from  bringing 
the  two  surfaces  together  properly.  Had  a  keyway  been 
(.ut  at  L,  the  eccentric  could  not  have  turned  on  the  shaft. 

The  end  thrust  of  the  shaft  reached  its  greatest  throw 
during  heavy  loads  for  the  reason  that  at  such  times 
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HOW    THE    ECCENTRICS    AVERK    M.VDB    AND    PLACED 
ENGINE  SHAFT 


it  would  get  in  phase  or  step  with  the  pull  and  push 
of  the  piston  on  the  crankpin,  which  added  force  to 
the  thrust  and  caused  sledgehammer  blows  of  the  crank 
disk  and  eccentrics  alternately  against  the  ends  of  the 
bearings.  Had  there  been  a  slight  shoulder  turned 
on  the  shaft  to  fit  against  the  end  of  the  bearing,  the 
setscrews  would  not  have  been  hammered  loose  in  their 
spot  position  on  the  shaft,  and  the  rim  bolts  would  not 
have  worked  loose  so  easily.  The  end  thrust  wa.s 
removed  by  leveling  the  shaft  and  setting  the  eccentrics 
closer  to  the  main  bearing.  R.  A.  Cultra. 

Cambridge,  Mass. 
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FiU'I  W  asfr  TaiiM'^  Kailnn-  of  Crntral 
ll<'atiii<;  Station 

A  certain  lontral-heatiuK  station,  supplying  steam 
and  hot -water  heat,  had  been  in  operation  for  eiprht 
years.  In  spite  of  the  fact  that  the  plant  was  well 
designed,  that  capable  enjrineers  had  been  in  charj?e 
of  the  operation  and  that  the  location  was  ideal  for  a 
lioatinK  plant,  it  had  never  i)aid.  No  less  than  eight 
(M)jjineers  had  been  in  chtirpe.  p^ach  one  had  gone 
away  IhorouKhly  disjfusted,  leavinjr  the  plant  in  a  worse 
mndition  than  when  they  assumed  charpc.  Finally  a 
ionil)ustion  enj^'ineer  was  employed  and  placed  in  charge 
of  the  operation  and  managenlent.  He  was  told  of  the 
failure  of  his  predecessors  and  asked  to  locate  and  re- 
move the  cause  of  the  previous  failures.  He  was  assured 
rhat  he  would  have  the  full  co-operation  of  the  manage- 
ment in  his  efforts  to  right  things.  With  this  assurance 
and  a  strong  determination  to  succeed  where  others 
had  failed,  the  combustion  engineer  assumed  charge. 
To  locate  the  trouble  was  a  very  simple  matter,  but  to 
remove  it  was  a  different  undertaking. 

The  steam-generating  equipment  consisted  of  three 
lOO-hp.  vertical  water-tube  boilers,  each  having  4,000 
sq.ft.  of  heating  surface,  and  one  600-hp.  water-tube 
boiler  having  6,000  sq.ft.  of  heating  surface.  Three 
boilers  were  set  in  a  single  battery  and  were  served 
by  side-feed  stokers,  each  having  a  grate  area  of  88 
sq.ft.  The  other  boiler  was  served  by  a  chain-grate 
stoker  having  an  area  of  96  sq.ft.  Coal  was  furnished 
to  the  side-feed  stokers  from  bunkers  directly  on  top 
of  the  furnaces  in  the  usual  way.  The  coal  was  sup- 
plied to  the  chain  grate  from  an  overhead  bunker.  Coal 
was  delivered  to  the  bunkers  by  a  drag-chain  conveyor, 
which  was  in  turn  supplied  by  a  track  hopper  200  ft. 
from  the  boiler  room.  Feed  water  was  heated  by  a 
3,000-hp.  open  feed-water  heater  and  delivered  to  the 
boilers  by  two  9  and  10  by  12-in.  duplex  pumps,  without 
governors  or  regulators.  No  means  were  provided  for 
controlling  the  drafts  except  by  hand. 

Upon  examination  of  the  boilers  it  was  found  that  the 
."^cale  was  no  less  than  ,;,  in.  thick  and  in  some  instances 
the  tubes  were  completely  stopped  up  with  mud  and 
scale.  The  tubes  were  burned  and  blistered  until  it 
would  not  do  to  try  to  scale  them  as  the  turbine  would 
cut  through  the  metal,  the  tubes  were  so  thin.  It  was 
evident  that  new  tubes  would  have  to  be  put  in. 

The  flue-gas  temperatures  were  found  to  range 
around  1.000  deg.  F.,  owing  to  the  scale  in  the  tubes, 
the  broken-down  baflles  and  the  soot  on  the  outside  of 
the  tubes  which  was  i'g  to  i  in.  thick  and  on  the  tubes 
next  to  the  fire  ashes  were  fused  on  them  until  the 
gas  passage  was  almost  stopped  up.  No  mechanical 
means  for  cleaning  tubes  had  been  provided,  a  hand 
'ance  being  depended  upon.  This  was  seldom  if  ever 
used,  as  the  condition  of  the  tubes  proved. 

The  side-feed  stokers  were  found  in  a  dilapidated 
condition,  the  bearing  bars  were  burned  until  they  had 
sagged  and  allowed  the  grate  bars  to  slip  off  of  the 
upper  bearing  bar,  thus  allowing  coal  to  fall  from  the 
coking  chamber  directly  into  the  sifting  pit.  The  grate 
bars  w-ere  badly  burned  and  w^arped,  and  the  arch 
plates  had  warped  and  sagged  to  such  an  extent  that  the 
feeding  mechanism  would  not  operate;  consequently 
coal  had  to  be  fed  bv  hand,  using  a  rod  to  poke  it  down. 
This,  of  course,  required  extra  labor.  After  thorough 
examination   it  was   seen   that   to   repair  these  stokers 


won  Id  cost  as  much  sm  new  ones  and  then  the  plant 
would  not  be  ver>'  well  off  in  .so  fur  as  .stokers  was 
concerned. 

Next,  the  chain  grate  was  e.xaniincd,  and  it  was  found 
to  be  in  but  little  better  conditif)n  than  the  other.  A 
large  number  of  the  Hnks  were  bpoken  out  of  the  chain 
which  allowed  coal  to  fall  into  the  sifting  pit  in  large 
•luantities.  The  front  driving-sprocket  shaft  was  bent 
so  badly  that  the  stoker  engine  would  hardly  drive 
the  chain  and  the  driving  gears  would  hardly  stay  in 
mesh.  This  was  caused  by  allowing  the  center  bearing 
to  become  loo.se  and  fall  out.  One  of  the  side  frames 
was  broken  as  well  as  one  of  the  cross-braces. 

The  settings  were  next  examined,  and  they  were 
found  full  of  cracks  and  holes,  which  allowed  excess 
air  to  get  into  the  furnace  where  it  was  not  wanted. 
The  furnace  linings  were  all  loo.se  from  the  outside 
walls  and  were  leaning  over  against  the  boiler.  No 
le.ss  than  250  leaky  flanges  and  joints  were  found  in 
the  steam  piping. 

The  records  .showed  that  the  average  life  of  an  arch 
for  the  side-feed  furnaces  was  three  months,  even 
though  the  boilers  were  not  worked  over  rating.  The 
coal  for  these  boilers  was  supported  by  the.se  arches, 
which  at  times  amounted  to  as  much  as  twenty  tons. 

After  a  thorough  examination  of  the  equipment  and 
an  anal.vses  of  the  conditions  had  been  made  a  report 
was  .sent  to  the  management  who  had  pledged  their 
co-operation.  The  engineer  was  asked  what  he  was 
going  to  do  about  it.  After  due  reflection  and  con- 
sideration, an  estimate  of  the  co.s.t  of  rehabilitation  of 
the  boiler  plant  was  made,  together  with  recommenda- 
tions for  improvements  which  were  necessary  to  make 
before  anything  like  economical  operation  could  be 
obtained.  It  was  shown  that  the  cost  of  the  improve- 
ments, which  included  three  new  stokers  to  replace  the 
side-feed  and  repairs  for  the  chain-grate  stoker,  mechan- 
ical .soot  cleaners,  draft-control  apparatus  and  other 
necessary  supplies  would  be  paid  for  in  less  than  one 
year  by  the  savings  effected  in  fuel  and  labor. 

The  engineer  was  informed  that  until  the  plant  had 
been  made  to  make  its  own  way,  no  money  would  be 
spent  for  improvements.  It  was  found  that  the  labor 
had  been  cut  down  until  not  enough  men  were  employed 
to  keep  up  the  necessai-y  work  about  the  plant.  The 
engineer  then  put  .some  extra  men  on  the  payroll  to 
clean  up  the  boilers  and  make  the  best  out  of  what  he 
had  on  hand.  These  extra  men  were  to  .scale  the  tubes 
and  put  in  new  tubes  where  necessary,  keep  the  tubes 
blown  clean  and  do  whatever  was  required  around  the 
plant.  The  management  then  offered  their  assistance 
again  and  informed  the  engineer  that  no  extra  men 
would  be  allowed  as  the  plant  was  not  paying  expenses. 

The  engineer  tried  to  explain  that  a  S3  per  day  man 
who  would  save  several  tons  of  $8  coal  per  day  was  a 
good  investment  and  was  a  good  way  to  make  the  plant 
pay  dividends.  The  engineer  was  told  that  he  was 
just  like  those  that  had  come  before  him,  that  he  was 
wasteful,  extravagant  and  that  his  ideas  were  all  wrong. 

Seeing  that  the  task  was  hopeless  unless  the  manage- 
ment would  allow  him  to  spend  the  necessary  money  to 
put  the  plant  in  condition,  he  appealed  to  them  number- 
less times  and  meeting  with  the  same  rebuff  each  time, 
finally  became  disgusted  and  went  away. 

Three  months  later  the  company  went  into  the  hands 
of  a  receiver.    The  management  is  wondering  why. 

Logansport,   Ind.  WILLIAM  M.  McNeill. 
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INQUIRIES  ffl 
OF  GENERAL 
INTEREST 


Heat  of  Water  and  of  Steam — Does  a  pound  of  water 
contain  as  much  heat  as  a  pound  of  steam  in  the  same 
boiler?  R.  R. 

The  water  and  the  steam  in  presence  of  the  water  are  of 
the  same  temperature,  but  a  pound  of  the  water  does  not 
contain  as  many  heat  units  as  a  pound  of  the  steam, 
because  conversion  of  the  water  into  steam  requires  addition 
of  the  hi  "^nt  heat  of  evapoi'ation. 


Changing  from  Condensing  to  Non-Condensing — What 
changes  of  valve  setting  should  be  made  when  changinu- 
from  condensing  to  non-condensing?  J.  R.  S. 

For  running  non-condensing  the  exhaust  valves  should  be 
closed  latti-  because  less  compression  of  the  higher-pressure 
exhaust  will  be  necessary  for  obtaining  the  same  cushioning 
effect.  With  a  Corliss  valve  gear  less  compression  should 
be  obtained  by  setting  the  exhaust  eccentric  backward.  With 
a  single-eccentric  engine  it  will  be  necessary  to  set  the 
eccentric  backward,  and  to  preserve  the  same  lead,  the 
steam  valves  must  have  less  lap  when  the  wi-istplate  is  in 
its  central  position. 

Scaling-ofiF  of  Poor  Galvanizing — What  preparation  can 
be  used  as  a  coating  to  prevent  galvanizing  from  scaling- 
off  iron  pipes  ?  J-  J-  C. 

Ordinary  galvanizing  is  a  coating  obtained  by  dipping 
the  pipe  or  other  article  in  a  bath  of  molten  zinc.  If  the 
zinc  shells  off,  it  is  because  the  article  when  galvanized  was 
not  properly  pi-epared  or  the  temperatures  were  not  suitable, 
and  no  preparation  applied  as  a  coating  over  the  zinc  that  is 
already  loosened  could  be  of  benefit  for  increasing  its 
adhesiveness.  A  coating  like  paint  or  asphaltum  would  act 
as  a  binder  until  it  became  dry  and  brittle,  but  would  be 
throwni  off  along  with  the  galvanizing  in  places  where  the 
zinc  has  not  taken  good  hold  on  the  pipe.  For  improvement 
of  appearance  of  the  exterior  and  protection  from  rusting. 
remove  all  galvanizing  possible  to  be  rubbed  off  with  a 
sharp  coarse  file  and  give  the  pipe  a  coat  of  aluminum  paint. 


.Allowance  for  Moisture  in  Rating   Engine  Economy — In 

determining  the  economy  of  reciprocating  steam  engines 
expressed  in  pounds  of  steam  per  indicated  horsepower- 
hour  or  per  brake  horsepower-hour,  how  is  allowance  to  be 
made  for  the  quality  of  the  steam  supplied  ?  A.  E.  M. 

Unless  otherwise  particularly  specified,  reciprocating- 
engine  economy  is  assumed  to  be  based  on  a  supply  of  com- 
mercially dry  steam,  that  is,  steam  containing  not  over 
2  per  cent  moisture,  and  the  quantity  of  steam  charged  as 
consumed  is  determined  by  deducting  the  moistui'e,  if  any, 
found  by  calorimeter  test,  from  the  total  amount  of  air- 
pump  discharge  or  complete  condensation  of  exhaust  dis- 
charged. If  the  steam  is  superheated,  no  coi-rection  is  to 
be  made  for  the  superheat.  When  the  steam  supply  is  of 
poorer  quality  than  98  per  cent  dry,  the  moisture  is  more 
detrimental  to  economy  than  the  percentage  present,  on 
account  of  reduction  of  the  expansive  force  of  the  dry  por- 
tion of  steam  by  heat  absorbed  in  evaporation  of  the  mois- 
ture, and  also  because  the  losses  from  radiation  are  in- 
creased owing  to  greater  conductivity  of  heat  by  wet  steam 
than  from  dry  steam  coming  in  contact  with  the  walls  of 
the  cylinder  and  steam  passages. 


Variation  in  Length  of  Indicator  Diagrams — What  causes 
difference  in  length  of  indicator  diagrams  taken  with  the 
same  indicator  and  reducing  motion  from  opposite  ends  of 
an  engine  cylinder?  J.  B.  S. 

Different  lengths  of  diagrams  may  result  from  use  of 
indicator  cords  of  different  diameter  or  a  different  winding 
or  building  up  of  cords  on  the  reducing  motion  or  sheave  of 
the  paper  drum.  There  will  also  be  a  shortening  of  the 
diagrams  due  to  stretching  of  the  cord  or  insufficient  drum- 
spring  tension  to  overcome  the  drum  and  pencil  friction. 


Economical  Limit  of  Vacuum  for  Reciprocating  Engine — 

Why  is  more  than  26  inches  vacuum  considered  uneconom- 
ical for  operation  of  a  condensing  engine  ?  W.  T. 

Under  ordinary  conditions,  when  the  exhaust  is  condensed 
tc  a  pressure  below  26  inches  vacuum,  which  would  be 
about  2  lb.  absolute  and  126  deg.  F.,  the  greater  cylinder 
cooling  due  to  the  lower  temperature  of  the  exhaust,  that 
must  be  compensated  by  heat  abstracted  from  the  initial 
steam,  amounts  to  more  loss  than  the  increase  of  m.e.p. 
obtained  by  the  further  reduction  of  back  pressure,  aside 
from  additional  cost  of  obtaining  a  higher  vacuum. 


Alternators  in  Parallel — We  have  two  ci-ude-oil  engines, 
each  rated  at  25  hp.,  which  we  want  to  belt  to  alternating- 
current  genei'ators  of  whatever  size  the  engines  will  drive. 
It  is  desired  to  operate  the  alternators  in  parallel.  Can  this 
be  done?  Would  there  be  any  advantage  in  belting  both 
engines  to  a  lineshaft  and  driving  the  alternators  from  this 
shaft  using  clutches  on  the  engine  pulleys?         W.  L.  H. 

It  would  not  be  good  practice  to  belt  the  two  oil  engines 
to  the  same  lineshaft.  This  has  been  tried  a  number  of 
times  but  without  success.  There  is  no  reason  why  an 
alternating-current  generator  cannot  be  belted  to  each  oil 
engine  and  have  the  generators  operate  in  parallel.  Alter- 
nating-current generators,  to  operate  in  parallel  successfully 
when  driven  by  these  oil  engines,  will  require  squin'el-cage 
windings  in  the  pole  faces. 


Unstayed  Heads  of  Steam  Drums — Why  ar-e  not  heads  of 
steam  drums  of  water-tube  boilers  stayed?  J.  N.  R. 

When  unstayed,  the  heads  are  bumped.  When  a  head  is 
bumped  or  dished  to  the  form  of  a  spherical  segment,  most 
of  the  material  is  subjected  only  to  a  tensile  stress  such  as 
would  occur  if  the  segment  were  part  of  a  complete  hollow 
sphere  of  the  same  radius  of  curvature  and  subjected  to  the 
same  pressure,  without  requirement  of  stays  to  preserve  a 
spherical  form.  However,  when  the  pressure  is  on  the  con- 
cave side  and  the  head  is  not  a  complete  hemisphere,  the 
pressure  tends  to  distort  the  material  to  a  hemispherical 
form  at  the  periphery  where  the  original  form  is  a  sudden 
change  of  shape  from  the  spherical  fonn  to  the  cylindrical 
form  of  the  flange.  This  gives  rise  to  a  dangerous  bending 
action  which  must  be  prevented  by  staying  or  more  usually 
is  met  by  the  thickness  of  the  material.  To  guard  against 
this  weakness,  where  the  heads  are  assumed  to  be  of  the 
.same  thickness  throughout,  consei-vative  formulas  for  deter- 
mining the  thickness  of  unstayed  bumped  heads  for  a  given 
working  pressure  result  in  providing  greater  thickness  of 
material  than  would  be  necessary  for  obtaining  sufficient 
strength  for  the  central  spherical  portion  of  the  head. 
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Tlie  Sloragr  <>(' Itiliiiniiioiis  Coal* 


By  0.   1'.   HOODI 


THE  Ki'nernl  subject  of  coal  stornKc  k'vc.s  one  n  Iutko 
iu'lii  within  wliich  to  wiimlor.  The  best  current  stor- 
age pnutico  is  well  illustrated  \n  ;i  publication  issued 
I'V  the  Entrineeriiur  Kxperiment  Station  i>f  the  University 
of    Illinois    under    the    title,    "The    Stora^'e    of    Bituminous 


/  75 /V  OF  CO/^L 
5(//9rA)cs /P/p/r,^  ^T'SS  Sc^./r. 


I-I<;.    1.      Vdl.l'.MlO    A.M'   .-:CRF.\CE   OF   ONK   TO.V    OK   CO.M. 

Coal,"  by  H.  H.  Stoek.  A  short  resume  of  the  subject  is 
uiven  by  the  same  author  in  Bureau  of  Mines  Technical 
Paper  235,  copy  of  which  forms  an  appendix  to  this  paper. 

"Addres.*    before     Pennsylvania     Electric    As.«ociation,    EecUorcl 
.•springs.  Pa.,  Sept.  10,  1920. 

tChief  mechanical   onpincer,   I'nited   States   Bui'cau  of  Mines. 


The  spontaneous  combustion  of  coul  lies  ut  the  bottom 
of  the  subject  of  storage.  Every  engineer  is  familiar  with 
the  phenomena  of  the  self  heating  of  coal.  For  all  that,  tho 
phenomenon  is  a  relatively  rare  one.  If  we  counted  the 
times  a  |)ortion  of  coal  was  stored  where  it  would  be  un- 
disturbed for  a  few  weeks,  the  number  of  such  storage 
ojjerations  in  any  one  year  would  mount  into  the  millions. 
Of  these  a  relatively  small  number  show  the  phenomenon 
of  spontaneous  combustion  an<i  the  risk  per  ton  is  very 
small.  In  the  smaller  operations  involving  but  few  tons  it 
is  extremely  rare  that  there  is  any  heatiuK  of  coal.  There 
i.s  no  spontaneous  combustion  of  anthracite,  and  very  rarely 
does  the  domestic  consumer  of  bituminous  coal  find  trouble- 
some heatintr. 

The  main  interest  in  the  subject  lies  in  tho  lar>re  piles 
needed  for  reserve  for  i)ublic-service  utilities  and  the 
industries. 

Everyone  desires  to  have  a  perfectly  simple  direction  for 
storage  which  will  insure  ajrainst  loss.  Unfortunately,  the 
matter  is  too  complicated  for  a  simple  solution.  Many  of 
the  factors  involved  are  difficult  to  determine,  as  wo  have 
no  practical  means  of  quantitative  measurement.  The  factors 
involve  chemistry,  physics  and  enKineoring,  and  the  man 
who  is  in  close  contact  with  the  problem  of  stored  coal  is 
not  always  a  jrood  observer  in  these  several  lines.  The  re- 
sult is  many  incorrect  theories,  opinions  and  prejudices. 
It  will  be  my  attempt  to  try  to  picture  to  you  some  of  the 
main  factors  in  the  problem  so  that  a  working  theory  may 
be  held  and  observation  centered  on  the  essential  factors. 
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2.      COAL   SURFACE   PET.   TON   OF   DIFFERENT   SIZES   OF   COAL.      FIG.   3.      UEXERATIOX  OF   HEAT   IX  CO.\.L   PILE 
AT   TN'CRE.\SIXG   TEMPEB.VTURES.      FIG.    4.      OEXERATIOX  OF  HEAT  IX  COAL  PILE  DURING  LXCREASIXG 
PERIODS   OF  TIME.'     FIG.   5.      OEXERATIOX   OF   HEAT   IX   COAL  PILE  DUP.IXC.  TXCRE-tLSlXC. 
PERIODS  OF  TIME  AT  IXCREASIXG  TEMPERATURES 
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SEGREGATION  OF   DIFFERENT   SIZES   OF  COAL 
IN  A  CONICAL  PILE 


FIG.    7.      LINES   SHOWING    INCREASINGLY    DIFFICULT 
PATHS  FOR  AIR  CIRCTTLATION 


■  remember  reviewing-  a  case  involving  spontaneous  com- 
)ustion  on  shipboard  where  in  the  hearings  everything'  had 
)een  investigated  from  the  pennant  on  the  mast  to  the 
)arnacles  on  the  rudder,  but  the  observations  that  had  a 
•eal  bearing  on  the  heating-  of  the  coal  were  extremely  few 
md  formed  a  very  unpretentious  part  of  a  formidable  look- 
ng  document.  It  is  necessary  to  know  what  to  look  for  in 
)rder  to  draw  reasonably  accurate   conclusions. 

The  heating  of  coal  is  believed  to  be  a  surface  phenom- 
;non.  If  a  ton  of  bituminous  coal  could  be  delivered  in  a 
;ingle  cube,  Fig.  1,  each  dimension  would  be  about  2.8  ft. 
'f  the  coal  heats,  it  is  due  to  something  that  goes  on  -with 
•aspect  to  the  surface  and  not  something  that  happens  in- 
side of  the  piece.  So  far  as  we  know,  this  is  ti'ue  no  matter 
low  small  the  piece  is  divided.  We  are,  therefore,  interested 
n  the  amount  of  exposed  surface  in  a  ton  of  coal.  If  this 
ube,  having  originally  about  47  sq.  ft.  of  area,  be  con- 
inuously  subdivided,  the  rate  of  increase  in  the  exposed 
urface  is  sho-swi  in  Fig.  2.  If  the  size  is  reduced  to  some- 
hing  about  16-niesh  screen,  there  is  an  acre  of  exposed 
oal  surface.  It  is  perfectly  obvious  from  this  why  it  is 
hat  trouble  from  spontaneous  combustion  originates  in  fine 
oal,  because  the  great  increase  in  extent  of  surface  does 
lot  begin  until  we  get  below  U  nut.  If  fine  coal  is  kept 
lut  of  the  pile,  the  heating  is  so  relatively  small  as  to  re- 
nove  the  cause  of  spontaneous  combustion.  This  remark 
ipplies  not  to  the  fact  that  one  may  buy  lump  coal,  but 
o  what  actually  gets  into  the  storage  pile.  Coal  bought 
IS  lump  at  the  mine  and  handled  with  modern  disregard 
or  breakage  may  be  far  from  lump  coal  when  in  the  pile. 

Heat  Generated  Depends  on  Temperature  of  Coal 
When  Stored 

A  unit  of  area  of  this  coal  surface  generates  a  certain 
imount  of  heat  provided  it  can  find  combining  material, 
rhe  amount  of  heat  generated  depends  upon  the  tempera- 
ure  of  the  piece  of  coal.  That  is  to  say,  coal  put  into 
torage  at  a  temperature  of  80  deg.  will  generate  very 
nuch  more  heat  per  unit  of  surface  than  if  put  into  storage 
it  the  temperature  of  60  deg..  Fig.  3.  I  cannot  say  just  how 
nuch  more,  but  the  chemists  tell  us  that  in  general  the  rate 
if  chemical  reaction  doubles  for  every  10  deg.  rise  in 
emperature,  and  if  that  applies  in  this  case,  beginning  at 
10  deg.  higher  in  temperature  means  a  fourfold  increase  in 
he  amount  of  heat  generated.  It  has  already  been  a  mat- 
er of  observation  that  coal  stored  during  the  hot  months 
'f  summer  and  in  heated  areas  is  much  moi-e  liable  to 
pontaneous  combustion  than  coal  stored  in  colder  climes 
nd  in  cooler  portions  of  the  year. 

Another  important  factor  is  the  freshness  of  the  broken 
urface.  A  freshly  broken  surface  of  coal  has  a  rate  of 
leat  generation  that  is  a  function  of  the  kind  of  coal.  It  is 
iractically  zero  with  anthracite  and  is  largest  with  the 
'ounger  coals.  The  quantity  of  oxygen  contained  in  the 
oal  seems  to  be  the  fairest  measure  of  this  rate,  although 
ly  no  means  reliable.  The  high-oxygen  coals  of  the  Middle 
Vest  and  the  sub-bituminous  coals  and  lignites  of  the  West 
how  increasingly  active  rates  of  heating. 

The  coal  surface  apparently  becomes  satisfied  in  time,  and 
he  heat  produced  falls  to  practically  zero.     The  rate  of 


heating  then  follows  along  a  curve  somewhat  like  that  given 
in  Fig.  4.  This  means  that  for  the  first  few  days  or  weeks 
a  freshly  broken  surface  is  very  much  more  active  than 
after  a  few  weeks  or  months.  This  fact  must  be  borne  in 
mind  when  the  question  is  considered  as  to  whether  it  is 
wise  to  crush  coal  immediately  before  putting  it  in  storage. 
Fires  rarely  occur  after  surfaces  have  been  exposed  for 
three  months. 

Since  the  rate  of  heating  increases  with  the  temperature, 
it  is  evident  that  if  the  heat  generated  is  not  removed,  the 
process  becomes  a  self-aggravating  one,  in  which  case  the 
rate  of  heat  generation,  instead  of  falling  as  in  Fig.  4,  may 
rise  with  time  according  to  some  curve  as  shown  in  Fig  5. 
If  the  temperature  of  the  pile  reaches  140  or  1.50  deg.  and 
continues  to  rise,  there  is  a  very  considerable  probability 
that  within  a  few  days  or  a  few  weeks,  a  destnactive  tem- 
perature will  be  reached  and  the  coal  must  be  moved.  Im- 
mediately the  question  of  getting  rid  of  the  heat  is 
presented. 

A  coal  pile  is  cooled  by  radiation  and  by  movement  of 
air  through  the  pile.  Air  moves  rather  freely  through  a 
coal  pile.  In  a  certain  case  a  partial  cargo  of  coal  was 
loaded  into  a  bottom  at  New  York  and  proceeded  under 
sail  to  Norfolk.  The  general  temperature  of  the  pile  at 
loading  was  known  and  on  arrival  at  Norfolk  the  coal  had 
so  increased  in  temperature  as  to  make  it  dangerous  to 
add  further  cargo.  Knowing  the  rise  in  temperature  of 
this  mass,  it  was  possible  to  roughly  figure  the  exchange 
of  air  that  must  have  been  made  within  the  coal  pile,  in 
order  to  supply  the  amount  of  oxygen  represented  by  the' 
heating  effect.  The  general  order  of  magnitude  was  that 
all  of  the  air  in  the  interstices  between  the  pieces  of  coal 
must  have  been  changed  from  twenty  to  thirty  times  during 
the  time  of  heating.  This  coal  was,  of  course,  protected 
from  winds,  and  Fig.  6  shows  the  amount  of  the  natural 
ventilation  within  a  coal  pile,  due  to  differences  in  tem- 
perature and  the  daily  variation  of  barometric  pressure. 
In  many  cases  this  natural  change,  or  breathing  of  air,  is 
enough  to  cai-ry  away  the  heat  generated. 

Smaller  Pieces  in  Central  Core  ok  Pile 

Suppose  that  coal  was  delivered  in  four  unifoiTn  sizes 
and  put  in  a  conical  pile  by  dropping  at  a  single  point. 
The  granular  arrangement  of  parts  -would  be  su:-h  as  to 
furnish  a  foundation,  over  nearly  the  whole  pile,  of  larger- 
sized  pieces,  and  the  lower  flanks  of  the  pile  would  be  of 
the  larger  sizes.  Nearly  all  of  the  smallest  pieces  would 
be  in  the  central  core  of  the  pile.  If  one  were  to  di-aw 
lines  bounding  the  regions  of  these  several  sizes  they  would 
be  something  like  those  shown  in  Fig.  6.  In  the  region  of 
large  pieces  air  would  move  freely  and  the  coal  surface  ex- 
posed would  be  a  minimum;  hence  thei-e  would  be  little 
likelihood  of  heating.  In  the  center  of  the  pile  the  move- 
ment of  air  would  be  small,  while  the  amount  of  heating 
surface  would  be  great.  If  the  fine  coal  is  so  densely 
packed  as  to  prevent  an  exchange  of  air,  there  will  be  no 
heating  because  there  will  be  no  supply  of  oxygen  to  com- 
bine with  the  active  surfaces.  Somewhei-e  between  the  two 
extremes  of  the  central  core  of  fine  coal  and  the  large-piece 
region,  there  may  be  areas  where  the  ventilating  current 
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is  ju.st  MUiricicnl  to  supply  oxypon  for  ii  maximum  risi-  in 
li'iupi'nilurc  iiiul  insufliciont  to  rcmovi'  the  hoat  us  jjen- 
frutcd.  In  FiK.  7  linos  have  boon  di'awn  showinir  in  ^ri'non»l 
|)ri)>ri<'ssiv»'Iy  ililVu-iiit  paths  for  the  niovcnu'til  of  t•oolin^c  air. 

Sorni-  oh.siTvcrs  have  siatctl  that  in  (ri'ncral,  liics  in  lar>;c 
coal  pill's  an*  found  in  tho  l•l•^!:ion  from  tivi-  to  cinht  foot 
hi'low  the  surface  on  the  flanks  of  the  pile.  The  rise  in 
temperature  of  a  coal  i)ile  is  then  intinuitely  connected  with 
a  very  complicated  ventilatinjr  problem,  and  we  have  no 
means  of  observing  or  measuring  these  small  and  wayward 
ventilatintr   currents. 

We  know  that  if  coal  can  be  sealed  ti«:ht,  as  in  a  (ilass 
jar,  the  oxyjrcn  soon  disappears  and  the  coal  cannot  con- 
tinue to  heat  because  of  lack  of  oxygen.  In  Fip.  S  hori- 
zontal distances  represent  the  aniount  of  ventilation  of  any 
portion  of  a  coal  pile  and  vertical  distjinces  represent  rise 
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in  temperature.  With  no  ventilation  there  will  be  no  rise 
in  temperature  and  the  zero  point  will  represent  the  con- 
dition of  coal  sealed  from  the  air  or  so  densely  packed 
that  air  cannot  circulate.  If,  on  the  other  hand,  there  is 
sufficient  ventilation,  the  heat  is  all  carried  away  as  fast 
jis  generated  and  some  point,  as  at  B,  on  the  zero  line  must 
represent  this  condition,  as  in  the  case  of  coarse  coal.  At 
some  point,  as  at  yl,  between  these  two  extremes  there  may 
be  a  condition  of  ventilation  that  will  supply  just  oxygen 
enough    to   provide   for   a    maximum    rise    in    temperature. 

What  sort  of  a  curve  represents  all  the  intermediate  con- 
ditions between  C,  .1  and  B,  we  do  not  know,  but  that  the 
curve  must  first  ascend  and  then  descend  is  perfectly  evi- 
dent. This  curve  teaches  that  if  we  have  a  condition  of 
ventilation  as  at  D,  an  increase  in  the  ventilation  to  E  will 
produce  a  more  favorable  condition  for  a  temperature  rise. 
On  the  other  hand,  if  the  orig-inal  condition  is  as  at  F  and 
we  increase  the  ventilation  to  G,  we  can  expect  a  reduction 
of  temperature.  Since  we  have  no  means  of  kno'wing  just 
what  the  ventilation  is  in  any  given  portion  of  a  pile,  there 
is  great  hesitancy  in  advocating  ventilating  schemes  for 
coal  piles,  as  we  ai'e  as  likely  to  make  trouble  as  to  prevent 
it  unless  extreme  and  uniform  ventilation  is  assured. 

The  curves  shown  have  illustrated  the  tendencies  of  what 
are  believed  to  be  the  principal  factors  in  the  problem  of 
spontaneous  combustion. 

There  are  many  more  minor  factors.  One  of  the  troubles 
has  been  that  undue  attention  has  often  been  given  to  minor 
factors,  such  as  sulphur,  height  of  pile,  volatile  matter,  etc., 
while  main  factors,  such  as  initial  temperature,  breakage 
in  handling,  freshness  of  coal  and  coal  screening  before 
storage,  have  been  overlooked  or  minimized. 


On  account  of  the  unusual  demand  for  electric  energy, 
due  in  part  to  coal  shortage,  the  Societa  Adriatica  di  Elet- 
tricita  and  the  Societa  del  Cellina  in  the  territory  of  Tre- 
viso,  Italy,  are  working  to  transform  their  plants  and  in- 
crease their  production  from  28,000  hp.  to  280,000  hp.  When 
completed,  the  plants  will  be  able  to  dispose  of  700,000,000 
kw.  of  energy  compared  with  32.000,000  kw.  at  present,  which 
would  mean  a  saving  for  Italy  of  about  1,000.000  metric  tons 
of  coal  per  annum. — Commerre  Reports. 


Tliirty-iiiiitli   Animal  (lomnition  iMth 
l^ii^laiid  WaltT  Works  AHhociutioii 

The  New  England  Water  Works  Association  held  its 
•'19lh  annual  convention  Sept.  7-10  at  Holyokc,  Mas^■. 
Hotel  Nontuck  was  the  ofllciul  headiiuarters,  and  the  busi- 
ness and  professional  sessions  were  held  in  the  City  Hall 
auditorium,   President   Henry   V.   Macksey   presiding. 

The  fame  of  Ilolyoke  as  a  center  of  development  and 
practice  of  hytlrnulic  engineering  and  an  attractive  con- 
vention program  of  professional  papers  and  entertain- 
ments contributed  to  the  encouragement  of  attendance  of 
over  300  members  and  guests  to  one  of  the  most  successful 
.  conventions  ever  held  by  this  association. 

A  iiaper  entitled  "The  Holyoke  Water  Works  and  Its 
Rainfall  and  Stream  Flow,"  presented  by  Patrick  J.  Lucey, 
gave  a  good  technical  description  of  the  local  water  works 
and  was  especially  appreciated  by  those  who  were  desirous 
of  inspecting  the  plant  during  their  presence  in  the  con- 
vention city. 

At  Tuesday  evening's  session,  Col.  Charles  R.  Gow  read 
a  paper  entitled  "Experiences  with  Quicksand,"  which  was 
well  illustrated  by  lantern  slides  showing  how  troubles 
from  so-called  "quicksand"  may  be  avoided  by  diversion  of 
ground  water  from   excavations. 

The  final  report  of  the  Committee  on  Charges  for  Private 
Fire  Protection  was  received  and  approved  to  the  effect 
that  such  protection  is  a  valuable  special  service  for  which 
water  companies  should  be  compensated. 

Pumping  Engineering 

Wednesday  morning's  session  was  opened  by  the  reading 
of  a  paper  on  "Further  Tests  of  a  Unaflow  Pumping  En- 
gine," by  D.  A.  Decrow,  who  stated  that  more  recent  tests 
than  those  previously  reported  by  him  gave  a  steam  con- 
sumption of  11.4  lb.  per  i.hp.-hr.  operating  condensing. 
In  commenting  on  this  paper,  the  president  took  occasion 
to  express  regret  that  the  association  had  never  stJeCializ^d 
on  pumping  engineering  and  thought  that  a  deterpiined 
effort  should  be  made  to  get  more  pumping  engine^rfs  •ii)to 
the  association.  The  president  made  an  earnest  appeal  to 
the  members  to  solicit  membership  of  this  class  of  men, 
of  whom   he   declared   the   association    was    much    in    need. 

The  Dexter  Brackett  Memorial  Medal  for  the  best  paper 
of  the  year  1919  was  awarded  to  Robert  E.  Horton,  of 
Albany,  N.  Y.,  for  excellence  of  his  paper  presented  on 
"Measurements  of  Rainfall  and  Snow." 

A  paper  entitled  "Loss  of  Head  in  a  12-in.  Gate  in  a 
16-in.  Pipe,"  by  Thomas  E.  Lally,  described  experiments 
made  by  the  water  department  of  Boston,  Mass.  Discussion 
brought  out  the  fact — not  generally  appreciated  by  laymen 
— that  the  obstruction  to  flow  offered  by  gate  valves  is  so 
small  as  compared  with  loss  of  head  from  pipe  lines  that 
it  is  usually  practicable  to  maintain  a  gate-valve  opening 
equal  to  50  per  cent  of  the  cross-sectional  area  of  the  pipe 
line. 

Operation  of  Pumping  Stations 

A  paper  entitled  "Instructions  to  Employees  at  Pump- 
ing Stations  and  Filter  Plants,"  by  Dow  R.  Gwinn, 
described  methods  of  communicating  instructions  to  water- 
works employees  for  maintenance  of  good  discipline  and 
efficient  operation  of  the  plants. 

A  paper  presented  by  Reeves  J.  Xewsom  entitled  "Modern 
Pumping  Station  Design  and  Operation,"  described  radical 
changes  that  had  been  made  for  obtaining  better  plant 
efficiency  for  the  three  pumping  stations  of  Lynn,  Mass., 
water  works.  The  improvements  consisted  in  replacing  a 
low-lift  steam-driven  pump  used  only  during  the  winter 
and  spring  months  by  an  electric-motor-driven  centrifugal 
equipment  installed  in  a  more  favorable  location  for  pump- 
ing; the  replacement  of  another  low-lift  unit  that  consisted 
of  an  electric-motor-driven  centrifugal  by  a  more  modern 
outfit  of  superior  efficiency;  and  changing  over  the  main 
pumping  station,  which  pumps  into  the  mains  and  equaliz- 
ing reservoir,  from  use  of  coal  at  present  costing  about 
$16.50  per  ton  to  oil-burning  at  the  equivalent  of  about  $9 
per   ton    of   coal.     The   oil-burning   installation    consists   of 
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35,000-gal.  storage  tank  and  complete  equipment  of  two 
75-hp.  boilers. 

Whist  parties  at  the  Holyoke  Country  Club  and  at  the 
otel  Nontuck  and  auto  rides  to  Amherst  and  Smith  Col- 
ges  and  other  local  points  of  interest  were  arranged  for 
le  lady  guests,  and  on  Thursday  afternoon  the  Water 
forks  Manufacturers  Association  tendered  all  members 
id  guests  an  excursion  to  Mt.  Tom  with  dinner  at  the 
ountain  House  and  an  evening  theater  party  at  Mt.  Tom 
asino. 

On  Wednesday  many  members  and  guests  made  visits  to 
le  works  of  the  International   Steam   Pump  Co.  and  also 

the  testing  flume  of  Holyoke  Water  Power  Co.  At  the 
tter  place  the  visitors  witnessed  a  test  of  a  27-in.  tur- 
ne  and  were  permitted  to  make  inspection  of  the  power 
easuring  apparatus  and  the  complete  facilities  and  appli- 
lees  for  conducting  power  and  efficiency  tests  of  tui'bine 
aterwheels. 

Industrial  Load  in  California 

In  order  to  determine  the  extent  and  distribution  of  the 
dustrial  electrical  load  in  California,  questionnaires  were 
nt  to  1,289  industrial  concerns  employing  fifty  or  more 
leratives  each.  Answers  were  received  from  299  compa- 
es  which  were  so  distributed  among  various  industries  as 
give  a  very  definite  idea  of  the  industrial  power  situation. 
ir  shortage,  unsettled  labor  conditions  and  seasonal  varia- 
>n  ir  illumination  requirements  were  factors  tending  to 
wei  the  output  of  central  stations,  but  despite  these  ad- 
rse  conditions  the  average  daily  output  gradually  increased 
oni  8,832,000  kw.-hr.  in  January  to  9,030,000  kw.-hn  in 
aril. 

The  survey  indicates  that  the  iron  and  steel  industries  (in- 
iding  foundries  and  machine  shops),  shipbuilding,  cement 
ants,  food  (including  canning  and  preserving  plants),  min- 
?,  paper  mills,  chemicals  and  lumber  are  the  principal 
inufacturing  industries  using  electrical  power.  The 
companying  table  gives  data  on  the  utilization  of  electric 
wer  in  these  industries  as  well  as  other  industries  of  les^ 
iportance. 

The  Food-Preparation  Industry 
The  food-preparation  industry  is  the  most  important  in 
ilifornia  in  value  of  products.  There  are  316  plants  of 
is  general  class  in  the  state  employing  more  than  fifty 
eratives  each.  Reports  received  indicate  that  about  21 
r  cent  of  the  electrical  energy  used  in  these  factories  is 
nerated  in  private  plants  and  that  the  amount  of  energy 
ed  in  an  avei'age  factory  of  this  type  is  in  the  neighbor- 
od  of  221,400  kw.-hr.  per  annum.  In  the  ninety-six  fac- 
"ies  reporting,  2,207  motors  were  installed  with  a  total 
ting  of  32,968  hp.  Of  the  total  number  of  motors  35  per 
It  are  under  5  hp.  and  the  largest  is  rated  at  500  hp.  The 
lall   motors   range  between   1   hp.   and   1  hp.     The   usual 


voltage  is  440  and  220  and  ranges  as  high  as  2,000.  Belt- 
driven  machines  total  73  per  cent  and  22  pyr  cent  are  direct- 
connected,  the  remainder  being  chain-driven. 

The  iron  and  steel  industry  ranks  fourth  among  the 
manufacturing  industries  of  the  state.  There  are  about 
208  plants  of  this  class.  In  amount  of  electrical  energy 
used  it  ranks  first  among  California's  industries.  Returns 
received  indicate  that  31  per  cent  of  the  industrial  load 
used  in  that  state  is  utilized  by  foundries  and  machine  shops. 
There  are  5,262  motors  employed  by  the  sixty  companies 
reporting,  with  a  total  installed  rating  of  81,616  hp.  The 
average  rating  of  the  larger  motors  is  between  15  hp.  and 
20  hp.  The  usual  voltage  is  220.  More  than  63  per  cent 
of  the  machines  are  dii-ect  connected  and  36  per  cent  are 
belt-driven. 

Shipbuilding  an  Important  Industry 
Shipbuilding  now  ranks  among  the  primary  industries 
of  California.  The  thirteen  shipbuilding  plants  from  which 
reports  were  received  consume  41,11(5,484  kw.-hr.  of  electrical 
energy  per  year;  1,941  motors  are  installed  by  the  reporting 
companies,  with  a  total  rating  of  46,100  hp.  The  average 
rating  of  the  larger  motors  is  between  280  and  290  hp. 
Nearly  71  per  cent  of  the  machines  are  connected  directly  to 
the  motors,  28  per  cent  are  belt-driven,  while  only  fourteen 
chain  drives  were  reported. 

Electric  drive  in  stone,  clay  and  glass  plants  has  been 
generally  adopted.  One  hirge  cenlent  mill  reported  an  an- 
nual consumption  of  20,866,970  kw.-hr.  This  plant  uses 
more  than  150  motors  with  a  total  installed  rating  of  7,478 
hp.  Eighty-seven  per  cent  of  these  machines  are  belt-driven, 
and  12  per  cent  are  direct-connected. 

Lumbering  and  lumber  manufactures  constitute  one  of 
California's  principal  industries.  The  manufacturing  end 
of  this  industry  is  practically  all  electrically  driven  at  the 
present  time.  The  logging  operations,  which  could  be 
worked  electrically  to  great  advantage,  are  handicapped  in 
California  by  the  scarcity  of  power-transmission  lines.  The 
thirty-nine  lumber  companies  reporting  consumed  a  total 
of  7,092,114  kw.-hr.  per  year  of  which  51  per  cent  was 
generatefi  in  private  plants.  The  number  of  motors  used 
was  1,051,  with  a  total  rating  of  about  17,536  hp.  The 
most  widely  used  motor  in  the  operation  of  woodworking 
machinery  is  the  constant-speed  squirrel-cage  induction 
motor,  and  the  usual  voltage  is  440  or  220.  The  companies 
reported  that  32  per  cent  of  the  machines  are  belt-driven,  17 
per  cent  direct-connected  and  5  per  cent  chain-driven. 


A  total  of  6,272  hp.  from  hydraulic  sources  is  being  ob- 
tained by  Greek  industries.  The  estimated  total  available 
power  from  waterfalls  in  Macedonia  is  66,000  hp.  At 
present  less  than  one-tenth  of  the  total  available  power  is 
being  utilized,  but  growing  interest  is  being  manifested  in 
the  possibilities  of  harnessing  the  wasted  power. 
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O|>criitioii  of  a  iM<Mlorn  Gas  Producrr 

A  now  producer,  l>t>forf  beinj;  HtarU-d,  should  l)t.-  dried 
out  81'vcral  days  with  small  (ires.  This  pri-caution,  if 
pro|H'rly  larriod  out,  will  add  considerably  to  the  life  of 
the  linintr.  Tlu>  producer  should  then  he  lilled  to  a  depth 
of  at  least  twelve  inches  over  the  top  of  ttu'  blower.  It  is 
best  that  a  few  larjre  clinkers  be  placed  around  the  open- 
ings of  the  blower  to  keep  them  from  becoming  cloKtrcd 
by  the  fine  ashes.  The  ashes  are  necessary  to  protect  th( 
metal  parts  of  the  producer  and  also  act  as  a  diffusing 
medium  to  distribute  the  blast  over  the  entire  fuel  bed, 
tlius  insurintr  even  combustion. 

To  start  the  producer,  it  is  necessary  only  to  level  off  the 
ashes,  throw  in  several  arinfuls  of  small  dry  wood,  saturate 
with  kerosene  and  lijrht  with  a  piece  of  waste.  After  the 
wood  was  burned  for  a  few  minutes,  turn  on  about  ten 
pounds  of  blast  and  blow  until  the  wood  is  burninp:  briskly. 
A  small  amount  can  then  be  dumped  and  the  fire  built  up 
gradually.  Care  should  be  taken  to  see  that  the  coal  is  not 
fed  too  fast.  Allow  a  uood  bed  of  coke  to  be  formed  before 
any  attempt  is  made  to  crowd  the  producer.  It  takes 
several  hours  to  get  a  producer  fire  built  up  properly  to 
where  it  makes  pood  gas.  No  special  attempt  need  be  made 
at  this  point  to  get  the  fire  distributed  over  the  fuel  bed. 
It  will  spread  itself,  and  it  is  better  to  have  a  good  fire  burn- 
ing at  one  place  than  to  have  several  small  ones.  In  case 
it  is  necessary  to  stop  the  producer  at  any  time,  the  blast 
should  be  turned  off. 

The  various  zones  of  the  producer  are  three  in  number. 
They  consist  of  the  ash,  the  incandescent  or  fire  zone  and 
the  green-coal  zone.  The  last  consists  of  the  coal  that  has 
received  unsufficient  air  to  become  incandescent.  This  is 
also  termed  the  distillation  zone.  The  existence  of  these 
three  distinct  zones  is  a  point  often  overlooked. 

In  measuring  the  fires,  it  is  usual  to  determine  merely 
the  distance  from  fuel  bed  to  producer  top.  This  method  is 
wholly  inadequate  because  no  attention  is  given  to  the  depth 
of  the  fire  zone,  which  is  the  most  important  point  of  all  in 
producer  operation.  If  the  ash  zone  exceeds  a  reasonable 
limit,  the  fire  zone  is  reduced.  The  tendency  of  the  ashes 
to  crowd  out  the  fire  zone  makes  it  possible  for  the  top 
of  the  fuel  to  be  at  the  proper  height,  and  yet  the  fire  may 
be  so  thin  that  the  gas  will  be  of  exceedingly  poor  quality. 
The  depth  of  the  ash  bed,  as  well  as  the  distance  between 
the  top  of  the  fire  zone  and  producer  top,  should  be 
measured. 

Some  coals  have  a  tendency  to  become  soft  and  pasty 
under  the  action  of  the  heat  in  the  producer.  This  restricts 
the  passage  of  the  gas  and,  owing  to  the  fact  that  this 
pressure  accumulates  under  the  steady  blast,  the  gases  will 
seek  channels  to  break  through  the  resistance  of  the  fuel 
bed.  These  places  become  excessively  hot,  melting  the  ashes 
and  other  foreign  particles  in  the  coal,  resulting  in  the 
formation  of  clinkers.  If  the  coal  is  of  this  nature,  close 
attention  must  be  given  to  the  poking  and  the  regulating 
of  the  blast.  It  may  be  necessary  to  change  the  mixture  of 
the  blast,  increasing  the  percentage  of  steam.  The  in- 
creased steam  will  lower  the  temperature  of  the  fire  and 
thus  considerably  reduce  the  clinkering  tendencies  of  the 
coal.  It  should  not  be  carried  to  the  point  where  the  C0~ 
content  of  the  gases  becomes  excessive.  This  entails  a 
certain  loss,  but  often  the  trouble  due  to  clinkering  more 
than  offsets  the  loss  due  to  maintaining  a  lower  COj. 

It  is  not  necessary  to  discontinue  the  operation  of  the 
producer  during  the  cleaning  process.  The  fire  should 
never  be  lowered  more  than  eight  to  ten  inches  during  one 
cleaning  period,  and  coal  should  be  dumped  as  during  the 
regu'.ar  period,  although  in  smaller  amounts;  The  blast 
pressure  should  be  lowered.  During  the  cleaning  period 
attention  should  be  given  to  the  clinkers  that  often  form  on 
the  side  walls. 

The  proper  dumping  of  the  coal  has  an  important  influ- 
ence on  the  operation.  It  should  be  dumped  in  as  small 
quantities  as  can  be  arranged.  Strict  attention  should  be 
paid  to  the  color  of  the  gases,  which  shows  whether  the 
fuel  bed  is  of  the  proper  thickness. 

In  starting  a  new  producer,  the  top  plate  has  a  tendency 


to  run  hoi  and  will  rer|uiro  all  the  water  that  can  U-  ap 
plied  through  the  connections.  After  u  f<'W  days  the  p|»t 
lu'comes  coaled  with  carbon  and  n  small  water  supply  | 
needed. 

In  most  installations  there  are  jM'rio<ls  when  the  furnft' 
is  down  for  repairs.     This  time  should  be  taken  to  clean  ' 
producer  completely.     The  si<l<'  walls  should  Ix-  clearinl,  ■ 
blower  and  blast  boxes  cleaned  out  and  any  part    ■ 
attention    should    now    be    repaired.       This     proci'l 
carried   out.   will    not   entail    much    labor   Jind    the    ' 
will  be   repaid   by   increased   reliability  of  thj-  mad 

The  (juality  of   producer  gas  depenii.s  upon   its   ■ 
ibies.     The  ((uantity  and  character  of  these  are  at! 
the  operating  conditions  within   the  producer.      Din 
ordinary  operation  of  a  battery  of   Wellman   pro<iucei:- 
a  steel   mill,  Ih  tests   were   made.      Briefly   stated,   the  c 
elusions  drawn  from  the  tests  were  as  follows: 

To  make  a  rich  gas,  high  in  heat  units,  the  ashes  shoul 
be  carried  at  a  height  of  twelve  inches  above  the  blast  cove 

The  combustion  zone  should  be  confined  to  a  thin  fi 
approximately  six  to  eiirht  inches  in  thickness. 

The  green-coal  zone,  in  which  distillation  by  hydroi 
bons  occurs,  should  be  kept  from  twelve  to  eighteen  inci 
thick. 

Under  these  conditions  the  pressure  of  the  steam  u 
for  the  blast  should  be  twenty-three  poun<ls  per  sf|U:i 
inch. — The  DUixt  Furnace  avd  Steel  Plavt. 

Chemical  Society  Discusses  Water- 
Supply  Problems 

The  Chicago  meeting  of  the  American  Chemical  Soci- 
on  Sept.  8  included  one  .session  of  the  Division  of  Wa' 
Sewage  and  Sanitation.  At  these  meetings  A.  H.  Behrir 
reported  on  lime  softening  of  water  for  the  manufactur< 
raw-water  ice.  This  report  pointed  out  a  large  increase  i 
the  manufacture  of  raw-water  ice,  which  in  many  cases  i  j 
superseding  the  use  of  distilled  water  for  this  work.  1 

W.  D.  Collins  presented  a  paper  on  "Hardness  of  Surfac  ' 
Waters  in  the  United  States."  He  pre.sented  a  tabular  sum  i 
mary  of  typical  analyses  of  waters  for  various  states,  o 
districts  within  states.  This  table  gives  the  total  solids  arn 
the  hardness  of  the  water  typical  of  these  regions,  sum 
marizing  the  results  of  the  United  States  Geological  Sur 
vey  studies  for  a  large  number  of  years.  These  data  ar 
not  immediately  available  for  publication,  but  informatioi 
on  particular  districts  can  be  secured  from  the  Geologies 
Survey  offices  in  Washingfton  if  immediately  needed.  Othe 
papers  presented  at  this  session  were  by  Harry  E.  Jordor 
on  "Specifications  for  Glassware  for  Water-Works  Labora 
tories,"  and  by  Edward  Bartow,  describing  "The  New  Sew 
age  Station  of  the  Illinois   State  Water  Survey  Division. 

National  Convention  of  Steam 
and  Operating  Engineers 

Four  hundred  delegates,  representing  as  many  loca 
unions  in  the  United  States  and  Canada,  attended  the  open 
ing  sessions  of  the  Seventh  Biennial  Convention  of  the  In 
ternational  Union  of  Steam  and  Operating  Engineers  a 
the  Fort  Pitt  and  William  Penn  Hotels,  Pittsburgh,  Pa 
during  the  week  beginning  Sept.  13.  Owing  to  the  fact  tha 
another  convention  was  scheduled  at  the  Fort  Pitt  Hotel 
the  sessions  of  Tuesday  and  Wednesday  were  held  at  th' 
William  Penn. 

Addresses  of  welcome  and  reports  of  various  committee 
were  heard  at  the  openinj^  session.  Among  those  whi 
addressed  the  delegates  were  the  Mayor  of  Pittsburgh,  E.  V 
B.ibcock,  who  presented  the  "key"  to  the  city  to  the  en 
gineers;  County  Commissioner  A.  C.  Gumbert;  W.  K.  Heck 
president  of  the  Pittsburgh  Central  Union;  and  Harr 
Sadler,  business  manager  of  the  Steam  Engineers'  Union  a 
Pittsburgh.  Milton  Snelling,  general  president  of  the  I" 
ternational   Union,   presided. 

The  afternoon  session,  during  which  the  Hon.  John  Her 
ron,  president  of  the  Pittsburgh  City  Council  and  the  Hon 
William  J.  Brennen,  laborers'  attorney,  were  to  deliver  ad 
(tresses,  was  postponed  and  merged  into  the  Tuesday  mom 
ing  business  session  at  the  William  Penn. 
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Routine  business  was  transacted  at  the  Tuesday  sessions. 
The  afternoon  Session  was  adjourned  at  3:30  o'clock,  and 
the  delegates  and  their  friends  were  taken  on  an  automo- 
bile drive  and  sight-seeing  trip  to  points  of  interest  in 
Pittsburgh  and  vicinity  in  machines  provided  for  that  pur- 
pose by  the  entertainment  committee. 

During  the  Wednesday  morning  session  convention  bus- 
iness was  discussed,  and  in  the  afternoon  there  was  an 
excursion  and  sight-seeing  trip  down  the  Ohio  River.  Music 
and  dancing  became  the  oi-der  of  the  day,  and  refresh- 
ments were  served.  Convention  business  was  forgotten  and 
everyone  had  a  jolly  time. 

On  the  afternoon  of  Thursday,  Sept.  16,  there  was  a  thea- 
ter party  for  the  ladies  at  the  Davis  Theater,  and  in  the 
evening  the  men  enjoyed  a  stag  entertainment  at  the 
Moose   Temple. 

Friday  was  given  over  to  the  closing  of  convention  bus- 
iness and  election  of  officers. 


Federated  American  Engineering  Societies 
Announce  Meeting  Program 

The  first  meeting  of  the  American  Engineering  Council 
of  the  Federated  American  Engineering  Societies  is  sched- 
uled to  be  held  Nov.  18  to  20  in  Washington,  D.  C.  Head- 
quarters will  be  at  the  New  Willard  Hotel.  The  program 
follows: 

Thursday  Morning  Session — Registration;  opening  ses- 
sion of  American  Engineering  Council;  call  to  order,  Richard 
L.  Humphrey,  chairman.  Joint  Conference  Committee,  con- 
sulting engineer,  Philadelphia,  Pa.;  election  of  temporary 
chairman;  election  of  temporary  secretary;  appointment  of 
temporary  committees  including:  program,  credentials,  con- 
stitution and  By-Laws,  nominations,  plan  and  scope,  budget, 
resolutions. 

Thursday  Afternoon  Session — Address,  "Engineering 
Council,"  J.  Parke  Channing,  chairman,  consulting  engineer. 
New  York  City.;  discussion  of  the  field  of  activity  for  the 
Fedei-ated  American  Engineering  Societies. 

Friday  Morning  Session — Report  of  Committee  on  Nomin- 
ations, election  of  permanent  officers,  report  of  Committee 
en  Constitution  and  By-Laws,  formal  ratification  of  con- 
stitution and  by-laws  and  report  of  Committee  on  Plan  and 
Scope. 

Friday  Afternoon  Session — Repoi't  of  Committee  on  Bud- 
get and  report  of  Committee  on  Resolutions. 

Friday  Evening  Session — Introductory  remarks  by  presid- 
mg  officer,  the  president  of  American  Engineering  Council; 
address  by  Herbei't  C.  Hoover,  president,  American  Institute 
of  Mining  and  Metallurgical  Engineers,  New  York  City.; 
informal  reception  and  smoker. 

Saturday  Morning  Session — Organization  meeting  of  the 
executive  board  of  the  American  Engineering  Council,  of  the 
Federated  American  Engineering  Societies. 

French  Coal  Resources 

France  consumed  before  the  war  over  63,000.00')  ton.s  of 
coal  annually,  of  which  she  produced,  roughly,  42,000.000 
tons,  leaving  21,000,000  tons  to  be  imported.  By  the  terms 
of  the  peace  treaty,  France  acquired  control  of  the  Saare 
Basin,  containing  coal  deposits  estimated  at  12,.')()(),000,000 
tons.  Actual  production  from  these  coal  fields  in  1913  was 
17,000,000  tons.  This  new  source  of  coal  will  take  care  of 
the  additional  demand  on  France  from  the  industries  of 
Alsace-Lorraine  and  will  lessen  the  French  normal  shortage, 
but  will  not  off'set  the  loss  of  output  in  the  damaged  mines 
of  the  departments  of  Nord  and  of  Pas  de  Calais. 

To  make  reparation  for  the  damage  done  to  the  mines 
and  to  other  property,  Germany  was  to  deliver  approxi- 
mately 25,000,000  tons  annually  to  France  for  ten  years.  As 
a  matter  of  fact,  up  to  May  31  last,  France  had  received 
only  4,611,000  tons  of  coal  from  Germany.  However,  as  a 
result  of  the  Spa  conference  held  in  July  France  is  to 
receive  1,600,000  tons  monthly  of  the  2,000,000  tons  to  be 


delivered  to  the  Allies,  beginning  Aug.  1.     To  obtain  even 

these  shipments  France  is  obliged  to  pay  Germany  200,- 
000  000  francs  monthly  for  six  months  for  the  feeding  of  the 
Ruhr  workers.  But  France  is  doing  more  than  patiently 
waiting  for  German  coal.  She  is  making  every  effort  to 
hasten  the  work  of  reconstruction  in  the  damaged  mines  in 
order  to  bring  their  production  as  soon  as  possible  up  to 
the  pre-war  figure  of  26,000,000  tons.  The  result  of  these 
eff'orts  is  .shown  by  the  fact  that  the  June  output  of  coal  in 
the  two  departments  of  Nord  and  of  Pas  de  Calais  incVeased 
104  per  cent  and  7.5  per  cent  respectively  over  the  previous 
month. 

James  Watt  Memorial 

The  James  Watt  Executive  Committee,  of  Birmingham, 
England,  appointed  at  a  centenary  commemoration  of  James 
Watt  held  in  England  last  fall,  has  collected  a  part  of  the 
£150,000  sterling  which  it  is  trying  to  raise  for  the  purpose 
of  establishing  a  memorial  to  perpetuate  the  name  of 
James  Watt.  It  is  the  intention  to  endow  a  professorship 
of  engineering  to  be  known  as  the  James  Watt  chair,  at  the 
University  of  Birmingham,  for  the  promotion  of  research  in 
the  principles  underlying  the  production  of  power. 

A  memorial  volume  will  be  published,  and  a  James  Watt 
Memorial  building  will  be  erected  to  be  used  as  a  museum 
for  examples  of  the  work  of  Watt  and  his  contemporaries, 
Boulton  and  Murdock.  The  building  will  also  serve  as  a 
meeting  place  and  library  for  scientific  and  technical  so- 
cieties. 

Hearings  on  Boiler  Code  in 
California 

At  the  public  hearings  on  the  tentative  revised  boiler 
safety  orders  for  California,  which  have  been  held  in  San 
Francisco,  objections  have  been  raised  by  those  interested 
in  boiler  operation  to  some  of  the  revisions  proposed  by  the 
committee  appointed  by  the  Industrial  Accident  Commission 
of  California.  A  further  hearing  has  been  scheduled  for 
October  7  in  San  Francisco,  to  continue  where  that  of 
August  19  left  off". 

For  new  installations  the  commission  is  at  present  fol- 
lowing the  1914  boiler  code  of  the  American  Society  of 
Mechanical  Engineers,  and  it  proposes  to  adopt  that  so- 
ciety's 1918  code  to  bring  makers  up  to  date. 

The  difficulty  arises  principally  on  the  proposed  code  as 
applied  to  existing  installations.  Objections  have  been  filed 
on  the  rules  that  shall  apply  to  calculating  the  safe  work- 
ing pressure  on  staybolted  surfaces  (378,b)  and  on  factors 
of  safety  for  lap-riveted  construction.  It  is  objected  that  a 
factor  of  safety  of  4J  should  be  set  as  a  minimum  and  let 
it  ai)ply  to  a  boiler  regardless  of  its  age,  making  it  higher 
if  conditions  of  the  boiler  called  for  it.  Sec.  380, a,  proposes 
from  4i  to  5  for  boilers  ranging  up  to  twenty  years  old, 
where  lap-riveting  is  employed  and  the  shells  are  exposed 
to  the  direct  products  of  combustion.  Where  the  shells 
are  not  so  exposed,  the  commission  proposes  a  factor  of 
from  4  to  5  for  the  same  range,  and  objectors  have  recom- 
mended the  same  figure  of  4a. 

A  further  factor  of  safety  of  6  is  objected  to  as  too  high 
ir  the  case  of  second-hand  stationary  lap-seam  boilers 
within  the  state  on  Oct.  1,  1920,  where  both  ownership  and 
location  have  changed  (sec.  381,a).  It  is  expected  that 
other  objections  will  be  submitted  at  the  Oct.  7  hearing. 

The  personnel  of  the  boiler-revision  committee  is  quite 
representative  of  the  interests  concerned  with  boiler  opera- 
tion, and  takes  its  members  from  gas  and  electric-power 
stations,  electric  railways,  machinery  dealers'  associations, 
lumber  associations,  insurance  companies,  oil  companies, 
operating  engineers'  unions,  the  Industrial  Accident  Com- 
mission, iron  works,  merchants'  and  manufacturers'  asso- 
ciations and  a  board  of  public  works. 


Unsuitable  bearing  materials  and  bearings  which  arc 
not  large  enough  to  carry  the  loads  brought  upon  them  aiv 
often  the  cause  of  heating,  and  are  all  the  more  annoying 
because  they  do  not  readily  suggest  themselves  as  the  root 
of  the  trouble. 
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IT,      Hi'iIkC     OpIU-llI 

Lalioratory  Supply  Co.,  1"  Madison  Ave..  New   York  City. 
"Powor"   1920 

This  instrument  consists  of  a  brass  tube,  fur- 
nislied  with  a  sniajl  ai-lironiatic  tcle.soope,  so  ar- 
raiiKfd  that  the  onjeclive  of  t  lit-  ti-lcscopc  focuses 
the  inia»;e  of  die  li.ated  body  on  a  movable 
Iirisni  placc<l  iii.'-idc  the  tiibi-.  The  eye-piece  of 
the  telescope  then  riveals  the  inaKiiilied  image 
on  the  prism  to  llie  observer.  .V  suitable  shield 
is  provided  to  prevent  exterior  light  reaching 
the  the  eye.  At  one  side  of  the  lube  is  a  milled 
head,  actuating  a  rack-and-pinion  which  moves 
the  prism  through  the  field  of  vision.  The 
prism  is  made  of  dark  glass  arranged  to  cut  off 
the  light  emitted  by  a  heated  liody  at  difltrenl 
temperatures.  Kor  e\ain|ile.  in  looking  at  a 
heated  bar  of  iron,  as  the  thicker  part  of  the 
prism  comes  gradually  into  the  fiehl  of  vision, 
the  bar  appears  gradually  a  darker  color,  till  at 
1  point  the  image  entirely  disappears;  this  po  nt  gives 
ual  tenit)eraturc.  On  looking  at  the  scale  on  the  side  of 
trunient.  the  pointer  will  be  seen  at  (sav)  1.000  deg. 
similar   operation   takes   place    in    every    estimiition. 


■Hi.flrinT,   InliTiiMlliiniil  "lliii- KIom  " 

liitirnallonul    Killer  Co.   Cl.lcuKO,    III. 

"I'inver."  June  22,  1920. 

This  water  Koflent.r  Im  mnde  wIlli  ih., 
ehaniberH  of  eipial  boldlnir  capacity  and 
an  open-type  exhaUHt-Hteam  ree<l-wali.| 
beater  which  Ih  |ilai'ed  on  lop  of  the 
Hoflener.  Wali-r  IIo«m  from  the  beater 
lo  a  Merles  of  eaat-lron  lrav«,  and  the 
enlerlng  exhaiiNt  steam  iifti-r  naHHlng 
IbrriUKli  an  oil  seiiaraler  cwni-H  In  con- 
laet  Willi  the  llrii  Iv  div  lde<l  water  II  \ 
ilrated  lljiie  and  soda  ash  Ih  fed  to  lb. 
water  from  a  chemical  mixing  lank  and 
feeder.  A  lloat  controllid  bv  a  change 
of  water  level  In  the  float  corilrol  nioveH 
a  cutofT  Hlileld  over  the  collector  funnel 
In  the  chemical  tank  ho  that  at  any 
rate  of  operation  the  proper  proirortlon 
of  ehemb'al  mixture  Ih  admlttefl  lo  Ibe 
water.  The  Hofletierii  are  made  in  capac- 
\\\     per    hour    ranging    from    !iOn    lo    l.HOli 

galloriH.      Speidal    hIzih    capable    of    taking    care    of    10,000    lioller 

horHetMiwer  are  built. 


\reM   I'reKKiire  anil  Ti-mp^ra* ure 

fiaico.   Inc.,  Grand  Central  Palace,  New  York  <;ity 
•Power."   July   27,    1920. 


V!»lve.     The  valve  is  cl< 
irom  the  cylinder.     Thi 


This  regulator  dependH 
for  ilK  operation  upon 
water  under  a  reasonably 
constant  pressure  between 
15  and  90  lb.  It  operates 
a  globe  valve  of  the  usual 
type,  by  means  of  a  sproik- 
et  .-Mid  chain.  The  valve 
is  oi)enicl  in  one  direction 
b.v  a  piston  sliding  in  a 
cylinder  to  which  water 
.  IS    admitted    by    a    piston 

ight  when  the  water  is  released 


-i'-e-y  «Vnsi\ive  VndTl^^du'^  'i^.Cs^'^e^Ci^l^iJJn'lJ^t^l/ii^ir  .!? 
the    fluctuations    on     the    high-nressnrp    ui,K.    V.l.     ,i  ■    ." 

■■'^''f\r';^;:!:j;i1.;'^,,;.;':.»''''Tt"V^^^ 

II     ine    iiressuie    drops    on     the    low-pressure    side    of    ih<.    vjT.-. 
rhe'fiow^Ttr  wa't;;-'';;on""„'""-  ■•■r'-'  ih^^t-  -'--•h'^reduc's 
sure    to    bui  d'urmider""'       apiriTigm  "'ther.^.y    ^ vrn".'""   '""r 
piston   and  admitting  water  to   U.'i'rvnM.il'r ''"'•'     '""^'"^   ''    valve 


Controller,   Kelly  Automatic    Feed  Alarm 

Kelly  Controller  Co.,  175  West  Jackson  Boulevard,  Chicago.   III. 
"Power,"  July  13,  1920. 

This  feed-water 
controller  is  designed 
for  intermittent  or 
coiitin'uous  feed  and 
is  combined  with  a 
safety  water  column 
having  high-  and  low- 
water  alarm.  It  also 
acts  as  a  pump  gov- 
ernor. A  float  oper- 
ates the  alarms  and 
indirectly  controls 
the  position  of  the 
fe».d-w:iter  valves. 
When  the  water  rises 
to  the  high  -  water 
line,  the  float  opens  ; 
and  comes  in  contact  ; 
with  a  stop  and  opens  ' 
a  needle  valve.  A 
slot  in  the  stem  of 
another  valve  allows 
it    to    remain    closed.   ! 


Combustion   Control,   Carrick  Gra^luated 

Carrick  Kngineering  Co.,  Chicago. 

"Power,"  May  11.  1920. 


Furnace,  Preliealed  .Vir 

I.    M".    Koltz,    JacKfon    Blvd..    Chicago.    III. 
"  "Power."  Aug;ust  10,  1920 


of    it 


s  admitted  to  the 
hpit  as  usual,  and  much 
'.  passes  up  through 
me  fiml  bed.  A  portion 
of  this  air.  10  to  18  per 
cent,    depending   upon   the 

resistance  of  the  fuel  bed. 
Tia.s.vts  througii  an  aii-tighi 
ch:winel  embedded  in  tin- 
lloor  of  the  combustion 
chamber.  The  entrance  i  ■ 
at  the  face  of  the  bridge 
wall,  if  conditions  are 
favorable,  or  in  the  sirli 
wall  farther  forward  in 
the  ashpit.      The  duct  then 

Ml- 


bustion  chamber  floor  back  of  the  bridgrwaU. 'passL^s^'ute^v'-u- 
wall  and  Jhfn  '"o'^'""^  f^'  ""•';  "^  ^^"^  '"■'"'^'-  ^^="'  i"'°  thl  Sid.. 
wall,  and  then  passes  forward  and  out  o\  er  the  fire  ne^r  t>.u 
front,  of  the  furnace,  A  duct  of  this  character  made  tip  of 
firebru-k  or  tile  and  higb-teniperature  cement,  is  placed  on  either 
side    of    the    furnace.    The    air    is    hf-ated    to    730    degrees 


I      I'limp,   Crescent   Koto-I'iMtuii 

Crescnt  Sal.s   aii.l    Kngineering  CqfTDetroit,  Mich, 
■power,"   li'ia. 


This  device  is  designed  to  meet  the  require-  | 
ments  of  automatic  control  so  as  to  gradu  .le  I 
over  a  predetermined  range  and  to  hold  the  I 
damper  in  a  floating  position  ;  that  is,  in  a  I 
definite  position  or  a  definite  set  of  conditions  I 
and  move  the  damper  to  a  new  position  for  a  I 
change  in  an.v  of  the  variables,  such  as  flow  I 
of  steam,  feed-water  supply  or  furnace  contli-  I 
tion.  the  coal  feed  and  air  supply  being  changed  I 
simultaneously.  Owing  to  a  graduated  move-  I 
ment  it  takes  and  holds  any  intermediate  posi-  I 
tion  that  is  required  for  the  load  carried  and  i 
moves  to  a  new  position  if  there  is  a  slight  I 
change  in  the  load  or  steam  flow  or  in  I 
furnace  condition.  The  s.vstem  is  designed  to  I 
maintain  the  proper  relation  between  fuel  and  I 
air  supplied  hy  individual  control  on  the  i 
stoker  engines  or  motors. 


past  it 
though 
area  of 
150  lb., 
or  more 


The.    pump     consists     of     two 
cylinders,    one,    the    roto-piston. 
being   inclosed    in    the   other   and 
touching  it  at  onl.v  one  point,  as 
they    are    mounted    on    different 
a.xes.      The  inner  one  is  revolved 
at    the    same    angular    speed    as 
the   outer    b.v  cranks    connecting 
the     two     cylinder     heads.      The 
tlirow  of   the   cranks   allows    the 
roto-piston    to   maintain    contact 
with    the    outer   ca.se    in    an    ap- 
parently eccentric  motion,  which 
is       balanced.        This       crescent 
working   chamber    remains   fixed 
in   revolution  ;   the  cylinders  roll 
and    the    vane   moves   with   them,   di.'-placing  the   space,    al- 
the    motion    is    rotary   and    continuous.     It    lias    a    sliding 
a  little  over  one  inch  on  the  outer  case.     The  pumps  weigh 
although   guaranteed    for    i    in.    of   the   barometer   or    15 
pounds  to  the  square  inch. 
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New  Publications 


Society  Affairs 


HANDBOOK   FOR   HEATING   AND   VEN- 
TILATING   ENGINEERS.       By    J.    D. 
Hoffman,    M.E.,    Professor   of   Practical 
Mechanics,      Perdue      University.       Pub- 
lished  by   McGraw-Hill   Book  Co.,   Inc.. 
New   York   City.      Fourth   edition.      478 
pages,    2U]     illustrations.      Price    $4. .511. 
In  this  handbook  of  heating  and  ventilat- 
ing   the   author   has   comiiiled    the   essential 
data  requireil  by  the  student  of  heating  and 
ventilating.      The    volume    is    in    the    main 
devoted   to  descriptions  of  the  various  sys- 
tems   of    heating,    etc.      This    matter,    along 
with   the   computations   given,   should   be   of 
benefit    to    the     engineer    as    well    as     the 
student. 

ACCOUNTS     IN     THEORY     AND     PRAC- 
TICE.     By    Earl    A.    Saliers.    a.ssistant 
professor  of  accounting   in   the  .Shedield 
Scientific     School     nf     Vale     University. 
Published     by     the     McGraw-Hill     Book 
Co.,  Inc.,  239  West  39th  St..  New  York 
City.     Cloth,   9   X  6   in.  ;   301  pages. 
The   purpose   of   this  book    is  to  afford   a 
first    course    in    the    princii)les    of   accounts. 
An  attempt  has  been  made  to  work  out  an 
effective     combination     of     theoretical     dis- 
cussion    and     practical     api)lication.       The 
material    is   so   arranged    that,    if  desirable, 
the  order  of  study  may  be  varied  and  some 
parts   may   be   omitted.      For   reference   i)ur- 
poses   a   bibliography   has  been    in.serted   at 
the   end    of   each    of    the    six    parts    of    the 
book.      To    facilitate    review    work    an    ap- 
pendix  containing   a   series   of   questions   on 
each     chapter    has    been    added.       The    six 
parts'  of  the  book  consist  of:    Fundamental 
principles    of    accounting,     partnership    ac- 
counting,   expansion   of  accounting  records, 
corporation      accounting,      financial      state- 
ments, and  special  application  of  principles 


Personals 


C.  O.  F08S,  St.  John.  N.  B..  Canada,  has 
been  appointed  a  member  of  the  Hydroelec- 
tric  Commission   of   New   Brunswick. 

Kdmond  8.  Turner  has  Joined  the  engi- 
neermg  department  as  estimator  of  the 
Pacific  Power  and  Light  Co.,  Portland.  Ore. 

Cloyd   M.   Chapman   has   severed    his   con- 
nection   with    Dwight    P.    Robinson    &    Co 
Inc.,   and   opened   an   oflice   at    171    Madison 
Ave.,   New   York   City,   as   a  consulting  en- 
gineer. 

Dr.  Arthur  M.  Ruswell  has  been  appointed 
chief  of  the  Illinois  State  Water  Survey 
Urbana.  succeeding  Dr.  Edward  Bartow' 
Dr.  Bartow  -has  left  this  work  to  become 
head  of  the  Chemistry  Department  at  the 
I'nivensity  of  Iowa.  Iowa  Citv.  Dr  Buswell 
comes  to  this  work  from  Columbia  Uni- 
versity, where  he  has  beer  engaged  in 
teaching  and  investigational  work  in  the 
Department   of  Sanitary   Engineering 


A  Chira^o  Section  of  the  .\merican  Weld- 
ing Society  was  organized  at  a  meeting  of 
members  of  the  welding  trade  in  Chicago 
on  Aug.  3.  The  secretary-treasurer  of  the 
new  section  is]  I>.  B.  Mackenzie.  fi()8  South 
I>earborn    St. 

Tlie   Ninth   .\nnual  Safety  CongrrxK  of  the 

.National  .Safety  Council  will  be  held  at 
Milwaukee.  Wis..  Sept.  27.  to  Oct.  1.  The 
meetings  and  e.xhibit  will  be  held  at  the 
Milwaukee  .\uditorium.  and  the  convention 
ll.ead(iuarters  will   be  at  the    lii)tel  Wisconsin. 

The  .\meriran  Inxtitute  of  Electrical  En- 
gineers will  meet  in  Chicago  on  Nov.  12. 
under  the  auspices  of  the  Protective  De- 
vices Committee.  D.  W.  Roper,  chairman 
ot  the  committee,  will  read 
"Lightning  Protection." 


a    paper    on 


The  .Miehigan  Section  of  the  National 
lOlectric  Light  Association,  selected  at  the 
recent  annual  convention  at  Ottawa  Beach 
the  following  members  to  the  executive 
committee:  W.  M.  Lewis.  Muskegon-  H  A 
Fee.  Adrian  :  S.  B.  Tuell.  Houghton  ;  R.  E 
Keller.  Kalamazoo ;  and  B.  E.  Waltz 
Ludington. 

The  American  Institute  of  Electrical  En- 
gineers will  hold  its  first  regular  fall  meet- 
ing in  Philadelphia.  Oct.  8.  Two  papers 
will  be  iiresented.  as  follows:  "Economic 
Study  of  Secondary  Distribution,"  by  P  O 
Reyneau  and  H.  P.  Seelye,  Detroit  Edison 
Co.  ;  and  "Electrical  Demand  Measure- 
ments." by  P.  A.  Borden,  Ontario  Power 
Commission. 

The  .\merican  Klectric  Railway  .\ssucia- 
tion  will  hold  its  thirty-ninth  annual  con- 
vention at  Atlantic  City.  Oct.  11  to  15 
"Problems  of  Fuel  Supply"  will  be  the  sub- 
ject of  an  address  by  Eugene  McAuliffe. 
president  of  the  Union  Colliery  Co..  St 
Louis,  and  foiTnerlv  manager  of  the  Fuel 
Conservation  Section  of  the  United  States 
Railroad    Administration. 

A    Committee   on    H.vdraulic    Research   has 

been  appointed  by  Engineering  Foundation 
This  committee  will  endeavor  to  formulate 
problems  to  which  it  may  be  possible  for 
E:ngineering  Foundation  to  devote  some  of 
Its  efforts.  It  will  also  collect  information 
about  existing  hydraulic  laboratories  and 
other  places  in  wfiich  hydraulic  experi- 
ments can  be  conducted.  J.  Waldo  Smith 
and  S.  H.  Woodard  have  consented  to  serve 
as  the  committee. 

The    American    .\8Nociation    of    KnfrineerK 

in  efforts  to  make  its  employment  service 
more  intensive  locally  and  supplementary 
to  its  national  .service,  has  appointed  local 
employment  representatives  throughout  the 
country.  The  eight  paid  secretaries  of  the 
a.ssociations  in  New  York.  Washington 
Pittsburgh.  Detroit.  Minneapolis  and  St 
Paul.  Chicago  and  Seattle  are  handling 
placement  services  in  the  territories  under 
their  Jurisdiction.  In  addition.  40  of  the 
150-odd  chapters  are  giving  local  employ- 
ment  ser\iee    in    conjunction    with    the  serv- 


i<"e  department  activities  in  the  national 
headquarters  at  (Chicago.  As  a  means  of 
determining  how  such  fre<!  employment 
agencies  can  best  serve  employers  of  en- 
gineers and  engineers  tllfmselve.«.  the 
American  .-Xssociation  of '-Engineers  is 
spon.soring  a  national  convention  of  free 
i'mi)loyment  representatives  to  be  held  in 
Chicago  on  ■  Nov.  12.  All  engineering  so- 
cieties and  other  agencies  maintaining  free 
employment  service  will  be  invited  to  at- 
ten<i  this  convention  and  contribute  to  the 
discussion  expected. 


Miscellaneous  News 


The  Ounwoody  Institute,  Minneapolis. 
Minn.,  will  conduct  a  course  in  boiler-room 
operation  beginning  on  the  evening  of  Oct. 
5.  The  course,  which  will  cost  $fi.  will 
consists  of  50  lessons,  two  to  be  given  each 
week. 

The  Bureau  of  Mines  is  co-operating  with 
the  Emergency  Fleet  Corporation  in  tests 
of  the  Scottish  marine  boilers.  The  tests 
are  lieing  conducted  at  Chester.  Pa.  One 
of  the  objects  of  this  work  is  to  try  and 
obtain  results  that  will  be  comparabli-  with 
tests  run  on  the  Emergency  Fleet  Cor- 
I>oration's    design    of    water-cooled    boilers. 


Business  Items 


The  Mono  Corporation  of  .America  an- 
nounces the  removal  of  its  main  office  from 
Buffalo  to  25  West  Broadway.  New  York 
City,  where  its  complete  line  of  automatic 
continuously  recording  gas-analyzing  in- 
struments will  be  displayed. 


Trade  Catalogs 


The  Page  Boiler  Co.,  of  Chicago  is  is- 
suing a  6-page  pamphlet  mentioning  the 
possibilities  of  utilizing  waste  heat  and 
bringing  out  the  distinctive  features  of  the 
Page  boiler.  It  contains  photographic  re- 
productions of  th«'  boiler  and  of  typical 
waste-heat    installations. 

The  Royal  Manufacturing  Co.,  Rabway. 
N.  .1.,  manufacturer  of  cotton  and  wool 
waste,  has  ready  for  distribution  a  2.")-page 
catalog  describing  the  various  operations 
involved  in  the  manufacture  of  this  prod- 
uct. The  text  is  illustrated  by  iihoto- 
graphs.  A  copy  may  be  obtained  upon 
application. 

The  Yariiall-Waring  Co..  Chestnut  Hill. 
Philadelphia,  has  ready  for  distribution  a 
new  Itj-page  booklet  entitled.  "Yarway 
Blowoff  Valves."  The  text  describes  the 
.seatless  valves  manufactured  by  this  com- 
pany. Illustrations  and  line  drawings  are 
also  given.  A  copy  will  be  sent  to  anyone 
interested   on    request. 


New  Construction 


PROPOSED     WORK 

.Me..     Baugot  —  The     Keyes  Fibre     Co 

V\aterviIIe,  plans  to  build  a  40  ton  capacity 

mill   b.'i-e.   electrically  operated  for  grinding 
wood  pull). 

Mass.,  Cambrid(|)e — .1.  R.  Worcester  &  Co 
Aicht.  and  Engr.,  79  Milk  St.,  Boston  wiii 
soon  award  the  contract  for  a  I  story  70 
X  400  ft.  printing  plant  addition  including 
a  steam  heating  system  on  First  St  for 
VJ""  \  ^°"  !•''  Ashburton  PI..  Boston. 
Aboui    i);2.';o.noo. 

Conn..   Cromwell — William  Suda  is  in  the 

market   for   2<l   or   30   hp.   boiler  and   engine 
(used    preferred). 

«  oiin..  Middletown  —  The  New  England 
Knameling  Co.,  River  Rd..  plans  to  build 
a  1  .story  power  house  addition.  W(  steott 
*  Mapes.  Inc.,  207  Orange  St.,  Archt.  and 
Engr. 


Conn..  Waterbnry — The  Lux  Clock  Mfg. 
to..  105  Sperry  St..  will  soon  award  the 
contract  for<  a  4  story.  25  x  105  ft.  manu- 
facturing building  including  a  steam  heat- 
ing  .s.vstem    on    Sperry    St.       About    $50,000. 

^c^A  7-\,  Ruffalo— The  R  E.  Dougan  Co.. 
hb  Oak  St..  IS  in  the  market  for  }  or  3  hp 
d.c.  motor 

N.  Y..  Buffalo  —  The  Phoenix  Beverage 
Co..  835  Washington  St..  is  in  the  market 
for  2  boilers,  coal  <'rusher.  elevator  and 
conveyor  for  power  house. 

N.     Y..     Jamestowi! The     city     received 

bids  for  the  installation  of  heating  and 
plumbing  equipment  in  the  Falconer  St. 
School,  from  .fames  Bresnahan.  $24,990  ; 
Chatfield   &   Sharpe.    $20,249. 

N.  v..  lAtng  Island  City — The  .'Mlied 
Printing  .Association  of  Manhattan,  c/o 
William  E.  .Austin,  .\rcht.  and  Engr.  46 
W<st  24th  St..  New  York  City,  is  having 
[ilans  iirepared  for  a  9  story.  80  x  400  ft. 
printing  plant  including  a  steam  heating 
system    on   Jackson    Ave.    near   Harold    St. 


N.  Y..  New  York — The  Bd.  of  Welfare 
received  bids  for  installing  a  low  pressure 
steam  heating  system  in  pavilions  B  an<I 
D.  BlackwelVs  Island,  from  Collins  & 
Horan.  $5,914  ;  Chut?.  Thornton.  Bailev.  2 
East  13th  St..  $5. 970';  P.  J.  Larkin  &  Co.. 
331    East  55th   St..   $6,944. 

N.  V,  Portchesty — William  H.  McElfat- 
rick.  Archt.  and  Engr..  701  7th  Ave.  will 
receive  bids  until  Sept.  25  for  a  theatre 
including  a  steam  heating  system  for  Pontv 
&    Wein.      About    $350,000. 

N.  v..  Rochester— Otto  Han,  321  ChaiM- 
plain  St.,  is  in  the  market  for  a  2  to  3  hp. 
a.c.   motor. 

N.  Y..  Rochester — Tatlock  Bros..  183  Tre- 
mont  St.  is  in  the  market  for  one  50  hp. 
marine   type   boiler   and    1    closed   heater. 

N.  Y..  Yonkers — The  Hudson  Tire  &  Rub- 
ber Co.  is  having  plans  prepared  for  a  3 
-story  factory  and  power  plant.  About 
$300,000.  The  Osborn  Eng.  Co..  2848  Pros- 
pect  -Ave..   Archt.   and   Engr. 

N.  J..  Bayonne — The  Tidewater  Oil  Co.. 
Constable  Hook,  plans  to  build  a  147  x 
I. ill  boiler  and  rnimp  house.      .About   $86,000. 


4M 


N.  J..  niSMborfi — Thi>  Hintp  rf>Ji«cl-d  all 
UM»  for  Ihi'  liiHi^illntlon  of  ii  hi-alliiK  ayn- 
l«<in  In  III!'  |iri>|><>i<<-<l  3  Htory.  i;b  \  .101  ft 
Mchool.       Noti-d    \ug.    31. 

N.  J..  IllrhUtown  —  Thi^  Horou^h  will 
Noon  iiwanl  thr  cuntnirt  fur  IiiiIIiIImk  and 
i-)|ul|>|>lnK  i>roiiiim-il  wiitiTWorks  iiumiilnic 
.xlHllon.  Alu.iit  I70.00C1.  \V  S.  foulliT.  114 
LIliiTly   St..   Ni'W    York   I'Uy.    Knur. 

I'n..  I'lillulrlpliln — Thi>  ll«-nl;miln  Kranli- 
hn  1 1.. I. I  o  i>  Kr.'iliTlck  \V<'h.'r.  .\r.lit. 
Mo^rl^^  I;Mk..  1.>i  li.ivHiK  plans  pn-parcl  for 
a  Ifi  .Mtory.  194  \  :':M  fl  lii«t.-l  liidiHllriK 
a  Hli-ani  licatltiK  Hysti'iii  on  <ltli  anil  I'liiHt- 
nul   Stii 

Mil..  I{i(ltlmar«>— Sunuiol  T.  WllllHniH.  'J2:i 
North  I'nlv.rt  St..  if  In  th..  market  fur  two 
20(1  to  :iilO  kw  .  2.30i>  volt.  :!  iihaMe.  60 
oyclo.  Ki-noratlng  units.  |>iH>fiTal>ly  lurhlno. 
water   lulic   lioilcra.   coniU'nsn-rs.    laiinps.   vtc. 

D.  v..  Wuohlnirton  —  Th.-  t'lillil  StiUis 
KnKinoor'.f  otilce  is  |>rri>arlnK  iilaiiR  for 
punipinK  fai-i:itlos  consiHtinK  of  electrically 
driven  pimips,  etc .  for  the  Key  Hrliljre 
h.re        .Mrniit    $100,000. 

Vn..  Norfolk — The  Omce  of  tlie  City  Mtjr. 
will  soon  :iwaril  the  contraet  for  .a  dam. 
pumplunise.    and    road    diversions. 

Vo..  reterHbiiric — James  I'osey.  Consult. 
.Mechanical  KnKr..  Fidelity  lildi;  .  Haiti- 
more,  is  preparinB  plans  for  a  central  heat- 
ini;  tdant  consistinK  of  boilers,  aniokesta-k. 
stokers,  etc..  to  all  bui'.dlnr^s  tor  the  Vir- 
cinia  Normal  and  Industrial  Institute. 
.\hOut    J  100,000. 

Viu.  RlrhmomI  —  The  Uichmond  .\uto 
Shop.  4"  North  18th  St.  is  in  the  market 
for  motors,  etc.     .1.   B.  Cullineworth    Purch. 

O..  Cleveland — The  Relmore  Co.,  c/o  M. 
R.  Sharfeld.  206  Society  for  Savings  Build- 
inKs  iilans  to  huild  a  20  story,  99  x  200  ft. 
commercial  and  office  buildinK  including  a 
steam  heatinK  svstejn  on  SuiH-rior  .\ve.  be- 
tween East  6th  and  Kast  9th  Sts.  About 
$.'). 000,000. 

O..  Cleveland  —  S.  Bohm.  Archt.  and 
KnKr.,  Williamson  Bldft..  will  soon  award 
the  contract  for  a  1  story.  30  x  50  ft. 
boiler  room  includinfc  two  225  hp.  boi'ers 
on  West  49th  St.  and  Lorain  Ave,  for  the 
.lacob  T.,aub  Baking  Co..  4919  I,.orain  Ave. 
About    $25,000. 

O..  Cleveland  —  The  Lillian  Rea'tv  Co.. 
e/o  W.  B.  Cohen  and  Albert  Ko'il  tz.  Th- 
.Arcade,  has  purchased  a  site  on  East  17th 
St.  north  of  Euc'.id  Ave.  and  plans  lo  con- 
struct an  8  story,  40  x  120  ft  commercial 
building  including  a  steam  heating  system 
on   same.      About   $.'?50,000. 

O..  Springfleld — The  Bd.  Kduc.  will  soon 
award  the  contract  for  a  :>  story.  119  x 
1.38  ft.  grade  and  high  school  including  a 
steam  heating  system  on  B'wav.  .About 
$300,000.  O  D  Howard.  8  Kast  Broad  St.. 
Columbus.    Archt. 

Ind..  Indianapolis — The  Bd.  of  School 
Comrs  .  Meriden  and  Ohio  Sts.,  will  receive 
bids  until  October  1  for  heating,  ventilat- 
ing, plumbing  and  gas  fitting,  power  hou«e 
installation,  boilers,  etc..  in  buildings  at 
the  Arsenal  Technical  Schools.  Noted  June 
15. 

Mich..  Detroit — The  Detroit  Public  He-lth 
Dept..  City  Service  Bldg..  plans  to  bu'ld  a 
3  story  hospital  including  a  st'-am  heading 
system  on  Taylor  Ave  .\bout  $3.O00.O(i0. 
A.    Kahn.   Marquette   Bldg..    j^rcht. 

Mich..  Detroit — Horace  H.  I..ane.  Engr. 
nirne  Bank  Bldg..  will  soon  award  the  con- 
tract for  a  3  story.  128  x  150  ft  warehouse 
including  a  steam  heating  boiler,  etc..  on 
Dequindre  St..  for  the  Western  Electric 
Co..  c'o  F.  J.  Whitney.  Kirby  Ave.  and 
Dequindre  St. 

Mich..  Monroe — Reed  M.  Dunbar.  Archt.. 
will  soon  award  th?  contract  for  a  1  story. 
90  X  210  ft.  foundry  including  electric  mo- 
tors for  power,  for  the  Monroe  Auto  Equip- 
ment Co..   East   First  St.      .\bout   $loo.O00. 

Wis..  Beaver  Dani — ^The  Wisconsin  Power 
Light  &  Heat  Co.  plans  to  build  a  60  x  150 
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ft    jiower  hou» .Mum  Si,     llultnr  Conntr. 

<'o.   12K   Wetitern  Ave.  Fond  du  Lac.  EnifrB. 

tVI*.,  Kond  <lu  I.uc — Th<'  I'll.v  In  IuivIok 
plnnx  iirepiired  for  a  tiiberculoiilH  sanato- 
rium near  lore  I'lans  Inchidi'  a  neparnti- 
power  p'ani  About  $.'loo,oiio  J,  ■•;,  llen- 
iier,    .\  relit 

WU..  Jrirrrnon — Dan  TteeH  Im  In  the  inar- 
kft   for   artillcial   ice   nuiking   machinery. 

WU..  We«t  Hrnd — The  Schmidt  *  Storok 
WnKon  Co.,  Is  having  plaiiH  pn-pan-d  for  a 
1  story,  100  \  270  ft  wagon  factory  In- 
cluding a  boiler  and  (lower  home.  etc.  on 
.Main  St.  About  »7ii.oiici  ISrenimlng  * 
<5uth.    521    Jackson    St..    Milwaukee.    ArchlB 

lu..  Newnmrkel — The  City  Clerk  will 
soon  receive  bids  for  a  ileep  well  pum|i  and 
pump  hiiuMe.  etc.  About  $:ir>.O0o.  K.  T. 
.\rcher.    Kansas    City.    Mo..    Kiigr. 

Minn.,  r'arlliiinlt — The  State  Bd.  of  Con- 
ind.  Capitol.  St.  I*:iul.  received  bids  for 
two  building  addilionu  nt  the  State  school 
including  a  sleain  heating  svsleni  from 
Edward  lijorklund.  786  Coino  lilvd..  SI. 
Paul,  $86,.MP7  ;  II  J.  Franilsen.  510  Hlci- 
St  St  Paul.  $92(100:  R.  C.  Elvln  &  Co.. 
852    Plymouth     HIdg..    Minneapolis.    $95,890. 

Te\..  ItallinKer — C.  S.  Guin  plans  to  build 
an  Ice  factory.  A  steam  engine  and  boiler 
will    be    installed    in    same.      About    $50,000. 

Tex..  Crockett — The  Crockett  Brick  & 
Tile  Co.  is  in  thf  market  for  a  60  hp.  boiler 
and  a  50  hp.  steam  engine.  H.  A.  Fisher. 
Pres. 

Tex.,  Dallas — The  Pure  Ice  &  Cold  Stor- 
age Co..  Manila  an<l  llarwood  Sts.,  plans 
to  build  an  addition  to  ic?  fictory  including 
equipment    for  same.      About   $2ii.00(i. 

Tex..  Dallas — The  Rick  Warehouse  & 
Stores  Co.  will  r  ceive  bids  about  .Novem- 
ber 15  for  a  10  story.  178  x  321  ft.  ex- 
position building  including  a  steam  heating 
system  and  individual  power  plant  at  2600 
I'lm  St.  About  $1,000,000.  A.  C.  Rick. 
Pres. 

Tex.,  Dallas — The  School  Bd.  will  re- 
ceive bids  until  Nov  mber  15  for  a  3  storv 
high  .school  incUidiiig  a  steam  heating  sys- 
tem on  Ha.^kell  and  McKinnev  Sts.  About 
$600  000.  C.  M.  .Moore.  .Secy.  W.  B.  Ittner, 
St.    Louis.    Mo.,    .\rcht. 

Tex..  Italy — The  Watson  Gin  Co.  will 
soon  award  the  contract  for  a  cotton  gin 
plant  including  several  buildings.  A  steam 
boiler,  engine  etc.  will  be  installed  in  same. 
About    $30,000. 

Tex..  San  Benito— The  San  Benito  Elec- 
tric Light  &  Power  Co.  plans  to  build  an 
electric    light    plant. 

Col.,  Fleming — The  Bd.  of  Trustees  will 
soon  receive  b'ds  for  the  construction  of  a 
power  plant  for  water  and  liglit  service. 
About    $50.1100. 

N.  B..  Frederickton — The  New  Brunswick 
Electric  Power  Comn.  plans  to  construct 
earth  dams  in  connection  with  th"  devel- 
opment of  the  power  proiects  at  Shogomoc 
and  Musquash.  Henry  Holgate.  285  Beaver 
Hall    Hill,    Montreal,    Engr. 

Ont..  East  Sandwich — The  City  plans  an 
election  to  vote  on  $200,000  bonds  to  con- 
struct an  intercepting  sewer,  pumning  sta- 
tion and  sewage  disnosal  t>lant-  Centrifugal 
motor  driven  punris  wi'.l  be  installed  in 
same.  Morris  Knowles  Ltd..  Heintzman 
Bldg..    Windsor.    Engr. 


CONTR.4iCTS    .\WARDED 

Mass..  Boston — The  M-issachus':tts  Bond- 
ing &  Insurance  Co.,  77  State  St.  has 
awarded  the  contract  for  an  8  story.  90 
X  125  ft.  office  buildinir  including  a  steam 
heating  system  on  .Ar'ington  St..  to  L  P. 
Soule  &  Sons  Co..  SO  Bovlston  St.,  at  $500,- 
000. 

Mass..  Fall  River — The  Amer.  Printing 
Co..  56  Water  St..  will  bu'ld  a  1  story.  100 
X  119  ft.  factory  and  a  1  .■story,  44  x  133 
ft.  power  Plant  on  Water  St.  About  $165.- 
000.     Work  will  be  done  by  day  labor. 
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N.  II..  Manchr.Irr — rio  lid  IMuc  loiN 
awarde<l  the  contract  for  the  KiHtnllatlon  of 
u  itleam  licntlng  Hyntein  In  tn.'  Fraiiklvii 
Ht.  Hchool  to  till'  Sloiii'  Cnderhlll  Co,  at 
$.'•7.0:14  .  In  the  WcHi  SIdi-  high  ncloxd  to 
P.  A  Doliin.  2:17  llway.  Boston,  at  $H». 
998;  and  In  the  Practical  Arts  high  whool 
lo  John  II.  Stevens,  at  $139,017.  Nol.-I 
Aug.    17. 

N.  Y.,  nulTalo — The  Buffalo  Ooneral  K|.  1 
trie  Co..  Electric  Bldg  ,  will  build  an  eh  < 
trie  dlHlrlbuting  station.  About  $7,50" 
Work     will    b..    done    by    day     labor. 

N.  Y..  Biiiriil<»— The  city  will  build  a  I 
story.  26  x  50  fl.  ailflltlon  to  power  iilaM 
at  835  Wasnington  St.  Abiiiil  $1.5.00" 
Work    will    bi-    done    by    day    labor. 

N.     Y..     HiifTiilo  —  The     Rome     Wire     Co 
Clyde    Ave.,    will    build    a     I    story.    50    x    K" 
ft.     power     house.        About     $15,000.        Work 
will    be    done    by    day    labor. 

X.  Y.,  New  York — The  Bronx  Society  for 
Prevention  of  Cnn-lty  to  Children,  355  East 
I37th  .St.,  has  awarded  the  contract  for  a 
7  story.  96  x  i:',:<  fl.  home  including  a 
steam  heating  system  on  Park  Ave.  ami 
16th  St..  to  Niewenhoiis  Ifroa.  316  Ea-i 
I6l8t    St.      About    $350,000. 

N.  Y..  New  York — The  Standard  Oil  Co 
of  .New  York.  26  B'way.  has  awarded  tli' 
contract  for  the  5  story  extension  to  ollic 
and  a  12  story  addition  at  18  B'way.  10 
C.    T.    Mills,    286    5th    Ave. 

N.  J..  Bridgetun — The  Illinois  Glass  C. 
has  awarded  th-  contract  for  a  group  of 
buildings,  including  a  3  story.  330  x  700  fl 
mfltn  plant.  2  units.  50  x  150  ft.  producer 
huiliiing  and  a  2  story.  50  X  100  ft.  en- 
gine and  boiler  room  on  North  Laurel  St.. 
to  the  Keelev  Bros.  Constr.  Co..  507  Fed- 
eral   St..    Camden,    at    $3,000,000. 

N.  .?..  Trenton — The  Cook  Linoleum  Co.. 
East  State  St..  has  awarded  the  contract 
for  a  1  story.  72  x  140  ft.  T>oIler  house,  to 
the  J.  H.  Morris  Co.,  Broad  St  Bank  Bldg.. 
at  $100,000.  Four  boilers,  etc.,  will  be 
installed    in   same. 

N.  4..  Hoboken — The  Bd.  Educ.  has 
award  d  the  contract  for  Installing  a  heat- 
ing and  ventilating  system  in  the  proposed 
scfiool    2.    to   J.    A.    Cooney.    at   $112,494. 

Pa..  Marcus  Hook — The  Viscose  Co.  has 
awarded  the  contract  for  a  3  story.  00  x 
110  ft.  boiler  house,  to  H.  U.  Morris, 
Chester,     Noted    April    20. 

Pa..  Philadelphia — The  Pennsylvania  R. 
R..  Broad  and  Market  Sts.,  has  awarded 
the  contract  for  a  1  story.  320  x  32  ft. 
sub-station  on  30th  and  South  Sts..  to 
Fred  A.  Havens,  845  .North  19th  St.  at 
$38,000. 

IlL.  Chicago — The  Lawrence  Ice  Cream 
Co..  West  21st  St..  has  awarded  the  con- 
tract for  a  2  story.  219  x  250  ft  ice  cream 
factory  incUidinc  a  boiler  room,  to  E.  F. 
Weigel.    1624    West   63rd   St. 

0..  Cleveland — The  Variety  Iron  &  Steel 
Co..  East  40th  St.  and  Hamilton  Ave.,  has 
awarded  the  contract  for  a  1  story.  21  x 
77  ft.  power  house,  to  the  Hunk-n-Conkey 
Constr.    Co..   Century    Bldg.,    at    $10,000. 

Pa..  Philadelphia — The  Ferguson  Carpet 
Co..  Rockland  and  Stenton  Sts..  has  award- 
ed the  contract  for  a  1  story.  40  x  74  ft. 
power  house  including  equipment,  to  Fred 
A.   Havens  &  Co.,   845   North   19th   St 

Tex.,  i'ursicana — The  Central  Texas  Gr(>- 
cerv  I'o.  will  build  a  cold  storage  plant. 
.About    $20,000. 

Ont.,  Toronto — The  J.  A.  Harrison  Coal 
Co..  Ltd.,  57  Brock  Ave.,  has  awarded  the 
contract  for  a  coal  elevating  and  storage 
plant  to  J.  B.  Nicholson  &  Co..  36  Toronto 
St.,  at  $35,000.  Electrically  operated  ele- 
vating machinery   will  be   installed. 

Ont..  Ottawa — The  Famous  Players  Film 
(^o..  Temple  Bldg..  has  awarded  the  con- 
tract for  a  1  and  2  story  motion  picture 
theatre  including  a  vacuum  steam  heating 
and  mechanical  ventilation  system  to  the 
Atlas  Constr.  Co..  Ltd..  37  Belmont  St.. 
Montreal.      About    $350,000. 
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New  York,  September  28,  1920  dumber  13 


Everybody  Works  but  ? 

'T'HE  almost  universal  shorter  day  resulting 
from  reconstruction  conditions  finds  the  coun- 
try no  more  depressed  than  when  the  hours  of 
labor  were  reduced  from  sixteen  to  twelve  and 
from  twelve  to  ten  per  day. 

Production  per  employee  may  have  decreased 
but  there  are  more  people  engaged  in  useful 
occupations  and  more  labor  saving  methods. 
Hence,  in  the  aggregate  there  is  greater  produc- 
tion per  capita  of  population,  notwithstanding 
scattered  interruptions  in  certain  industries  which 
people  are  often  too  quick  to  regard  as  an  index 
of  general  conditions. 

Are  the  calamity  howlers  contributing  their 
share  of  material  production,  or  are  they  spending 
their  time  reading  each  other *s  essays? 
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Spriiigilale  Power  Station,  West  Penn 
Power  Company 


By  (i.  (i.  Hkll 


THE  West  Penn  Power  Co.  serves  seven  counties  in 
the  southwest  part  of  Pennsylvania.  The  territory 
served  is  about  one  hundred  miles  long  and  has 
an  e.xtreme  width  of  ninety  miles.  This  territory  cen- 
ters around  Pittsburgh,  which,  together  with  the 
greater  part  of  Alle- 
gheny and  all  of  Bea- 
ver County,  is  .-served 
by  the  Duquesne 
Light  Co.  The  West 
Penn  also  serves  the 
Panhandle  di-strict  of 
West  Virginia  from  a 
point  about  ten  miles 
north  of  the  city  of 
Wheeling.  The  lerri- 
toiy  ser\'ed  includes 
the  great  coal-produc- 
ing fields  of  western 
Pennsylvania,  and  the 
power  company's  larg- 
est customers  are  the 
coal  companies.  There 
are  about  four  hun- 
dred mines  connected, 
one  company  having 
33      mines      and      a 

monthly  consumption  of  2,800,000  kilowatt-hours. 
Next  in  importance  to  the  coal  mines  are  the  steel 
mills,  particularly  the  steel  furnaces.  There  are  70 
furnaces,  ranging  in  capacity  from  very  small  to  those 
of  ten-ton  capacity  having  a  gross  demand  of  25,000  to 
30,000  kilowatts. 

The  company  has  grown  out  of  the  amalgamation  of 
fifty-seven  companies  serving  individual  small  groups 
of  communities.     At  the  present  time  the  company   is 


The  jienerating  equipment  eonsists  of  two  25.000- 
k>a.  turbo-generators.  Eight  double-end  stokered 
boilers  are  arranged  in  two  rows,  eaeh  equipped 
with  13-retort  stokers.  Boilers  are  designed  for 
3.S0-lb.  pressure  and  will  be  operated  at  a  maximum 
of  2oO  to  300  per  cent.  Coal  is  delivered  directly 
from  the  company's  mine  to  the  bunker  in  the 
boiler  house  after  passing  through  a  tipple  where  it 
is  screened,  picked  and  crushed.  Fans  are  driven  by 
alternating-current  brush-shifting  motors  with  direct- 
current  characteristics.  Ashes  fall  into  tank  filled 
with  water  from  which  they  are  removed  by  a  crane- 
operated  bucket.  Condensing  circulating  water  ar- 
ranged for  recirculating  during  winter  months  to 
prevent  ice  formation.  By  the  adoption  of  a  2,.500- 
kw..  house  turbine.  19  auxiliary  turbines  and  14  re- 
duction gears  have  been  eliminated. 


operating  nine  steam,  two  water-power  and  two  gas- 
engine  stations.  With  the  exception  of  two  the.se  sta- 
tions are  small  and  inefficient  and  will  be  shut  down  as 
soon  as  the  capacity  is  available  to  take  care  of  the  load. 
The  main  source  of  power  is  the  Connellsville  power  .sta- 
tion, which  is  60,000- 
kw.  maximum  capac- 
ity and  is  located  in 
the  center  of  the  Con- 
nellsville coke  region. 
The  construction  of 
this  plant  began  in 
1902.  Three  1,000- 
kw.  vertical  engines. 
25  cycle,  were  in- 
stalled at  that  time 
and  seven  turbines 
ranging  in  size  from 
1.000  to  two  units  of 
1 8,000  kw.  capacity 
have  since  been  in- 
stalled. In  addition 
to  these  the  We.st  Penn 
Power  Co.  also  runs 
30,000  kw.  of  the  ca- 
pacity of  the  Windsor 
station.  This  is  a 
modern  station,  having  four  30,000-kw.  units  and  six- 
teen boilers.  The  original  installation  was  de.scribed  in 
the  Feb.  12  and  Feb.  26,  1918,  issues  of  Power.  The 
two  major  sources  of  power  at  present  are  located  in 
the  southeastern  and  western  .sections  of  the  company's 
territory. 

The  autstanding  feature  of  the  policy  of  the  West 
Penn  Power  Co.  is  its  acquisition  and  operation  of  coal 
fields  in  connection  with  its  power  houses.     The  owners 
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of  the  Windsor  power  houses  have  11,000  acres  of  Pitts- 
burgh coal,  having  an  average  workable  height  of  58  in., 
or  a  total  of  about  60,000,000  tons.  This  is  sufficient 
to  last  the  plant  for  one  hundred  years  at  its  present 
rate  of  consumption,  or,  as  the  plant  is  laid  out  for  an 
ultimate  capacity  of  250,000  kw.,  the  life  of  the  coal 
field  will  be  between  fifty  and  sixty  years. 

For  a  long  tim,e  the  growth  in  the  Allegheny  Valley 
district  has  been  hindered  by  lack  of  proper  power- 
generating  facilities.  In  1917  two  25,000-kw.  units 
were  contracted  for;  but  on  account  of  war  financing 
conditions,  the  construction  of  the  power  house  was  held 
up  until  the  fall  of  1918,  when  a  contract  was  closed 
with  the  United  States  Government  for  the  erection  of 
these  two  units  on  the  basis  that  the  Government  would 
advance  40  per  cent  of  the  cost  of  the  power  house  and 
of  a  few  main  transmission  lines  which  were  necessary 
to  tie  the  power  house  into  the  present  27,000-volt  trans- 


ers  of  the  tract  of  coal,  it  was  found  impossible  to  pur- 
chase the  coal,  so  a  lease  of  the  coal  acreage  was  con- 
cluded, calling  for  an  initial  rate  of  mining  of  200,000 
tons  per  year,  to  increase  in  twelve  years  to  750,000 
tons,  which  minimum  is  to  continue  until  the  field  is  ex- 
hausted. This  will  provide  in  excess  of  50  years'  coal 
supply  for  a  power  house  of  150,000  to  200,000  kw. 
capacity.  Fig.  1  shows  a  general  plan  of  the  Spring- 
dale  power  plant  and  mine  section. 

The  company  was  fortunate  in  securing  one  of  the 
last  large  tracts  of  land  available  for  manufacturing 
purposes  on  the  Allegheny  River.  The  tract  was  of  83 
acres  and  was  covered  with  about  seventeen  feet  of  silt, 
below  which  is  about  50  feet  of  gravel  overlying  the 
rock  formation.  In  addition,  the  ground  is  low-lying, 
according  considerable  ash  storage.  The  site  is  served 
by  the  Conemaugh  Division  of  the  Pennsylvania  R.R. 
and  by  the  Allegheny  Valley   Street   Railway   Co.,   an 


FIG.   1.      GENERAI^  PLAN  OF  .SPRINGDALE  PLANT  SITE  AND  MINE  LOCATION 


mission  system,  the  total  cost  of  which  was  then  esti- 
mated to  be  $6,000,000.  The  contract  called  for  a  valua- 
tion three  years  after  the  close  of  the  war  as  declared 
by  proclamation  of  the  President,  and  required  the  re- 
turn to  the  Government  of  the  diff'erence  betwen  the  60 
per  cent  invested  by  the  company  and  the  appraised 
value  of  the  plant  at  that  time. 

The  company  had  previously  secured  a  power-house 
site  near  Freeport  and  had  options  on  a  large  acreage 
of  the  thin  coal  in  that  district.  However,  on  the  ad- 
vice of  its  consulting  engineer,  S.  A.  Taylor,  negotia- 
tions were  entered  into  with  the  Y.  &  0.  Coal  Co.  for 
the  purchase  of  its  block  of  3,734  acres  of  twin-vein 
Freeport  coal  close  to  the  town  of  New  Kensington. 
This  coal  has  an  average  thickness  through  the  field 
of  7  ft.  5  in.  as  against  42  in.  in  the  upper  field;  and 
the  company  was  advised  that  the  difference  in  the  cost 
of  mining  would  more  than  offset  the  increased  capital 
cost  of  the  thicker-vein  coal.    On  approaching  the  own- 


affiliated  company  of  the  power  company,  which  pro- 
vides street-car  service  up  and  down  the  river  from 
this  point.  The  site  is  within  two  miles  of  New  Ken- 
sington. 

The  drainage  area  of  the  Allegheny  River  at  this 
point  is  about  11,500  square  miles.  The  minimum  flow 
is  about  900  cu.ft.  per  sec,  which,  without  recircula- 
tion, should  be  good  for  a  plant  of  250,000  or  300,000 
kw.  capacity.  At  this  point  the  Allegheny  River  has 
a  maximum  rise  of  about  thirty-two  feet.  The  turbine- 
room  floors  are  7  ft.  above  the  highest  flood  on  record. 
By  increasing  the  height  of  the  light  wells  an  additional 
three  feet  protection  can  be  obtained. 

Fig.  1  shows  the  relation  of  the  mine  to  the  power 
house,  the  tunnels  and  present  mine  development  being 
in  dotted  lines.  The  coal  is  90  ft.  below  the  river, 
and  tunnels  are  being  driven  in  and  below  the  coal  to 
transport  the  coal  from  the  mine  to  the  power  house. 
A   typical    section   of   the   Freeport   coal   has   a  total 
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hciK^t  of  7  ft.  5  in.     About  4  ft.  IJ  in.  from  the  bottom  InriiKiinj;    the    hlRh-nnh     band     the     B.t.u.    would     bo 

occurs  u    10-in.   band   of  a   hijfh-a.sh   coal.      Analvsi.s  of  icducnl  to   \',',,2')i),  but  the  avnrajfc  fu.sinjj  point  of  the 

this   coal   .shows   about    10,0(10    H.t.u.    and    al)()ut    ."JO    to  ash  would  lu'  increa.sed  abou»,  ,"50  di'K.  and  the  percentage 

35  per  cent  cent  ash.    The  fusinjr  point  of  the  averagfi  of  ash  in  the  coal  would  be  increa.sed  to  12.2  per  cent. 
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ash  in  the  coal  is  2,500  deg.  F..  and  that  of  the  ash 
in  the  bone  coal  alone  is  about  2,600  deg.  V.  The 
coal  is  covered  by  a  carbonaceous  slate,  having  a  heat- 
ing value  of  about  8,000  B.t.u.  This  is  left  up  as 
a  roof. 

A  typical  analysis  of  the  coal  excluding   the   10   in. 
ot  high-ash  coal  is  as  follows:     Moisture,  91  per  cent; 


•Above  the  carbonaceous  slate  is  a  bed  of  sandstone, 
al)out  25  ft.  thick,  above  which  is  a  thick  bed  of  gravel. 
Extensive  drillings  have  been  made  in  the  river.  These 
are  plotted  on  the  diagram  shown  by  Fig.  2  and  show 
that  the  thickness  of  coal  and  cover  are  uniform,  with 
the  e.xception  of  a  thinning  of  the  coal  in  the  middle  of 
the  river.  The  sandstone,  where  it  has  been  opened, 
is  dense  and  of  an  amorphous  structure,  free  from 
fractures ;  so  little  trouble  is  expected  from  leakage 
under  the  river.  However,  in  driving  the  headings, 
drill  holes  are  being  driven  75  ft.  ahead  of  the  work- 
ings to  explore  for  possible  fractures,  and  arrange- 
ments are  being  made  to  u.se  air  in  case  trouble  is 
encountered. 

By  moving  the  tipple  one-half  mile  from  the  edge 
of  the  coal  field  to  the  power  house,  freight  is  elim- 
inated. This  item  amounts  with  the  increase  in  rates 
to  at  least  $420,000  per  year  per  100,000  kw.  of  capac- 
ity ;  so  that  freight  for  a  plant  of  300,000  kw.  capacity 
ivould  amount  to  $1,260,000.  In  addition,  most  of  the 
mines  in  the  immediate  neighborhood  will  be  exhau.sted 
in  a  period  of  fifteen  or  twenty-five  years;  so  that, for 
the  coal  required  after  that  time  a  higher  rate  would 
have  to  be  paid. 

Other  advantages  of  a  utility  owning  its  own  coal 
or  being  located  close  to  the  mines  are  that  it  is  then 
free  from   the  effects  of  strikes  on  the  railway;  and 
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FIG.    3.      GENER.M,    ARR.^N'GEMEXT    OF    THE    TIPPLE 


volatile  matter,  33.35  per  cent :  fixed  carbon,  56.06 
per  cent;  ash,  9.68  per  cent;  total,  100  per  cent. 
Sulphur,  0.79  per  cent;  phosphorus,  0.036  per  cent; 
B.t.u.  dry  basis,  determined  by  bomb  calorimeter,  13,866. 


that  the  coal  is  delivered  at  a  more  or  less  uniform 
price,  which  is  an  important  matter,  as  it  is  difficult 
for  a  utility  to  change  its  rates  with  increasing  costs 
and  particularly  with  a  fluctuating  coal  market. 
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The  most  economical  results  in  operation  demand  that 
the  firemen  be  supplied  continuously  with  the  same 
type  of  coal,  preferably  of  a  high  grade,  as  stoker 
adjustm'ents  depend  upon  experiment  and  experience, 
and  it  takes  considerable  time  to  make  these  adjust- 
ments. The  coal  received  from  the  mine  at  Springdale 
will  be  of  a  constant  grade  and  of  a  superior  quality. 

Thick-  Versus  Thin-Vein  Coal 

During  the  war  the  Government  placed  a  differential 
of  60  cents  a  ton  in  favor  of  coal  mined  in  the  thin- 
vein  district,  with  a  price  of  $2.95  for  this  coal  instead 
of  $2.35  as  for  the  thick-vein  coal. 

Another  matter  affecting  the  selection  of  the  thick- 
vein  site  over  that  in  the  thin  vein  was  the  matter  of 
mine-car  capacity.  Car  capacities  in  the  thin  vein  are 
small;  probably  1!  to  11.  ton  capacity  would  be  an 
average-sized  car  which  could  be  used  in  the  42-in.  vein. 
This  would  mean  that,  including  10  per  cent  for  rock, 
2,400  cars  would  have  to  be  handled  each  day,  or  400 
an  hour,  which  would  mean  a  30-car  trip  arriving  at 
the  shaft  bottom  every  4^  minutes.  This  requires  a 
very  high  state  of  organization  and  would  probably 
mean  a  double  opening. 

The  power-house  tract  includes  80  acres  of  level  land 
having  an  average  elevation  of  about  5  feet  above  the 
pool  level,  or  20  ft.  under  the  yard  level.  A  yard 
level  of  from  4  to  6  ft.  above  high-water  mark  is 
being  established.  This  should  furnish  sufficient  ash 
and  rock  disposal  to  burn  at  least  10,000,000  tons  of 
coal.  There  is  a  ravine  back  of  the  power  house,  which 
can  be  filled  to  a  depth  of  200  ft.  and  will  furnish  sufl^- 
cient  additional  refuse  storage  to  take  care  of  the 
entire  field  of  coal. 

The  privilege  of  dumping  ashes  on  the  tracts  of 
ground  in  the  neighborhood  of  the  plant  is  bringing 
as  much  as  15  cents  a  ton  at  the  present  time.  The 
railways  have  charged  80  cents  a  ton  on  the  old  rate 
schedules  for  disposing  of  refuse,  so  the  ash-disposal 
privileges  controlled  by  the  company  are  valuable. 

On  the  general  ground  plan  is  shown  a  yard  about 
250  ft.  in  width  extending  between  the  railway  track 
system  and  the  river.  This  tract  is  from  1,000  to 
1,500  ft.  long  and  will  provide  the  coal  storage  for 
the  plant.  It  is  intended  ultimately  to  place  a  coal- 
handling  bridge  over  this  yard,  the  bridge  being  so 
designed  that  coal  can  be  loaded  from  railway  cars  or 
from  the  river  into  storage  and  from  storage  to  a  belt 
conveyor  handling  the  coal  to  railway  track  hopper. 
The  practice  of  the  West  Penn  Power  Co.  is  to  .store 
sixty  days'  requirements.  The  initial  storage  will  be 
50,000  tons  and  ultimately  four  to  five  times  this 
amount. 

The  sources  of  coal  supply  for  the  power  station  are : 
First,  the  mine,  which  is  laid  out  for  a  capacity  of 
3,000  tons  a  day;  second,  the  railway,  for  which  a 
double-track  hopper  is  provided  on  which  a  rotary  dump 
for  railroad  cars  can  be  placed  if  advisable;  third,  from 
storage;  and  fourth,  river  coal. 

Mine  Equipment — Arrangements  for  Cleaning  Coal 

Mine  cars  will  have  an  average  capacity  of  from 
three  to  four  tons,  and  will  be  of  the  solid-end  type. 
Two  will  be  placed  at  a  time  in  an  electrically  operated 
rotary  dump,  the  coal  being  dumped  into  an  upper  and 
a  lower  chute  from  which,  by  opening  a  double  gate, 
it  is  discharged  into  a  double-pocket  Lepley-type  skip, 


one  pocket  being  above  the  other.  There  are  two 
tandem  skips,  the  empty  partly  balancing  the  loaded 
one.  When  the  skips  are  raised  to  the  top  of  the 
tipple,  the  two  pockets  in  the  skip  each  discharge  on 
separate  picking  tables.  The  coal  is  then  separated 
by  a  .screen,  the  lump  passing  over  an  upper  picking 
table,  the  coal  under  4  in.  passing  over  the  lower  table, 
the  slack  being  placed  in  the  center  and  the  nut  lumps 
on  the  side,  permitting  of  further  picking  if  advisable. 
The  coal  is  then  discharged  from  the  double  table  into 
a  common  weigh  basket,  the  coal  to  be  crushed  being 
placed  in  one  pocket  and  the  slack  in  a  separate  pocket. 
From  the  weigh  pan  the  coal  can  be  delivered  either  to 
the  power  hou.se  or  to   railway  cars,   the  tipple  being 


;     4.      PARTI.M.  VIEW   OF  BOILER  ROOM 

so  arranged  that  either  run-of-mine.  lump  or  .slack 
can  be  loaded  out,  the  remainder  of  the  coal  being  deliv- 
ered to  the  power  house.  At  the  present  time  only  one 
picking  table  is  installed,  so  the  initial  capacity  of  the 
coal-handling  apparatus  will  be  250  tons  an  hour.  Fig. 
3  shows  the  general  arrangement  of  the  tipple. 

The  lump  coal  to  the  power  house  pas.ses  through 
three  crushers,  any  two  of  which  have  sufficient  capac- 
ity to  handle  the  output  of  the  mine.  The  coal  is 
elevated  to  the  power  house  by  means  of  a  42  in.  belt 
having  an  ultimate  capacity  of  500  tons  per  hour,  the 
slack  being  fed  to  the  belt  first  and  the  crushed  coal 
dropped  on  top  of  it,  thus  reducing  the  wear  on  the 
belt. 

Coal  received  by  railroad  or  from  storage  is  dumped 
into  a  double-track  hopper  32  x  40  ft.,  the  coal  being 
fed  on  tr  a  pan  conveyor  having  a  capacity  of  500 
tons  an  hour  and  delivered  to  any  of  the  three  crushers. 

Where  it  is  desired  to  handle  river  coal  directly  to 
the  power  house,  it  will  be  unloaded  by  a  coal  bridge 
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directly  into  this  track  liojipcr,  and  from  tlu'rc  tliroujirli 
the  crushers  to  the  power  iioiise. 

At  the  top  eiui  of  the  belt  elevator  the  coal  is  either 
clischurKed  directly  into  the  large  center  bunker  of  the 
power  hou.se  or  fed  to  either  of  two  conveyors  runninjf 
along  the  end  of  the  power  house,  which  deliver  the 
coal  in  turn  to  the  belts  over  the  side  bunkers.  These 
latter  five  bells  have  a  capacity  of  250  tons  an  hour 
each. 

The  bunkers  are  of  the  suspension  type,  lined  with 
concrete.     Their  capacity  is  about  800  tons  per  boiler, 


There  are  two  rows  of  boilers  in  the  plant.  Fig.  4, 
arranged  with  a  large  central  overhead  coal  bunker  and 
a  smaller  one  on  each  side.  Kuch  boiler  is  equii)ped 
with  two  l.'J-retort  underfeed  stokers,  the  coal  being 
fed  by  three  IG-in.  spouts  on  each  end  of  the  boiler. 
The  spouts  are  staggered  so  that  the  boiler  tubes  can 
be  |/Ulled  either  on  the  front  or  on  the  back  of  the 
boiler  without  moving  the  spouts.  The  boilers  are  of 
the  cros.s-drum  tyiie,  KJ  tui>es  high,  built  for  a  pressure 
of  350  lij.,  and  stokered  so  that  with  an  average  grade 
of  coal  having  about  10  per  cent  ash  they  can  deliver 
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FIG.  5.     CRO.S.S-.SECTIOX  THROUf/.H  BOII^ER  AND  TrRBINE    ROOMS 


or  about  five  days'  supply  for  the  plant  when  running 
under  ordinary  conditions.  By  reducing  the  load  factor 
on  the  plant  and  conserving  coal  in  the  bunkers,  the 
plant  could  probably  run  ten  days  on  its  bunker  coal. 
At  the  end  of  the  42-in.  inclined  conveyor  is  a  sampler 
crusher,  which  takes  a  continuous  sample  of  the  coal 
being  delivered  to  the  power  house  and  crushes  it, 
retaining  it  for  analysis  if  desired. 

The  coal  to  the  power  house  is  measured  as  received 
from  the  miner,  or  on  a  weightometer  on  the  42-in. 
inclined  belt.  Coal  to  the  individual  boilers  is  measured 
by  stoker  counters.  While  not  so  accurate  as  the  indi- 
vidual weighing  devices,  it  is  much  simpler  and  less 
expensive  to  maintain.  The  bunkers  will  be  screened 
off  from  the  boiler  room  to  reduce  noise  and  dust. 


a  maximum  of  185,000  lb.  of  steam  per  hour.  Under 
these  conditions  the  drop  through  the  superheater  and 
dry  pipes  is  25  lb.  and  the  superheat  is  285  degrees. 
Fig.  5  shows  a  cross-section  through  the  boiler  and 
turbine  rooms.  Each  boiler  contains  15,290  sq.  ft.  of 
heating  surface. 

The  boilers  are  equipped  with  soot  blowers,  having  nine 
elements  on  each  side.  One  elenvent  is  placed  under  the 
bottom  row  of  tubes  near  the  front  header,  and  another 
just  above  the  two  lower  rows  of  tubes  near  the  baffle,  so 
as  to  remove  the  slag  from  the  bottom  of  the  first  pass. 
Elements  placed  in  these  locations  are  in  use  in  the 
boilers  in  the  company's  other  plants  and  have  done  a 
great  deal  to  lengthen  the  periods  between  cleaning 
on   Stirling   boilers    at   the    Connellsville   plant.      The 
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installation  of  soot-blower  elements  in  the  correspond- 
ing locations  lengthens  the  period  of  actual  service  of 
the  boiler  300  per  cent,  it  being  necessary,  without 
this  soot-blower  arrangement,  to  take  the  boilers  off 
once  a  week  to  have  the  tubes  scraped,  and  only  once 
a  month  with  the  elements  installed  as  outlined.  The 
life  of  these  elements  depends  on  the  proper  protec- 
tion. The  practice  in  vogue  in  West  Penn  plants  is  to 
place  the  soot-blower  element  in  a  brick  or  a  tile  pocket, 
permitting  air  from  the  forced-draft  .system  to  blovv 
through  and  cool  the  element,  except  when  the  tubes 
are  being  cleaned:  under  the  latter  condition  the 
pressure  of  the  steam  closes  the  check  valve.  The 
experience  of  the  West  Penn  is  that  the  proper  pro- 
tection and  cooling  of  these  two  units  is  of  nuuh  more 
importance  than  the  material  of  which  the  blower  is 
made. 

Platforms  are  being  provided,  giving  accessibility  to 
the  various  in.spection  holes  and  valves.  The  boilers 
are  covered  on  the  front,  back  and  top  with  steel  plate, 
but  the  side  walls  are  not  covered.  The  boilers  are 
wide  enough  for  a  14-retort  stoker,  but  one  retort 
was  eliminated  in  order  to  thicken  the  walls  at  the 
bottom  11  in.,  thus  giving  a  32A-in.  brick  wall  at  the 
bottom  and  a  21  ^-in.  wall  at  the  top. 

The  stoker  is  divided  into  four  sections.  Three  steel 
plates   are   placed   in   the   wind   box   under   the   .stoker. 
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separating  the  wind  box  into  corresponding  divisions. 
Each  section  has  its  own  air  supply  and  valve,  so  the 
air  admitted  to  any  of  the  eight  sections  into  which 
the  stoker  is  divided  can  be  regulated.  The  stoker  is 
provided  with  a  double  clinker  grinder  similar  to  that 
in  use  in  several  other  plants,  the  manufacturer  guaran- 


teeing   that   the   coke    in   the   ash    shall    not   exceed    14 
per  cent. 

The  .stoker  on  each  side  of  the  boiler  is  driven  by  .i 
double-speed  a.c.  motor  of  the  pole-changing  type,  a 
maximum  range  in  speed  of  from  25  per  cent  to  full 
speed  being  obtainable.  The  two  motors  are  regulated 
by  H  double  controller  worked   by  a  single  pilot  motor 
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and  arranged  so  that  either  stoker  may  be  set  a  max- 
imum of  two  notches  ahead  of  the  other. 

Each  boiler  has  its  own  forced-draft  fan.  These 
fans  take  the  air  from  the  generator  discharge  on  the 
turbine  side  of  the  boiler  room,  getting  what  addi- 
tional air  they  require  from  a  duct  running  between 
the  turbines  to  the  east  wall  of  the  turbine  room 
The  air  for  the  fans  on  the  west  side  comes  in  through 
the  lower  basement  windows  under  the  machine-shop 
floor.  The  air  is  forced  by  the  fan  into  a  duct  supply- 
ing both  sets  of  stokers  under  the  boiler.  The  ducts 
for  the  various  boilers  are  separated  by  dampers,  which 
can  be  opened  in  case  of  failure  of  any  of  thj  forced- 
draft  fans,  thus  providing  breakdown  capacity.  They 
have  a  maximum  capacity  of  105,000  cu.ft.  of"  air  a 
minute  at  7  in.  pressure,  sufficient  to  operate  the  boilers 
at  450  per  cent  rating.  The  fans  are  driven  by  a.c. 
brush-shifting  motors  with  d.c.  characteristics. 

The  boilers  will  ordinarily  be  operated  at  a  maximum 
of  from  300  to  350  per  cent,  and  the  average  will  be 
200  to  250  per  cent.  The  losses  at  these  partial  Idads 
for  the  straight  a.c.  motor  are  excessive;  although  this 
can  be  partly  overcome  by  using  two  motors.  The 
brush-shifting  motor,  however,  is  more  efficient  and  has 
considerable  advantage  where  automatic  regulation  is 
contemplated.  The  efficiency,  for  instance,  at  250  per 
cent  rating  of  the  boiler  is  estimated  at  47 -  per  cent 
for  the  slip-ring  m.otor,  as  against  80  per  cent  for  the 
brush-shifting  motor.  These  motors  are  of  175-hp. 
capacity,  and  curves  indicated  that  there  was  an  average 
reduction  in  the  losses  of  21  kw.  by  using  the  brush- 
shifting  motor. 

Each  boiler  is  equipped  with  two  single  fans  with 
two  motors,  one  of  175-hp.  and  one  of  400-hp.  capacity, 
the  whole  set  being  interconnected  by  flexible  couplings. 
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Ordinarily,  the  two  fans  will  be  driven  by  the  ITn-hp. 
motor,  which  has  sulllcient  capacity  to  operate  the 
boilers  at  .SOO  to  IiriO  per  cent  ratiiiK.  If  it  is  desired 
to  have  more  drnit  than  can  be  furnished  by  the 
smaller  motor,  the  400-hp.  motor  is  broujthl  up  to  speed, 
the  magnetic  clutch  closed,  and  the  current  supplied 
to  the  ITS-hp.  motor  is  disconnected,  its  rotor  beintf 
turned  by  the  larger  motor.  With  this  combination, 
in  ca.se  of  any  one  unit  Roing  down,  considerable 
capacity  can  still  be  obtained  from  the  boilers.  Either 
half  of  this  unit  will  operate  the  boiler  up  to  300 
per  cent  rating,  but  not  so  efficiently  as  the  two  fans 
■will  together. 

The  induced-draft  fans  are  located  on  a  concrete 
platform  son>e  distance  above  the  boiler,  there  being 
sufficient  space  between  the  boiler  and  the  induced-draft 
fan  to  permit  of  the  installition  of  an  economizer.    The 
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characteristics  of  the  fan  are  such  that  with  the  cooler 
gases  that  would  be  obtained  from  an  economizer,  they 
will  operate  the  boilers  at  the  same  rating.  The  max- 
imum draft  required  to  operate  the  boilers  at  400  per 
cent  rating  is  5  in. ;  with  economizers  this  would  be  in- 
creased to  7  in.  Flues  and  fans  are  lined  with  Vitrobestos. 
The  controls  for  the  stoker  and  two  175-hp.  fan 
motors  are  of  the  clapper  type,  the  dials  being  operated 


l)y  j)ilol  motors  controlled  either  by  hand  or  automatic- 
ally. The  400-hp.  induced-draf^  fan  motors  are  ar- 
ranged to  operate  by  hand  only;  the  automatic  regula- 
tion and  then  be  on  stoker  and  forced-draft  fans  only 
In  order  to  eliminate  the  vapor  rising  from  water 
leakage  from  the  ash  hopi>er  gates,  ga-ses  rising  from 
the  quenched  ashes  and  shooting  (lames  from  the  a.sh- 
pit  doors,  due  to  the  air  pressure,  an  aah-handling  sy.s- 
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tern,  modeled  after  that  installed  at  the  power  house 
of  the  Kansas  City  Power  and  Light  Co.,  has  been 
installed.  It  is  modified,  however,  in  that  there  are 
two  ash-handling  galleries  in  that  plant,  whereas  in 
the  Springdale  plant  both  rows  of  boilers  discharge  to 
a  single  gallery,  so  that  a  single  railroad  track  and 
crane  runway  handle  the  ashes.  The  a.shes  in  falling 
from  the  boilers  drop  into  a  large  tank  of  water,  are 
immediately  quenched  and  fall  to  the  bottom  of  the  pit. 
Sprays  are  placed  at  the  elevation  of  the  stokers,  so 
that  with  the  large  pocket  above  the  clinker  grinders, 
the  ashes  and  clinkers  should  be  dead  before  being 
discharged  by  the  clinker  grinders.  Doors  are  provided 
to  give  access  to  the  chute  to  remove  clinker  in  case 
the  ashes  bridge  in  the  chutes.  One  crane  operator 
with  a  train  crew  of  two  men  will  handle  the  entire 
ash  output  from  the  plant.  A  continuous  cableway 
system  can  be  run  through  the  ash  tunnel  and  loaded  by 
the  crane,  at  a  very  slight  expense  for  modifications. 
The  ashes  can  also  be  dredged  out  by  a  centrif- 
ugal pump  and  delivered  by  a  pipe  line  in  an  emergency. 

The  control  for  the  four  boilers  is  centered  in  a 
room  in  the  main  firing  aisle  of  the  boiler  room.  Fig. 
6.  The  switches  controlling  the  supply  of  current  to 
the  various  motors  are  inside  the  room,  and  the  instru- 
ments and  controls  for  the  motors  for  four  of  the 
boilers  are  on  the  outside.  The  piping  will  all  be  in 
the  inside  of  the  room,  which  will  be  steam-heated,  to 
prevent  freezing  of  the  instruments  in  winter.  The 
instruments  for  each  boiler  are  boiler  meters,  recording 
the  steam  flow,  air  flow  and  pressur^'  in  the  furnace; 
four-in-one  draft  gages  and  three-in-one  recording 
gages,  recording  the  steam  temperatures  and  pressures, 
degree  of  superheat,  etc.  The  stoker  and  fan  motors 
are  arranged   for  automatic  boiler  control. 

The  steam  piping  is  of  steel,  with  Van  Stone  welded 
flanges;  the  hot-water  piping,  of  wrought  iron  with 
welded  fianges.  On  account  of  the  high-pressure  the 
800-lb.  hydraulic  fiange  was  adopted  for  steam  and 
water  piping.  The  flanges  on  the  steam  piping  were 
modified  to  permit  of  welded  joinings.  Fig.  7  shows 
details  of  the  400-lb.  steam-  and  water-pressure  flanges 
and  fittings. 
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On  account  of  the  auxiliaries  being  motor  driven, 
the  amount  of  small  steam  piping  is  practically  negli- 
gible. The  total  cost  of  the  steam  piping  in  place,  cov- 
ered, will  not  exceed  1  per  cent  of  the  cost  of  the 
plant;  and  the  total  piping  contract,  about  3  per  cent 
of  the  cost  of  the  plant. 

The  steam  piping  is  covered  with  a  3-in.  covering  of 
Nonpareil.  This  is  to  be  covered  with  a  couple  of  turns 
of  building  paper  and  a  final  covering  of  8-oz.  canvas 
sewed  on,  the  canvas  to  be  given  two  coats  of  paint. 
Where  steam  pipes  are  exposed  to  injury,  they  are  to  be 
covered  with  sheet  metal. 

The  boilers  are  equipped  with  feed-water  regulators 
and  boiler-feed  pump  governors.  On  the  motor-driven 
unit  the  feed-pump  governor  acts  as  an  excess-pressure 
reducing  valve.  All  steam  and  water  valves  were  tested 
to  three  times  the  working  pressure. 

The  generating  equipment  of  the  turbine  room  con- 
sists of  two  25,000  kva.  Westinghouse  generators,  three- 


per  cent  capacity.  One  Le  Blanc  air  pump  of  100  per 
cent  capacity  is  provided,  and  two  steam  air  ejectors  are 
provided  for  u.se  in  case  of  excessive  leakage  or  for 
breakdown  service.  Three  different  sources  of  water  are 
supplied  for  the  Le  Blanc  pump;  First,  directly  from 
the  river;  second,  in  case  of  flood,  from  the  tank  if 
the  discharge  pressure  on  the  Le  Blanc  is  higher  than 
it  will  work  under  successfully ;  third,  from  the  cir- 
culating system,  in  case  the  dam  located  approximately 
one-half  mile  below  the  plant  should  fail,  and  the  suc- 
tion head  on  the  pumps  should  become  too  large. 

As  the  power  for  the  motor-driven  auxiliaries  is 
supplied  by  a  house  turbine,  and  the  exhaust  steam 
from  it  is  used  to  heat  the  feed-water,  there  is  an 
advantage  in  the  Le  Blanc  pump  in  that  it  requires  less 
steam  than  the  steam  air  ejectors.  However,  the  cost  of 
the  tank  and  the  complication  of  the  piping  and  floor 
space  required  add  considerably  to  the  expense  of  the 
Le  Blanc  air  pump.    There  is_not  much  cqmplication  in 
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phase,  60-cycle,  designed  for  a  maximum  of  12,000  volts, 
Fig.  8.  The  condensing  equipment  consists  of  a  single 
32,000-sq.ft.  condenser  per  unit,  having  1-in.  tubes 
about  20  ft.  long.  The  conden.sers  are  hung  from  the 
turbine  foundation.  On  account  of  taking  care  of  the 
longitudinal  expansion  of  the  turbine,  copper  expansion 
joints  have  to  be  provided  between  the  condensers  and 
the  turbines.  Large  openings  are  left  in  the  floor  in 
front  of  the  units,  to  light  and  ventilate  the  condenser 
pit.  Windows  are  provided  under  the  turbine-room 
floor.  These  are  protected  from  high  water  by  means 
of  concrete  areaways. 

There  are  two  motor-driven  circulating  pumps  per 
unit,  each  having  a  capacity  of  17,500  g.p.m.  at  the 
maximum  head.  Each  pump,  when  run  by  itself,  will 
furni.sh  from  60  to  65  per  cent  of  the  amount  of  water 
that  the  two  pumps  together  will  furnish,  on  account 
of  the  reduced  friction  head.  The  condensate  pumps 
are  motor  driven  and   in  duplicate,  each  being  of  100 


the  steam  exhauster,  provided  the  steam  discharged 
into  an  open  heater.  This  means  a  possible  difficulty 
in  getting  proper  air  .separation.  Where  jet  condensers 
are  used  for  heaters,  as  in  the  Springdale  plant,  and  it 
is  desired  to  reduce  the  amount  of  air  in  the  condensate 
and  makeup  to  a  minimum,  it  is  neces.sary  to  provide 
a  surface  condenser,  into  which  the  exhaust  steam  and 
air  from  the  ejector  are  discharged.  These  gases  are 
cooled  by  the  condensate  before  it  enters  the  heater. 
The  additional  cost  of  this  surface  condenser  and  the 
piping  will  off.set  the  increased  cost  of  the  tank  and 
piping  required  by  the  Le  Blanc  air  pump. 

The  plant  is  located  about  half  a  mile  above  the 
Springdale  dam.  The  intake  tunnels  are  placed  low 
enough  to  insure  that  the  power  house  will  be  able  to 
operate  in  ca.se  of  failure  of  the  dam,  provided  ten  or 
twelve  feet  of  gravel  is  dredged  away  from  the  intake. 
The  main  intake  trouble  is  from  ice  and  leaves. 
This  is  overcome  by  the  installation  of  rotary  screens 
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.mil  arraiifromcnt.s  for  rPcirculntitiK  tho  di.scharjrc  water, 
perniitliiiK  it  to  hv  cooled  liy  the  ico  and  recirculating 
it  throiiRli  the  coiuleiisinjr  .system.  A  modification  of 
thi.s  idea  hnn  been  tried  out  at  the  Connellsville  power 
station,  and  at  one  or  two  other  power  station.s  that 
are  .subjected  to  .similar  trouble;  and  it  has  been  found 
satisfactory  wherever  tried.  The  rotary  screens  are  of 
link-belt  desipn.  They  are  6  ft.  wide  and  arranged 
for  motor  drive,  the  top  of  the  .screens  beinjir  above 
the  maximum  hijrh  water  on  record. 

Figs.  9  and  10  show  the  arranprement  of  the  intake 
and  di.scharee  svstem.  Fig.  9  shows  normal  opera- 
tion, and  Fig.  10  shows  the  pate  in  the  discharge  tun- 
nel closed  and  the  water  being  recirculated  through 
two  of  the  four  inlet  tunnels.  There  are  two  tunnels 
supplying  circulating  water  to  each  unit  in  the  power 
station.  One  circulating  pump  on  each  unit  gets  its 
water  supply  from  each  of  the  two  tunnels,  so  either 
tunnel  may  be  shut  down  for  repairs  and  still  permit 
operation  of  all  units  at  full  or  nearly  full  capacity. 
The  double  intake  tunnel  sy.stem  and  means  of  recir- 
culating the  water  also  has  the  advantages  of  permitting 
the  cleaning  of  the  condensers  while  in  operation.  One 
circulating  pump  can  be  shut  down  and  the  dirt  from  the 
condenser  washed  through  it  into  the  tunnel  by  a  partial 
reversal  of  flow  in  the  condensers. 

Auxiliaries  Are  All  Motor-Driven 

All  the  auxiliaries  in  the  plant,  with  the  exception 
of  one  boiler-feed  pump  and  one  exciter  set,  are  motor 
driven.  The  station  was  originally  laid  out  with  the 
intention  of  putting  in  dual  drives,  in  order  to  main- 
tain a  heat  balance.  However,  an  investigation  of  the 
relative  merits  of  turbine  and  motor  drive,  using  a 
2,500-kva.  2,200-volt  house  turbine  to  produce  the  power 
for  the  auxiliaries,  showed  that  by  adopting  the  house 
turbine,  nineteen  turbines  ranging  in  size  up  to  400  hp. 
and  fourteen  reduction  gears  could  be  omitted,  and  that 
the  initial  cost  was  less  for  the  house  turbine;  that  is, 
when  the  dual  drive  for  the  more  important  units, 
such  as  circulating  pumps,  has  been  provided.  The 
house  turbine  also  increases  the  over-all  economy  of  the 
station  by  2  per  cent,  as  it  produces  a  kilowatt  of  power 
for  from  50  to  60  per  cent  of  the  amount  of  steam 
that  a  small  turbine  would  take,  considering  the 
increased  steam  consumption  at  part  loads  and  at 
reduced  speed  on  the  smaller  machines.  There  is  at 
least  an  equal  saving  in  the  capacity  of  the  large 
turbines,  which  would  be  required  to  supply  power  to 
the  auxiliaries  so  that  the  net  station  capacity  is 
increased. 

In  order  to  heat  the  condensate  to  210  deg.,  it  requires 
that  about  13  per  cent  of  the  condensate  be  available 
as  exhaust  steam.  The  amount  of  power  consumed 
by  the  auxiliaries  at  the  Windsor  power  station  is  5J 
to  6  per  cent  of  the  total  power  generated ;  and  the 
amount  of  power  required  by  the  Springdale  units 
should  be  about  the  same  percentage,  as  the  house 
turbine  requires  125  per  cent  more  steam  per  kilowatt- 
hour  than  the  large  units  do.  This  figure  would  indicate 
that  about  the  correct  amount  of  exhaust  steam  is 
available. 

One  of  the  chief  sources  of  trouble  to  electrically 
driven  auxiliaries  is  lightning  or  other  surges  on  the 
line;  and  it  has  been  customary  in  some  stations  to 
install  motors  of  approximately  50  per  cent  excess 
capacity,  in  order  that  the  motors  might  not  kick  off  un- 


der such  conditions.  With  a  house  turbine  and  dual  aux- 
iliaries and  with  a  duplicate  2;200-volt  bus  system  to 
feed  the  auxiliaries,  the  house  turbine  is  connected  to 
one  bus,  the  other  bus  being  connected  to  the  large 
units  through  a  bank  of  house-service  transformers, 
and  where  there  are  duplicate  auxiliaries,  one  is  con- 
nected to  each  bus.  In  ca.se  of  failure  of  either  source 
of  supply  the  other  auxiliary  continues  to  operate.  If 
it  is  desired  to  keep  a  uniform  feed-water  temperature, 
the  house  turbine  can  be  run  parallel  with  the  main 
units  and  the  load  on  the  house  turbine  controlled 
thermostatically,  or  the  load  can  be  transferred  by  hand 
from  one  bus  to  another  in  case  the  house  turbine  is 
run  separately. 

There  is  also  the  advantage  of  the  house  turbine  that 
in  case  of  a  complete  station  interruption,  the  house 
turbine  can  be  put  on  the  line  and  be  ready  for 
service  much  quicker  than  one  of  the  big  units.  A 
motor-driven  auxiliary  plant  has  the  additional  advan- 
tage that  on  account  of  the  elimination  of  the  leaks  in 
steam  piping  and  around  the  governors  on  the  smaller 
units,  the  amount  of  makeup  is  much  less.  Data  in  this 
respect  are  limited,  but  practice  in  first-class  plants 
seems  to  be  about  2  per  cent  makeup  in  the  motor- 
driven  plant  as  against  6  per  cent  in  the  steam-driven. 

Acid  Conditions  in  the  River 

When  the  flow  in  the  Allegheny  River  is  very  low, 
there  are  truces  of  acid.  This  probably  will  increase 
as  manufacturing  increases  up  the  Allegheny  Valley. 
To  take  care  of  the  water  requirements  of  the  plant,  a 
1,000,000  gal.  per  day  filtering  system  was  provided. 
This  was  worked  in  at  a  comparatively  small  additional 
expense  with  the  foundation  of  the  transformer  house. 
This  water  will  be  used  in  the  lower  service  system 
to  prevent  corrosion  of  piping  through  the  plant  and 
cooling  coils  in  transformers  and  turbines.  The  makeup 
for  the  boilers  is  taken  from  the  same  source  and  is 
evaporated  in  two  horizontal  evaporators  that  work 
between  the  pressure  of  the  exhaust  steam  from  the 
house  turbine  (two  pounds)  and  a  23J-in.  vacuum, 
which  is  about  the  highest  vacuum  that  can  be  main- 
tained in  the  evaporator  when  working  at  full  capacity 
and  using  condensate  from  the  main  turbo-generators 
as  cooling  water.  By  this  arrangement  the  conden- 
sate is  heated  to  about  125  deg.  F.  in  the  evaporator 
condensers;  and  it  is  then  given  a  final  heating  in  two 
jet  condensers.  Both  evaporators  and  jet  condensers 
are  provided  with  single-stage  air  exhausters  to  main- 
tain a  vacuum  in  the  evaporator  condensers  and  heater 
condenser,  if  desired.  It  also  serves  the  purpose  of 
extracting  the  air  from  the  makeup  and  gives  a  water 
supply  for  the  boilers  that  should  as  nearly  as  possible 
eliminate  corrosion.  This  is  particularly  important 
where  steel  economizers  are  contemplated.  As  far  as 
is  known,  this  is  the  first  application  of  the  low-pressure 
evaporator  for  power-plant  purposes,  although  they 
have  been  employed  in  the  sugar  and  other  industries 
extensively.  It  has  the  additional  advantage  that  at 
the  low  temperature  in  the  evaporator  there  is  little 
tendency  to  form  scale.  An  evaporator  after  being  in 
service  for  six  weeks  at  a  little  higher  temperature  than 
it  will  work  under,  upon  examination  was  found  free  of 
scale,  the  only  foreign  matter  being  a  fine  powder  on 
the  walls  and  coils. 

Fig.  11  shows  an  arrangement  of  the  house  turbine, 
jet  condenser  heaters,  the  evaporator  and  storage  tank. 
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Rebabbitting  Engine  Parts — II 

By  H.  HAMKENS 

ConsultinK   lOnsineer,    Nfwton,   Xi-w  Jersey 


BABBITTING  a  bearing  on  the  shaft  can,  of 
course,  be  recommended  only  for  an  emergency. 
The  proper  way  to  do  this  is  to  use  a  mandrel  of 
cast  iron  or  steel  instead  of  the  shaft,  according  to  the 
size.  A  piece  of  pipe  screwed  into  a  flange  may  answer 
the  purpo.se,  and  after  babbitting  the  bearing  should  be 


lower  end  of  the  box  resting  on  the  flange;  a  gate  and 
riser  are  built  on  the  top  of  the  box,  and  the  metal  is 
poured  in  a  steady  stream.  This  method  will  prevent 
shrinkage  holes,  which  are  almost  unavoidable  on 
bearings  of  larger  size,  if  the  babbitt  is  poured  with 
the  boxes  in  a  horizontal  position.    Instead  of  a  mandrel 
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FIG.    13.      THE    BABBITT    IS    POURED    INTO    THE    I.OWER 
BOX.   WHICH    IS    TL.V.MPEn  OX    .\    MAXDREI, 

bored  to  fit  the  shaft.  If  the  bearing  consists  of  four 
boxes,  the  process  will  be  as  follows:  The  mandrel, 
which  is  usually  a  hollow  casting  provided  with  a  flange, 
is  .set  on  end  on  the  floor  or  bench,  and  the  boxes,  one 
at  a  time,  are  clamped  to  it,  using  wooden  blocks  and 
boards  for  distance  pieces  and  for  confining  the  metal. 
Fig.  13  shows  a  lower  box  clamped  on  a  mandrel,  the 
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FTC,.   14.     (.M'RVRI)  PLATE' FOR  USE  IN  BABBITTING 
MAIN   BEARING 

a  curved  plate,  as  shown  in  Fig.  14,  may  be  used;  this 
does  away  with  the  wooden  blocks.  In  these  methods 
allowance  must  be  made  for  boring  the  boxes.  After 
the  babbitt  has  been  poured  it  is  generally  expanded  in 
place  by  hammering,  the  object  of  this  being  to  make 
the  metal  fit  tightly  all  around  the  recesses  and  in  the 
grooves.     The  metal  is  struck  lightly  with  the  ball  end 
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i)f  a  li.iniiiu'r  uniformly  all  over.  The  blows  leave  murkM 
on  the  babbitt,  a.s  .><howii  in  FiK-  15.  Care  should  be 
taken  not  to  strike  th«  metal  too  hard,  otherwise  it  may 
bei'ome  brittle  and  crack,  especially  at  the  edjfes. 

The  ne.xt  operation  will  be  the  boring  of  the  boxes,  for 
which  purpose  they   are  cianipcd   together.     If   no  ma- 


FIO.  i5.     i;Ai;i:n"i'  icxi'.wuKU  in    ii  \.\i.\ii;i:i\i 


FIG.  16. 


HAND  BORING  MACHINE  FOR  BORING  OUT 
nK.\KIN(;  HOXES 


chinery  is  in  the  place,  the  work  can  be  done  by  hand, 
provided  a  boring  bar  and  some  boxes  are  available. 
The  bearing  may  be  clamped  down  on  a  suitable  plank, 
on  which  also  the  stands  or  boxes  for  the  boring  rig 
are  fastened,  as  shown  in  Fig.  16.  The  bar  is  turned 
by  means  of  a  hand  crank  at  one  end,  while  the  feeding 
is  done  at  the  other  end  with  a  screw  and  handwheel  or 
a  wrench. 

While  the  pressure  in  the  main  bearing  rarely  ex- 
ceeds 150  lb.  per  sq.in.,  that  in  the  crankpin  boxes  may 
run  close  to  1,000  lb.,  and  for  the  crosshead-pin  boxes 
pressures  from  1,200  to  1,600  lb.  are  allowed.  It  is  not 
wise  to  use  babbitt  linings  for  pressures  much  over 
1,000  lb.  per  sq.in.,  as  the  metal  will  not  stand  such 
high  pressure;  it  has  a  tendency  to  spread,  even  if 
extremely  well  secured.  Some  manufacturers  make  the 
crosshead  pin  of  the  same  size  as  the  crankpin  and  are, 
therefore,  justified  in  using  soft-metal  lining;  this  is  a 
great  advantage,  since  it  prevents  the  pin  from  getting 
scored  in  case  of  a  hot-box.  Genuine  babbitt  has  been 
proved  to  be  the  best  wearing  material  for  these  boxes, 
and  no  other  should  be  used. 

The  same  as  in  the  main  bearing,  the  crankpin  boxes 
may  be  chambered  for  the  lining  as  shown  in  Fig.  17-A, 
or  the  babbitt  may  run  clear  through  as  in  Fig.  17-B. 
If  the  boxes  are  made  of  cast  steel,  it  is  essential  that 
part  of  the  faces  should  be  babbitted  to  protect  the  boss 
on  the  crank  or  the  crankpin  washer  from  coming  in 
contact  with  and  getting  cut  by  the  hard  metal  of  the 
boxes.    This  method  is  illustrated  in  Fig.  17-C. 

In  case  of  emergency  the  crankpin  boxes  may  be  re- 
babbitted  directly  on  the  crankpin.  If  the  pin  is  over- 
hung with  a  loose  washer,  as  shown  in  Fig.  18,  both 
halves  can  be  babbitted  at  the  same  time,  taken  off  and 
cut  in  two,  but  with  a  solid  flange  at  the  end  or  on  a 
center  crank  each  half  must  be  babbitted  separately. 
The  better  method,  however,  is  to  babbitt  the  boxes  on 
a  special  mandrel  with  an  allowance  for  boring. 


The  |)roce.Ms  of  rebabbittinx  the  boxes  fcjr  a  crosshead 
pill  is  simple.  The  bf)xeH  can  be  damited  between  two 
suitable  boards  and  i)laced  over  the  pin,  which  is  fitted 
into  a  hole  cut  in  the  lower  board,  as  shown  in  Fig.  19. 
Strips  of  wood  can  be  fitted  in  the  slots  of  the  boxes. 
Each  half  may  be  poured  separately,  or  both  halves  'an 
be  cast  together  and  cut  in  two  afterward.  P'or  rebab- 
bitting  the  boxes  on  old-time  crossheads  with  solid  pins, 
a  mandrel  must  be  used  and  the  boxes  must  be  bored 
to  fit  the  pin,  which  is  usually  provided  with  large  fillets. 

The  wear  on  the  crossheads  of  horizontal  engir;es 
running  over  is  all  on  the  lower  shoes;  if  the  engine 
runs  under,  there  is  also  some  wear  on  the  upper  shoes. 
The  lower  shoe,  therefore,  needs  the  principal  attention. 
The  pressure  allowed  on  crosshead  shoes  should  not  be 
over  75  lb.  per  sq.in.  An  engineer  can  easily  check  the 
pressure  on  the  crosshead  shoe  in  the  following  manner: 
Multiply  the  area  of  the  piston  Vjy  the  steam  pressure 
and  divide  by  the  ratio  of  the  length  of  the  connecting 
rod  from  center  to  center  to  the  stroke;  the  quotient 
divided  by  the  projected  area  of  the  crosshead  shoe  will 
give  the  pressure  per  square  inch.  Take,  for  instance, 
a  16  by  36-in.  engine  with  an  initial  pressure  of  100  lb. 
per  sq.in.;  the  maximum  pressure  on  the  piston  will  be 
201   X   100  --  20,100  lb.     This,  divided  by  the  ratio  of 


Lining  of  Steel  Boxes 

FIG.    17.      BABBITT   IN   THE   CRANKPIN    BOX 

connecting  rod  center  to  center  to  the  stroke,  which  we 

will  assume  to  be  3  to  1,  will  give  —  'o —  =  6,700  lb.  j 

as  the  maximum  pressure  on  the  shoe.  Suppose  thej 
crosshead  shoe  to  be  16  in.  long  by  6  in.  wide,  withj 
a  projected  area  of  96  sq.in.;  the  pressure  per  square] 

fi  700 
inch  will  be  ^q^^  =  69.8  lb.     This  pressure  will  act 

on  the  shoe  only  when  the  engine  is  carrying  a  heavy 
overload ;  ordinarily,  the  pressure  will  not  exceed  one- 
half  or  perhaps  two-thirds  of  the  amount.     From  this 
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simple  calculation  we  gather  that  it  cannot  be  the  pres- 
sure alone  which  will  make  the  shoes  wear;  there  must 
be  another  element  which  enters  into  the  performance. 
This  is  the  velocity  with  which  the  shoe  moves  over  the 
guide.  The  material  with  which  a  crosshead  shoe  is 
lined  can,  therefore,  be  of  different  composition  from 
that   used   in   the   bearings   or   connecting-rod    brasses. 


FIG.  18.     BABBITTING  THE  GRANKPIN  BOXES  ON  THE  PIN 

Lead  and  antimony  in  the  proportion  of  84  to  16  will 
make  a  good  mixture  for  the  purpose.  The  antimony 
with  a  melting  point  of  900  deg.  must  be  melted  first, 
and  the  lead,  which  melts  at  600  deg.,  is  added. 

Some  old-time  crosshead  shoes  require  frequent  re- 
babbitting,  owing  to  their  limited  area  and  disadvan- 
tageous shape;  the  V-shaped  shoe  is  perhaps  the  most 
common  among  them.    To  rebabbitt  one  of  these,  a  form 
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hammered  lightly  and  then  machined  and  scraped  to  a 
good  bearing  on  the  guide.  To  save  the  machine  work, 
for  which  few  engine  rooms  have  the  necessary  outfit, 
the  shoes  can  be  reb^bbitted  in  the  guides  by  blocking 
up  the  crosshead  as  shown  in  Fig.  21.  A  form  made  of 
wooden  blocks  and  strips  is  built  around  the  shoe  on 
the  lower  guide.  With  the  proper  gates  and  risers  ar- 
ranged to  suit  conditions,  there  is  not  much  difficulty  in 
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FIG.  19.     CROSSHEAD  PIN  BOXES  B.\BBITTKI)  ON  THE  PIN 


FIG.   20.      BABBITTING  THE  CROSSHEAD  SHOE 


has  to  be  made,  to  which  the  shoe  is  clamped  with  a 
proper  allowance  for  the  metal;  the  babbitt  is  poured 
with  the  shoe  placed  in  a  vertical  position,  as  shown  in 
Fig.  20.  The  form  to  which  the  shoe  is  clamped  may 
be  made  of  wood,  but  one  of  cast  iron  is  to  be  preferred. 
Shoes  for  bored  or  flat  guides  can  be  rebabbitted  in  a 
similar  manner.     The  babbitt,  after  being  poured,   is 


pouring  in  the  metal,  but  there  is  a  certain  amount  of 
danger  in  cracking  the  guide  when  the  hot  metal  is 
poured  onto  it.  It  is  strictly  an  emergency  job,  on 
which  a  man  takes  some  chances. 

The  question  whether  a  babbitted  eccentric  strap  is 
to  be  preferred  to  one  without  soft-metal  lining  has 
never  been  definitely  settled.     A  babbitted  strap,  how- 
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rvor,  will  not  cut  Ihr  rci  cntric  if  il  grls  hut  ;  and  il  will 
:v\  hot  «»cr»sioiuill,\  in  spito  of  the  most  jiorfoct  oiliii).' 
(IcviiTS  Hnd  carofnl  watchinj;.  If  the  occcMtric  is  spli< 
and  can  lu*  tak«M\  ofT,  it  ran  l>r  nsrd  for  l)al)liittinK.  For 
that  purpose  it  is  mounted  on  :\  l)(>'ard  into  wliich  a  hloc'< 
of  wood  of  the  size  of  the  shaft  is  fitted,  as  shown  in 
V\g.  22.  Two  Imards.  one  for  the  top  and  the  other  for 
the  bottom,  arc  located  on  the  main  hoard  to  hold  the 
strap  in  place,  which  is  also  secured  by  wooden  blocks 
on  the  outside  of  the  rim.     The  jrates   for  ixnirin^r  the 
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FIG.    22.       liABUlTTI.Nc;    THE    ECCENTRIC    STKAl' 

babbitt  are  made  of  fireclay  or  other  suitable  material. 
Each  half  of  the  strap  is  poured  separately,  and  if  the 
strap  is  of  large  size  the  metal  must  be  poured  in  two 
places.  Since  the  babbitt  has  to  travel  a  considerable 
distance  through  a  narrow  space,  it  is  in  this  case  of 
prime  importance  that  both  eccentric  and  strap  be  well 
warmed.  If  the  eccentric  is  solid  and  cannot  be  re- 
moved from  the  shaft,  a  dummy  of  wood  maj'  take  its 
place  for  babbitting,  with  sufficient  allowance  for  ma- 
chining. 

"The  Story  of  Petroleum" 

The  United  States  Bureau  of  Mines  in  co-operation 
with  the  Sinclair  Consolidated  Oil  Corporation  has  just 
completed  a  new  four-reel  motion  picture  film  telling 
the  complete  story  of  petroleum.  The  film  will  be 
loaned  for  educational  purposes  to  those  desiring  the 
same  after  Sept.  1,  by  applying  to  the  Bureau  of  Mines, 
Washington,  D.  C. 

This  is  one  of  a  number  of  films  that  have  been  re- 
cently completed  by  the  Bureau  of  Mines  showing 
various  phases  of  the  mining  and  metallurgical  indus- 
try. Those  requesting  the  loan  of  "The  Story  of  Petro- 
leum." or  any  other  films  belonging  to  the  Bureau  of 
Mines,  are  expected  to  pay  the  cost  of  postage  both  from 
the  Washington  office  and  return. 


Dexirr    lo  Slio\x    riirrin:il  ( .(Midilioiis 
ill  Colli  l*ilr 

A  device  for  measuring  the  temperature  of  a  coal  pile 
at  various  (lei)ths.  (o  be  known  as  the  Thornley  (!oalo- 
meler.  has  been  perfected  by  the  Federated  Knginecrs 
Development  Corporation.  The  instrument  was  in- 
vented by  A.  W.  Hrowne,  professor  of  chemistry  at 
Cornell  laiiversity,  and  U.  V.  Nichf)ls,  of  New  York. 

It  consists  of  a  .set  of  temperature  indicators  incased 
in  a  long  pointed  steel  tube,  carrying  at  varying  depths 
metal  bulbs.  These  bulbs  and  pipes  connecting  them  to 
jtressur'^  j'^igcs  are  filled  with  alcohol.  At  the  upper 
'Mid  of  the  instrument  is  a  set  of  dials  with  pointers 
which  indicate  under  all  atmospheric  conditions  the 
'cmperature  of  the  bulbs  which  actuate  them.  The  ex- 
pansion of  the  alcohol  in  the  bulbs  and  pipes  under  in- 
'  reasing  temperature  controls  the  pointers  of  the  gages. 
The  .scale  on  each  dial  starting  at  32  deg.  F'.  runs  up- 
ward. It  is  colored  black  until  it  reaches  120  deg.,  when 
it  changes  to  red,  indicating  when  the  hand  reaches 
I  his  point  that  there  is  exce.ssive  heat  in  this  zone,  giv- 
ing warning  that  this  portion  of  the  pile  should  be  re- 
moved. The  units  are  made  in  two  lengths,  12  and  17 
ft.     These  carry,  respectively  two  and  three  temperature 


THE  THORNBY  COALOilETER 

indicators,  the  bulbs  being  placed  at  five-foot  intervals 
below  the  surface  mark  on  the  stem  of  the  instrument. 

Several  of  these  devices  are  forced  down  into  the 
coal  pile  at  varying  depths  and  at  various  localities. 
Collectively,  they  furnish  accurate  information  of  tem- 
peratures existing  throughout  the  coal  pile.  To  be  ef- 
fective, a  complete  installation  of  these  units  should  be 
used,  the  number  depending  on  the  size  of  the  coal  pile. 

Tests  have  shown  that  indicators  placed  at  fifty-foot 
intervals  in  either  direction  will  give  efficient  service 
and  indicate  temperature  conditions  throughout  the  en- 
tire pile. 
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Electric  Welding  Machines — Alternating 
Current  Equipment 

By  L.  W.  WEBB 

Master   Electrician,   t'nited   States   Navy   Yard,   Norfolk,   Virginia 


Weldi7ig  from  alternating-current  circuits  with 
either  a  resistance  or  a  reactance  is  first  dis- 
cussed, and  then  three  special  types  of  welding 
transformers  are  considered. 


A  LTERNATING-CURRENT  welding  is  done  princi- 

l\    pally  with  metallic  electrodes.  Very  little  carbon- 

J.  \,  pencil  or  carbon-electrode  welding  has  been  done 

with  alternating  currents  up  to  the  present  time.    The 

power  factor  of  alternating-current  welding  apparatus 

as  at  present  fur- 
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1.       WELDING    CIRCUIT    WITH 
SERIES    RESISTANCE 


nished  is  low.  This 
has  been  its  great- 
est   drawback    and 
has  prevented  to  a 
large     extent     its 
general    use    in 
places  where  other- 
wise it  was   excel- 
lently   adapted, 
since  in  most  cases 
welding  can  be  done  about  as  well  with  alternating  as 
with   direct   current.     In   general,   alternating-current 
welding  is  done  as  follows: 

1.  With  a  voltage  of  120  or  higher  a  resistance  is 
used  in  the  circuit  to  reduce  this  pressure  to  approxi- 
mately 20  volts  at  the  arc  (see  Fig.  1).  Welding  under 
this  condition  is  done  by  using  coated  or  special  elec- 
trodes of  the  various  types.     This  method  is  very  in- 


WorK 
FIG.  2.     WELDING   CIRCUIT  WITH  SERIES  REACTANCE 

efficient  from  the  standpoint  of  power  input  to  power 
delivered  to  the  arc,  and  it  is  always  necessary  to  ground 
one  side  of  the  circuit  unless  the  work  is  insulated  from 
the  ground.  Grounding  is  very  undesirable,  since  there 
is  always  danger  of  the  operator  being  burned  or  dam- 
age resulting  to  some  electrical  apparatus  connected  to 
some  other  part  of  the  circuit.  However,  when  welding 
has  to  be  done  in  locations  where  circuits  are  not  pro- 
vided to  care  for  the  operation  of  motor-generator  type 
machines,  the  foregoing  method  can  generally  be  used 
to  advantage  and  good  welding  can  be  done  under  these 
conditions. 

2.     By  the  use  of  a  simple  reactance,  Fig.  2,  either 
from  110-  or  from  220-volt  alternating-current  circuit, 


usually  sixty  cycles  (on  circuits  where  the  frequency  is 
25  cycles  or  lower,  welding  is  very  difficult).  Welding 
by  this  method  can  be  done  and  is  especially  desirable 
where  the  circuits  contain  sufficient  copper  to  care  for 
the  low  power  factor  under  welding  conditions,  when 
the  work  is  located  at  such  points  as  cannot  ordinarily 
bo  reached  by  a  motor-generator  type  machine.  It  has, 
however,  the  same  disadvantage  mentioned  in  the  fore- 
going; that  is,  unless  the  work  is  insulated  it  is  neces- 
sary to  ground  one  side  of  the  circuit.  On  110-volt 
circuits  it  is  more  difficult  to  do  welding  than  when  a 
220-volt  circuit  is  available,  and  it  is  very  desirable  to 
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KIG.    3.       WELDING    TRANSFORMER    WITH    PRIMARY    AND 

SECONDARY  WINDING  ON  SEPARATE  LEGS  OP 

MAGNETIC   CIRCUIT 

use  covered  electrodes  when  possible  in  welding  from 
a  110-volt  circuit,  but  with  the  220-volt  circuit  ^ny 
type  of  electrode  can  be  used  to  good  advantage. 

3.  Where  specially  designed  transformers  with  in- 
depen(!ent  primary  and  secondary  windings  are  used, 
the  transformer  is  usually  of  the  high-leakage  type 
to  provide  regulation  from  no-load  voltage  of  approxi- 
mately 75  to  110  to  the  arc  voltage  of  20  volts  under 
welding  conditions. 

Fig.  3  shows  a  diagram  of  a  General  Electric  Co.'s 
welding  transformer.  As  can  be  seen,  this  is  a  single- 
phase  transformer  with  primary  and  secondary  windings, 
wound  on  separate  legs  of  a  closed-core  magnetic  cir- 

VOLTAGE  COMBINATIONS  FOR   WELDIXG   TRANSFORMED    FIG.    3 

Rated  Volts  .Applied  on  Primary 

IMuE  No.  I  Plug  No   2  ill 

in  H  I           K          L  M  N 

A          A  nippres  wcldiiiK  circuit                   80  90        100  110  120  130 

StrikiiiE  voltage 110  100         92         85  <80  75 

B          .Vn.ppres  weldinE <ircuit    .               90  100        110  120  130  140 

Striking  voltaKP >.      .    .  120  110        101          93  88  83 

C          Amperes  welding  rironil  100  110        120  130  140  150 

Striking  voltage 131  119        110  102  96  90 

n          Amperes  weldinE  circuit  110  120        130  140  150  160 

Striking  voltage 141  129       118  110  103  97 

i:          Amperes  weldinE  circuit  120  130        140  150  160  170 

Striking  voltage 150  136        125  116  110  103 

F          Amperes  welding  circuit  1 30  1 40        1 50  1 60  1 70  1 80 

Striking  voltage  160  145        133  124  117  110 

cuit.  Each  winding  is  electrically  insulated  from  the 
other  and  has  its  own  separate  combination  of  taps,  so 
that  all  or  part  of  the  total  turns  can  be  used  as  desired 
to  get  various  welding  combinations  of  current  and 
arc-striking  voltage.  The  table  given  herewith  shows 
the  combinations  for  a  20-kva.  220-volt  60-cycle  trans- 
former while  total  voltage  ratio  of  primary  to  secondaiy 
is  two  to  one. 
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With  this  type  of  tnm.sformor  wcldiiiK'  (an  be  very 
•H.sily  (lone  from  OO-cyile  altpriiatiiiK-iiinent  circuits 
and  the  power  faitor  will  l)c  approximately  25  per  cent. 
Owinj;  to  the  multipliiity  of  laps  it  is  very  ea.sy  to 
olitain  the  various  weldiiiK  currents  desired  with  dif- 
ferent open-circuit  striking  voltapes,  so  that  even  in- 
experienced operators  can  (\o  satisfacloiy  weldinjr  with 
this  apparatus.  It  is  compact  and  easily  portable,  and 
in  locations  where  only  sin>rle-phase  circuits  arc  avail- 
able, it  can  be  used  to  good  advantaRe.  The  unit  is  of 
the  air-cooled  type  by  natural  ventilation,  and  no  fan 
to  provide  forced  coolinj;  is  necessary.  Welding  cur- 
rents from  SO  to  180  amperes  can  be  obtained.  As  the 
coils  are  on  indejiendent  leps,  the  reRulation  is  obtained 
!iy  majrnetic  leaka>rc  while  the  current  is  flowinjr,  which 
chanjres  the  voltajie  ratio  fi.xecf  by  the  coil-turn  ratio 
on  open  circuit. 

,A  wirinjr  diagram  for  an  Electric  Arc  Weldinur  Com- 
pany's weldinjr  transformer  is  shown  in  Fip.  4.  This 
traiisformer  has  (wo  legs  of  a  closed  core  each  contain- 
inp  windings  and  one  leg  a  movable  core.  The  primary 
and  secondary  coils  are  so  wound  on  the  first  leg  as 
to  have  very  little  flux  leakage  between  them.  On  the 
other  leg  is  another  .secondary  winding  in  .series  with 
that  on  the  first  leg  and  also  in  series  with  coils  having 
three  turns  each  on  the  horizontal  part  of  the  core 
between  the  two  legs.  The  open-circuit  voltage  on  this 
transformer  is  made  variable  by  a  combination  of  taps 
on  both  secondary  coils. 

Regulation  from  open-circuit  voltage  to  welding-arc 
voltage  is  obtained  by  flux  leakage  through  an  adjust- 
able core  and  also  bv  the  coils  wound  on  the  horizontal 


FIG.  4.     TKANSFOR.MER  WITH  ADJUSTABLE  CORE 

-•ath  assisting  in  causing  leakage.  The  primary  coils 
.ire  provided  with  taps  to  take  care  of  a  5  to  10  per 
.ent  drop  in  the  supply  voltage.  Welding-current  com- 
binations variable  from  75  to  150  amperes  can  be 
obtained  by  the  use  of  the  various  taps  on  the  windings. 
Experienced  operators  can  do  good  welding  with  this 
type  of  transformer  either  with  bare,  coated  or  covered 
electrodes,  but  it  is  very  diflficult  for  anyone  except  an 
experienced  operator  to  obtain  satisfactory  results  when 
bare  electrodes  are  used,  especially  on  overhead  work. 
However,  with  covered  electrodes  ordinary  operators 
can  obtain  good  results. 


There  is  an  auxiliary  .secondary  coil,  not  shown,  hav- 
ing 28  turns  on  the  .secondary  leg,  which  serves  the 
purpose  of  keeping  down  (he  open-circuit  voltage  across. 
the  elec(rodc  and  work  when  welding  is  not  being  done, 
to  about  l{()  or  40  volts,  and  thus  i)revenl  possible  chain  <• 
of  the  operator  receiving  a  shock  while  changing  the 
electrodes  or  before  welding  is  commenced.     When  the 
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FI(J.    5.      TRANSIOH.MKR    WITH    THREE-I.EUGEU    CORE 

welding  operation  is  started,  the  current  flowing  through  ' 
the  auxiliary  secondary  winding  causes  the  contactor 
to  close  the  main  welding  circuit  and  at  the  .same  in.stant 
opens  this  winding;  then  the  full  striking  voltage  of 
the  main  secondary  winding  is  available  for  welding. 
As  soon  as  the  arc  is  broken,  the  contactor  opens  the 
current  circuit  and  again  makes  contact  on  the  small 
closing  coil  on  the  auxiliary  secondary  windings  .so  that 
the  same  operation  will  be  repeated  when  the  electrode 
is  again  touched  to  the  work. 

The  transformer  built  by  the  Arcwell  Corporation, 
Fig.  5,  is  a  single-phase  unit  of  the  three-leg  type.  Leg 
No.  1  has  the  main  primary  winding  and  the  main 
secondary  winding.  Leg.  No.  2  has  an  auxiliaiy  sec- 
ondary winding  connected  in  series  with  the  main 
secondary  winding  and  another  secondary  winding  on 
leg  No.  3.  The  primary  winding  has  taps  provided  to 
lake  care  of  supply-voltage  variations  of  5  per  cent 
above  and  below  normal.  The  secondary  coils  on  leg 
No.  1  and  leg  No.  3  have  taps  so  that  various  welding- 
current  combinations  between  70  and  200  amperes  can 
be  obtained.  Regulation  of  this  transformer  is  obtained 
by  the  winding  on  leg  No.  2  being  so  wound  as  to  cause 
high  leakage  when  a  current  is  flowing,  which  decreases 
the  open-circuit  voltage  from  approximately  75  or  110 
volts  to  25  volts  at  the  welding  arc,  depending  on  the 
current  setting  of  the  particular  open-circuit  voltage. 

With  this  type  of  transformer  welding  can  be  easily 
done  with  60-cycle  alternating  current  and  give  a  power 
factor  as  high  as  30  per  cent. 

Constant-current  type  of  transformers  may  be  used 
with  one  or  more  operators  in  series,  and  automatic 
cutouts  provided  at  each  operator.  Fig.  6.  This  type 
of  transformer  is  usually  similar  to  that  supplied  for 
series  arc  lighting,  with  movable  secondary  coils  and 
provided  with  automatic  or  hand  regulation  for  the 
various  welding  currents  and  number  of  operators  con- 
nected. With  this  type  of  control  it  is  essential  that 
each  operator's  work  be  insulated  from  the  ground  and 
also  from  each  other.  Furthermore,  the  regulation, 
when  one  of  the  operators  starts  and  stops  work,  etc., 
must  necessarily  be  very  rapid  so  as  not  to  disturb  the 
must  be  rapid  so  as  not  to  disturb  the  other  circuits. 
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This  type  of  weldinjr  transformer  should  show  hij^h 
over-all  efficiency  when  conditions  are  such  that  a  num- 
ber of  operators  can  be  worked  from  the  same  trans- 
former, and  should  have  a  power  factor  and  efficiency 
much  higher  than  the  single-operator  transformers  now 
on  the  market.  Its  use  as  a  portable  welding  appliance, 
however,  will  never  be  successful,  especially  where  work 
has  to  be  done  on  metal  ships,  etc.,  and  therefore  its 
application   will    always   be    restricted   to   shops   where 


Work  Work 

FIG.  fi.     DIAGRAM  OF  CONSTANT-CURRENT  TRANSFORMER 

work  can  be  properly  insulated  and  where  the  current 
required  by  each  operator  is  the  same. 

All  the  transformers  described  in  this  article  are  of 
the  high-leakage  type  with  power  factors  under  normal- 
load  conditions  ranging  from  20  to  35  per  cent.  This 
means  that  when  a  number  of  operators,  are  working 
from  the  same  circuit,  it  is  necessary  to  supply  more 
copper  from  the  distributing  mains  than  would  be  re- 
quired from  an  ordinary  circuit  supplying  power  to 
the  same  number  of  operators  working  from  motor- 
generators.  But  as  these  transformers  are  easily  port- 
able, do  not  require  any  special  attention,  and  as  their 
first  cost  is  low  compared  with  that  of  motor-generators, 
they  can  be  used  to  great  advantage  in  many  locations. 
This  is  especially  true  in  places  where  single-phase 
circuits  only  are  available,  from  which  it  would  be  un- 
desirable to  operate  any  form  of  motor-generator  of 
capacities  that  are  as  high  as  that  required  for  welding 
machines. 

While  satisfactory  welding  can  be  done  with  these 
transformers,  usually  they  are  not  capable  of  producing 
as  much  output  as  the  motor-generator  type  of  machine. 
But  it  is  believed  that  when  designs  become  more 
efficient  no  reason  exists  why  equally  good  results  can- 
not be  obtained  with  them  as  with  direct-current  cir- 
cuits from  special  motor-generators.  However,  until 
some  form  of  power-factor  correction  is  designed  for 
use  with  these  transformers  so  that  the  power  factor 
of  the  current  taken  by  them  is  much  higher  than  that 
obtained  at  the  present  time,  their  use  will  be  some- 
what   restricted. 

Of  course,  in  many  cases  where  the  work  is  located 
in  places  that  are  inaccessible  to  power  supply, 
generators  driven  by  gasoline  engines  of  the  portable 
type  can  be  supplied,  which  can  be  readily  transported 
from  place  to  place.  But  the  first  cost  of  these  gasoline- 
engine  driven  generating  sets  is  high  and  likewise  the 
maintenance  cost,  and  they  ordinarily  require  more 
attention  than  any  other  form  of  welding  machine.  The 
use  of  these  transformers,  therefore,  will  in  many  cases 
be  the  best  solution  and  their  application  under  these 
circumstances  economical. 


Corrugated  Boiler  Flaiij^c  and  Feed- 
Water  Purifier 

A  steam  boiler  should  be  so  con.structed  that  internal 
strains  due  to  unequal  expansion  are  avoided.  If  a  feed- 
water  purifier  can  be  embodied  in  the  boiler  construc- 
tion, a  desirable  feature  has  been  added.  This  is  what 
the  Union  Iron  Works,  Erie,  Pa.,  has  done  in  the  design 
of  their  water-tube  boiler. 

Expansion  strains  between  the  header  and  the  drum 
are  taken  care  of  by  the  adoption  of  a  corrugated  flanged 
connection  A  from  the  drum  to  the  header,  which  also 
provides  an  opening  of  large  area  for  unrestricted  water 
circulation;  it  requires  no  throat  bracing.  The  illus- 
tration shows  a  sectional  view  of  the  rear  portion  of  tne 
drum  and  the  corrugated  connection  between  the  drum 
and  the  heads.    The  flange  connections  are  riveted. 

A  feed-water  purifier  that  is  out  of  the  fire  zone  and 
path  of  circulation  is  made  possible  by  carrying  the 
drum  well  beyond  the  rear  header  and  forming'  a"  sep- 
arate purifying  .settling  chamber,  as  at  B,  where  prac- 
tically all  of  the  precipitates  and  solids  arc  removea 
from  the  water  before  it  pa.sses  into  the  drum  proper. 
The  purifying  chamber  is  equipped  with  a  blowoff  C. 
The  illustration  shows  the  position  and  construction  of 
this  settling  chamber. 

Feed  water  is  brought  in  at  the  front  end  of  the  drum 
and  is  carried  through  to  the  rear  in  an  internal  feed 
pipe  that  discharges  at  the  boiling  point  into  the  puri- 


SHOWING   CORRUGATED   FbANGE  AND    WATER   PURIFIER 

fying  chamber,  where  the  solids  and  other  impurities 
readily  precipitate  and  are  blown  out  through  the 
blowoff  pipe  at  intervals. 

Baffles  D  and  E  isolate  the  purifier  and  conducting 
water  from  the  rest  of  the  drum  without  obstructing 
the  circulation  from  the  front  to  the  rear  of  the  drum. 


According  to  the  report  of  a  French  investigating  com- 
mittee the  United  States  is  rated  as  having  30,000,000 
hp.  in  water  power,  Canada  25,000,000,  Norway  7,500,- 
000,  Sweden  6,750,000,  Austro-Hungary  district  6,450,- 
000,  Italy  and  Spain  about  5,500,000  each.  Germany's 
water  power  is  estimated  at  only  1,500,000  hp.,  and 
that  of  England  is  about  1,000,000  hp.,  but  these  two 
countries  are  richly  compensated  in  coal. 
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Worthiiigton  2,400-Horsepower  Marine  Diesel 


THE  Worthington  Pump  and  Machinery  Corpora- 
tion has  on  the  test  floor  at  the  Snow-Holly  works 
a  2,400-hp.  marine  Diesel,  which  has  been  built 
from  their  own  designs  and  which,  incidentally,  is  the 
largest  four-cycle  marine  Diesel  yet  built.  The  engine  is 
of  the  vertical  single  acting  crosshead  type  and  has 
six  cylinders  mounted  on  cast-iron  A-frames,  which  in 
turn  are  mounted  on  a  bedplate,  or  base. 

The  bedplate  is  cast  in  two  parts,  which  are  held 
together  by  bolts  passing  through  reamed  holes  The 
transverse  members  of  the  base  carry  the  housings 
for  the  crankshaft  bearing;  the  housings  are  bored, 
so  that  the  semicircular  lower  bearing  valves  can  be 
removed  by  rolling  them  from  under  the  shaft.  The 
bottom  of  the  base  is  cast  solid,  forming  an  oil  pan. 
The  frames,  which  appear  in  Fig.  1,  are  eight  in 
number,  and  have  a  box 
section.  The  legs  on  the 
far  side  are  solid,  while 
each  of  the  front  legs  has 
a  gap  at  the  base  to  allow 
the  crankshaft  to  be 
removed  for  the  yearly 
inspection.  The  gap  is 
filled  by  a  tapered  block 
which  is  bolted  and 
doweled  into  its  place, 
thereby  making  the  front 
legs  as  rigid  as  the  rear 
ones.  This  feature,  from 
the  operating  standpoint, 
is  excellent.  The  frame, 
while  it  supports  the  cyl- 
inders and  gives  the  nec- 
essary rigidity,  is  not 
called  upon  to  bear  any 
of  the  working  stresses. 
These  stresses  are  taken 


FIG.    1.      EXGIXE   A-FRAMES 


up  by  a  .series  of  tension  rods  that  pass  through  the 
frames,  tieing  the  cylinder  bases  to  the  bedplate. 

An  unusual  feature  is  the  employment  of  bases  for 
the  cjiinders.  A  casting  is  placed  on  the  A-frames  and 
in  turn  supports  the  cylinders.  Each  casting,  or  cylinder 
base,  supports  three  cylinders  and  rests  on  four  frames; 
stuffing  boxes  accommodate  the  pistons  and  prevent  the 
ingress   of  water  or  fuel   oil   into  the  frame. 

The  cylinder,  as  will  appear  from  Fig.  2,  is  made 
up  of  a  cast-iron  liner  pressed  into  a  cast-iron  jacket, 
the  jacket  taking  the  axial  stresses.  The  cylinder 
heads  are  of  symmetrical  design,  openings  being  pro- 
vided for  the  exhaust,  admission,  fuel  and  starting 
valves.  The  fuel-valve  cavity  is  not  located  in  the 
center,  but  is  off'set  slightly.  This  gives  more  space 
for  the  cooling  water.    A  copper  thimble,  or  bushing, 

serves  as  the  wall  of  the 
fuel-valve  cavity. 

Since  a  crosshead  is 
incorporated  into  the  de- 
sign of  the  engine,  the 
pi.ston  is  short  and  rigidljrj 
connected  to  the  pistol 
rod,  which  is  flanged  ajj 
its  upper  end.  The  watei^ 
for  the  cooling  of  th« 
piston  enters  and  leaves^ 
through  telescopic  tubes| 
The  tubes  are  provided 
with  caps  and  are  of 
length  that  eff ectuallj 
prevents  leakage. 

The  crosshead  guide 
are  bolted  to  the  rear  leg 
of  the  frame.  The  slij 
pers  bear  against  thj 
guides  and  are  bolted 
the  square  steel  crosshead 
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The  cranksaft  is  in  two  sections,  bolted  together  by 
means  of  flanges.  The  crankpin  bearings  are  of  a 
standard  marine  type,  compression  being  altered  by 
shims  between  the   bearing  and   rod. 

The  admission  and  exhaust  valves,  with  their  cages, 
Fig.  3,  are  interchangeable  and  provision  is  made  for 
vvatercooling,  although  only  the  exhaust-valve  cage 
is  connected  up  to  the  water  system.  The  use  of  two 
springs  with  each  valve  is  another  attractive  feature; 
stoppage  of  the  engine  because  of  a  defective  spring 
should  be  eliminated  by  this  design.  Stufling  boxes 
on  the  valve  spindles  seem  unnecessary,  but  leakage 
is  undoubtedly  prevented.  Fal.se  seats  for  the  valve 
cages  are  features  that  are  worthy  of  remark.  The 
valve  stem  is  of  steel  and  is  screwed  into  the  cast- 
iron  valve  and  riveted  over. 

The  fuel,  or  spray,  valve.  Fig.  4,  is  somewhat  un- 
usual in  American  design,  having  the  valve  opening 
inward;  this  is  quite  like  the  Burmeister  &  Wain 
plate  and,  it  is  claimed,  gives  a  better  shape  to  the 
valve.  The  design  eliminates  the  customary  flame 
oil  spray  as  it  enters  the  cylinder.  The  wiredrawing 
across  the  seat  should  effectually  prevent  any  par- 
ticles from  being  deposited  on  the  valve  seat.  The 
valve  cage  has  a  copper  gasket  at  the  lower  end.  The 
upper  end  of  the  body  has  a  ground  joint  with  a  flange 
which  carries  the  air  and  oil  connections.  Above 
this  flange  is  bolted  a  block  carrying  the  valve-spring 
dashpot.  The  oil  passes  into  the  cage  through  a 
copper  tube,  covering  the  top  and  openings  of  the 
atomizer  discs.  The  top  flange  is  equipped  with  a 
bypass  valve  to  clear  the  oil  line  of  anv  air  that  might 
be  present. 

In  addition  to  the  main  exhaust  valve  an  auxiliary 
exhaust  valve  is  placed  in  the  cylinder  barrel  well 
toward  the  bottom  end.  The  piston,  as  it  nears  the 
end  of  the  power  stroke,  uncovers  this  valve.  Since 
the  spring  holding  the  valve  seated  has  but  little 
strength,  the  pressure  opens  the  valve,  allowing  the 
major  part  of  the  charge  of  hot  gases  to  pass  out 
through  this  valve.  The  main  exhaust  handles  only 
a  small  part  of  the  gases.  On  the  compression  stroke, 
the  air  has  a  very  low  pressure  during  the  interval 
before  the  piston  covers  the  auxiliary  valve,  conse- 
quently the  valve  remains  closed.  This  feature  should 
do  much  toward  lessening  the  number  of  stoppages 
at  sea  to  regrind  valves. 

The  various  valves  are  opened  by  rockers  actuated 
by  push  rods.  The  rods  are  seamless  steel  tubing 
with    welded    forged    steel    ends.      The    lower    ends. 


which  bear  rollers,  are  linked  to  the  reversing  shaft, 
as  is  shown  in  Kig.  5. 

The  fuel  pump  consists  of  a  steel  l>ox  with  a  plunger 
for  each  engine  cylinder,  ("ontrol  is  secured  by  limit- 
ing the  lift  of  the  suction  valves,  quite  similar  to 
the  arrangement  on  a  number  of  other  Diesel  engines. 
The  plungers  and  the  suction-valve  tappet  shafts  are 
driven  by  two  eccentrics  mounted  on  the  top  wheel 
of  the  camshaft  gear  train  drive.  Fig.  (j.  shows  the 
pump  and  control  levers. 

The  reverse  and  control  are  obtained  in  a  very  simple 
;.nd  positive  manner.  An  air  cylinder  li,  Fig.  C,  is 
provided  with  a  piston  and  rod.  The  rod  at  its  upper 
end  is  fitted  with  a  rack  and  a  cam  plate.  This  latter 
bears  against  rollers  fastened  to  the  camshaft.  The 
rack  engages  a  pinion  keyed  to  the  reverse  shaft.  When 
the  handle  of  the  reversing  valve  A  is  thrown  to 
"astern,"  the  air  enters  the  lower  part  of  the  air  cylin- 
der B.  This  forces  the  piston  rod  upward.  The  rack 
revolves  the  reverse  pinion,  which  rotates  the  reverse 
shaft.  The  links  connected  to  the  valve  push  rod  then 
pull  the  rollers  out  of  contact  with  the  cams.  The  cam 
plate  on  the  rever.se  pi.ston  rod  has  moved  upward 
during  this  period,  and  as  the  rollers  clear  the  cams 
the  curve  on  the  cam  plate  engages  the  roller  block  and 
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shifts  the  entire  camshaft  to  the  right,  bringing  the 
astern  cams  under  the  rollers.  Further  movement  of 
the  rack  brings  the  push  rod  back  onto  the  astern  cams. 
An  oil  cylinder  C,  Fig.  6,  equipped  with  a  bypass  valve 
ictuated  by  the  reverse  lever,  effectually  locks  the  re- 
verse in  position.  The  engine  is  now  ready  to  run 
istern. 

Two  control  levers  D  are  provided,  thereby  allowing 
:hree  cylinders  to  be  cut  out  when  running  at  low  speed. 
\fter  the  reversal  has  been  accomplished,  the  control 
ever  is  moved  inward.  When  the  lever  reaches  its 
irst  position,  the  air  valve  E  is  opened.  As  the  engine 
:omes  up  to  speed  under  the  influence  of  the  air  which 
s  admitted  into  all  the  cylinders,  the  control  lever  is 
hifted  farther  inward ;  this  cuts  out  the  air  and  admits 
he  fuel.  The  fuel  pump  is  controlled  by  the  shaft  E, 
vhich  alters  the  opening  of  the  pump-suction  valves. 

The  air  compressor  is  located  at  the  forward  end  of 
he  engine  frame,  being  driven  by  a  crank  on  the  main 
rankshaft.  This  serves  to  lengthen  the  engine;  un- 
loubtedly  on  larger  units  the  compressor  should  be 
Iriven  by  an  independent  engine.  The  compression 
'alves  are  the  well-known  Laidlaw  feather  valves.  In- 
ercoolers  and  aftercoolers  are  provided. 

Forced-feed  lubrication  is  used  on  all  the  principal 
)arts.  A  motor-driven  pump  draws  the  oil  from  a 
ump  below  the  engine-room  floor  and  discharges  it  at 
5  lb.  pressure  into  a  fore-and-aft  header  on  the  out- 
(Oard  side  of  the  engine.  Branch  pipes  lead  to  all  the 
lain  bearings;  the  crankpin  is  fed  through  diagonal 
loles  from  the  main  bearing.  From  the  crankpin  the 
il  flows  up  through  the  connectirig  rod,  lubricating  the 
vristpin  and  crosshead  guides.  The  used  oil  drips 
lown  into  the  engine,  from  where  it  is  collected  and 
lassed  through  an  oil  filter. 

Salt  water  is  employed  for  cooling  purposes.  The 
intire  crankcase  is  sealed  against  the  entrance  of  the 
vater,  eliminating  all  danger  of  injuring  the  lubricating 
•roperties  of  the  oil.  The  general  dimensions  of  the 
ngine  are  as  follows:  I.hp.,  2,400;  b.hp.,  1,750; 
n.e.p.,  85.5;  mechanical  efficiency,  75  per  cent.;  bore, 
19  in. ;  stroke,  46  in. ;  compression,  500  lb. ;  injection, 
•00  lb.;  main  bearings,  17i  x  24  in.;  crankpins,  18  x  15 
n. ;  wristpins,  10 j  x  9V  in.;  length,  55^  ft.;  height, 
13-;  ft.;  weight  crankshaft,  36i  tons;  weight  engine, 
391  tons;  weight  per  i.hp.,  327  lb. 

Checking  Four-Wire  Three-Phase 
Switchboard  Wattmeters 

By  H.  C.  Yeaton 

The  accuracy  of  all  switchboard  instruments  should 
e  frequently  checked  to  ascertain  that  they  are 
unctioning  correctly.  The  following  explains  the 
eneral  method  of  checking  a  four-wire  three-phase 
witchboard   wattmeter: 

Short-circuit  the  current  transformers,  if  the  instru- 
lent  is  used  with  current  transformers,  and  then  dis- 
onnect  the  wattmeter  from  the  circuit.  The  switch- 
oard  wattmeter  should  then  be  connected,  together 
;ith  a  single-phase  portable  wattmeter,  on  a  single- 
hase  circuit,  as  shown  in  the  figure.  A  variable  load 
3  shown  in  the  diagram,  which  is  for  obtaining  differ- 
!nt  readings.  All  current  coils  of  the  switchboard  watt- 
neter  are  connected  in  series,  and  the  potential  coils,  to- 
gether with  the  instrument  resistances,  are  connected 
'.cross  the  circuit. 


The  current  winding  of  the  single-phase  portable 
wattmeter  is  connected  in  series  with  the  current 
windings  of  the  switchboard  wattmeter,  and  the  poten- 
tial winding  of  the  portable  meter  is  connected  across 
the  circuit.  It  is  therefore  obvious  that  the  current 
that  passes  through  the  current  coils  of  the  switchboard 
wattmeter  also  passes  through  the  current  coil  of  the 
single-phase  portable  wattmeter.  The  potential  across 
the  potential  elements  of  the  switchboard  instrument  is 
the  same  as  that  across  the  potential  element  of  the 
portable  meter. 

The  calibrating  watts  per  element  of  a  four-wire 
three-phase  wattmeter  are  equal  to  Scale  Reading  -~ 
Current-Trans.  Ratio  X  Potential  Trans.  Ratio  X  4. 
Therefore,  by  determining  the  calibrating  watts  of  the 
switchboard  four-wire  three-phase  wattmeter  from  the 
foregoing  formula,  its  scale  readings  may  be  checked 
with  the  single-phase  portable  meter. 

Suppose  that  the  four-wire  three-phase  wattmeter  is 
used  on  a  circuit  of  2,200  volts  and  100  amperes.    Each 


Source 


Upper  Current 
Elements 


Four-Wire.  Three  -Phase 

^ ~--.^  Switchboard 
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Upper  Potential 
Element — 


WIRING   DIAGRAM   FOR   TESTING   4-WIRE   3-PHASE   WATT- 
METER OX  .SINGLE-PHASE  CIRCUIT 


potential  transformer  has  a  ratio  of  20:1  (that  is, 
2,200  to  110  volts),  and  each  curi-ent  transformer  has 
a  ratio  of  20:1  (or  100  to  5  amperes).  The  watts  of 
the  circuit  would  be  2,200  X  100  X  3,  or  660  kw.;  but 
as  a  660-kw.  scale  would  have  rather  an  uneven  ending, 
a  700-kw.  scale  would  probably  be  selected. 

Connect  the  instruments  on  a  5-ampere  110-volt 
circuit  as  in  the  figure.  If  the  pointer  on  the  switch- 
board wattmeter  indicated  600  kw.,  then  the  calibrating 

watts  for  this  point  would  be  equal  to  ocT^  ^q   y   i 

=  375  watts,  and  the  switchboard  meter  would  be 
correct  if  the  portable  meter  read  375  watts.  By  sub- 
stituting the  readings  100,000,  200,000,  300,000, 
400,000,  500,000,  600,000  and  700,000  in  the  numerator 
and  dividing  by  the  denomi'.iator  20  X  20  X  4,  the 
following  calibrating  table  is  obtained: 


SwitchI). 
K-udilig! 


ard-Wattii 
in  Kilowii 
100 
200 
300 
400 
500 
600 
700 


CaliljratiiiK  Watts 
p.T  ■■;icii.cnt  of 
Switchboard  Wattmeter 
62  5 
125  0 
187  5 
250  0 
312  5    ■ 
375  0 
437   5 


Portable  Wattmeter 
Kcac'.ings  in  Watts 
62  5 
125  0 
187.5 
250.0 
312  5 
375  0 
437  0 


Other   readings   may  be  checked    in   the   same   way, 
if  recjuired. 
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An  Inslruinont  Roconl  SyHleiii 

|{Y    Kki;I)KKI(K   J.   Sin  LINK 

The  en  Ill-record  .sy.steni  herein  illii.strated  is  in  the 
nuiiii  a  fonihiiiation  of  the  aiithor'.s  type  of  projjre.ss- 
of-\vork  I'hartiiiK  .scheme',  comhiiieil  with  some  of  his 
inothiuls  of  cani-iiule.\  operation.  The  .system  to  be 
ile.scribeil  has  provided  the  rather  complex  and  minutely 
detailed  information  required  of  it  so  satisfactorily 
that  it  is  thought  that  others  havinR  control  of  instru- 
ments or  similar  plant  units  in  considerable  numbers 
might  find  it  useful. 

The  illustration  given  the  code  of  symbols  used  in  the 
card  form  of  record,  each  of  these  symbols  bein>r  drawn 


considered  with  the  code,  will  be  self-explanatory;  the 
table,  however,  gives  a  complete  enumeration  of  the 
signiricance  of  the  symbolic  entries  in  the  date  area. 

Arrows  will  be  noted  at  points  on  the  upper  and 
right-hand  margins  of  the  card;  the  former  has  been 
applied  to  mark  a  black  ink  dot  on  the  top  edge  of  the 
laid,  which  by  its  position  alone  f measured  from  the 
upper  left-hand  corner  of  the  card)  shows  exactly  on 
what  plant  unit  and  in  what  department  the  instru- 
ment was  last  installed.  Each  0.02  in.  from  the  left- 
hand  edge  of  the  card  corresponds  to  a  difTerent  num- 

6 


l<ered  heater  or  press;  a  maximum  of 


0.0- 


or  300  differ- 
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within  a  .square  corresponding  to  the  date  on  a  printed 
and  ruled  4  .\  6-in.  card  form.  The  reverse  of  the  card 
is  cross-ruled  to  care  for  a  second  year's  entries.     By 


Jan. 
.Mar 


Apr 


READING  OF  SYMBOLS  AS  INDICATED    OX    CHART 

.Ian.        5     RiTeived  in  Instruments  Control  Dfi)t. 
.Ian.       6     Calibrated;  error  =+2.0° 
.\djust«l 

Upturned  to  stork. 
13     Installed  on  heater  10,  Dept.  13. 
7     -Xdjustetl  down  (to   agreement  with   mercurial   thermometer)    ui 
count  of  a  discrepancy  of -(-  I    OdeR. 
22     .Adjusted  down   (to  agieemenl  with  mercurial  thermometer)   oi 
count  of  a  discrepency  of  + 1 . 0  deg. 

24  Removed 
( >rdered  repaired 

25  Completion  of  repairs  promi.'^etl 
27     Uepairs  actually  completed 

3     Calibrated ;  error  +  0.8  deg. 
.\djustetl ' 

5  Installed  on  heater  I3B.  I*ept.  21 
18     .Xtljustcd  down  (to  agreement  with  mercurial  thermorneterl   oi 

count  of  a  discrepancy  of  +2  0  deg. 
27     .\diustcd  down    (to  agre<'nient   with   niercurial  thermometer)  o 
count  of  a  di.-.crepancy  of  +  1.0  deg.  .. 
2     Removed  from  heater 
Ordcrctl  repaired 

6  Sent  to  manufacturer,  with  outgoing  letter 
12     Incoming  letter 

7  Instiument  (again)  received  in  Instruments  Control  Dept. 
»     Calibrated:  error +0   5  dig. 
*'     .Spc.ial  pcrn^aiifiiiv  test  on  the  therniometric  os<-illator 

10     Calibrattxl  aKaiii  .  rror  linirea.Hf.1  tui  +1    0  l:i>  result  of    osiilh 
test) 
.\djusted 
II  -  Installed  on  healer  13H.  Dept.  21 


using  a  5  X  8-in.  or  even  8*  x  11-in.  card,  four  or  more 
years  could  readily  be  recorded  without  using  a  sec- 
ond card  for  the  same  instrument.     The  specimen  card, 


'"An  Improved  Progress-of-Work  Chart,"  JournuJ  of  the  Frank- 
lin  Institute.   May.   1918,   p.    186. 

"-"Getting  the  Most  Out  of  Index  Cards,"  Industrial  Engineering, 
Feb..  1918,  p.  135. 


ent  plant  units  can  be  indicated  in  this  way  on  the  4  x 
6-in.  card.  On  a  larger  card  it  would 
he  advantageous  to  open  up  the  scale 
somewhat,  if  possible,  in  order  to 
facilitate  finding  of  the  dot;  0.03  in, 
or  0.04  in.  would  be  a  more  desirable 
spacing.  Finding  the  edge  dots  by 
means  of  a  simple  sheet-metal  gage 
or  master  card  which  is  run  along 
the  top  edge  of  the  record  cards  while 
they  remain  aligned  in  the  file 
drawer,  permits  of  the  instrument 
card  being  located  even  when  the 
identification  number  of  the  instru- 
ment is  not  known,  but  only  the 
number  of  the  production  unit  on 
which  the  instrument  is  used.  The 
primary  arrangement  of  the  cards  is 
in  order  of  the  serial  or  identifica- 
tion numbers  of  the  instruments 
themselves.  The  two  dots  on  the 
right-hand  elge  show  that  the  in- 
strument has  been  subjected  to  the 
regular  monthly  inspection  during 
April  and  June,  the  month  positions  being  measured 
from  the  upper-  right-hand  corner  of  the  card.  When  all 
inspections  of  a  given  month  have  been  completed  there 
will  be  a  continuous  line  of  such  dots  from  front  to 
back  of  the  file  of  these  cards  in  the  appropriate  posi- 
tion, which  enables  any  instruments  that  have  been 
missed  by  accident  or  other  cause,  to  be  at  once  detected 
without  the  necessity  of  handling  the  cards  individually. 
For  further  information  on  this  method  of  recording, 
the  reference  of  footnote  2  should  be  consulted. 

The  writer  sees  no  reason  why  this  method,  which 
has  proved  completely  adapted  to  work  on  measuring 
instruments,  should  not  be  well  adapted  also  to  other 
plant  equipment  of  which  a  performance  history  is  kept, 
such  as  electric  motors,  elevators,  etc.  The  general 
principles  sho\vn  are  capable  of  wide  extension  and. 
modification  in  details  for  particular  purposes. 

Suggestions  for  the  Semi-Diesel  Engineei^ 

The  hot-bulb  or  combustion  chamber  should  be  cleane 
very  frequently.     If  a  heavy  oil  is  burned,  a  monthI|j 
cleaning  is  about  correct. 

Don't   fail  to  close  the   water-injection   valve  when"" 
stopping  the  engine.     If  this  is  neglected,  the  cylinder 
may  be  flooded. 

If  the  ignition  device  is  hot,  open  the  water-injec- 
tion valve  as  soon  as  the  engine  begins  firing.  This 
will  eliminate  the  danger  of  the  cylinder-head  joint 
leaking. 
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Both  Suffering  from 
Past  111  Repute 

SYNCHRONOUS  motors  in  many  industries  have 
come  to  be  recognized  as  an  efficient  means  of  driv- 
ing various  classes  of  equipment  and  have  even  been 
developed  to  the  point  where  they  may  be  started  and 
stopped  automatically,  in  a  manner  similar  to  the 
direct-current  motor  or  induction  motor.  Yet  the 
record  of  this  machine  during  its  early  applications 
still  remains  and  undoubtedly  has  acted  as  a  deterrent 
to   its   more  general   use   today. 

When  synchronous  motors  were  first  used,  they  were 
nothing  more  than  alternating-current  generators 
applied  to  motor  service.  These  machines,  when  oper- 
ated as  generators,  had  characteristics  that  were  far 
from  satisfactory  and,  when  applied  as  motors,  gave 
all  kinds  of  trouble.  First,  they  had  to  be  .started 
by  some  auxiliary  source  and  brought  up  to  speed  and 
synchronized  before  being  connected  with  the  source  of 
power,  after  which  the  load  was  applied  through  a 
mechanical  clutch  or  other  means.  After  these  early 
types  of  motors  were  on  the  line,  they  had  a  tendency 
to  hunt  and  to  try  to  adju.st  themselves  to  every  dis- 
turbance on  the  circuit ;  as  a  result  the  operation  was 
in  general  unsatisfactory.  However,  when  these 
machines  were  designed  as  motors  with  squirrel-cage 
windings  in  the  pole  faces,  they  developed  characteris- 
tics that  compare  favorably  with  other  types  of  alter- 
nating-current motors  and  in  some  respects  they  are 
superior.  But  this  type  is  still  suffering  from  the  ill 
repute  it  fell  into  in  its  early  application. 

The  mechanical  clutch  that  was  used  to  connect  these 
noachines  to  their  loads,  and  for  many  other  applica- 
tions, developed  anything  but  an  enviable  reputation, 
its  reliability  being  low  and  its  maintenance  high. 
Therefore  as  pointed  out  in  the  Electrical  Development 
Committee  Report  of  the  Association  of  Iron  and  Steel 
Electrical  Engineers,  presented  at  the  Fourteenth 
Annual  Convention,  "the  magnetic  clutch,  purely  by 
reason  of  its  name  'clutch,'  has  fallen  heir  to  the  ill 
repute  of  the  mechanical  clutch."  However,  experience 
with  synchronous  motors  applied  to  various  heavy  drives 
through  magnetic  clutches,  in  rubber  and  cement  mills, 
has  shown  this  combination  to  give  entire  satisfaction. 
The  clutches  are  easy  of  application,  have  low  main- 
tenance charges,  are  simple  to  adjust  and  are  readily 
adapted  to  remote  control,  which  makes  them  adaptable 
as  safety  devices  where  necessary.  Because  of  the 
current  lag  the  clutch  requires  a  considerable  period 
to  reach  full  strength.  Thus  the  load  is  automatically 
applied  gradually   to  the   motor. 

These  clutches  have  been  successfully  applied  to  syn- 
chronous motors  uo  to  six  hundred  horsepower  in  size. 
Whatever  the  bad  record  of  the  predecessor  of  the 
modern  synchronous  motors  and  magnetic  clutches  may 
have  been,  modern  designs  have  proved  their  reliability 
by  several  years'  service  in  very  heavy  application, 
and  the  future  should  see  a  wider  application  of  syn- 
chronous motors  to  heavy-duty  applications. 


A  Field  for  the 
Gas  Producer 

DISCONTINUANCE  of  the  natural-gas  service  to  all 
indu.slrial  plants  will  be  in  effect  very  shortly  in 
all  the  Central  States.  This  action  is  absolutely  neces- 
sary to  insure  a  supply  of  gas  to  meet  the  domestic 
demand.  As  a  result  of  this  step  several  hundred  power 
plants  now  using  natural-gas  engines  are  confronted 
with  a  decidedly  serious  problem.  In  many  cases  the 
rate  quoted  for  electric  power  makes  this  service  out  of 
question ;  in  other  instances  electric  service  cannot  be 
secured  at  any  price.  The  investment  required  for  the 
installation  of  an  entirely  new  plant  would  be  a  some- 
what undesirable  burden  to  many. 

The  gas  producer  offers  the  cheapest  and  most  eco- 
nomical solution.  As  the  plants  now  stand,  nothing  is 
required  to  change  to  producer  gas  beyond  the  installa- 
tion of  the  producer  and,  in  some  cases,  change  of 
cylinder  compression.  Using  buckwheat  anthracite,  a 
brake  horsepower  can  be  obtained  from  less  than  one  and 
a  quarter  pounds  of  fuel.  This  economy  will  compare 
favorably  v-'ith  natural-gas  at  twenty-five  cents  per  thou- 
sand cubic  feet. 

The  gas  producers  of  the  past  enjoyed  a  somewhat 
unfavorable  reputation.  In  almost  all  cases  of  producer 
failure,  it  is  a  matter  of  record  that  bituminous  coal 
was  used.  Even  though  the  fuel  expense  is  slightly 
higher,  only  anthracite  should  be  burned  in  these  small 
producers.  The  type  of  operator  that  is  available  is 
quite  superior  to  that  of  past  years.  The  present  opera- 
tors of  the  natural-gas  engine  should  easily  develop  into 
high-grade  producer  men. 

The  natural-gas  situation  opens  up  to  the  manufac- 
turer of  small  and  medium  gas  producers  a  field  that 
should  not  be  neglected.  Unlike  in  former  years,  the 
prospect  has  already  been  educated  to  the  advantages  of 
gas-engine  power.  It  only  remains  to  convince  him  that 
a  particular  producer  meets  the  requirements. 

Commendable  Co-operation 

THE  controversy  that  waged  so  briskly  a  few  years 
ago  between  the  central  station  and  the  isolated 
plant  now  appears  to  be  a  thing  of  the  past.  Not  that 
the  central  station,  like  the  proverbial  whale,  has  com- 
pletely swallowed  the  isolated  plant,  for  there  are  a 
goodly  number  of  the  latter  still  grinding  out  kilowatt- 
hours,  nor  has  the  central  station  fared  badly,  as  is 
attested  by  the  number  of  extensions  and  new  plants  of 
large  capacity  now  under  construction.  Therefore,  one 
mu.st  look  farther  for  tTie  reason.  There  are  apparently 
several  conlributing  factors: 

In  the  first  place  the  demand  for  power  in  general  far 
exceeds  the  capacity  to  serve,  and  it  behooves  the  central- 
station  .salesman  to  .seek  only  the  more  desirable  loads. 
Secondly,  the  high  cost  of  fuel  and  labor  has  been 
responsible  for  the  shutting  down  of  many  of  the  in- 
efficient private  plants  and  leaving  those  whose  load 
conditions    and    exhaust-steam   demands   justify    their 
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iiulepi'iuloMl  i'\i.><tt  luf.  Thirdly,  tluTi'  appears  lo  Ik  a 
ili.spo.sitioM  oil  the  part  of  numy  of  the  ei-ntrai  ."-tulion 
lonipanifs  to  nvoKiiizp  and  co-operate  with  tin-  latter 
cla.>»s  of  plants. 

One  of  the  largest  central-station  com|)anies  in  the 
Middle  West  has  adopted  a  broad  jjolicy  of  co-ojieration 
with  its  industrial  customers.  It  advi.ses  those  that  have 
private  jilants  installed  to  retain  and  operate  them  in 
conjunction  with  the  central-station  service  at  such  load 
as  will  .secure  the  most  economical  heat  balance,  merely 
reserving  the  privilege,  in  cases  of  necessity,  of  cutting 
off  service  to  the  extent  of  the  remaining  capacity  of 
the  private  plant.  Thus  both  parties  are  benefited,  the 
industrial  plant  by  .securing  more  economical  operation 
and  the  central  station  by  .securing  what  amounts  to  the 
same  as  reseive  capacity. 

Now,  vhen  the  attention  of  the  engineering  profes- 
sion is  centered  on  the  interconnection  of  power  systems 
and  the  elimination  of  fuel  waste  wherever  possible,  a 
wide  application  of  the  aforementioned  practice  would 
aid  materiallv  to  achieve  the  results  aimed  at. 

Brifjhter  Ecoiioinic  Skies 

WITHIN  four  or  five  days  after  the  calling  of  the 
strike  on  the  Brooklyn  Rapid  Transit  Company's 
sy.stem,  the  company  is  rejxirted  to  have  had  about  three 
thousand  strike  breakers  on  the  job.  Some  time  pre- 
vious to  this  the  Pennsylvania  Railroad  astounded 
everybody  by  announcing  that  twelve  thousand  men  on 
the  eastern  end  of  that  system  were  to  be  laid  off  and 
transferred.  In  Akron,  Ohio,  recently,  men  to  the  num- 
ber of  thirty  to  ninety  thousand  are  reported  to  have 
been  laid  off;  rumor  has  it  that  so  fast  did  men  leave 
that  town  that  the  railroad  office  ran  out  of  tickets.  As 
other  examples,  we  have  seen  what  happened  to  the  silk 
and  shoe  industries. 

Contractors  all  over  the  country  report  an  appreciable 
increase  in  output  of  the  men  engaged  in  the  building 
trades.  Textile  workers  here  and  there  are  reported  to 
have  sensibly  accepted  slight  reductions  in  wages. 
Talk  with  employers  about  the  country,  particularly  in 
industrial  centers,  and  you  learn  that  so  many  men 
now  come  in  answer  to  advertisements  for  help,  that 
employers  can  make  happier  selections  than  have  been 
possible  in  years. 

Reports  from  Italy  tell  of  a  million  Italians  ready  to 
come  to  this  country  as  soon  as  they  can  get  passage 
and  are  allowed  to  clear. 

Many  industries  in  New  England  are  again  getting 
started,  on  part  capacity  at  least,  after  a  long  period  of 
idleness. 

The  conditions  are  not  ominous.  They  are  encourag- 
ing. They  mean  that  business  is  at  last  beginning  to 
get  back  on  a  sound  economic  basis — certainly  more 
sound  than  we  have  known  for  the  last  few  years.  The 
break,  which  doubtless  is  here,  simply  had  to  come. 
Things  could  not  longer  have  gone  on  as  they  were 
going.  From  now  on  one  may  reasonably  expect  that 
there  will  be  fewer  staggering  demands  by  labpr,  fewer 
attempts  at  ruthless  profiteering,  less  arrogance  by  the 
seller  and  greater  confidence  and  equanimity  on  the  part 
of  the  buyer.  A  department  head  may  soon  be  able  to 
talk  freely  with  men  who  need  it  without  fear  of  pre- 
cipitating a  crisis  in  his  plant.  It  begins  to  look  as  if 
the  dollar  is  soon  to  be,  not  what  it  was  before  the  war, 
but  a  little  more  of  its  former  self  than  it  has  been  for 
a  long  time. 


American  labor  and  American  business  must  not  for- 
get that  (lermany,  which  m  the  years  before  the  war 
demonstrated  remarkable  commercial  development,  is 
burdened  with  a  staggering  debt,  that  she  will  soon 
be  felt  as  a  competitor  in  world  markets.  She  must  get 
the  business.  And  a  nation,  like  an  individual,  stimu- 
lated in  an  emergency,  is  likely  to  do  things  that  would 
give  the  less  agitated  jMiu.se. 

Let  us  get  back  to  work. 

Emergency  Drilln 

IN  MOST  factories  and  industrial  e.stabli.shments  fire 
drills  have  become  an  established  practice.  The  fact 
that  they  are  held  is  no  indication  that  the  premises 
are  especially  susceptible  to  fire.  They  are  merely  a 
precaution  to  insure  that  in  such  emergencies  everyone 
will  know  just  what  to  do  and,  as  a  result  of  repeated 
rehearsal,  will  do  it  almost  involuntarily. 

Just  so  with  the  operation  of  any  large  power  plant 
or  power  station.  Accidents  and  disturbances  within 
or  without  the  station  are  always  a  probability  in  spite 
of  preventive  measures.  It  is  most  important  at  such 
times  that  the  operators  think  clearly  and  decisively  in 
order  to  do  just  the  right  thing  and  prevent  multi- 
plication of  the  trouble  or  sustained  interruption  to 
service. 

Considering  the  intricacies  of  the  modern  power 
station  and  electrical  .system  it  is  a  tribute  to  engineer- 
ing skill  and  design  that  troubles  are  not  more  frequent. 
Notwithstanding  protective  and  automatic  devices- 
nothing  will  take  the  place  of  an  alert  and  properly 
trained  personnel. 

One  of  our  large  electric  companies  has  long  made 
it  a  practice  to  hold  regular  Sunday  drills  in  handling 
anticipitated  disturbances.  It  is  understood  that  the 
results  have  been  most  gratifying.  While  it  is  imposi- 
ble  to  estimate  the  saving  thereby  effected,  it  is  un- 
doubtedly large.  The  practice  is  worthy  of  application 
to   all   power  plants. 


During  the  war  woman  proved  her  capability  in 
almost  every  industrial  pursuit,  and  her  services  during 
those  strenuous  times  were  welcomed.  However,  it  was 
not  long  after  the  signing  of  the  armistice  that  she 
began  to  find  herself  being  crowded  out  of  her  new- 
found sphere  by  her  brother  worker.  Although  this 
condition  to  a  limited  extent  prevailed  in  this  country,  it 
was  of  far  greater  magnitude  in  England  and  continen- 
tal Europe.  As  a  result  there  has  recently  been  formed 
in  London  a  Women's  Engineering  Society.  Information 
as  to  whether  this  society  is  a  trade  union  or  an  en- 
gineering society,  .  as  we  know  such  bodies  in  this 
country,  is  not  available.  However,  what  such  a  society 
will  develop  into  only  the  future  can  show. 


There  are  still  hopes  that  the  real  coal  profiteer  will 
be  apprehended  and  given  his  just  deserts.  The  men 
who  run  the  price  of  coal  up  beyond  reason  by  succes- 
sive sales  of  the  same  coal  with  large  profits  on  each 
sale  are,  it  has  been  announced,  to  be  the  subjects  of  the 
newest  campaign  of  the  Attorney  General  against  coal 
profiteers.  Those  that  pay  the  high  prices  are  patiently 
waiting  to  see  something  happen  other  than  the  price 
of  coal  go  higher. 
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Roof  Condensation 

For  three  years  we  had  trouble  with  roof  condensa- 
tion, as  mentioned  in  the  editorial  in  the  Aug.  31  issue 
of  Power.  We  ovei'came  this  trouble  as  follows:  Our 
engine  room  is  26  x  44  ft.  with  concrete  walls  and  cor- 
rugated iron  roof.  We  have  100  ft.  of  2-in.  pipe  on  the 
cold  side  of  the  room.  On  cold  nights  and  Sundays  we 
turn  steam  in  these  so  that  the  oil  cups  will  feed  freely 
in  starting  mornings.  After  running  about  an  hour, 
when  the  engine  room  begins  to  get  warm,  we  shut  off 
the  heat ;  on  very  cold  days  the  heat  remains  on. 

If  the  roof  drips  or  if  it  rains,  we  open  the  windows 
to  lower  the  temperature.  One  window  in  the  peak  of 
the  wall,  which  is  opened  and  closed  by  ropes,  is  all  we 
find  necessary  to  stop  sweating.  Peter  Burkard. 

Gladstone,  Mich. 

To  Prosecute  Coal  Profiteers 

In  the  Aug.  31  issue  of  Power,  page  354,  is  an  item 
stating  that  the  Attorney  General  instructs  all  District 
Attorneys  to  investigate  and  institute  prosecution  in 
cases  where  unreasonably  high  prices  have  been  exacted 
in  the  sale  of  bituminous  coal.  In  the  editorial  entitled 
"Who  Gets  It?"  on  page  400  of  the  Sept.  7  issue,  it  is 
stated  that  the  Public  Service  Corporation  of  New  Jer- 
sey is  paying  $14  a  ton  for  coal,  that  Mayor  Creamer  of 
Lynn,  Mass.,  says  that  the  coal  dealers  would  sell  quan- 
tities of  coal  at  $16  per  ton,  and  that  Admiral  Ben.son, 
chairman  of  the  Shipping  Board,  is  quoted  as  saying 
that  the  board  is  paying  from  $18  to  $20  per  ton  for 
bunker  coal  at  Atlantic  and  Gulf  ports. 

What  does  the  Attorney  General  assume  to  be  an  un- 
reasonably high  price?  If  $14,  $16,  or  $18  to  $20  a  ton 
for  coal  is  not  a  high  price,  what  would  be  considered 
such?  It  is  quite  evident  that  the  readers  of  Power 
would  like  to  know  if  the  Attorney  General  purposes 
to  inve.stigate  the  dealers  who  are  charging  such  prices 
and  what  he  intends  to  do  when  he  finds  that  they  are. 
As  a  matter  of  fact,  the  general  public  has  lost  faith  in 
any  statement  regarding  proposed  investigation  of  high 
prices,  because  such  statements  have  been  issued  for  the 
!ast  three  or  four  years  and  nothing  has  come  of  them. 

To  the  best  of  my  knowledge,  the  reason  that  there 
las  been  a  reduction  in  the  price  of  any  commodity  has 
)een  mainly  the  fact  that  the  banks  have  withdrawn 
;heir  credit  and  the  holders  of  various  merchandise 
lave  been  forced  to  put  it  on  the  market  in  order  to 
;lear  themselves  financially.  This  seems  to  have  been 
-he  case  largely  in  the  matter  of  clothing  and  shoes, 
)ut  it  would  appear  that  the  coal  operators  are  not  de- 


pending so  much  upon  the  banks  for  capital,  or  if  they 
are,  the  banks  are  being  lenient  with  them.  Further- 
more, with  coal  selling  at  around  $9  a  ton  at  the  mines, 
the  operators  could  afford  to  pay  a  pretty  high  rate  of 
interest  to  banks  out  of  the  excessive  profits  that  they 
must  be  making  over  the  cost  of  production. 

No  engineer  believes  that  it  costs  $3  or  $4  to  produce 
a  ton  of  coal  at  the  mines,  and  if  it  does  no  one  will  be- 
lieve that  the  operators  are  not  charging  a  price  that 
will  put  them  under  the  heading  of  the  Attorney  Gen- 
eral's letter;  that  is,  that  they  are  charging  unreason- 
ably high  prices  for  bituminous  coal. 

There  may  not  be  a  conspiracy  between  operators  re- 
garding the  upholding  of  coal  prices,  but  it  looks  as  if 
such  a  situation  existed  and  that  if  they  were  all  put 
in  a  bag  and  shaken  up  one  would  be  just  about  as 
guilty  as  another.  Engineers  who  are  using  bituminous 
coal  for  fuel  would  like  to  see  the  Attorney  General's 
letter  produce  results,  but  few,  if  any,  have  any  hope 
that  it  will.  J.  W.  WILBUR. 

New  York  City. 

Has  the  Public  a  Right  to  Know  What 
It  Costs  to  Mine  Its  Coal? 

The  editorial  on  page  399  of  the  Sept.  7  issue  of 
Power  under  the  title  "Has  the  Public  a  Right  to  Know 
What  It  Costs  to  Mine  Its  Coal?"  would  be  answered 
by  an  emphatic  yes  by  the  men  who  burn  and  pay  for 
it.  The  latest  quotation  of  bituminous  coal  at  the  mines 
is  $8.  The  quotation  showing  the  average  price  per  ton 
realized  at  the  mines  as  published  in  its  editoral  was, 
in  May,  $3.31.  Therefore,  in  a  period  of  four  months, 
the  price  realized  at  the  mine  has  advanced  from  $3.31 
to  between  $8  and  $9. 

No  sane  man  will  attempt  to  make  the  statement 
that  the  increased  cost  of  production  is  responsible  for 
this  rise  in  the  price  of  coal  at  the  mines. 

Early  in  1914,  if  the  coal  producer  obtained  $1.25 
per  ton  for  coal  at  the  mines,  he  was  getting  a  high  price. 
By  the  experts  who  have  so  profusely  given  figures 
regarding  the  reason  for  the  advance  in  the  cost  of 
practically  everything,  we  are  told  that  the  production 
cost  has  increased  100  per  cent.  If  this  is  true  of  the 
average  commodity,  it  is  doubtless  true  regarding  the 
production  of  coal,  but  even  then  it  does  not  give  a, 
justifiable  reason  why  the  price  of  coal  should  be  be- 
tween $8  and  $9  at  the  mines  as  at  present. 

One  reason  that  would  doubtless  be  given  for  pre- 
vailing prices  is  that  the  producer  can  obtain  such  a 
price,  which  conditon  is  brought  about  by  the  scramble 


514 


V  O  W  K  K 


Vol.  52,  No.   i:i 


of  iJl  coal  UJOra  to  get  it)  a  winter's  supply,  and  every- 
l)o<ly  is  (lointr  it  at  once.  It  is  to  be  hoped  that  the 
lH)ttoni  will  tall  out  of  the  market  some  time,  hut  there 
is  no  evidence  that  it  will  do  so  until  a  permanent 
restriction  is  placed  upon  the  tremendous  amount  of 
loal  that  is  to  bo  exjiorted,  if  newspaper  reports  are 
reliable. 

Quotations  .show  that  steam  coal  at  tidewater  is 
brinjriuK  from  $'2  to  $ir)  jwr  ton.  In  a  recent  conver 
sat  ion  a  coal  dealer  in  the  vicinity  of  New  York  City 
stated  that,  while  he  dealt  only  on  a  small  scale  in 
bituminous  coal,  he  knew  of  instances  where  $18  per 
ton  was  being  paid. 

It  is  to  be  hoped  that  the  Federal  Trade  Commission 
will  be  able  to  enforce  its  demand  that  information  re- 
garding the  cost  of  producing  coal  will  be  made  public, 
but  it  is  doubtful.  Furthermore,  when  coal  operators 
are  receiving  $8  or  $9  a  ton  for  the  coal  at  the  mines, 
it  is  to  be  expected  that  they  will  do  everything  in  their 
power  to  prevent  the  public  from  knowing  what  it  costs 
to  mine  a  ton  of  coal.  J.  W.  Edwards. 

New  York  City. 

Where  Should  the  Beginner  Start? 

The  discussion  that  has  been  carried  on  regarding 
the  question  as  to  where  a  beginner  in  a  power  plant 
should  start,  hinges  largely  upon  the  mental  and  physi- 
cal qualifications  of  the  candidate  for  the  engineering 
job.  It  would  be  useless  to  start  a  man  in  an  engine 
room  with  the  idea  of  making  a  competent  engineer  out 
of  iiim  if  he  were  the  sort  of  person  referred  to  by  C.  F. 
Dewey,  on  page  402  of  the  Sept.  7  issue,  where  he 
states  that  a  man  had  been  on  the  same  job  for  twenty 
years  and  could  not  put  in  a  gage  glass.  Truly,  such 
an  individual  will  make  a  sorry  specimen  of  an  engineer. 

On  the  other  hand,  there  are  many  mechanically  in- 
clined men  who  have  stepped  into  power  plants  as  engi- 
neers without  having  had  any  extended  previous  experi- 
ence. Of  course,  this  cannot  be  done  now  under  the 
license  laws  that  are  in  force  in  various  cities  and 
states,  but  it  goes  to  show  that  the  man  who  is  deter- 
mined to  become  an  engineer  will  do  so,  regardless  of 
where  he  starts. 

Taking  my  own  case,  for  instance.  Something  like 
tw-enty  years  ago  my  ambition  was  to  become  a  station- 
arj'  engineer.  My  only  experience  had  been  two  weeks' 
service  nights  without  pay  with  the  engineer  of  a  small 
electric-lighting  station  in  order  to  get  an  idea  of  how 
a  plant  was  operated.  In  those  two  weeks,  sometimes 
coming  in  on  the  day  shift,  I  learned  how  to  wash  boil- 
ers, how  to  fire  after  a  fashion,  and  gained  a  little 
knowledge  in  the  operation  of  a  steam  engine  and  alter- 
nating generator. 

After  the  two  weeks'  course  in  engineering,  applica- 
tion was  made  for  the  position  of  engineer  in  a  small 
electric-light  station,  and  the  position  was  secured. 
Therefore,  with,  you  might  say,  practically  no  previous 
experience,  I  became  a  full-fledged  engineer,  having 
charge  of  two  90-hp.  boilers,  one  200-hp.  Corliss  engine 
and  three  direct-current  generators. 

No  difficulty  was  encountered  in  operating  the  plant, 
although,  there  was  plenty  to  do,  as  it  was  in  a  run-down 
condition.  And  although"  it  w'as  not  operated  as  effi- 
ciently as  it  could  have  been  under  a  competent  engi- 
neer, .the  residents  of  the  town  maintained  that  the  serv- 
ice was  better  than  it  had  been  for  years  and  the  kero- 
sene lamps  that  used  to  adorn  the  shelves  of  the  stores 


handy  for  instant  u.se,  gradually  di.Huppeared.  Since 
that  time  some  years'  experience  has  been  obtained  in 
both  the  engine  and  boiler  room,  l)ut  the  chances  are, 
had  I  started  in  the  boiler  room,  it  would  have  taken 
.several  years  before  I  would  have  had  a  chance  to  hang 
up  my  hat  and  coat  in  an  engine  room. 

In  a  certain  plant  in  Ohio  the  practice  with  the  chief 
engineer  is  to  take  men  who  seem  to  possess  certain 
(jualifications  and  place  them  in  the  boiler  room,  many 
times  starting  as  coal  heavers,  advancing  to  firemen,  and 
if  they  show  the  proper  qualifications  they  are  .sent  into 
the  engine  room.  As  a  matter  of  fact,  eight  or  ten  men 
have  been  advanced  from  the  boiler  room  to  higher  posi- 
tions, and  as  the  company  operates  several  power  sta- 
tions, the  men  are  frequently  taken  from  one  power 
plant  to  another,  each  time  going  to  a  better  position. 

If  this  were  the  practice  in  the  majority  of  power 
plants,  the  argument  that  a  man  should  start  in  the 
boiler  room,  if  he  is  to  become  an  engineer,  would  hold 
good.  But  in  the  majority  of  cases,  if  a  man  proves 
himself  to  he  a  good  firemamthe  chief  engineer  is  likely 
to  keep  him  at  that  work  rather  than  to  advance  him 
and  run  a  chance  of  getting  another  fireman  who  would 
not  prove  as  good. 

Mo.st  engineers  wil)  agree  with  Mr.  Dewey  regarding 
the  practice  of  employing  illiterate  and  ignorant  for- 
eigners as  firemen.  I  remember  some  years  ago  going 
into  a  boiler  plant  and  upon  a.sking  a  question  of  the 
fireman  found  that  he  could  not  understand  what  I  was 
saying.  Not  one  of  the  five  firemen  employed  in  that 
plant  could  speak  English.  They  were  under  a  chief 
fireman  who  held  a  license  and  was  American  born.  It 
would  seem  that  a  boiler  room  operated  with  such  men 
would  be  considerably  handicapped,  especially  as  in  case 
of  an  accident,  foreigners  usually  become  excited  and 
lo.se  their  self-possession  in  case  anything  goes  wrong. 

It  is  safe  to  say  that  nine-tenths  of  the  big  engineers 
of  today — that  is,  the  chief  engineers  in  medium  and 
large-sized  plants — started  in  the  little  two-by-four,  so- 
called,  years  ago  and  that  verj'  few  of  them  began  their 
careers  in  the  boiler  room. 

On  shipboard,  as  I  understand  it,  the  boiler  room  is 
in  charge  of  one  of  the  lower-grade  engineers,  and  it 
will  be  found  in  many  of  the  larger  plants  that  the  chief 
fireman  is  a  graduate  from  the  engine  room. 

In  my  opinion  the  place  for  an  engineer  to  start  on 
his  career  is  in  a  small  plant  where  he  will  run  the 
engine  and  also  do  his  own  firing.      W.  A.  REYNOLDS. 

Springfield,  Mass. 


Pit  Holes  in  Feed  Pipe 

We  are  having  trouble  with  small  holes  coming  in 
the  feed-water  line  between  the  heater  and  the  boiler. 
In  fact,  we  have  had  this  trouble  for  a  long  time.  The 
heater  is  of  the  closed  type,  and  the  temperature  of 
the  feed  leaving  it  is  around  190  deg.  We  have  used 
black  and  galvanized  pipe  on  this  line,  but  within  a 
few  weeks  after  putting  it  in  small  holes  will  eat 
through  the  piping  on  the  upper  side  of  the  horizontal 
run.     No  holes  appear  in  the  vertical  lengths. 

What  causes  the  pipe  to  pit,  and  what  can  be  done 
to  remedy  the  trouble?  I  don't  care  for  theories,  but  if 
any  engineer  has  had  the  same  trouble  and  can  tell  me 
how  to  overcome  it,  an  act  of  humanity  will  have  been 
done.     The  water  used  is  highly  pregnated  with  lime. 

Ottumwa>  Iowa.  J.  A.  Wallace. 
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Side  Slip  of  Crankshaft  Caused  Thump 

Mr.  Cultra's  letter  regarding  trouble  with  split 
3ccentrics,  on  page  475  of  the  Sept.  21  issue  of 
Poirer,  reminds  me  of  a  similar  incident  of  an  engine 
^haft  slipping  endwise  with  its  resulting  thump. 

This  was  on  a  125-hp.  four-valve  engine  running  at 
38  r.p.m.  and  carrying  a  l2-ft.  diameter  flywheel.  Every 
few  revolutions  there  would  be  a  dull  thud,  and  its 
regularity  indicated  that  something  was  out  of  order. 
What  made  it  all  the  more  puzzling  was  that  the  thud 
ivas  out  of  time  with  every  other  movement  of  the 
jngine. 

Time  after  time  the  engine  was  examined,  but  the 
;ause  of  the  pound  was  not  discovered  until  one  day, 
ivhile  standing  in  front  of  the  flywheel,  I  noticed  that  it 
nade  a  sidewise  movement,  which  was  accompanied 
jy  the  familiar  thud. 

This  solved  the  mystery,  and  upon  shutting  down  at 
icon  a  4  X  4-in.  timber  was  used  as  a  lever  again.st 
:he  rim  of  the  flywheel  to  force  the  crankshaft  toward 
:he  outboard  bearing.  Upon  stopping  it  was  found  that 
:here  was  a  1-in.  space  between  the  eccentric  and  the 
nside  of  the  pillow  block,  the  eccentric  acting  as  a  collar 
:o  keep  the  shaft  in  place.  The  eccentric  had  grad- 
jally  been  forced  away  from  the  pillow  block  with  the 
result  that  the  shaft  would  run  with  the  eccentric 
against  the  pillow  block  for  a  few  revolutions  and  would 
;hen  work  away  only  to  come  back  with  a  thud. 

Setting  the  eccentric  over  against  the  bearing 
removed  the  cause  of  the  thud,  but  as  Mr.  Cultra  says, 
referring  to  his  instance,  had  there  been  a  shoulder 
turned  on  the  shaft  to  fit  against  the  end  of  the  bear- 
ing, the  eccentric  would  not  have  moved  away  from 
the  bearing.  A.  C.   WATERS. 

Boston,  Mass. 

Indicator-Test  Diagrams 

The  accompanying  indicator  diagrams  were  taken  on 
a  16  and  32  x  36-in.  Corliss,  double-ported  valves,  cross- 
compound  condensing  engine,  running  120  r.p.m.  About 
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FIG.    1.      DIAGRAMS    FRO.M   HIGH-PRESSURE    CYLINDER, 
STEAM  VALVES  HELD  CLOSED 


half  load  was  on  the  engine  at  the  time,  and  several 
minutes  elapsed  between  the  taking  of  each  diagram. 

As  each  diagram  was  taken,  the  steam  valve  on  the 
end  being  indicated  was  kept  closed  by  preventing  the 
latch-block  to  engage,  thus  cutting  off  the  admission  of 
steam  to  the  cylinder. 

The  idea  of  taking  diagrams  in  this  manner  was  to 
test  the  valves  and  piston  for  leakage.  Referring  to 
Fig.  1,  A  represents  the  instant  the  piston  is  at  the  ex- 
treme crank  end  of  the  cylinder  with  the  exhaust  valve 


open  to  the  receiver  and  the  full  receiver  pressure,  about 
eleven  pounds  in  this  case,  against  the  piston,  retarding 
its  movement  toward  the  head  end.  B  is  the  compres- 
sion curve,  C  is  the  expansion  curve,  and  D  is  the  point 
at  which  the  exhaust  valve  again  opens.  E-E  is  the  at- 
mospheric line.     The  letters  on  the  diagram  shown  by 
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FIG.    2      DIAGRAMS   FROM    LOW-PRESSURE   CYLINDER, 
STEAM   VALVES   HELD   CLOSED 


Fig.  2  represent  the  same  events.  I  consider  the  valves 
and  piston  tight.  Any  criticisms  of  these  diagrams  will 
be  welcomed.  George  B.  Longstreet. 

Medford  Hillside,  Mass. 

Diesel  Cylinder-Head  Gaskets 

In  a  small  plant  containing  two  170-hp.  Diesel  engines 
the  heads  had  cracked  and  had  been  welded.  The 
welded  portion,  on  cooling,  became  somewhat  warped. 
These  warped  surfaces  gave  a  great  deal  of  trouble  by 
leaking.  It  was  impossible  to  tighten  down  on  the  reg- 
ular copper  gasket  sufficiently  to  prevent  this  leak. 

This  was  overcome  by  using  No.  6  copper  wire.  The 
tare  wire  was  cut  with  taper  ends  and  was  placed  so 
that  the  ring  pressed  along  the  outside  edge  of  the 
gasket  groove.  After  the  copper  ring  was  placed,  a 
small  asbestos  rope  was  placed  alongside  of  the  copper 
gasket,  and  the  two  were  then  lightly  coated  with  red 
lead.  After  the  head  was  set  on  the  cylinder,  the  nuts 
were  tightened  down  in  the  usual  way.  The  copper 
wire  can  be  drawn  down  a  great  deal  and  easily  con- 
forms to  any  unevenness  of  the  joint.  The  asbestos 
rope  and  lead,  being  on  the  inside  of  the  joint,  will  col- 
lect small  carbon  particles  and  thus  will  stop  any  small 
gas  leak.  This  method  has  never  failed  to  make  a  tight 
joint.  When  a  new  gasket  has  been  olaced  it  should 
be  tightened  up  again  after  the  engine  has  been  in 
operation  a  .short  time.  This  should  be  done  while  the 
engine  is  still  hot. 

Some  time  ago,  in  another  plant,  a  Diesel  head  gasket 
started  blowing.  The  chief  engineer  shut  the  engine 
down  and  pulled  the  head.  There  was  no  extra  gasket 
in  stock,  so  the  old  one  was  cleaned  and  used  again.  As 
soon  as  the  engine  was  started,  the  gasket  started  blow- 
ing again.  Just  as  the  engineer  vv'as  about  to  pull  the 
head  again,  the  superintendent  showed  up  and  suggested 
an  experiment.  All  the  nuts  were  loosened  except  the 
two  over  the  place  where  the  gasket  leaked.  These  two 
were  sledged  up  as  much  as  possible.  The  two  ad- 
joining nuts  w'ere  then  tightened ;  the  remainder  were 
tightened  in  rotation.  The  engine  was  started  and  ran 
without  any  leak  showing.  This  is  not  the  best  of 
practice,  but  can  be  used  in  an  emergency. 

Brenham,  Tex.  W.  A.  Darter. 
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INmiikI   ill   llxir  iiilir   IClrvator  S\>l«>iii 

Vhv  illiislratioii  di-puts  a  hydraulic  olfvalor  system 
III  operation  at  the  phmt  where  1  am  employed,  and 
shows  ehanires  made  to  do  away  with  pounding  an(J 
urouninjr  in  the  duplex  inimp.  The  pump  had  an  air 
ehamber  and  the  safety  valve  was  on  top  of  the  pressure 
tank.  When  liftinjr  a  heavy  load  on  the  elevator 
(liK-ated  about  300  ft.  away)   throunh  a  2-in.  pipe  the 


101,KV.\T(>i;    SVSI'KM     AS    NOW    I'II'KI> 

pump  would  pound  at  times  so  hard  that  it  could  1)'.' 
heard  some  distance  from  the  engine  room. 

We  tried  setting  the  valves  of  the  pump  according 
to  the  theory  of  lost  motion,  but  this  did  not  remedy 
the  evil.  We  removed  the  safety  valve  from  the  pres- 
sure tank  and  placed  it  on  the  pum.p  di.scharge  line  at 
.1.  thereby  causing  a  more  steady  and  constant  working 
of  the  reducing  or  regulating  valve  on  the  steam  end 
of  the  pump.  Before  this  change  was  made,  the  safety 
valve  would  blow  off  frequently. 

We  next  removed  the  air  chamber  B  and  drilled  a 
hole  in  the  intake  pipe  C,  for  a  ^-in.  pipe  with  a  check 
valve  in  the  line  to  regulate  the  amount  of  air  taken  in. 
The  check  valve  is  intended  to  keep  the  water  from 
flowing  out  of  the  pipe  if  the  elevator  valves  happen 
to  be  left  in  a  partly  open  or  closed  position  at  the  end 
of  the  day,  so  as  to  cause  a  blow  back  into  the  supply 
tank.  This  2-in.  air  pipe  has  removed  all  the  pound  in 
the  system,  except  at  times  when  the  valve  must  be 
regulated  for  the  proper  amount  of  air  in  the  pressure 
tank.  C.  W.  Fields. 

Kent,  Wash. 

Pounding  in  a  Semi-Diesel  Engine 

W^e  have  a  25-hp.  Fairbanks  Morse  type  Y  semi-Diesel 
oil  engine,  also  a  25-hp.  kerosene  engine.  Each  of  these 
engines  is  belted  to  a  220-volt  direct-current  generator. 
On  the  peak  load  wc  carry  about  210  amperes,  which  is 
above  the  engine  ratings. 

Our  25-hp.  type  Y  engine  runs  very  nicely  when  carry- 
ing up  to  60  amperes.  But  from  then  on  it  begins  to 
pound  more  or  less.  In  fact,  of  late  it  is  pounding  more 
than  usual.  I  am  at  a  loss  to  fully  understand  the  cause 
of  the  trouble.  It  must  be  either  the  fuel  pump  or  the 
governor  which  is  responsible. 

As  the  load  increases,  the  engine  seems  to  smolte  more 
than  it  .should,  and  then  at  other  times  there  will  be  but 
little  smoke  noticeable.  About  every  three  to  four  weeks 
the  engine  smokes  terribly  and  the  exhaust  pot  catches 
fire  and  burns  out.  These  things  then  become  normal 
for  awhile.  At  present,  though,  the  smoking  is  of  every- 
day occurrence.  I  have  felt  that  the  fuel-injection  pump 
might  be  throwing  too  much  oil. 


I  liii\c  thf  iiicchaiiiial  oilei-  throwing  iikhc  liilpiicat  imv' 
oil  than  usual;   1  have  set  the  ralchrt   to  feed  a  stii;ini 
every  2'.   seconds.     This  seems  to  allow  the  engine   in 
carry  a  heavier  load.     I  thought  for  a  time  thai  the  r  •. 
cess  lubricating  oil  caused  the  smoke. 

What  is  the  cause  of  the  heavy  smoke  or  the  terrible 
pounding?  Why  does  the  engine  die  down  then?  When 
it  dies  down,  all  we  do  is  to  light  the  torch  again  and  the 
engine  starts  running  just  as  if  nothing  had  happened. 
A  per.son  inexperienced  with  this  engine  would  bet 
that  every  bearing  was  being  knocked  loo.se.  I  would 
welcome  any  information  I'liwcr  readers  can  offer. 

Winside,  Neb.  A.  S.  GABLiiR. 

\  Power  will  be  glad  to  publish  any  communications 
from  its  readers  offering  a  .solution  of  Mr.  Gabler's 
problem. — Editor.  J 

Open  Circuit  in  Transformer 

A  substation  supplying  power  to  a  particular  di.strict 
was  thoroughly  gone  over  in  anticipation  of  a  heavy 
load  and  was  supposed  to  be  in  shape  to  handle  loads  up 
to  50  per  cent  over  rated  capacity.  The  rotary-converter 
transformers  were  cut  out  of  service  at  midnight,  and 
several  electric  fans  were  grouped  about  the  bank  to  cool 
them  down  as  much  as  possible  before  starting  time  in 
the  morning. 

The  transformers  were  3  single-pha.se  400-kva.  units 
connected  in  closed  delta,  as  in  the  figure,  and  stepped 
down  from  25,000  volts  to  400  volts,  with  percentage 
taps  brought  out  to  the  rotary-converter  starting  motor. 
In  the  morning  the  transformers  were  cut  into  service 
and  the  rotaries  started  up.  At  the  time  of  starting 
they  were  cold,  but  as  the  load  increased  they  warmed 
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CONNECTIONS  OF  TRA.N'SFORMER  BA.\"K 

up  slightly.  However,  it  w^as  noticed  that  the  temper- 
ature of  one  transformer  was  not  increasing,  while  that 
of  the  other  two  was.  This  condition  held  throughout 
the  day.  The  fans  were  removed  from  the  cool  trans- 
former and  turned  on  the  other  two  to  assist  in  cooling 
them. 

At  night  the  cool  transformer  was  cut  out  of 
service,  and  upon  raising  the  core  out  of  the  case  it  was 
found  that  a  connection  between  two  sections  of  high- 
tension  coils  had  burned  in  two,  thus  cutting  the  trans- 
formers out.  In  regard  to  the  starting  motor  taps,  the 
damaged  transformer  acted  as  an  auto-transformer  and 
the  other  two  operated  on  open  delta,  thus  giving  three- 
phase  current  to  start  up  with. 

Pittsburgh,  Pa.  M.  A.  Anderson. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Repairing  Piston  Fire  Cracks — I  have  a  100-hp.  oil 
engine  that  has  a  fire  crack  in  the  piston  head  8  in.  lonfj. 
Should  I  use  cast  or  wrought  brass  to  "sew"  it?     J.  M.  T. 

It  is  necessary  to  use  wrought  brass  since  the  cast  brass 
will  not  admit  of  good  riveting  and  will  not  stand  up  under 
the  high  temperature  conditions. 


Oil  in  Semi-Diesel  Engine  E.xhaust — Why  does  my  50 
horsepower  semi-Diesel  have  a  continual  stream  of  oil 
dripping  out  of  the  exhaust,  and  how  can  this  be  remedied  ? 

E.  S 

Not  knowing  all  the  conditions,  it  is  natural  to  assume 
that  you  are  running  your  engine  with  the  hot  ball  too  cold 
or  the  fuel  nozzle  leaks  oil  into  the  engine  late  in  the 
stroke.     The  remedy  is  apparent. 


Feeding  Boiler  Compound — We  are  annoyed  by  clogging 
of  valves  of  our  boiler-feed  pump  from  drawing  soda-ash 
solution  through  the  pump  suction.  How  can  this  trouble 
be  prevented?  W.  H.  V. 

A  boiler  compound  or  scale  solvent  should  be  introduced 
from  a  boiler-compound  feeder  discharging  through  a  T  in 
the  feed  line  between  thje  pump  and  boiler,  and  with  special 
watchfulness  to  guard  against  stoppage  of  the  feed  line  or 
impairment  of  operation  of  the  stop  and  check  valves  or 
other  fittings. 


Casehardening  Pins  of  Roller  Expander — How  can  the 
pins  of  a  roller  expander  be  casehardened  ?  F.  A.  K. 

A  quick  process  of  casehardening  small  articles,  like 
expander  pins,  is  to  plunge  the  part  at  bright-cherry  heat 
into  a  box  containing  cyanide  of  potash  crystals  and  then 
quench  the  piece  at  a  dull-red  heat.  Cyanide  is  a  deadly 
poison  and  should  be  handled  accoi'dingly.  The  operations 
of  casehardening  should  be  performed  in  the  open  air,  the 
operator  taking  his  position  on  the  windward  side  of  the 
cyanide,  with  care  not  to  inhale  or  expose  his  eyes  to  any 
gases  or  vapors  formed  in  carrying  out  the  process. 


Water  Level  Equalization  Impractical — How  can  equal- 
izer pipes  be  arranged  to  obtain  uniformity  of  water  level 
with  a  single-feed  stop  valve  in  a  battery  of  high-pressure 
boilers?  C.  L. 

Equalizer  pipes  of  reasonable  size  cannot  be  depended 
upon  for  maintaining  a  uniformity  of  water  level.  This  can 
be  appreciated  when  it  is  considered  that  one  inch  difference 
of  \yater  level  would  result  for  a  difference  of  only  1/27  lb. 
per  square  inch  of  pressure  of  steam  generated,  or  from 
variation  in  loss  of  head  of  only  1  in.  water-column  pressure 
for  overcoming  the  friction  of  flow  in  the  equalizing 
connections. 


Relative  Efficiency  of  Injector — Is  an  injector  as  efficient 
as  a  reciprocating  engine  ?  H.  K. 

Considered  as  a  pump,  the  mechanical  efficiency  of  an 
injector  is  very  low,  amounting  to  only  1  to  2  per  cent, 
whereas  the  mechanical  efficiency  of  steam  engines  is  from 
50  per  cent  for  small  reciprocating  engines  to  97  per  cent 
for  the  best  pumping  engines,  depending  on  their  design, 
construction  and  method  of  operation.  When  used  for  feed- 
ing water  direct  to  a  boiler,  the  injector  has   a  thermal 


efficiency  of  100  per  cent  less  the  trifling  loss  due  to  radia- 
tion, since  all  the  heat  not  converted  into  work  is  carried 
into  the  boiler,  whereas  small  direct-acting  feed  pumps, 
without  utilization  of  the  exhaust  in  a  heater,  give  an 
efficiency  of  only  about  50  per  cent. 


No    Advantage    Raising    up    Submerged    Centrifugal — A 

centrifugal  pump  is  operated  submerged  for  raising  water 
to  a  height  of  75  ft.  above  the  pump.  Will  the  head  pumped 
against  and  power  required  be  reduced  by  i-aising  the 
pump  8  feet?  W.  T. 

The  pump  must  operate  against  a  pressure  which  is  equal 
to  the  pi'essure  due  to  the  head  above  the  pump,  plus  pipe 
friction,  minus  the  pressure  due  to  the  head  of  the  section 
water  above  the  pump.  This  difference  would  be  unchanged 
by  raising  or  lowering  the  pump,  excepting  in  the  small 
difference  of  pipe  friction  due  to  variation  in  length  of  dis- 
charge pipe.  Therefore,  raising  the  pump  and  pumping  at 
the  same  rate  would  require  practically  no  less  power  for 
raising  the  water  to  the  present  elevation  above  the  level 
of  the  suction  water. 


Designations  of  Pressure — What  is  the  difference  between 
absolute  pressure,  boiler  pressure  and  gage  pressure  ? 

J.  B.  S. 

Absolute  pressure  is  the  total  pressure  above  a  perfect 
vacuum.  Boiler  pressure  is  the  pressure  resisted  by  the 
strength  of  the  boiler,  hence  boiler  pressure  is  absolute 
pressure  less  the  exterior  pressure  of  the  atmosphere,  or, 
as  commonly  expressed,  is  the  pressure  above  atmosphere. 
The  pressure  of  the  atmosphere  acts  on  the  exterior  of  a 
gage  tube  or  a  diaphragm  just  as  it  acts  on  the  shell  of  a 
boiler.  Ordinary  pressure  and  vacuum  gages  indicate  0  for 
the  same  pressui'e  on  both  sides  of  tube  or  diaphragm,  and 
the  dial  is  laid  off  to  indicate  pressures  above  or  below  the 
pressure  of  the  atmosphere,  hence  "gage  pressure"  means 
the  same  thing  as  "boiler  pressure." 


Crediting  Value  of  Waste  Heat  Supplied  to  Boilers — Our 

boiler  plant  is  completely  equipped  for  oil  burning,  and  some 
of  the  boilers  are  operated  most  of  the  time  with  heat 
obtained  from  waste  gases  of  metallurgical  furnaces;  but 
at  intervals  it  is  necessary  to  operate  the  whole  plant  with 
fuel  <)il.  How  can  the  monthly  service  of  waste  gases  be 
credited  to  the  furnaces  in  terms  of  barrels  of  fuel  oil 
saved  ?  R.  G. 

To  evaluate  the  service,  it  would  be  necessai-y  to  deter- 
mine the  total  number  of  pounds  of  water  evaporated  per 
month  by  the  boilers  when  supplied  only  with  waste  gases, 
reduce  the  evaporation  to  equivalent  evaporation  from  and 
at  212  deg.  P.,  and  ascertain  the  equivalent  evaporation  from 
and  at  212  deg.  F.  for  the  same  boilers  when  operated  as 
nearly  as  possible  with  the  same  average  output,  using  oil 
as  fuel.  The  evaporation  per  month  using  waste  gases 
divided  by  the  evaporation  obtained  per  barrel  of  fuel  oil 
will  give  the  number  of  barrels  of  fuel  oil  to  be  credited. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Til  10  biRjre.st  iind  U'st  over  was  thi-  vordict  of  tho.sc 
attoiiiiiii^  the  thiity-cijrlUh  nnnuai  (.•onviMilion  of  the 
National  .Association  of  Stationary  Knjrim'crs,  held  in 
Milwauki'o  Sfpt.  l.'M".  The  altondanie  was  lart'c  and  cn- 
tluisiastic,  and  tlie  proi-t-cdinjrs  of  the  convention  were  eon- 
ducleti  with  businesslike  dispatch  on  schedule  time.  Credit 
is  due  the  local  committee  for  attention  to  detail.  The 
auditorium  made  an  ideal  place  in  which  to  display  the 
jrreal  variety  of  power-plant  products,  there  bcinir  274 
booths,  and  to  hold  the  business  sessions  and  the  entertain- 
ment that  had  been  provided. 

At  the  openinj:  session  Tuesday  morning  Charles  F. 
Bindrich,  chairman  of  the  local  committee,  presided.  There 
wore  the  usual  speeches  of  welcome  and  responses  by  offi- 
cials of   the  association.     President   Calahan    delivered    an 


incominjT  president  to  appoint  a  committee  to  carry  <m  thi; 
membership-extension  work,  providing  them  with  a  fund 
of  $;{,()00  to  cover  expenses,  an<l  waH  in  aec«)rd  wiin  the 
agreement  drawn  up  by  the  enKineers  and  exhibitors  U) 
govern  their  workini;  relations.  ThiH  anieement  was  ap- 
proved later  by  the  convention. 

Reports  to  the  secretary  from  231  associationH  showed 
that  the  membership  totaled  20,721.  Finances  were  re|>orted 
to  be  in  a  flourishini;  condition.  The  income  durintr  the 
year  of  $41.18«.44  was  the  largest  on  record.  The  I,i(cnBe 
Committee  had  been  active  and  had  succeeded  in  establish- 
inn  local  licen.se  ordinances  in  Racine  and  Stevens  I'oint, 
Wis.,  and  Wilmington,  Del.  A  comprehensive  bill  is  now 
pendinp  in  Baltimore.  To  improve  the  efficiency  in  thli 
work,    it    was    recommended    that    a    committee   of    five   be 
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eloquent  address  upon  taking  the  chair  to  open  the  conven- 
tion officially.  In  his  report  the  president  called  attention 
to  the  membership  drive  during  the  year,  which  had  resulted 
in  adding  to  the  ro.ster  1,500  members,  and  the  formation 
of  eight  new  local  associations.  The  aim  had  been  to  place 
these  new  associations  in  localities  where  there  would  be  a 
real  chance  for  growth,  so  that  they  might  prove  to  be 
prosperous  and  permanent  organizations,  adding  to  the  sup- 
port of  the  national  body  and  giving  a  nucleus  for  continued 
growth  in  the  future.  Owing  to  the  activities  in  the'presi- 
dent's  own  state,  New  Jersey,  his  state  had  risen  from  sixth 
to  second  place  in  membership. 

In  his  recommendations  the  president  urged  strong  pro- 
test in  regard  to  the  discrimination  against  engineers  in 
various  government  departments  at  Washington.  It 
appears  that  a  bill  is  now  pending  changing  the  title  of 
engineer  to  "enginemah,"  and  prohibiting  the  promotion 
to  the  position  of  mechanical  engineer  or  superintendent. 
The  same  restrictions  would  not  be  in  force  against  elec- 
tricians. The  president  objected  to  the  appointment  of  a 
national  educator,  urged  by  the  Educational  Committee,  as 
in  his  opinion  there  was  enough  talent  in  the  organization 
to  conduct  the  work  successfully  along  the  same  lines  as  in 
the  past.  Later  on  the  convention  concurred  with  his  opin- 
ion. He  favored  the  appointment  of  a  special  committee 
to  choose  the  convention  city,  requested  authority  for  the 


elected,  the  term  of  office  to  be  five  years,  with  one  member 
retiring  at  the  close  of  each  annual  convention. 

The    Membership    Extension    Committee    reviewed    fully 
their  work  of  the  past  year,  outlined  a  plan  of  action  for   ' 
the    coming   year    and    recommended    an    appropriation   of 
$•3,000  to  carry  on  the  work. 

Correspendonce  received  by  the  Power  Plant  Cost  Com- 
mittee had  convinced  them  that  accountants  pay  little  atten- 
tion to  cost  details  and  their  separation  into  unit  chargei 
They  are  interested  principally  in  the  cost  of  heat,  light 
and  power  as  a  whole,  so  that  in  their  reports  engineers 
should  be  guided  accordingly.  To  promote  greater  interest 
in  the  keeping  of  accurate  operating  costs,  the  committee 
suggested  prizes  for  the  systems  giving  the  best  results, 
details  to  be  given  in  articles  appearing  monthly  in  the 
National  Engineer. 

Among  the  referendum  proposals  appeared  a  resolution  to 
change  the  name  of  the  association  by  eliminating  the  word 
"stationary."  Its  use  had  created  a  false  impression  before 
the  public.  In  any  event  the  profession  had  become  so 
diversified  that  this  word  did  not  designate  properly.  It  was 
realized  that  legal  difficulties  would  be  encountered,  so  a 
committee  was  appointed  to  investigate  thoroughly  and  ^ 
report  their  findings  to  the  1921  convention. 

Another  matter  for  referendum  was  the  increase  of  the 
mileage   rate   to   delegates.      The   balance    in    the    treasury 
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aftcM-  all  expenses  have  Iiccn  paid  is  to  be  divided  anionj; 
delegates  pro  rata,  according  to  the  number  of  miles 
traveled,  but  in  no  case  to  exceed  ten  cents  per  mile  one 
way. 

As  is  customary,  the  National  Ladies'  Auxiliary  was 
received  by  the  convention  and  was  granted  the  usual  dona- 
tion of  $100.  It  had  been  a  banner  year  for  the  ladies  as 
donations  had  totalled  $4,374.  The  annual  memorial  service 
was  impressive.  On  the  roll  were  186  members  of  the  or- 
ganization. Associations  winning  flags  for  appreciable 
gains  in  membership  were  more  numerous  than  usual,  55 
being  entitled  to  the  honor.  The  Life  and  Accident  Depart- 
ment reported  the  payment  of  59  claims  amounting  to 
$29,500,  a  reserve  fund  of  $5,059.57  and  a  membership  of 
3,341,  representing  a  gain  of  23  members  during  the  year. 

As  has  been  the  practice  of  the  past  few  years,  reports 
were  presented  in  abstract  to  give  time  in  the  convention 
for   technical    papers    and    welfare    discussion.      This   year 


foresight  to  anticipate  and  correct  beforehand  is  worth  five 
times  as  much  as  one  who  can  patch  a  thing  up  after  it 
smashes  through  neglect.  So-called  improvements  should  be 
carefully  weighed  to  make  sure  that  they  will  bring  ade- 
quate returns.  Present  high  prices  called  for  careful  work 
in  the  power  plant  and  an  adequate  system  of  records,  and 
those  who  wish  to  attain  the  highest  possible  success  will 
do  well  to  devote  more  attention  to  human  engineering. 

Entertainment  consisted  of  a  smoker  Tuesday  evening 
moving  pictures  of  Milwaukee  industries  on  Wcdnesda\ 
evening,  annual  entertainment  of  exhibitors  Thursday 
night,  Friday  night  being  given  over  to  the  closing  feature, 
the  grand  ball.  There  were  daily  band  concerts  in  the 
exhibition  hall,  and  Wednesday  afternoon  was  given  over 
to  the  annual  field  day,  at  which  horse  racing  and  the  ball 
game  between  engineers  and  exhibitors  were  the  leading 
attractions.  Inspection  tours  to  the  works  of  the  AUis- 
Chalmcrs   and    Nordberg   companies    were    arranged,    and 
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three  papers  were  read.  One  entitled  "The  Progressive  En- 
gineer," by  H.  P.  Wilder,  traced  the  development  in  the 
field,  the  progress  that  had  been  made  in  the  profession  and 
enumerated  the  qualifications  that  a  progressive  engineer 
should  have.  In  a  paper  on  "Science  and  Engineering," 
Prof.  B.  G.  Elliott  urged  the  necessity  of  engineers  becom- 
ing familiar  with  the  fundamental  laws  on  which  engineer- 
ing is  based,  as  their  tasks  were  daily  applications  of  these 
laws.  The  speaker  showed  how  simple  these  laws  really 
were  and  suggested  that  the  time  had  come  for  the  associa- 
tion to  adopt  a  stronger  educational  plan.  Dabbling  here 
and  there  in  one  subject  or  another  did  no  good.  Consistent 
courses  followed  through  under  the  supervision  of  an  educa- 
tional director  was  the  plan  to  be  recommended. 

"Capacity  and  Maintenance,"  by  Charles  A.  Cahill,  was 
the  third  paper.  Because  central  stations  generally  worked 
equipment  to  the  limit  during  the  peak  load  to  hold  down 
investment  and  consequently  overhead,  he  did  not  believe 
that  such  practice  should  be  adopted  generally  by  industrial 
establishments.  The  results  were  excessive  maintenance 
costs  and,  with  troubles  continually  piling  up,  a  demoralized 
operating  force.  It  was  his  opinion  that  the  size  of  units 
should  be  proportioned  to  the  capacity  of  the  station,  and 
that  all  equipment  should  be  operated  at  the  point  of  highest 
efficiency.  Money  should  be  appropriated  yearly  to  keep  the 
plant  in  ntronar  operating  condition.     An  engineer  who  has 


groups  were  daily  given  the  privilege  of  inspecting  the 
powdered  coal  plant  at  the  Oneida  Street  Station.  John 
Anderson  and  Mr.  Kreisinger  of  the  Bureau  of  Mines  were 
in  attendance  to  explain  and  comment  upon  the  operation. 
Engineers  to  the  number  of  700  were  taken  through  the 
plant,  and  all  seemed  to  be  favorably  impi'essed. 

Ofllicers  for  the  ensuing  year  are:  Alfred  Johnson, 
president;  R.  W.  Parry,  vice  president;  Fred  Raven,  secre- 
tary; S.  B.  Forse,  treasurer;  Harold  R.  Hilton,  national 
trustee;  J.  Albert  Johnson,  conductor;  Frank  S.  Guth,  door- 
keeper.    Dad  Beckerleg  conducted  the  installation  services. 

Rochester,  N.  Y.,  was  chosen  as  the  next  convention  city. 

At  the  business  meetings  of  the  National  Exhibitors' 
Association  discussion  turned  largely  to  the  new  working 
agreement  that  was  to  guide  their  relations  with  the 
N.  A.  S.  E.  The  following  officers  were  elected:  F.  N 
Chapman,  president;  Frank  Martin,  vice  president;  A.  W 
France,  treasurer;  Hudson  Dickerman,  W.  L.  Schaefer 
E.  E.  Jones,  L.  E.  Hilton  and  G.  E.  Rowland,  executive 
committee. 

The  newly  elected  officers  of  the  Ladies  Auxiliary  are: 
National  president,  Mary  E.  Lamb,  Pittsburgh,  Pa.;  vice 
president,  Catherine  Bastain,  Chicago,  111.;  secretary,  Le- 
nore  W.  Farmer,  Columbus,  Ohio;  treasurer,  Mary  T. 
Mahon,  Chicago,  111.;  conductor,  E.  Florence  Kimball, 
Boston,  Mass. 


620 


r  o  w  I.:  u 


Vol.  52.  No.  13 


ClieinK^al  Society  Fuel  Syniposium 


TWKLVK  papiTs  wtTc  prosi'nti-d  on  Soptcnilu'r  9  bo- 
foro  the  Anu'rii'iin  ('honiical  Society  in  the  form  of 
a  furl  symposiiin).  Four  major  t()i>ics  wore  discussed 
l>y  the  various  siieakers:  (1)  ('arhonizalion  of  Coal;  (2) 
1ir)Uid-fuel  proMems,  particularly  Ki'^^'dine;  i'.i)  the  general 
problem  of  fuel  conservation,  and  (4)  the  problem  of  sul- 
phur in  fuels.  This  session  aroused  a  preat  deal  of  interest 
because  of  the  widespread  attention  beinp  piven  to  fuel 
matters  and  urgency  of  fuel  supply  in  industry  at  the 
present  time. 

Low-Tkmi'krati'rk  Carbonization 

S.  VV.  Parr  presented  a  discussion  of  low-temperature 
carbonization  by  which  he  meant  treatment  of  fuel  at  tem- 
peratures below  ROO  dep.  C.  He  indicated  that  up  to  this 
temperature  he  considered  essentially  only  primary  products 
of  distillation;  secondary  products  of  hijrh-temperature  de- 
composition do  not  enter  materially  until  hijrher  temper- 
atures are  reached.  The  usual  method  of  rating  coals  as 
to  cokability  depending  upon  the  ratio  of  oxygen  content 
to  hydrogen  content  is  criticized  by  this  author.  He  pointed 
out  that  conditions  of  treatment  of  the  coal  were  of  greater 
importance  than  this  ratio,  for  if  temperature  is  properly 
controlled,  the  interaction  of  the  oxygen  compounds  with 
those  compounds  which  afford  the  binder  for  the  coke  is 
prevented.  He  presented  one  example  of  a  coal  badly 
weathered  which  was  still  suitable  for  coke  production  by 
proper  temperature  control.  He  advanced  the  theory  that 
those  constituents  which  are  soluble  in  phenol  react  upon 
heating  with  oxygen  compounds  to  give  compounds  of  var- 
iable composition  and  prevent  coking.  He  emphasized  par- 
ticularly that  the  sulphur,  nitrogen  and  oxygen  compounds 
formed  seemed  to  violate  the  laws  of  definite  compounds, 
as  the  percentage  composition  of  these  compounds  varied 
by  small  steps  in  a  way  inconsistent  with  our  usual  concept 
of  definite  composition. 

Because  of  the  low  heat  conductivity  of  the  coke  mass 
through  which  heat  must  have  been  transfered  by  ordinary 
systems  of  coking,  this  author  has  undertaken  to  use  the 
exothermic  heat  of  reaction  during  coal  carbonization  to 
furnish  the  bulk  of  the  heat  required  for  coking.  He  refers 
to  the  reactions  thus  as  proceeding  "autogenously."  He 
expresses  two  of  his  conclusions  in  this  particular  as  fol- 
lows: 

It  is  possible  to  utilize  the  exothermic  reactions  inherent 
in  high-oxygen  coals  in  such  a  manner  as  to  secure  the  auto- 
genous transmission  of  heat  to  the  center  of  an  otherwise 
non-conducting  mass  and  under  conditions  wherein  the 
ultimate  temperature  attained  at  any  point  of  the  coal  mass 
is  not  in  excess  of  the  prescribed  limit. 

The  time  for  autogenous  heat  transmission  is  governed  by 
the  speed  of  the  exothermic  reactions  involved  and  is  esti- 
mated to  be  approximately  one-fourth  of  the  time  required 
for  heat  penetration  as  obtained  under  high-temperature 
conditions. 

At  the  present  time  Dr.  Parr  has  not  proposed  any  defi- 
nite industrial  processes,  but  is  working  on  a  basis  of  a  dis- 
continuous operation  with  35-lb.  samples;  that  is,  on  a 
commercial  laboratory  scale. 

Carbonization  of  Lignite 

A  paper  entitled  "Carbonization  of  Canadian  Lignites," 
by  Edward  Stansfield,  was  presented  by  Mr.  French,  the 
engineer  who  has  been  associated  with  this  investigation, 
covering  the  work  done  jointly  by  the  Department  of  Mines 
and  the  Lignite  Utilization  Board  of  Canada.  This  report 
described  the  early  small-scale  experiments  and  the  later 
larger-scale  tests  which  have  led  up  to  the  design  and 
construction  in  Southern  Saskatchewan  of  a  plant  which  is 
expected  to  handle  two  hundred  tons  of  raw  lignite  per 
day.  The  lignites  used  are  available  at  about  $1.75  per 
ton  at  the  mine.  A  typical  analysis  of  the  material  em- 
ployed, on  a  moisture-free  basis,  is  as  follows:  Water  of 
constitution,  31.8  per  cent;  volatile,  28.9  per  cent;  fixed  car- 
bon, 34.1  per  cent;  ash,  5.2  per  cent.     The  heating  value 


is  approximately  •1,2(')0  calorics  per  gram.      I''rom  this  aia- 
tcrial  the  following  rcHultH  are  reported. 

I'.rr.iilHK"-  «(  \Niik1iI      I'lr  Ciiil   nf  OrlKlnaJ 

f>f  Dry   roiil  IlruUiiK    Viiluo 

Wiil.r     11.7 

Chh    17.0  K.n 

<'rii<li-    lar 4.1  «.<l 

It.Hl.liic    (char) 66.7  TK.I 

l.oHH    0.5  76 

These  represent  yields  of  about  3,150  cu.fl.  of  gas  having 
a  heating  value  of  .'{H.''.  B.t.u.  cu.ft.,  .'i.S  gal.  of  tar,  010  lb. 
of  residue,  and  10.2  lb.  of  ammonium  sulphate  per  ton  of 
f'ry  lignite  treated.  The  process  is  developed  to  a  point 
where  the  tar  is  distilled  and  the  pitch  from  this  used  as  a 
binder  for  briquetting  the  char.  The  principal  object  of 
this  work  is  the  development  of  a  solid  fuel,  therefore  less 
effort  has  been  made  upon  gas  and  byproduct  recovery 
thus  far.  The  commercial  plant  is  nearing  completion,  and 
it  is  hoped  that  operations  will  begin  within  a  few  months. 

As  a  contribution  to  the  discussion  of  this  report,  E.  P. 
Schoch,  professor  of  the  Department  of  Chemistry  of  the 
University  of  Texas,  presented  a  discussion  upon  the  utiliza- 
tion of  Texas  lignites.  The  effort  in  this  work  was  to  ob- 
tain a  supply  of  city  gas,  and  the  tendency  was,  therefore, 
along  different  lines  from  those  described  in  the  Canatiian 
work.  Special  attention  was  given  to  operation  of  the  re- 
torts under  pressure.  It  was  found  that  this  gave  a  higher 
yield  of  gas  but  at  the  expense  of  a  lower  yield  of  tar.  This 
result  was  probably  caused  by  the  slower  elimination  of  the 
vapors  from  the  retort  causing  a  greater  cracking  and, 
therefore,  larger  gas  yield  from  the  otherwise  liquid  con- 
stituents. 

The  large  percentage  of  carbon  dioxide  in  the  gas  led  to 
a  special  effort  looking  to  the  removal  of  this  constituent. 
As  a  result  liquid  purification  was  adopted  and  very  favor- 
able results  are  reported.  From  2,000  to  3,000  cu.ft.  of  gas 
per  ton  of  raw  lignite  was  thus  obtained  with  "a  heating  value 
in  the  gas  approaching  600  B.t.u.  per  cubic  foot.  The  yields 
of  coke  and  tar  were  of  the  same  order  as  those  reported 
on  the  Canadian  material. 

The  advantages  claimed  for  the  method  of  handling  recom- 
mended were:  Coke  of  a  good  heating  value,  gas  imme- 
diately usable  for  city  supply,  maximum  yield  of  tar,  a 
cheap  retort  of  large  capacity  operating  under  conditions 
that  make  for  long  life,  and  the  production  of  coke  easily 
handled  in  briquetting. 

Fuel  Conservation 

H.  C.  Porter  discussed  the  general  subject  of  present  and 
future  conservation  of  fuel  supplies.  Among  the  means 
of  increasing  our  fuel  resources  he  suggested  the  following: 
Increased  use  of  boiler-plant  accessories  such  as  feed-water 
heaters  and  other  efficiency  devices;  use  of  gas  instead  of 
coal  in  steel  plants;  electrification  of  railways;  development 
of  super-power  electric  stations;  carbonization  of  coal  at  the 
mine;  increased  carbonization  with  recovery  of  byproducts; 
alternate  carbonization  and  steaming  of  coke  in  a  single 
machine  for  production  of  a  mixture  of  coal  gas  and  blue 
gas;  use  of  oxygen  to  enrich  water-gas  blast  (the  oxygen 
to  be  made  with  power  used  at  off-peak  hours);  a  lower 
heating  value  per  foot  for  city  gas  supply;  elimination  of 
beehive  ovens  and  other  well-recognized  means  of  fuel, 
economy. 

Byproduct  Coking 

F.  W.  Sperr,  reviewing  the  byproduct  coke  situation,  sum-i 
marized  the  present  status  of  work  in  this  field.  He  empha- 
sized particularly  the  trend  toward  byproduct  gas  manufac- 
ture and  away  from  the  production  of  water  gas.  The 
lesser  labor  requirement  per  ton  of  coal  handled  in  by-i 
product  ovens  as  compared  with  coal-gas  plants  handling 
the  coal  at  smaller  units  is  also  a  factor  at  present  tending 
to  increase  byproduct  oven  operations.  The  relative  econ- 
omy of  beehive  and  byproduct  oven  operations  was  empha- 
sized, and  the  trend  for  many  years  past  toward  byproduct 
coke  for  blast  furnace  us©  was  pointed  out.     It  was  urged 
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thai  furlhi'i-  .study  should  be  jrivcn  to  additional  applications 
of  coke  so  that  more  of  our  bituminous  coal  could  be  handled 
with  byproduct  recovery.  Utilization  of  coke  breeze  by 
stokers  was  pointed  out  as  one  important  contributing 
factor  to  the  success  of  coking  at  the  present  time.  Other 
factors  mentioned  were  producer  gas  firing  of  ovens,  use 
cf  silica  refractories  in  place  of  fireclay  materials,  the 
extensive  application  of  tar  as  a  metallurgical  fuel,  etc.  It 
was  pointed  out  that  recent  byproduct  ovens  provided  for 
steaming  of  coke  in  the  oven,  thus  arranging  that  almost 
complete  gasification  of  the  solid  fuel  may  be  accomplished 
in  what  is  practically  a  single  operation. 

Gasoline  Losses 

A.  C.  Fieldner  and  associates  reported  upon  extensive 
tests  of  motor  vehicles  for  efficiency  in  gasoline  use.  These 
tests  make  clear  the  very  large  losses  of  gasoline  which 
result  from  improper  carburetor  adjustment  and  careless 
driving.  These  tests  were  those  carried  out  in  connection 
with  the  investigation  of  poisonous  gases  from  automobile 
exhaust  which  must  be  cared  for  in  the  proposed  vehicle 
tunnel  under  the  Hudson  River. 

J.  B.  Garner  urged  the  use  of  natural  for  the  enrichment 
of  manufactured  gas  supplies,  stating  that  in  his  opinion 
natural-gas  companies  should  no  longer  be  permitted  to 
sell  natural  gas  as  such,  but  should  conserve  it  for  the  city 
supply  to  supplement  the  manufactured  gas  production 
for  these  purposes. 

Commercial  Realization  of  Low-Temperature 
Carbonization 

Dr.  Harry  A.  Curtis,  chief  chemist  of  the  International 
Coal  Products  Corporation,  reported  on  the  carbocoal  pro- 
cess which  has  been  developed  to  the  point  of  the  instal- 
lation of  a  plant  having  a  daily  capacity  of  350  tons  of 
product,  using  500  tons  of  coal  per  day.  The  general  pro- 
cess is  described  by  him  as  follows: 

Carbocoal,  as  it  is  called,  is  a  bituminous  coal  which  has 
been  changed  into  a  smokeless  fuel  resembling  anthracite. 
It  is  prepared  by  crushing  the  soft  coal  and  carbonizing  it 
at  a  relatively  low  temperature  of  900  deg.  F.  The  coal  is 
carried  out  in  a  horizontal  retort  about  seven  feet  in 
diameter  and  twenty  feet  long,  lined  with  carborundum. 
The  coal  is  continually  stirred  and  moved  slowly  through 
the  retort  by  means  of  paddles  mounted  on  two  heavy  steel 
shafts  running  lengthwise  the  retort.  Each  retort  has  a 
:apacity  of  about  a  ton  an  hour,  the  Clinchfield  Plant  being 
equipped  with  twenty-four  of  these  retorts.  Carbonization 
jf  the  coal  in  this  manner  yields  about  twice  as  much  tar 
IS  is  obtained  from  the  ordinary  coking  process,  but  the 
5emi-coke  obtained  is  quite  soft  and  friabU.  It  can  be  used 
Jirectly  under  the  boiler  of  a  power  plant  or  put  into  a  gas 
producer,  but  is  not  in  good  shape  to  market  as  a  general 
Fuel  for  domestic  and  industrial  use.  In  the  "Carbocoal 
Process"  the  soft  semi-coke  is  ground,  briquetted  with  pitch, 
ind  the  briquets  then  carbonized  for  about  six  hours  at 
1,800  deg.  F.  The  effect  of  this  high-temperature  carboniza- 
tion is  to  render  the  briquets  hard,  dense  and  smokeless — 
luite  unlike  any  other  fuel  on  the  market.  A  further  sub- 
stantial yield  of  byproducts  is  obtained  during  the  second 
larbonization,  so  that  the  "Carbocoal  Process"  represents 
I  very  economical  method  of  producing  a  smokeless  fuel 
from  bituminous  coal.  The  high  yield  of  oils  obtained  is 
ilso  of  great  importance  in  view  of  the  rapidly  diminishing 
supplies  of  petroleum  in  the  United  States  and  the  enormous 
rrowth  of  industries  which  use  oil  products  such  as  gasoline, 
motor  spirits,  lubricating  oils  and  fuel  oil. 

Sulphur  in  Fuels 

The  report  by  Alfred  R.  Powell  discussed  the  factors 
ivhich  aff'cct  the  sulphur  content  of  coke  and  of  gas  pro- 
duced by  the  carbonization  of  bituminous  coals.  The  signif- 
icance of  the  different  sulphur  compounds  in  the  coal  upon 
the  distribution  of  the  sulphur  in  the  products  is  pointed 
mt. 

The  report  on  a  similar  subject  was  presented  by  H.  F. 
i'ancey  and  Thomas  Fraser,  entitled  "The  Distribution  of 
;he  Forms  of  Sulphur  in  the  Coal  Bed."  The  relations  be- 
;ween  the  relative  quantities  of  pyrite  sulphur  and  organic 
julphur  were  discussed.  This  work  represents  a  report  of 
i  large  number  of  mine  samples,  particularly  those  collected 
,n  southern  Illinois  and  western  Kentucky. 


Applications  Filrcl  with  Federal 
Power  Com  mission 

Additional  ai)plications  have  been  filed  for  preliminary 
permits  and  licenses  with  the  Federal  Power  Commission 
as  follows  (the  serial  number,  the  date,  the  name  and  ad- 
dress of  the  applicant,  the  kind  of  application,  the  type  of 
liroject  works,  the  stream,  the  state  and  proposed  use,  are 
shown) : 

Western  New  York  Utilities  Co.,  Inc.,  Medina,  N.  Y.;  pre- 
liminary permit;  diversion  of  an  additional  500  s.f.  for  power 
development,  Erie  Canal,  N.  Y.;  public  utility.  Montana 
Water  Power  and  Electric  Co.,  Spalding  Building,  Portland, 
Ore.;  preliminary  permit;  power  project;  South  Fork  of 
Flathead  River  at  the  outlet  of  Flathead  Lake,  Montana; 
proposed  use  not  stated.  Millard  F.  Bowen,  117  Tennessee 
Ave.,  Washington,  D.C.;  license;  reservoirs,  conduits,  locks 
and  power  houses;  Lake  Erie,  Niagara  River  and  watersheds 
between  Lake  Ontario  and  the  Hudson  River,  New  York; 
navigation  and  power  for  unstated  uses.  A.  P.  Connor,  Five 
Cent  Savings  Bank  Bldg.,  Springfield,  Mass.;  preliminary 
permit;  power  project;  Connecticut  River;  Massachusetts 
and  Connecticut;  proposed  use  not  stated.  Big  Bend  Power 
Co.,  care  F.  C.  Moon,  Lynchburg,  Va.;  preliminary  permit; 
power  project;  James  River,  Virginia;  proposed  use  not 
stated.  Moore's  Creek  Boulder  Gold  Dredging  Co.,  care  Clin- 
ton H.  Hartson,  Boise,  Idaho;  license;  transmission  line; 
Idaho;  to  transmit  electric  energy  to  the  works  of  applicant 
for  use  in  connection  with  its  mining  operations.  Grand 
Rapids,  village  of  Grand  Rapids,  Minn.;  preliminary  per- 
mit; power  plant  at  Government  dam  on  the  Mississippi 
River,  Minnesota;  municipal.  City  of  Dothan,  Dothan,  Ala.; 
preliminary  permit;  power  project,  Choctawbatchee  River, 
Alabama;  municipal.  W.  T.  Larimore,  Leo  E.  Mills  and 
Charles  E.  Bailey,  Hugo,  Okla.;  preliminary  permit;  power 
project.  Little  River,  Okla. ;  proposed  use  not  .stated.  Wash- 
ington Development  Corporation,  L.  C.  Smith  Building, 
Seattle  Wash.;  preliminary  permit;  power  and  irrigation 
project;  Dunganess  River  and  West  Fork  Creek,  Olympia 
National  Forest,  Washington;  power  and  irrigation.  Reed 
Bingham,  Pensacola,  Fla.;  preliminary  permit;  power  proj- 
ects, Perdido,  Styx  and  Blackwater  Rivers,  Alabama  and 
Florida;  proposed  use  not  stated.  William  F.  Scheff'el,  Wen- 
atchee.  Wash.;  preliminary  permit;  power  irrigation  proj- 
ect; Columbia  River,  Washington;  power  and  irrigation. 

Increase  in  Freight  Rates  on  Coal 

General  increases  in  the  rate  of  transportation  of  coal 
on  the  railroads  have  occurred  due  to  the  recent  advance 
in  transportation  rates  allowed  the  railroads  by  the  Inter- 
state  Commerce  Commission. 

The  new  coal  tariff  filed  with  the  Interstate  Commerce 
by  the  Baltimore  &  Ohio  R.R.  is  typical  of  the  situation. 
The  new  rate  on  coal  from  the  West  Virginia  fields,  from 
the  Cumberland  region  to  Baltimore,  inside  the  harbor  is 
$2.53  per  ton  against  the  old  rate  of  $1.95  per  ton.  The 
new  rate  outside  the  capes  is  $2.53  against  the  old  rate  of 
$L73.  From  the  Fairmont  mine  group  in  West  Virginia, 
the  new  rate  via  the  Baltimore  &  Ohio  R.R.  to  Baltimore, 
inside  the  harbor,  is  $3.18  per  ton  as  compared  with  the 
old  rate  of  $2.20,  or  an  increase  over  the  Cumberland  rate 
of  25  cents  per  ton.  For  delivery  outside  the  Capes,  the 
new  rate  is  $2.78  against  the  old  rate  of  $1.98,  an  increase 
over  the  Cumberland  group  rate  of  80  cents  per  ton. 

The  new  rate  on  coal  moving  via  the  Baltimore  &  Ohio 
R.R.  from  the  Finleyville  district  of  Pensylvania  to  Balti- 
more, within  the  harbor,  was  given  at  $3.33  per  ton  com- 
pared with  the  old  rate  of  $2.95,  or  an  increase  of  15  cents 
over  the  Fairmont  group  rate.  The  new  rate  on  coal  moving 
from  that  district  for  delivery  outside  the  capes  is  $2.03 
against  the  old  rate  of  $2.13  per  ton,  or  an  increase  of  80 
cents  per  ton  over  the  Fairmont  group  rate. 

The  new  tariffs  formulated  by  the  Pennsylvania  R.R.  arc 
practically  the  same  as  those  of  other  carriers  serving  the 
same  fields.  New  rates  on  coal  put  into  effect  by  the  Penn- 
sylvania R.R.  on  tariffs  originating  in  West  Virginia,  Mary- 
land and  Pennsylvania,  moving  through  New  York,  gener- 
ally show  a  96  cents  increase  per  ton  over  the  old  rate. 
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Insti'iK'lioiis  U)  Employees  a!  Piim|>infj  Slalioii 

and  Kill<*r  l^laiils* 

By  DOW   U.  r.WINN 

I'liNlilrtit    .'iml    MnnsiK"!'.    Wulir  Company,   Tim-    Ilaiil>-,    liulliina 


HI  MAN  natiiro  is  vory  much  the  sanip  in  Indiana  and 
Illinois  as  it  is  in  Now  York  and  Orcjron.  The  ten- 
dency is  to  move  alont;  the  line  of  least  resistance — 
to  do  thinps  the  easiest  way.  There  are  cases  where  the 
easiest  way  and  efTiciency  are  not  synonymous  terms.  In 
cperatinp  water  plants  the  author  has  tried  to  find  the  best 
way  of  doiuK  thinjrs  and  then  to  adopt  them  as  standard 
methods,  even  if  they  are  difficult,  and  hold  to  them  until 
better  ways  have  been  found,  ."^fter  methods  have  been 
adopted,  it  is  discouraging  to  find  later  on  that  they  are  not 
being  observed  by  assistants.  On  inquiring  why  certain 
methods  have  been  discontinued,  the  usual  answer  would 
be,  "We  don't  do  it  that  way  any  more,"  and  further  inquiry 
would  not  disclose  why  or  when  the  method  was  discontinued. 

The  idea  of  printed  instructions  was  then  tried;  it  has 
worked  very  well.  There  is  an  advantage  in  having  a 
particular  time  to  do  certain  things,  such  as  cleaning  the 
heater,  blowing  down  the  boilers,  taking  indicator  cards, 
making  evaporation  tests,  etc. 

The  instructions  are  typewritten  and  are  kept  in  loose> 
leaf  binders.  Change  can  be  easily  made,  and  additional 
sheets  may  be  readily  added.  No  method  is  so  sacred  that 
it  cannot  be  changed  by  the  manager.  The  employees  are 
encouraged  to  suggest  better  methods,  and  when  tried 
and  found  to  be  advantageous,  they  are  substituted  for  old 
ones. 

Each  employee  is  supposed  to  read  the  instructions  once 
a  month;  he  may  select  his  own  time  while  on  duty  for  the 
reading.     A  sheet  of  properly  ruled  paper  is  inclosed  in  the 
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file  on  which  are  the  list  of  employees  and  each  employee 
records  the  date  when  he  reads  the  instructions. 

The  Terre  Haute  plant  takes  its  supply  from  the  Wabash 
River  and  is  a  direct  pumping  plant,  there  being  no  standpipe 
or  elevated  reservoirs  which  could  be  used  if  pumps  were  not 
in  operation.  For  pumping  into  the  distribution  system 
there  is  a  10,000,000-gal.  vertical  triple  expansion  and  a 
6,000,000-gal.  vertical  compound  pumping  engine,  also 
smaller  pumps.  For  delivering  to  the  sedimentation  basin 
there  is  a  centrifugal  pump  operated  by  a  compound  high- 
speed engine  connected  with  a  rope  drive.  Steam  is  gen- 
erated in  water-tube  and  fire-tube  boilers  with  hand  firing. 
A  vacuum  pump  for  exhausting  air  from  the  suction  of 
the  principal  pumps  is  a  part  of  the  equipment.  There  are 
22  mechanical  pressure  filters  and  a  sedimentation  basin 
with  sufficient  capacity  for  approximately  two  to  five  hours 
subsidence,  used  when  the  turbidity  exceeds,  say,  60  in  the 
Jackson  Turbidometer,  or  about  55  per  cent  of  the  time.  The 
turbidity  of  the  river  water  ranges  from  25  to  3,000.  The 
pumps  work  against  70  lb.  domestic  pressure  and  125  lb. 
fire  pressure.  The  available  pressure  at  fire  hydrants  in 
business  or  high -hazard  districts  is  100  to  110  lb.     While 

•Presented  at  the  thirty-ninth  annual  convention  of  New  Eng- 
land Water  Works  Association.  Holyoke.  Mass.,  Sept.  7-10.  1920. 


the  fire  department  is  equipped  with  pumpers,  they  arc  sel 
dom  used,  the  pressure  from  the  ))lant  hcinif  usually  suf- 
ficient. There  are  100  miles  of  main,  02  per  cent  being  R 
in.  and  larger  diameters,  and  1,155  public  fire  hydrants. 
There  are  S,240  consumers;  97.7  per  cent  of  all  service  pipes 
are  metered,  including  private  fire  lines  for  automatic 
sprinklers. 

At  the  plant  there  is  a  program  clock  which  summons 
the  attendants  every  half-hour  to  examine  the  water;  this 
is  just  a  visual  examination  of  the  raw  and  filtered  water, 
and  a  record  of  the  appearance  of  the  water  is  made.  This 
is  necessary  because  of  sudden  changes  in  the  turbidity  of 
the  I'aw  river  water. 

A  record  of  fire  alarms  is  kept,  showing  the  length  of 
time  extra  pressure  is  maintained,  increase  in  pumping 
rate,  time  of  receiving  alarm  and  strike  out;  also  hydrants 
used  and  condition   after  fire. 

Inspectors  answer  alarms  received  from  high-hazard  dis- 
tricts during  day  and  second  alarms  at  night.  Engineers 
nnd  firemen  are  on  duty  eight  hours;  that  is,  they  are  off 
duty  sixteen  hours  per  day  for  six  days  and  the  seventh 
day  they  are  off  twenty-four  hours. 

Monday  is  change  day,  when  each  man  moves  up  one 
watch,  the  duties  during  the  eight  hours  being  performed 
by  other  employees.  The  changes  are  made  at  7  a.m.,  3 
p.m.  and  11  p.m. 

Employees  are  given  two  weeks'  vacation  with  pay.  Baths 
are  provided  for  the  men,  also  books  on  engineering,  a  file 
of  Power  and  other  technical  publications.  The  grounds 
on  which  the  station  is  located  were  laid  out  by  a  landscape 
gardener  and  are  very  beautiful.  A  fine  tennis  court  is 
provided.  Long  periods  of  service  are  the  rule,  one  engi- 
neer having  recently  completed  thirty  years  of  continuous 
employment.  The  company  an-anges  and  provides  for  an 
annual  picnic  on  the  station  grounds  for  employees. 

Instructions  such  as  the  following  have  been  found  to  be 
satisfactory  for  the  Terre  Haute  plant;  and  while  they 
would  not  be  suitable  in  every  particular  to  any  other  water- 
works plant,  they  may  be  suggestive  and  valuable  to  other 
operators. 

The  Terre  Haute  Water  Works  Company  Pumping  and 
Purification  Departments 

These  instructions  are  to  be  read  monthly  and  the  date 
of  reading  recorded  in  the  proper  column. 

Suggestions  for  the  improvement  of  the  service  are  re- 
spectfully invited. 

No  man  can  know  too  much  about  his  work. 

Please  bear  in  mind  that  you  are  guarding  the  water 
supply  of  your  home  city. 

Be  faithful  in  the  discharge  of  your  duty. 

Genera!  Instructions — These  general  instructions  are  not 
intended  to  take  away  the  power  and  obligation  of  the  em- 
ployee to  meet  his  work  with  personal  judgment  and  effi- 
ciency, but  rather  to  assist  by  such  rules  and  suggestions 
as  seem  necessary  and  helpful. 

Bear  in  mind  that  it  is  up  to  us  to  maintain  the  standard; 
that  it  is  our  duty  to  furnish  good  water  every  minute  and 
adequate  fire  service  whenever  it  is  called  for;  that  the 
manager  is  depending  upon  his  fellow  workers  to  do  their 
part  and  that  he  has  confidence  in  them;  that  in  emer- 
gencies it  is  not  a  question  of  spending  a  few  dollars  in 
order  to  get  results,  for  the  standard  must  be  maintained 
regardless  of  cost.  I 

Fire  Alarms  (Engineers) — The  big  general  thing  to  reJ 
member  is  to  "play  safe."     That  is,  to  consider  the  locaj 
tion  of  the  fire  and  its  probable  or  possible  magnitude  an<r 
to  promptly  take  any  action  that  may  seem  necessary  to 
furnishing  an  adequate  supply  of  water,  at  proper  pressure 
and  maintain  the  quality  of  the  water.     To  this  end  it  is 
better  to  take  much  precaution,  such  as  notifying  the  chief 
engineer  and  the  assistant  chief,  calling  out  an  extra  fire- 
man or  station  helper,  having  fire  lighted  in  extra  boilers, 
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getting  an  extra  engine  ready,  etc.,  rather  than  fail  in  any 
particular  because  of  lack  of  having  done  these  things. 

In  case  of  a  serious  fire  or  general  alarm,  notify  chief 
engineer  and  assistant  chief  engineer;  if  the  fire  is  at  night, 
[notify  general  foreman;  get  Holly  engine  warmed  up  and 
[ready  for  action;  consider  the  matter  of  whether  there  are 
.enough  boilers  in  use  and  whether  extra  help  is  needed  in 
'boiler  room. 

Engine  No.  5  for  Emergency — Engine  No.  5  is  the  quick- 
acting  emergency  and  peak-of-load  engine.  This  engine 
should  be  put  into  service  at  once  in  case  of  any  trouble 
with  Allis  or  Holly.  No.  5  can  be  put  under  full  load,  if  neces- 
sary, in  one  minute;  the  best  way  to  handle  the  engine  for  this 
quick  action  is  as  follows:  Both  steam  valves  should  always 
be  left  hooked  up,  then  first  crack  throttle  slightly,  proceed 
at  once  to  open  water-injection  valve,  unlatch  one  steam 
valve  and  go  ahead.  Each  engineer  should  practice  han- 
dling the  engine  until  he  can  safely  and  surely  get  under 
full  load  in  one  minute  as  stated. 

Call  Bells  at  Allis — The  call  bells  in  lower  boiler  room 
and  in  filter  I'oom,  with  control  at  Allis  engine  are  intended 
for  use  of  the  engineer  when  wanting  help  and  not  wish- 
ing to  leave  engine;  they  will  sound  continuously  until 
stepped. 

Call  Bell  at  Observation  Sink— This  bell  may  be  answered 
and  observation  noted  by  the  engineer,  filterman,  or  helper 
who  happens  to  be  nearest  at  signal.  Do  not,  however, 
record  any  observation  unless  you  actually  take  it.  Do  not 
indicate  as  O.K.  unless  water  is  clear.  Smoky  water  is  not 
satisfactory.  For  instance,  if  you  record  an  observation 
at  3  o'clock  and  notice  a  blank  for  2:30  do  not  go  back  and 
record  2:30  as  an  observation.  Any  signals  that  have  been 
missed  must  be  left  blank;  if  the  observation  signal  is  not 
operating  properly  it  should  be  reported  by  the  engineers 
to  the  chief  engineer.  A  signal  answered  within  five  min- 
utes after  its  stated  time  may  properly  be  recorded. 

Report  Trouble  or  Unusual  Occurrence — Any  particular 
trouble  or  unusual  occurrence  at  the  plant  in  the  absence 
of  the  chief  engineer  should  be  reported  as  soon  as  prac- 
ticable by  telephone  to  Mr.  Taylor  or  Mr.  Ranbarger;  also 
a  written  report  of  the  matter  should  be  left  by  the  engi- 
neer on  watch  for  the  chief  engineer,  before  going  off  duty. 

Suspicious  Behavior  of  Engine — Any  of  the  engines  de- 
veloping any  trouble  or  suspicious  behavior  should  promptly 
be  placed  under  control  of  the  throttle  or  shut  down  as  may 
seem  necessary.  If  placed  under  the  throttle  the  engineer 
should  signal  filterman  or  fireman  for  assistance. 

Coppus  Blowers  and  Low-Pressure  Alarm — These  are  to 
be  tested  out  for  operation  each  week  and  recorded  on 
weekly  report  sheet  with  date  of  test.  As  a  general  rule, 
they  will  be  tested  and  recorded  by  the  assistant  chief, 
but  if  for  any  reason  he  does  not  do  so  the  engineer  mak- 
ing out  weekly  report  on  Friday  night  will  test  and  record 
same,  signing  his  name. 

Inspecting  Recording  Gages,  Etc. — The  engineer  on  watch 
will,  immediately  after  coming  on,  inspect  water-pressure 
gage  on  Allis  engine  and  general  condition  of  all  ma- 
chinery in  operation;  a  little  later  he  will  inspect  record- 
ing steam  gage  and  tachometer  chart  for  proper  operation 
and  also  for  proper  time  setting  and  record  observation  on 
daily  report  sheet.  Engineers  will  sign  tachometer  records 
in  spaces  made  while  on  duty. 

In  addition  to  taking  revolution  counters  at  midnight  for 
the  daily  pumpage,  the  engineer  on  watch  will  take  the 
counter  on  No.  7  at  2  a.m.  and  at  4  o'clock  each  morning  and 
record  the  average  r.p.m.  for  the  three-hour  period  on  the 
daily  report;  also  on  the  graphic  chart  posted  on  wall 
of  engine  room.  Record  manometer  reading  of  liquid 
chlorine  apparatus,  as  provided  for  on  daily  report  sheet. 
Take  temperature  of  No.  3  engine  room  daily,  noon  and 
midnight  during  winter  months  and  record  on  weekly  re- 
port. 

Consider  the  Boiler  Plant — The  engineer  on  watch  should 
always  know  exactly  what  boilers  are  in  use;  what,  if  any, 
are  banked  and  held  ready  for  emergency;  whether  or 
net  any  are  out  for  cleaning;  in  short,  have  exact  knowl- 
edge of  the  entire  boiler  plant.  To  this  end  it  is  a  rule 
that  each  engineer,  before  taking  his  watch  and  before  the 
preceding  engineer  has  left,  shall  personally  inspect  con- 
ditions of  both  upper  and  lower  batteries  of  boilers;  and  ob- 
serve the  conditions  at  every  boiler,  whether  in  use  or  out 
of  use.  If  a  boiler  is  banked,  note  the  condition  of  the 
banked  fire,  the  steam  pressure,  the  height  of  water  in 
gage  glass,  the  coal  supply  in  car,  etc.  If  any  of  these 
are  not  right,  have  them  corrected  as  soon  as  possible.  If 
in  the  judgment  of  the  engineer  there  are  not  enough  boilers 
under  steam  to  meet  probable  demands,  he  should  report  to 
the  chief  engineer  or  assistant  chief,  and  if  he  cannot  do 


this,  he  should  have  such  changes  made  as  seem  necessary, 
or  prudent.  As  a  general  rule,  if  the  basin  is  in  service 
and  Stirling  boiler  is  in  use,  one  or  more  of  the  lower 
boilers  should  be  under  steam;  in  hot  dry  weather,  with 
heavy  pumpage,  all  the  boilers  not  out  for  cleaning  should 
be  under  steam. 

Consider  the  Fireman — If  any  change  in  operation  in- 
volves more  steam  use,  such  as  putting  additional  engines 
in  service,  the  fireman  should  receive  ample  and  definite 
information  in  time  to  be  prepared  for  such  increase  in 
steam  consumption. 

Fire-Alarm  Reports,  Etc. — A  written  report  on  the  spe- 
cial blank  is  to  be  made  of  every  fire  alarm,  showing  time 
received,  pressure,  increased  pump  speed,  etc.  In  addi- 
tion, the  office  should  be  notified  at  7  a.m.  of  all  fire  alarms 
received  during  the  preceding  night. 

Record  should  be  made  daily  on  the  weekly  report  by 
the  engineer  who  receives  the  Gamewell  alarm  test  at  12 
noon.  If  test  stroke  does  not  come  at  12  noon,  the  chief 
of  the  fire  department  should  be  notified  at  once. 

During  cold  weather,  when  the  automatic  sprinkler  pipes 
in  expoiied  places  are  empty,  the  air  pressure  on  same 
should  be  recorded  twice  daily  on  the  weekly  report. 

Special  for  Chief  Engineer 

Sand  Catchers — They  are  to  be  blown  on  the  first  day  of 
each  month  and  the  conditions  found  are  to  be  noted  on 
daily  and  weekly  report  sheet. 

Feed-Water  Heater — The  feed-water  heater  is  to  be 
cleaned  about  the  15th  day  of  January,  April,  July  and  Octo- 
ber, and  the  conditions  found  are  to  be  noted  on  daily 
and  weekly  report  sheets. 

Cleaning  Condensers  No.  6  and  No.  7 — When  the  con- 
densers are  cleaned  the  time  of  cleaning  and  their  condi- 
tions should  be  noted  on  the  daily  and  weekly  report  sheets. 
When  convenient  the  condenser  should  be  tested  for  leak- 
age 

Indicator  Cards — Indicator  cards  shall  be  taken  about 
the  fifth  day  of  each  month  from  engines  No.  6  and  No.  7. 
A  set  of  cards  should  be  sent  to  the  office. 

Coal — Coal  cars  shall  be  unloaded  by  day  labor  and  a 
recoi-d  of  the  cost  kept. 

River  Soundings  at  Intake — Soundings  in  river  bed  along 
intake  line  and  extending  out  to  the  opening  in  river  should 
be  taken  each  summer  at  low  water  and  a  profile  made 
on  basis  of  low-water  mark. 

Filter  Manifolds — Two  filter  manifolds  of  each  size  shall 
be  kept  in  stock. 

Automatic  Sprinklers — Thoroughly  inspect  automatic 
sprinklers  at  the  station  in  November  of  each  year  and 
send    written   report   to   the   office. 

Boiler-Feed  Pumps — These  and  the  injector  should  be 
examined  weekly  and  their  condition  reported. 

Feed  Water — Test  feed  water  for  soap  hardness  weekly 
and   report   same. 

Evaporation  Test  of  Boilers — Boilers  to  be  tested  monthly 
to  determine  evaporation  per  pound  of  coal;  the  Stirling 
and  Battery  No.  3  to  be  tested  alternately. 


Commercial  stocks  of  bituminous  coal  in  the  United 
States  on  June  1,  1920,  are  estimated  at  20,000,000  net  tons. 
In  the  three  months  from  March  1  to  June  1,  stocks  de- 
creased 4,000,000  tons,  or  17  per  cent.  These  estimates  take 
into  consideration  coal  in  the  hands  of  raih'oads,  industrial 
consumers,  public  utilities  and  retail  dealers.  Information 
available  concerning  stocks  of  coal  in  the  past  is  summar- 
ized in  the  following  table: 

TOTAL    COMMERCIAL    STOCKS    OF    BITUMINOUS    COAL    IN 

THE   UNITED   STATES    OCT.    1.    1916    TO   JUNE    1.    1920 

(Net  Tons) 

Oct.     1      1916 27,000,000  Jan.    1,     1919 57,900,000 

Oct      1      1917 28,100.000  April   1.1919 40.400.000 

July  15    1918 39. 700. (too  Mar.    1,    1920 24.000.OIMi 

Oct      1.'   1918 59.000.000  June    1,    1920 20.000,0011 

Day  of  the  armistice,   6:5,000,000 


According  to  foreign  trade  figures  of  the  United  States 
Department  of  Commerce,  exports  of  crude  and  refined  oil 
for  the  fiscal  year  1920  were  nearly  one-third  as  great  as 
imports.  Crude-oil  imports  amounted  to  2,826,860,902  gal., 
of  which  Mexico  sent  over  2,825,000,000  gal.  and  Trinidad 
and  Tobago  more  than  1,000,000  gal.  Refined-oil  imports 
totaled  81,888,904  gallons. 
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Tlic  Sixth  INationiil  (lliciiiical  rxpoHitioii 

The  Sixth  Niitioiml  Kxposilioii  of  Clicmicnl  Iiiduslrii-s 
(ipfru'il  its  doors  at  the  (Jnuid  C'l'ntrai  F'aiaoc,  Monday.  Sept. 
■Jll,  with  till'  most  illtl>^^•still^r  p^•o^rr;>m  and  the  hint^csl  dis- 
play of  its  kind  over  .seen. 

Features  of  the  exposition  this  year  are  the  Fuel  Economy 
and  Materials  Handling  Symposium.  These  two  divisions 
diveioped  suih  projrress  that  it  was  necessary  to  pive  ench 
a  ^(eparale  .section. 

The  ofVicial  opening  was  held  Monday  eveninjr.  Dr. 
Charles  H.  llerty,  chairman  of  the  Advisory  Committee, 
talked  on  the  i)roblenis  confronting  the  chemist  and  the 
proKi"css  made  durinjr  the  past  five  years.  He  was  followed 
by  t'harles  I..  Reese  and  Sir  George  E.  p-Qster,  Canadian 
Minister  of  Trade  and   Finance. 

On  Tuesday  afternoon  the  Fuel  Economy  Symposium  was 
delivered.  It  included  an  address  by  the  chairman,  R.  C. 
Beadle,  manafriny:  editor  of  Combustion,  and  the  following 
papers:  "Burninfr  Coal  at  100  Per  Cent  B.t.u.  Efficiency," 
W.  0.  Rankin;  "Saving  Fuel  by  Controlling  Chimney 
Losses,"  F.  F.  Uehling;  "Fluid  Heat  Transmission,"  Alex- 
ander B.  McKechnie;  "Producer  Gas  and  the  Modern  Me- 
chanical Producer,"  W.  B.  Chapman;  "Refractory  Cement — 
Life  Insurance  for  a  Furnace,"  F.  W.  Reisman;  "Preventing 
Conduction  and  Radiation  Heat  Waste,"  S.  L.  Barnes,  and 
"The  Reason  for  the  Fuel  Saving  in  the  Dressier  Kiln," 
Conrad  Dressier.  In  the  evening  motion  pictures  of  in- 
terest to  the  chemical  industry  were  shown. 

Wednesday  afternoon  was  devoted  to  the  Industrial  Man- 
agement Symposium  and  the  Materials  Handling  Symposium. 

The  Chemical  Engineering  Symposium  was  delivered  on 
Thursday  afternoon.  In  the  evening  a  dinner  of  the  Ameri- 
can Institute  of  Chemical  Engineers  was  held  at  the  Tech- 
nology Club.  Friday  was  devoted  to  the  ceramic  symposium 
and  in  the  evening  motion  pictures  were  shown. 

The  exposition  closed  on  Saturday  after  a  most  success- 
ful week. 

Thirty  to  Sixty  Thousand  Hp.  Plants 
in  the  Mining  Regions 

Reasons  for  the  establishment  of  a  number  of  power 
plants  of  from  30,000  to  60,000  electric  horsepower  in  the 
mining  regions,  rather  than  the  building  of  larger  plants  at 
tidewater,  are  advanced  by  George  S.  Rice,  the  chief  mining 
engineer  of  the  Bureau  of  Mines.  In  discussing  this  matter, 
which  is  now  being  considered  in  connection  with  the  Boston- 
Washington  super-power  plan,  Mr.  Rice  said  in  part: 

Power  plants  would  not  be  located  immediately  at  the 
mouth  of  a  single  mine,  but  rather  at  a  point  tributary  to 
a  group  of  mines,  or  where  there  is  a  large  area  of  unde- 
veloped coal  in  reserve.  To  carry  the  coal  from  the  local 
mines  to  the  near-by  super-power  station,  there  would  need 
to  be  means  of  car  transportation.  Each  super-power  sta- 
tion, even  if  located  in  a  coal  district,  should  have  coal-stor- 
age facilities  adjacent,  to  contain  at  least  a  month's  supply. 
Usually,  however,  it  would  be  best  to  have  coal  hauled  from 
the  tipple  and  screening  plant  of  the  individual  mine  by 
open-top  or  bottom-dump  railroad  cars  of  standard  type,  and 
the  cars  hauled  to  the  super-power  station. 

It  may  be  pointed  out  that  super-power  stations  located 
in  the  coal  districts  might  have  to  be  made  smaller  than 
super-power  stations  at  tidewater  points,  on  account  of  the 
limitations  of  condensing  water  in  the  former  locations,  so 
that  there  might  be  needed  a  larger  number  of  smaller 
super-power  stations,  of  30,000  to  60,000  electric  horsepower, 
but  which  would  have  a  certain  advantage  in  case  of  an 
accident  or  shutdown,  from  one  cause  or  another,  being  of 
less  importance  than  that  of  a  super-power  station  of  larger 
size. 

Every  consideration  should  be  given  to  saving.  One  of 
the  methods  which  would  both  effect  a  saving  of  such  coal, 
and  at  the  same  time  lessen  the  amount  of  water  needed 
for  a  super-power  station,  would  be  through  the  further 
development  of  by-product  coking  plants,  and  the  use  of 
the  gas  from  such  plants  in  gas  engines. 

To  locate  super-power  stations  at  tidewater  will  mean 
long  railroad  hauls  over  mountain  grades,  except  on  coal 
hauled  from  the  anthracite  fields,  and  distances  by  railroad 
jof  from  150  to  300  miles,  and  it  means  the  hauling  over 


railroads    already   crowded    to   capacity,   und   through   con- 
gested  terminals. 

It  seems  evident  from  recent  experience  in  Hecuring  fuel 
both  in  the  Kast  and  the  West,  lha(  it  was  not  because  of 
liny  shortage  at  the  mine,  but  simply  through  lack  of  -ail- 
roud  capacity  und  any  method  that  would  lessen  this  difll- 
culty  should  receive  careful  consideration. 

Del^aniater-Ericsson  Memorial  Tahh'tH 

At  the  annual  convention  of  the  American  Society  of 
Mechanical  f^ngineers  last  December,  a  mentorial  meeting 
was  held  on  the  evening  of  Dec.  3  in  commemoration  of 
the  eightieth  anniversary  of  the  arrival  in  the  United  States 
of  Captain  John  Ericsson  and  his  fifty  years'  associa- 
tion with  Cornelius  H.  DeLamater  in  engineering  work.  In 
advance  of  the  meeting  it  had  Ijeen  decided  to  erect  memo- 
rial tablets  to  mark  the  sites  of  certain  buildings  which  were 
closely  identified  with  the  work  of  DeLamater  and  Ericsson. 
It  was  proposed  to  erect  four  tablets  as  follows:  One  at  the 
Phoenix  Foundry  at  Laight  and  West  Sts.,  New  York  City, 
where  the  first  screw-propelled  vessel  in  this  country  and 
the  first  steam  fire  engine  were  constructed  and  where 
many  other  original  developments  were  made;  one  at  Cap- 
tain Ericsson's  residence,  26  Beach  St.,  where  he  designed 
the  "Monitor"  and  made  all  his  inventions  during  his  later 
years;  one  at  the  DeLamater  Iron  Works  at  the  foot  of 
West  Thirteenth  St.,  where  the  engines  of  the  monitors 
"Puritan"  and  "Dictator"  were  built,  as  well  as  the  first 
submarine  boat,  the  first  torpedo  boat,  the  first  torpedo- 
boat  destroyer,  the  first  self-propelled  torpedo,  the  first  air 
compressors,  the  first  ice  machines,  and  many  other  indus- 
trial appliances  now  in  general  use;  and  one  at  the  Con- 
tinental Iron  Works,  Greenpoint,  L.  I.,  where  the  hulls  of 
the  "Monitor"  and  other  warships  were  built. 

Those  wishing  to  contribute  to  the  tablet  fund  are  re- 
quested to  communicate  with  the  DeLamater-Ericsson  Tablet 
Committee,  H.  F.  J.  Porter,  chairman.  Room  1100,  Engineer- 
ing Societies  Building,  29  W.  39th  St.,  New  York  City. 


ALFRED    JOHNSON- 
Recently    Elected    President.    N.    A.    S.    E. 
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Obituary 


Society  Affairs 


A.  C.  Buzby.  president  of  the  Keystone 
Lubricating  Co.,  of  Pliiladelphia,  died  sud- 
denly on  Tuesday.  September  21.  An  e.v- 
tended  oliitiiary  will  appear  in  tlie  Oct.  5, 
1920  issue  of  Power. 

William  II.  Tasker — On  AiiR.  17  funeral 
services  for  William  II.  Tasker,  aged  71, 
for  more  tlian  twenty  years  cliief  engineer 
at  Svmpliony  Hall,  Back  Bay,  Boston,  were 
conducted  at  his  home,  11  Cedar  Road, 
Medford  Center,  by  Rev.  A.  Judson  Hughes, 
pastor  of  the  First  Baptist  Church  of  Kver- 
ett  Delegations  from  Medford  Lodge  of 
Elks,  the  I.  O.  O.  F.  and  the  National 
Association  of  Stationary  Engineers  and 
of  associates  at  Symphony  Hall  were  in  at- 
tendance. Mr.  Tasker  was  a  steam  and  elec- 
trical engineer  well  known  throughout  New 
England.  The  body  was  cremated  and  the 
HShes  were  buried  in  Pine  Hill  Cemetery, 
Dover,  N.  H.,  where  Mr.  Tasker  was  born 
and  resided  as  a  young  man.  He  is  sur- 
vived by  a  widow,  three  sons  and  two 
brothers. 

William  M.  Barr  died  recently  after  a 
long  illness.  He  was  born  in  1842,  in 
jiuncy.  Pa.  He  received  the  degree  of  me- 
chanical engineering,  to  which  iirofession 
he  devoted  his  life.  He  served  in  the  Navy 
throughout  the  Spanish  and  Civil  Wars. 
He  was  well  known  in  the  world  of  tech- 
nical literature  for  his  works  on  "Pumping 
Machinery,"  "Boilers  and  Furnaces."  "Com- 
bustion of  Coal,"  etc.  His  chief  work  is 
"Barr's  Industrial  Engineering,"  a  hand- 
book of  useful  information  for  managers, 
engineers,  superintendents.         designers, 

draftsmen  and  others  engaged  in  construc- 
tive work.  Part  I  of  which  was  recently 
Issued.  Part  II  Is  in  preparation  for  early 
publication.  Mr.  Barr  was  a  member  of 
the  American  Society  of  Naval  Engineers 
and  the  American  Society  of  Mechanical 
Engiijeers. 


Personals 


A.  A.  Pott«r,  Dean  of  Engineering  at 
Kansas  State  Agricultural  College  since 
1913,  has  assumed  the  same  position  at 
Purdue   University. 

A.  W.  Chesterton  of  the  A.  W.  Chesterton 
Co..  Boston.  Mass..  has  lately  returned  from 
a  business  trip  to  Europe.  One  of  ■  the 
incidents  of  the  visit  was  an  aeroplane 
trip  from  London  to  Paris  witti  his  son 
as  pilot. 

6.  L,.  Merket,  who  has  been  associated 
for  the  last  1.5  years  with  Westinghouse 
Church  Kerr  &  Co..  New  York,  has  resigned 
and  is  now  connected  with  the  American 
Can  Co.  in  the  capacity  of  assistant  chief 
engineer,  with  headquarters  in  New  York 
City. 

O.  Ii.  Mclntyre  has  been  transferred 
from  the  home  office  of  the  Fuller  Engi- 
neering Co..  .\llentown.  Pa.,  to  Milwaukee, 
Wis.,  to  superintend  the  erection  of  a 
1,000-ton  per  day  pulverized-coal  installa- 
tion at  the  Lakeside  power  plant  of  the 
Milwaukee  Electric  Railway  and  Light  Co.. 
for  which  the  Fuller  Engineering  Co.  has 
the  contract. 


The    American    Klectro-Chemical    Society 

will  liolil  its  annual  meeting  in  Cleveland. 
Ohio,    Oct.    1    and    2. 

The    Technical    National    Section,    of    the 

Prime  Movers  Committee  will  meet  in  Phila- 
delphia   on    Oct.     18. 

The     UiHlerground     Systems      Committee, 

Technical  National  Section,  will  meet  in 
Pittsburgh,    Nov.     11. 

The  National  Association  of  Rlectrical  In- 
spectors will  hold  their  annual  meeting  in 
Philadelphia,  Oct.    12-13. 

Association  of  Railway  Electrical  Engi- 
neers will  hold  its  annual  meeting  in  Chi- 
cago from  Oct.   28   to   30  inclusive. 

The  American  Electric  Railway  Associa- 
tion will  hold  its  annual  convention  at 
Atlantic  City,  N.  J.,  Oct.  11  to  15  inclusive. 

The  Electric  Power  Club  will  hold  its  fall 
meeting  at  Hot  Springs,  Va.,  Nov.  15-18. 
Headquarters  will  be  at  the  Homestead 
Hotel. 

The  Empire  State  Gas  and  Electric  Asso- 
ciation will  hold  its  annual  convention  at 
Utica,  New  York,  Oct.  7  and  8.  Head- 
quarters will  be  at  the  Hotel  Utica. 

The    American    Association    of    Engineers 

will  hold  its  next  regular  meeting  of  the 
North  Carolina  State  Assembly  of  A.  A.  E. 
(which  is  built  around  the  North  Carolina 
Society  of  Civil  Engineers)  in  Raleigh  ne.xt 
January. 

The     Inductive     Interference     Committee, 

Technical  National  Section,  will  hold  a 
meeting  in  Salt  Lake  City,  Utah,  Nov.  15. 
The  Technical  National  Section  of  the 
Prime  Movers  Committee  will  meet  at  the 
same   time   and   place. 

The  Standardization  Conference  which  is 
to  be  held  at  the  Congress  Hotel,  Chicago, 
111..  Oct.  9.  has  on  its  program  a  number 
of  interesting  papers.  Among  the  problems 
which  will  come  up  for  discu.sSion  is  the 
present  status  of  standardization  of  shaft- 
ing sizes  and  the  report  of  the  Standardiza- 
tion Committee  to  the  National  Association. 

The    Engrineerine    Societ.v   of   Buffalo    held 

a  special  meeting  Sept.  21  at  the  University 
Club.  The  organization  and  aims  of  the 
Federated  American  Engineering  Societies, 
to  which  the  Buffalo  society  had  been  in- 
vited to  become  a  member,  were  discussed. 
The  meeting  was  addressed  by  Dexter  S. 
Kimball  and  Richard  L.  Humphrey.  The 
officers  of  the  society  for  the  year  1920- 
1921  are:  W.  B.  Powell,  president:  C.  G. 
Derick,  vice-president :  W.  L.  Spaulding. 
secretary  :  W.  M.  Dollar,  treasurer.  Direc- 
tors representing  affiliated  sections  are 
David  Childs  (ACS.).  W.  A.  Kidd  (A.I.A.), 
W.  ,1.  Gamble.  Jr.  (A.S.M.E.).  David  Bell 
(A.S.T.S.).  E.  T.  Larkin  (S.A.E.)  and  A.  H. 
Hooper    (A.E.S.). 

The  Federal   Department  of  the  American 

Association  of  Engineers  has  announced  the 
appointment  of  the  following  engineers  as 
members  of  the  Federal  Department  Coun- 


cil:  Morris  Bien,  assistant  director  of  the 
Reclamation  Service.  Washington  ;  N.  S. 
Thompson,  chief  of  the  electro-mechanical 
division,  sujiervising  architect's  office, 
Washington  ;  H.  E.  Hallliorg,  radio  engi- 
neer. .Morfolk  Navy  Yard,  Norfolk,  Va.  ; 
William  B.  Harri.son,  of  the  United  States 
Engineers'  office.  Washington  ;  W.  C.  Dean, 
chief  of  the  electrical  division.  Bureau  of 
Construction  and  ^Repair.  Washington  ;  W. 
A.  E.  Doying,  inspecting  engineer  of  the 
Panama  Canal,  Washington  ;  W.  C.  Lemen, 
of  tlie  United  States  Engineers'  office.  .\'ew 
York  ;  J.  T.  Maguire.  project  manager, 
Burea|U   of   Yards   and   Docks.    Washington. 


I  Miscellaneous  News  f 

Production  of  the  Electrical  Manufactur- 
ing- Industry  during  1919  was  about  $900,- 
000,000,  of  which  over  $90,000,000,  or  10 
per  cent,  was  exported.  'This  is  an  increase 
of  50  per  cent  in  exports  since  1918.  when 
we  exported  only  $60,000,000  worth  of 
electrical   products. 

The  Alabama  Power  Co.,  Birmingham,  is 
arranging  an  extensive  construction  pro- 
gram to  include  the  erection  of  a  number  of 
power  plants  and  extensions  to  existing 
generating  stations.  A  hydro-electric  plant 
will  be  built  at  Judkins  Riffle  on  the  Coosa 
River,   at  a  cost  of  $10,000,000. 
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Business  Items 


The  Industrial  Heating  &  Engineering  Co. 

announces   the    removal    of   the   business   to 
385    Windsor   St.,    East   Akron,   Ohio. 

The  Jeffrey  Manufacturing  Co.,  Columbus, 
Ohio,  has  opened  a  new  branch  office  in 
Buffalo.  N.  Y.,  in  the  Marine  Trust  Build- 
ing. H.  W.  Scott,  formrly  in  charge  of 
the  home  office,  will  manage  the  new 
branch. 
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Trade  Catalogs 


Consolidated  Wire  and  Machinery  Corpo- 
ration, of  Chicago,  dealers  in  used  electrical 
equipment  is  sending  out  a  stock  sheet  of 
the  loose-leaf  variety  assembled  within  a  4 
X  63-in.  paper  binder.  Full  data  and  the 
price  of  the  equipment,  including  generators, 
motors,  transformers,  regulators,  remote 
control  devices,  etc.,  are  given,  and  monthly 
lists  follow  for  insertion  to  keep  the  stock 
record  up  to  date. 

Warren  Webster  &  Company,  of  Camden, 
New  Jersey,  has  just  issued  a  new  bound 
volume  containing  a  number  of  catalog 
bulletins  of  feed-water  heaters,  oil  sepa- 
rators, steam  separators  and  other  appa- 
ratus handled  by  the  company.  Each 
article  is  described  in  a  most  complete  man- 
ner and  is  clearly  illustrated  by  photographs 
and  line  drawings.  Installations  of  feed- 
water  heaters  are  shown  and  described.  A 
description  of  construction  and  operation 
is  also  given.  This  booklet  should  prove 
instructive  and  interesting  to  power-plant 
engineers.  A  copy  can  be  obtained  on 
request 


New  Construction 


PROPOSED    WORK 

N.  H„  Manchester — I.  W.  Dickey.  B.  P. 
D.  No.  5.  is  in  the  rtiarket  for  a  tS'-hp. 
gasolene  engine. 

Mass.,  Boston — Coolidge  &  Shattuck. 
Archts..  122  Ames  Bldg..  will  soon  receive 
bids  for  a  12. story  office  building  including 
a  steam  heating  system  on  Beacon  and 
Somerset  Sts.  About  $500,000.  Owner's 
name  withheld. 

Mass.,  East  Boston  (Boston  P.  O.) — The 
City  Schoolhou.se  Dept.  is  having  plans 
prepared  for  a  3  story  school  including  a 
steam  heating  system  in  the  Samuel  Adams 
Dist.  About  $250,000.  C.  O.  Loring.  7 
Water  St.,   Boston,   Archt. 

Mass.,  Peabody — The  School  Comn.  will 
receive  bids  until  October  1  for  a  2  storv 
high  school  including'  a  steam  heating  sys- 
tem on  Central  St.  About  $500,000.  F.'  I 
Cooper  Corp.,  33  QornhlU  St.,  Boston,  Archt. 


R  I...  Newport — The  Bd.  Educ.  vi'ill  soon 
receive  bids  for  a  3  story,  110  x  150  ft. 
high  school  including  a  steam  heating  sys- 
tem on  Bway.  About  $600,000.  B.  H.  Sea- 
bury,  21  Besse  PI.,  Springfield,  Mass.,  Archt. 

Conn.,  New  Britain — The  Bd.  Educ.  will 
soon  award  the  contract  for  a  2  story.  60 
X  240  ft.  school  including  a  steam  heating 
system  on  Tremont  St.  At)OUt  $350,000. 
Deebert  K.  Perry.  27  West  Main  St.,  Archt. 

Conn,,  West  Hartford — The  Bd.  Educ.  re- 
jected all  bids  for  a  2  story.  200  x  210  ft. 
high  school  including  a  steam  heating  sys- 
tem on  South  Main  St.  About  $500,000.  W. 
T.  Marchant,  36  Pearl  St..  Hartford,  Archt. 
Work  will  be  readvertised.     Noted  August  3. 

N.- Y.,  Buffalo — The  L.am«ert  Press,  813 
Seneca  St.,  is  in  the  market  for  a  generator 
and  electrical  welding  equipment  and  tools. 

N.  y,,  .lamestown — I.  S.  Burns,  Secy,  of 
the  Bd.  of  Park  and  City  Planning  Comrs.. 
is  preparing  plans  for  repairing  the  heating 
and  lighting  svstem  at  the  Fenton  Home- 
stead  here.     About   $25,000. 


N.  Y.,  Marcy — The  State  Hospital  Comn., 
Capitol.  Albany,  will  receive  bids  until 
October  6  for  the  construction  of  tunnels 
and  conduits  and  heating  work  for  service 
connections,  etc.,  at  the  Utica  State  Hos- 
pital,  here. 

N.  Y.,  New  York — Carlson  &  Wiseman, 
Archts.  and  Engrs.,  226  Henry  St.,  Brook- 
lyn, are  preparing  plans  for  a  2  story 
theatre  including  a  steam  heating  system 
on  Bway.  and  Hamilton  PI.  About  $500,- 
000,      Owner's   name    withheld. 

Pa.,  Allentown — Malcolm  W.  Gross, 
Mayor,  Central  Fire  and  Police  Station, 
will  receive  bids  until  October  11  for  fur- 
nishing and  installing  one  750  hp.  steam 
turbine,  with  reduction  gears,  one  12.000,- 
000  gal.  centrifugal  pumping  unit,  one  500 
hp.  a.c.  motor  and  one  3  stage,  7,000,000 
gal.  centrifugal  pump,  etc.,  at  the  pumping 
station. 

Pa.,  Harrisbnrg — Henry  W.  Gough, 
Dauphin  Co.  Controller,  will  receive  bidsi 
until  October  1  for  the  installation  of  an 
atmotl)heric  steam  heating  system  in  the 
Courtnouse. 
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\u.  Illi'liiiioiul  \V  S  i:iili:ii>K.  i:r>lit',  l^ant 
lliiiiiil  St.  IH  III  iIk-  iiiarKi'i  ftir  iiii  iilr 
ii>iii|ir<"<.Miir. 

>  11..  KU-IiiiiuikI  -  I''  K.  lliiiiKli.  c '«  Ri-nlty 
h'ltiiiiii'i'  <'ii.  lii.K  Xiirtli  Mil  St.  IH  In  the 
iiiai'kcl  fiir  I  I'li'Ctrlr  iiiiitiii,  I  KiiNolini< 
I'liKllii'    (iit'W    III'    iiHi'il). 

Kill.,  JurkNiiiivlllr  —  Till'  I'nltid  StiUi'H 
I'liKliU'i-r  »lll  r.'i'i'Ui-  IiIiIm  iiiiIii  urtolii-i  15 
liii     I'liii.Htriii'lliiK     mill     liiHtiillliiK     I     Sriitrh 

llliirlllf    b>lll('l'8.    oil    llUllklTH.    f.'C. 

I.ii..  Nrtv  OrlritiiM  — Till'  Mi'i'iinili  let-  Kiic- 
liii.v.  Mi'Ciiiiili.  MIhn..  Ih  III  till-  nmi'ki-t  Tur 
lu»  ICiii  li|>.  Iiiii'lxuiital  liiliuliir  liiilliTH. 
il'si'il  ijri'ffrri-il.)  .\.  A.  Krumi-r.  C«- 
luirtiit'r. 

Iiiil..  liulUnniiullH— Till'  Hil.  of  Sohnol 
«"i>iiiin  .  Mfrlili'ii  anil  Ohio  SU..  will  ri'i'i-lvi- 
l.!il«  until  lU'iohir  1  for  a  :  or  3  story.  25(P 
\  4110  ft.  shop  hiilliliiiK  lor  si'tiool  on  l-:iist 
MIohlKan  St.  I'laiis  iiirliiili'  tin-  histallu- 
tlon  of  a  powiT  liousi',  ImlTirs.  siok<*rs.  coal 
ash  liaiiillhiK  >'<|iii|iiiu-nl.  cto.  Ahout  $:22S.- 
iKKi  Sniilir  &  Hoti.  7ii3  M.rchaiits  Bank 
UhlK  .  KiiKrs  It.  A.  Bohlt-n  «  Son.  Majestic 
BlilK.    Archts. 

O..  nr.vnn — Tlu'  C.ntial  I.,lKh(  &  Power 
Co.  iilaiis  lo  build  a  power  plant. 

O..  rievt'hincl— The  H.l  I'iluc.  will  re- 
ceive hills  until  October  11  for  a  1  story 
aewuKe  treatment  anil  water  pumping  plant. 
.\hout  $5(1.000.  L.  H.  (Jelss.  Clk.  C.  W. 
Bates.  .\atl.  Bank  BlUg..  Wheeling.  West 
Va..   Archt. 

O..  rirvrlund — The  Brotherhood  of  Lo- 
comotive Kngineers.  c/o  Warren  S.  Stone. 
Kngineers  '  Blilg..  jilans  to  tiulUl  a  20  story 
bank  and  othie  building  including  a  steam 
heating  system  on  St.  Claire  Ave.  and  On- 
tario St.  .Vbout  $.'..0011.000.  Knox  &  ICUi- 
iitt.    U'48    Rockefeller   Bldg.,    Archts. 

O.,  Toledo — The  Maumee  Tire  &  Rubber 
Co..  TO-S  Madison  Ave.,  is  having  plans  pre- 
pared for  a  3  story.  100  x  300  ft.  rubber 
tire  factory  on  Lackey  Rd.  Boilers  will 
be  installed  in  same.  About  $300,000.  Os- 
born  Kng.  Co..  2848  Prosjiect  Ave..  Cleve- 
land, Archt.  and   Kngr. 

Midi..  Lansing — Walter  R.  Boose  is  hav- 
ing plans  prepared  for  an  8  story,  190  x 
230  ft.  hotel  including  a  steam  heating 
boiler  and  eiiuipnienl.  T.  K.  White.  City 
Xatl.   Bank  Bldg..   Archt. 

Mirli..  MuNkegon — H.  H.  Turner,  Archt.. 
9L':i  Michigan  Trust  Bldg.,  Grand  Rapids, 
will  reci'ive  bids  until  October  1  for  a  3 
story  high  school  including  a  steam  heating 
system  on  Denmark  Ave.,  for  the  Bd.  I'^duc. 
.•\bout   $2511.000. 

111..  Noble — The  Bd.  Educ.  will  soon 
award  the  contract  for  a  high  school,  in- 
eluding  a  steam  heating  and  ventilation 
system. 

Wis..  Fond  du  Lac — The  Bd.  Educ.  will 
soon  award  the  contract  for  a  3  story.  66 
X  261  ft.  senior  and  junior  high  school  in- 
cluding a  steam  heating  system,  motors, 
etc.  About  $5(10.000,  A.  M.  Hunter.  Secy. 
Childs  &  Smith.  Kast  Van  Buren  St..  Chi- 
c^igo.    111.,   Archts. 

Wis..  Fond  du  Lac — The  Fountain  City 
Ice  Cream  Co.,  218  South  Main  St..  is  hav- 
ing plans  prepared  for  a  2  story.  60  x  180 
ft.  dairy  plant  on  Division  St.  A  refrigera- 
tion system  will  be  installed  in  same. 
About    $80,000.      B.    E.    Mehner.    Archt. 

Wis.,  Hartford — The  city  plans  to  build 
a  60  X  155  ft.  power  house  on  Main  St. 
Estimated  cost.  $50,000.  W.  Radke,  City 
Clk.     A.  H.  Martin,  Engr. 
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»  U.,  NrllUtlllr  II. Milan  Niirlli  In  liiiv- 
liiK  phiiiH  prepared  fur  ii  3  Mtiiry.  7(1  X  17" 
ri  hiili'l  liicliidlliK  II  Hteaiii  lieatlliK  HyHteiii 
on    Main    Si. 

Wlnli.,  MlielMiymin — The  .Northern  Kurni- 
lure  Co..  Siiulh  Water  SI  anil  New  .lerney 
Ave,  Ih  having  pielliiilnary  iiIiiiin  prepared 
fur  a  4  Mliiry.  fid  x  jr.ii  ft  iimcr  liiillilliiK 
mill  iiiiwer  house  on  .South  Water  .SI  About 
$200,(1110.  W.  C.  Weeks.  730  onliii'lo  ,\ve., 
Archt.   and    Engr. 

Ilk,  C'ryHlul  Luke — F.  A.  nnbrlelHon. 
Secy.,  will  soon  award  the  coiilracl  fur  the 
heatiiiK,  plumbing  and  electrical  work  In 
HChoul  for  the  Colisolldateil  liulepetidelit 
School   DIst. 

lu..  MnNun  flly-Tlie  Mason  Clly  Motel 
Co.,  c/o  C.  il.  McN'ider,  plaiin  to  build  an 
!(  story,  142  x  IG7  ft.  hotel  iiieluiliiig  a 
steam  heating  system  on  South  Keileral  St 
.\boul  $1,000,000.  I'rouilfool.  Bird  X:  Itaw- 
.soii,   8111    Mubbell   Bldg.,    Des  .Molties.   Archts. 

Minn..  Madrliu — The  clly  iilaiis  to  Install 
pumping  equipment  in  connection  with  the 
proposed  wutiTWorks  svsteni.  About  $12.- 
000.  .lohii  W.  Shaffer.  501  .Vew  York  Life 
Bldg.    Minneapolis.    Engr. 

Minn.,  Mlnneii|>ollH — The  Hennepin  Min- 
neapolis Knights  of  Columbus  No.  435.  428 
South  8th  .St..  had  preliminary  plans  pre- 
pared for  a  3  Btory  club  bouse  including 
a  steam  heating  system.  About  $500,000. 
E.  J.   Loring.  Grand  Knight. 

Kan..  OHawatomie — The  city  Is  having 
plans  prepared  for  the  instaliation  of  an 
addition  to  the  present  power  plant  and  a 
dam  to  impound  60.000  gals.  About 
$85,000.  Black  &  Veatch,  Mutual  Bldg., 
Kansas  City.    Engrs. 

Kan..  Topeka — The  city  plans  an  elec- 
tion November  3  to  vote  on  ?4 60.000  bonds 
to  build  a  filtration  plant  and  pumping 
station.  Black  &  Veatch.  Mutual  Bldg.. 
Kansas   City,    Mo.,    Engrs. 

S.  D.,  Aberdeen — The  Y.  M.  C.  A.  plans 
to  build  a  .1  story  Y.  M.  C.  A.  building 
including  a  steam  heating  system.  .Miout 
$225,00(1.      R.   C.   Bell.   Secy. 

N.  D.,  Ashley- — John  Hildenbrand,  Aud.  of 
Mcintosh  Co..  will  receive  bids  until  October 
19  for  the  installation  of  electric  light 
<-(luipment  including  a  20  hp.  oil  or  gaso- 
lene engine.  1  fuel  tank,  one  125  l<w.  gen- 
erator, switchboard,  etc..  in  the  Court 
House. 

Mo.,  Libert.v — The  town  is  having  plans 
prejiarert  for  a  pumping  plant.  C.  E. 
.Tacoly,  528  Shubert  Bldg.,  Kansas  City, 
Engr. 

Okla..  Spiro — The  city  plane  an  election 
Xovemher  4  to  vote  on  $40,000  for  an  ad- 
dition to  pumping  plant.  H.  G.  Olmsted  & 
Co..    Oklahoma    City,    Engr. 

Tex..  Dallas — A.  H.  Woods  Enterprises. 
236  West  42nd  St.,  New  York  City,  plans 
to  build  a  theatre  including  a  steam  heat- 
ing system  on  Griffin  St.  About  $500,000. 
W.  Wellman,  Supt. 

Tex.,  Wichita  Falls — The  State  Bd.  of 
Control.  Austlkn.  will  receive  bids  until 
October  4  for  the  installation  of  a  heating 
and  plumbing  system,  refrigeration  plant, 
etc.,  in  the  Northwest  Texas  Insane  Asylum, 
here. 

Cal..  Cantara  (Shasta  Springs  P.  O.) — 
The  Sacramento  Klamath  Water.  Land  & 
Power  Co.,  Salem.  Ore.,  through  Victor  De 
Marais   and    Charles   E.    Watson    of   Sacra- 
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iiii'iilii.  liiiH  iipplli'il  III  the  .Stall'  l':iiKr.  fur 
pirilllHHloM  III  divert  4.000  Hec  ft  of 
wati-r  from  the  Klamath  Klvei  for  llie  pur- 
jiime  of  IrrlKiilliiK  250,000  iiereN  of  land  ami 
ih'Vi'loiiInK  150.000  hp.  I'laiiH  liiehiilii  a  dam,  ^ 
heailKiile  and  power  plant  here.  .\buiii  S 
$15,000,000. 

.N.  II..  Ht.  John- The  New  llruiiMw.  u 
I'llei'tric  Power  Comii  will  suon  awiinl  ili.- 
I'liiitnicl     for    earth    ilaiim    airoHH    Ih.-     I.i    i 

hriiiich   of    the    MiiHi|UiiHli    Ulver.    In    i 

Hon     with     the     ilevelopmellt     of     the     I". 
priiji'clH  at   ShoKoiiioi:  and   .MuHipiaHli.    \i 
$150,000.       Ki'ld     McMuiiuH,     Cunada     i:    :. 
Secy.      C.    ().    KoBH.    Kiigr.      .Nuteil    Si|.i 

Onl.,       WiiidNor   —  ColthurHl       Trin  ■ 
.NIckolH,   Archts.    16   Saiiwlch  St,    Wesl 
reielve  bills  about   .laiiuary    1    for  a   2   -i    i 
120    X    400    ft.    cold    Htorag.'    plant        .\i 
$600,0110.      Owners    name    withheld. 

to  NTH  ACTS    AWAKOKO 

Conn..    .Moiilvllle      Kobert   Calr,    50    U   . 
inglon    .St.,    Brooklyn.    .New    York    City.    '   i 
awarded   the   contract    for  a    2   story.    :.'" 
500     ft.     manufacturing    building    ami 
story,    50    x    50    ft.    power    plant,    lo    Ii:ui. 
Ahlers,    110   West   40th   St.,   New   York    i 
Incorrectly   noted    in   August   31    Issue. 

R.  I..  Providence — The  Providence  liilt- 
more  Hotel  Co..  217  Hospital  St.  Trust 
Bldg..  has  awarded  the  contract  for  a  19 
story  hotel  Including  a  steam  heating  sys- 
tem on  Dorrance.  Eddy  and  Washington 
Sts..  to  Thompson  Starrett  Co.,  4  9  Wall  St.. 
New    York    City.      About    $300,000. 

N.  J..  Jersey  City — The  Hespe  Realty 
Co.,  Central  Ave.,  will  build  a  theatre  on 
Central  Ave.  Estimated  cost.  $25o  (lOO 
Work  will  be  done  by  day   labor. 

N.  J..  West  Orange— The  Edison  El.    :i 
Co.   has  awarded   the  contract   for  a   boil,  i 
house,   to  the  Amer.   Concrete  Steel  Co..  27 
Clinton    St.,    at    $100,000. 

Pa..     Philadelphia — The     Orinoka     Mill'' 
Ruth   St..    has   awarded   the   contract    f  .i 
1  story.  50  x  117  ft.  boiler  and  power  Im.  . 
on   Sterner  and   Jasper   Sts.,   to   the   Wils..ii 
Ruff  Co.,   Franklin  Trust  Bldg..  at  $100, oon. 

Pa,  Tabor  (Philadelphia  P.  O.) — The  Fox 
Motor  Car  Co..  Broad  and  Huntington  Sts 
has  awarded  the  contract  for  a  3  story  '  " 
x  400  ft.  automobile  plant  including  a  .■^i' 
heating  system  on  Grange  Ave.  along  iii' 
Reading  R.R..  to  J.  S.  Rogers,  970  Diexrl 
Bldg.,   at   $500,000. 

O.,  Cincinnati — S.  and  L.  Shubert.  Inc., 
225  West  44th  St.,  -New  York  City,  has 
awarded  the  contract  for  a  theatre  in- 
cluding a  steam  heating  system  to  Ed. 
Margolies.  19  East  33rd  St..  New  York 
City,    at    $500,000. 

III..  Rockford — The  town  has  awarded 
the  contract  for  the  installation  of  a  pump- 
ing station,  to  FU)Ss  P.  BecKstrom  &  '  '■) . 
at   $88,121. 

Wis.,  Sheboygan — The  Tomah  Rubber 
Co..  176  16th  .St..  Milwaukee,  has  awarded 
the  contract  for  remodeling  old  plant  and 
constructing  two  70  x  100  ft.  units  on 
Lvmans  Ave.,  here,  to  H.  Loesing.  914 
Superior  Ave.,  at  $35,000.  A  steam  heating 
system  and  electric  power  will  be  installed 
in  same. 

la.  Cherokee — The  State  Bd.  of  Control. 
Des  Moines,  has  awarded  the  contract  for 
a  pump  house,  pump  pit.  and  reservoir,  to 
Rhodes  &  Christiansen.  Guthrie.  Noted 
July   13. 
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Aiitoiiialic  Oil-Burninf^  Plant  in  Calirornia 

Sngar  lieliiu^ry 
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Oil-Kiiriiiiig  Sirani-Powcr  IMant — Steam  CoHh  Io  Smother  Fir<* — 

Boiler  Room  Has  Complete  Gage  and  Control  Boarti 


V'owcr    lOiiKliii 


JY  CLAUDE  C.  BROWN 

CiillfomiK    ami    M-iwiiUan    SiiKiit     |{4-ilMlni:    <'omiK 


THE  California  &  Hawaiian  Sugar  Refining  Co., 
whose  2,000-ton  capacity  cane-sugar  refinery  is 
located  at  Crockett,  Cal.,  has  the  distinction  of 
possessing  one  of  the  most  modern  and  up-to-date  auto- 
matically controlled  oil-burning  boiler  plants  on  the 
Pacific  Coast.  The  new  boiler  room  is  shown  in  Fig.  1 
and  the  turbine  room  in  Fig.  2. 

This  plant,  which  was  installed  by  Charles  C.  Moore 
&  Co.,  engineers,  San  Francisco,  Cal.,  consists  of  ten 
600-hp.  water-tube  boilers  equipped  with  economizers, 
together  with  all  the  automatic  control  apparatus  neces- 
sary for  the  economical  and  efficient  burning  of  oil. 

The  boiler  plant  is  composed  of  the  "New  House," 
which  contains  the  ten  600-hp.  boilers,  and  the  "Old 
House,"  which  contains  four  275-hp.  water-tube  boilers, 
four  250-hp.  water-tube  and  fourteen  175-hp.  return- 
tubular  boilers. 

Two  separate  steam-pressure  systems  are  maintained 
at  present;  in  the  "New  House"  steam  is  generated  at 
150  lb.  for  operating  three  1,.500-kw.  non-condensing 
horizontal  turbo-generators.  The  surplus  steam  from 
this  high-pi-essui-e  header  is  stepped  down  through  an 
automatically  regulated  butterfly  valve,  and  delivered 
through  a  crossover  connection.  Fig.  3,  fully  guarded 
with   safety   valves,   to   the   100-lb.   header   of   the    old 


house.  The  steam  from  this  header,  after  being  re- 
duced to  55  lb.  pressure,  is  used  almost  entirely  for 
the  concentration  of  sugar  solutions  to  the  cr\'stalline 
stage,  in  14-ft.  diameter  vacuum  pans. 

The  turbines  are  non-condensing  and  exhaust  into 
an  exhaust  steam  system,  the  pressure  of  which  is 
maintained  at  about  10  lb.  The  steam  from  this  exhaust 
system  is  also  used  for  the  concentration  of  sugar  solu- 
tions to  the  crystalline  stage.  In  addition  it  is  used 
for  the  heating  of  various  liquors,  syrups,  etc.,  and 
supplies  the  necessary  heat  to  operate  a  quintuple 
evaporator  of  approximately  15,000  sq.ft.  of  heating 
surface.  It  also  heats  over  one  million  gallons  of  water 
daily  for  refinery  use. 

The  pressure  on  the  exhaust-steam  system  is  main- 
tained fairly  uniform  at  10  lb.  per  sq.in.  by  one  of  two 
6-in.  reducing  valves  which  operate  between  the  150-lb. 
live-steam  header  and  the  10-lb.  exhaust-steam  header. 
This  valve  opens  when  the  exhaust  pressure  drops  to 
5  lb.  and  closes  when  this  pressure  reaches  10  lb.  '  If 
the  exhaust  pressure  goes  up  to  15  lb.,  a  multiport  safety 
exhaust  valve  permits  the  excess  exhaust  steam  to  blow 
t^o  the  atmosphere. 

The  fuel  oil  used  in  this  plant  is  a  California  product 
of  about  17  deg.  Be.  gravity,  and  contains  approximately 
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FIG,    2.      VIEW    OF    THE    TURBINE    HOOM,    CAL.IFUKNiA    ii    llAWAlJAiN    SIJUAH  KEb'lNlJMG   CO. 


8,750  B.t.u.  per  lb.  It  is  brought  to  the  plant  in  barges 
nd  pumped  from  the  barges  into  two  steel  storage 
anks  of  25,500  bbl.  and  3,780  bbl.  capacity  respectively, 
'rom  these  tanks  it  is  pumped  to  four  auxiliary  under- 
round  concrete  storage  tanks  adjacent  to  the  boiler 
ouse.  Two  of  these  are  used  for  furnishing  fuel  oil  to 
he  plant,  while  the  others  are  being  filled  for  stand-by 
torage.  All  tanks  are  equipped  with  steam  smother- 
ag  coils  for  use  in  case  of  fire. 

The  method  of  measuring  the  amount  of  oil  drawn 
nd  consumed  is  accurate.  Each  tank  is  carefully  cali- 
rated  for  each  quarter  of  an  inch  in  depth  and  these 
gures  are  entered  on  a  blueprinted  table.  At  the 
nd  of  each  eight-hour  shift,  and  also  whenever  the 
anks  in  use  are  changed,  careful  soundings  of  the  oil 
epth  are  taken  by  means  of  marked  steel  rods.  These 
ods  are  counterbalanced  by  means  of  weights  suspended 
n  chains  which  pass  over  pulleys,  so  that  their  use 
equires  little  effort  on  the  part  of  the  operator. 

Accurate  temperature  readings  are  taken  at  two-hour 
ntervals  by  means  of  angle  thermometers,  and  in  addi- 
ion  to  this  a  continuous  recording  thermometer  is  in- 
tailed  on  the  oil  intake  to  the  boiler-room  oil  pumps, 
^t  the  end  of  each  shift  the  avera^^e  temperature  of  the 
il  is  obtained  and  all  readings  corrected  to  a  60  deg.  F. 
lasis. 

From  the  auxiliary  tanks  the  oil  is  drawn  through 
trainers  to  two  duplex  horizontal  steam  pumps,  size 
•  X  8  X  10  in.,  of  80  gal.  per  min.  capacity  each;  from 
lere  it  is  delivered  to  two  special  coil  oil  heaters  each 
laving  an  internal  heating  surface  of  600  sq.ft. 

Each  heater  consists  of  twelve  sections,  each  section 
ontaining  a  coil  of  1-in.  extra-strong  wrought-iron 
)ipe,  from  which  the  oil  circulates  from  a  4-in.  inlet 
md  a  4-in.  outlet  header.  Each  coil  is  designed  for 
i  pressure  of  150  lb.  per  sq.in. 


Within  the  section  castings  and  around  the  coils  steam 
is  circulated  at  exhaust  pressure,  5  to  15  lb.  The  amount 
of  steam  admitted  to  these  heaters  is  varied  to  main- 
tain the  outlet  oil  at  a  temperature  of  180  deg.  F.. 
this  temperature  having  been  found  to  give  the  best 
results  for  combustion  purposes. 

From  one  of  these  heaters  the  oil  is  led  directly  to 
an  oil  header  above  the  22  boilers  in  the  Old  House,  and 
thence  through  drop  lines  to  the  oil  burners  of  each 
boiler.  From  the  other  heater  the  oil  is  led  through 
i,n  automatically  controlled  butterfly  valve,  and  from 
thence  to  the  oil  headers  over  the  ten  boilers  in  the 
New  House. 

The  pressure  of  the  oil  at  the  burners  is  automatically 
controlled  by  a  regulating  system  described  in  detail 
later.  This  pressure  is  varied  between  10  and  30  lb., 
according  to  the  steam  demands. 

The  oil  burners  used  on  all  boilers  are  an  outside- 
mixing,  steam-atomizing  type.  They  are  "rear  shot" ; 
that  is,  they  extend  the  full  length  of  the  furnace, 
underneath  the  furnace  floor,  and  rise  into  a  small 
housing  at  the  bridge  wall ;  the  burner  head  faces  for- 
ward toward  the  boiler  front,  and  the  flame  travels 
from  the  bridge  wall  forward.  At  the  inlet  to  each 
burner  is  a  small  removable  strainer  that  catches  any 
grit  and  dirt  that  c9mes  through  the  heaters. 

In  the  refining  of  sugar  much  heating  and  boiling 
is  done  by  means  of  steam  coils  immersed  in  the  prod- 
uct to  be  boiled  or  heated.  The  return  drips  from  these 
coils  are  led  back  to  the  boiler  room  by  gravity  and 
into  one  of  two  open  feed-water  heaters,  each  of  a 
capacity  of  250,000  lb.  of  water  per  hour.  These  re- 
turn drips  constitute  about  one-half  of  the  feed  water 
evaporated.  The  remaining  half  is  made  up  of  treated 
river  water,  which  is  admitted  to  the  heater  at  the 
steam-inlet  end.     From  the  heaters,  which  are  placed 
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HI)  a  ruiseil  concrete  plutforni,  the  feed  water  drops 
strniffht  down  to  one  of  two  turbine  feed  pump.><  on  the 
l)oiKr-room   floor  undernenth  the  heater  platform. 

The  makeup  water,  which  comes  from  the  Sacra- 
mento River,  is  pumped  to  a  softener,  located  outside 
the  boiler  nwm  and  over  the  auxiliary  oil  tanks. 

This  softener  i.s  a  cold-process  type  apparatus,  haviny 
a  capacity  of  27.000  jrid.  per.  hr.  and  a  storajre  capacitx 
of  17,000  pal.  of  treated  water.  It  consists  of  a  redwood 
tank,  30  ft.  0  in.  in  diameter  by  19  ft.  4  in.  high,  into 
one  side  of  which  is  led  the  water,  together  with  its 
lime  and  soda  treatment,  where  it  is  stirred  or  agi- 
tated. From  here  it  passes  down  under  a  dividing 
partition  and  comes  up  through  an  excelsior  fdter  bed 


horizontal  pump.s  that  feed  the  Old  Hou.se.  The  turbine- 
driven  feed  pump.s  are  of  the  turbine  type,  of  1,000 
g.p.m.  capacity,  against  402  ft.  head,  at  1.800  r.p.m. 
Each  is  driven  by  a  horizontal,  single-stage  turbine, 
1,800  r.p.m.,  with  a  throttle  pressure  of  140  lb.  and  an 
exhaust  pressure  of  15  lb. 

The  feed  water,  which  is  at  an  average  temperature 
of  170  (leg.  F.,  is  then  pumped  through  a  10  x  4-in. 
venturi  meter  having  a  capacity  of  from  55,600  to 
722,000  lb.  of  water  per  hour,  and  its  rate  and  amount 
are  recorded.  From  thence  it  goes,  at  approxi- 
mately 190  lb.  to  five  economizers,  each  consisting  of 
.12  sections  of  10  tubes  each,  the  tubes  being  41'  in.  in 
external  diameter  by  12  ft.  long.     The  capacity  of  each 
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to  the  outlet  on  the  other  side.  From  this  point  the 
treated  water  drops  by  gravity  to  a  cistern  under- 
neath the  boiler  house.  From  the  cistern  it  is  picked 
up  by  one  of  two  motor-driven  centrifugal  service  pumps 
each  capable  of  pumping  1,000  gal.  per  min.  against 
a  head  of  55  ft.,  and  delivered  to  the  feed-water  heaters 
through  float-operated  valves  that  maintain  a  depth  of 
three  feet  in  the  heaters. 

To  prevent  the  possibility  of  the  turbine-driven  feed 
pumps  running  away  after  draining  the  heater  drj-, 
with  the  power  off  the  motor-driven  centrifugal  service 
pumps,  there  is  installed  an  emergency  duplex  steam 
pump,  size  7?.  x  8]:  x  10  in.,  with  a  capacity  of  500  gal. 
per  min.  Should  the  water  level  in  the  heaters  fall  to 
24  in.  from  the  bottom,  a  float-actuated  valve,  opens, 
releases  the  pressure  on  the  discharge  side  of  this 
pump,  which  in  turn  operates  a  governor,  thereby  ad- 
mitting steam  and  delivering  500  gal.  per  min.  from 
the  cistern  to  the  heaters. 

From  the  bottom  of  the  heaters  a  manifold  delivers 
the  water  to  one  of  two  turbine  feed  pumps  which  feed 
the  boilers  of  the  New  House,  and  three  reciorocatino' 


economizer  is  19,840  lb.  of  water,  and  each  has  a  heat- 
ing surface  of  4,080  sq.ft. 

From  the  economizers  the  feed  water  passes  to 
headers  that  are  located  over  the  tops  of  the  boilers, 
and  the  feed  to  each  boiler  is  taken  care  of  automatic- 
ally by  a  regulator. 

The  New  House  consists  of  ten  600-hp.  Babcock  & 
Wilcox  vertical  header  boilers,  each  equipped  with  a 
patented  oil-burning  furnace  consisting  of  a  checker 
brick  floor  with  ashpits  divided  into  three  equal  aisles, 
one  aisle  under  each  of  the  three  burners. 

Each  boiler  is  steel  incased,  the  steel  casing  covering 
4  in.  of  85  per  cent  asbestos  magnesia  insulation.  The 
boilers  are  set  in  batteries  of  two  each,  the  front 
center  column  being  eliminated,  the  weight  being  taken 
at  this  point  by  an  extra-heavy  cross-beam  which  ex- 
tends clear  across  the  fronts  of  the  two  boilers.  The 
boiler  fronts  are  held  in  place  by  means  of  four  stay 
rods  which  extend  from  the  front  false  column,  through 
the  center  wall,  to  the  rear  center  column.  These  rods 
are  li  in.  diameter  and  each  is  inclosed  in  a  2-in.  pipe. 
Each    boiler    consists    of    three    42-in.    drums.    20    ft. 
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Si  in.  long  and  21  sections  of  tubes,  14  tubes  high,  each 
tube  being  4  in.  in  diameter  by  18  ft.  long.  The  stop 
valves  are  8-in.  automatic  type,  and  all  joints  in  risers 
and  pipe  lines  are  of  the  Van  Stone  type.  On  each 
boiler  is  a  complete  installation  of  soot  blowers  and  a 
differential  draft  gage.  In  the  main  riser  from  each 
boiler  there  are  j-in.  taps  and  valves  that  are  used  for 
the  purpose  of  making  moisture  determinations  with 
the  calorimeter. 

On  one  boiler  there  has  been  installed  a  steam-flow 
meter,  recording  draft  gage  and  recording  flue-gas 
thermometer.  In  addition  there  are  three  CO,  machines 
each  fitted  with  recorders  and  indicators. 

Each  of  the  five  machines  takes  care  of  two  boilers. 
Fig.. 4  shows  the  boiler-house  gage  board. 

An  automatic  regulator  controls  the  fuel-oil  pressure, 
the  steam-to-biirner  pressure  and  the  damper  opening, 


that  as  a  rule  the  dampers  are  left  wide  open,  it  can 
be  readily  appreciated  that  an  efficient,  uniform  rate 
of  firing  by  hand  methods  is  well-nigh  unattainable,  if 
not  impossible. 

The  automatic  regulating  system  in  this  plant  con- 
trols the  supply  of  oil  to  all  burners,  the  supply  of 
atomizing  .steam  (which  is  reduced  from  boiler  pres- 
sure) for  ten  boilers,  and  one  damper  regulator  controls 
the  damper  opening  on  six  and  another  on  the  remain- 
ing four  boilers,  all  from  a  single  centi-al  Doint.  All 
burners  are  operated  with  burner  valves  wide  open, 
the  size  of  fire  being  automatically  controlled  by  the 
regulation  of  oil  pressure.  This  applies  also  to  the 
atomizing  steam  valves.  All  the  dampers  of  the  six 
boilers  which  are  controlled  by  one  of  the  damper 
regulators  ai-e  connected  to  a  common  rocker  shaft  and 
move    simultaneously.      Similarly,    those    of    the    four 


FIG.    I       THE   ROILER-HOUSK   GAGE   BOARD 


varying  each  in  accordance  with  the  load  demand.  This 
regulating  system  consists  of:  Oil-to-burner  pressure 
regulator,  Fig.  5;  steam-to-burner  pressure  regulator, 
Fig.  6 ;  damper  regulator ;  water  pump  and  necessary 
motors;  hydraulic  cylinder,  tank,  piping  drains,  etc. 

The  principle  upon  which  this  regulating  system 
works  is  the  varying  of  the  oil  pressure  inversely  with 
the  steam  pressure  on  the  main  header,  and  in  turn  the 
varj'ing  of  the  reduced  steam  pressure  to  burners  and 
damper  opening  more  nearly  directly  with  th'e  oil 
pressure. 

A  description  of  the  operation  of  this  automatically 
operated  boiler  plant  follows: 

In  so-called  hand-fired  plants  it  is  generally  the  cus- 
tom to  maintain  a  constant  oil  pressure  at  the  fuel-oil 
pump  and  to  regulate  the  generation  of  steam  in  indi- 
vidual boilers  by  throttling  the  burner  valve  of  each 
boiler,  thus  increasing  or  decreasing  the  size  of  the 
fires  under  each  boiler  in  accordance  with  the  judgment 
of  the  operator.  When  the  fact  is  taken  into  considera- 
tion that  almost  always  the  amount  of  atomizing  steam, 
which  is  generally  at  full  boiler  pressure,  is  left  un- 
changed and  remains  a  maximum  for  all  loads,  and  also 


boilers  act  likewise  and  are  controlled  by  the  other 
damper  regulator. 

Any  variation  in  steam  pressure  of  the  main  header 
due  to  a  variation  in  the  load  demand  is  the  primary 
means  of  control  of  a  steam  governor  which  varies  the 
oil  pressure  in  the  oil  headers.  When  the  main  steam 
pressure  drops,  owing  to  increa.sed  demand  for  steam, 
the  regulator  increases  the  oil  pressure  in  the  oil  head- 
ers, which  in  turn  increases  the  size  of  the  fires  and 
consequently  the  rate  of  evaporation.  An  increase  in 
steam  pressure  in  the  main  header  works  just  opposite 
and  tends  to  reduce  the  oil  pressure.  In  this  way  a 
state  of  equilibrium  is  reached  for  any  given  steam- 
demand  rate. 

In  the  steam-to-burner  I'egulator  the  actuating  ele- 
ments are  opposing  steam  and  oil  diaphragms  with 
areas  and  leverages  conforming  to  a  ratio  of  approxi- 
mately 4  to  1  between  atomizing  steam  and  oil  pres- 
sure. Any  increase  in  oil  pressure  causes  an  increase 
in  the  pressure  of  atomizing  steam  in  accordance  with 
this  ratio.  This  is  accomplished  by  means  of  the  action 
of  a  butterfly  valve  in  the  steam-to-burner  main,  which 
is  actuated  by  the  water  motor  of  the  regulator.     Thus 
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Ihe  steam-to-lninuT  iirt'.Hsmc  is  rck'nlatcd  )i\  thr  "il 
pressure. 

In  the  damper  controller  hIho  the  oil  pressnre  ia  the 
controllinjr  factor.  A  diaphravrm  is  actuated  by  the  pres- 
sure of  the  oil  in  the  fuel-oil  header,  and  the  movement 
of  the  diaphrajjm  is  opjiosed  by  a  lever  connected  to  a 
coil  sjirinjr,  which  is  adjustable  alonjj  the  lever  for  the 
purpose  of  obtaininjj  the  re(|uired  ranjrc  of  motion  of 
the  dampers  for  a  piven  ranpe  of  oil  pressure.  A  double- 
ported  valve  connected  to  the  controller  admits  water 
from  the  pressure-supply  .system,  either  to  the  top  or 
to  the  bottom  of  a  hydraulic  cylinder  which  actuates 
the  aforementioned  rocker  shaft,  to  which  the  dampers 
of  all  the  six  boilers  in  one  case  and  four  in  the  other 
are  connected. 

The  action  of  these  regulators  is  entirely  automatic. 
To  cut  out  any  of  them,  it  is  necessary  only  to  close  the 


Similarly,  the  Bteam-to-hurner  supply  is  adjusted  by 
slightly  opening  or  closing  all  the  supply  valves  on  the 
burners.  On  sudden  changes  of  load  of  large  proportions 


FIG.  5.     FUEL-OIL,  REGULATOR 

valve  between  the  oil  header  and  the  oil-to-burner  regu- 
lator, bypass  the  steam-to-burner  regulator  or  cut  off 
the  pressure-supply  water  to  the  damper-controller 
hydraulic  cylinder,  opening  both  drain  valves,  which 
will  allow  the  dampers  to  be  thrown  wide  open  by  their 
counterweights  and  regulated  by  hand. 

When  the  automatic  control  has  been  once  set,  little 
trouble  is  experienced  with  it.  The  accompanying  log 
sheet.  Fig.  7,  for  Ma\  12,  1920,  will  show  the  results 
obtained  with  the  automatic  control  system.    • 

After  all  boilers  have  been  put  on  and  the  fires 
started,  it  is  the  practice  at  this  plant  to  equalize  all 
the  fires  and  make  refined  settings  of  both  steam-to- 
burner  and  damper  controllers.  When  the  respective 
dampers  are  set,  the  fires  are  equalized  by  slightly 
opening  or  closing  all  the  burner  valves,  thus  setting 
the  valves  so  that  they  pass  just  enough  oil  for  com- 
plete combustion,  w^hich  is  indicated  by  a  slight  smoky 
haze  as  seen  through  the  side  peepholes  of  the  boiler. 
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the  regulators  all  promptly  act  together.  There  is,  how- 
ever, one  point  to  be  noticed  in  connection  with  this 
automatic  control ;  namely,  that  after  a  certain  set  of 
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conditions  become  established  for  a  given  load,  such 
as  rate  of  flow  of  chimney  gases,  temperature  of  gases, 
draft,  etc.,  the  regulator  will  respond  to  changes  in 
load   more   quickly  than  the   chimney.     The   result   is 
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that  momentary  smoking  is  caused,  the  condition  en- 
luring  lor  a  brief  period,  which  is  known  as  the  "lag." 
While  this  system  results  in  a  large  saving  in  manual 
labor,  it  does  not  dispense  with  any  large  number  of 
iremen.  We  have  at  this  plant  a  total  of  32  boilers, 
rhe  boiler-room  crew  consists  of  one  fireman  and  two 
.vater  tenders  per  shift  and  the  repair  gang  of  nine 
nen,  all  under  the  supervision  of  a  boiler-house  fore- 
nan.  The  saving  as  obtained  with  the  various  afore- 
nentioned  devices  comes  in  the  increased  economy  as 
)btained  with  automatic  regulation  over  hand  regula- 
ion.  With  the  automatic  regulation  the  personal  ele- 
nent  is  eliminated,  and  as  long  as  the  apparatus  is  kept 
n  good  order,  more  dependable  economical  and  efficient 
operation  is  sure  to  result. 


George  M.  Rolph  is  general  manager,  A.  M.  Dupern. 
plant  manager,  and  L.  L.  Edmunds,  chief  engineer,  for 
the  California  &  Hawaiian  Refining  Co. 

Some  of  the  equipment  in  the  power  plant  of  the 
California  &  Hawaiian  Sugar  Refining  Co. : 

Consulting  Engineers,  Charles  C.  JIoor>-  Co. 

Ten  600-hp.  Babcock  &  Wilcox  water-tube  boilers,  four   275-hp. 
.•Stirling-  boilers,  fourteen  175-hp.  return-tubular  boilers. 
One  1,.300-kw.  Curtis  non-condensing  turbine. 
.Vutoniatic  oil  burning  system,  C.  C.  Jloore  Co.,  San  Franclso. 
Oil-buining  furnaces,  Peabodv,  "rear  shot." 
Fuel  oil,  17  deg.  B6  ;  18.7.50  B.t.u.  per  lb.;  Standard  OH  Co. 
Fuel-oil   burniMS,   Leahy,   type   Dl. 
Oil  heaters.  National  Pipe  Bending  Co. 
Feed-water  regulators.  Copes. 
Feed-water  heaters,  open,  Cochrane. 
Water  softener,   cold   process.   Booth,   type   F-1 1. 
Thermometers,   Tycos. 
Economizers,   Green. 
Soot   Blowers,   Diamond 
CO2   recorders,    fehling.  • 


Ammonia-Compressor  Troubles 


By  J.  C.  MORAN 


ONE  of  the  two  small  vertical  single-acting  com- 
pressors in  a  cold-storage  plant  began  to  develop 
a  slight  knock  one  day,  and  this  gradually  got 
vorse  until  about  a  week  later  it  became  so  bad  that 
t  had  to  be  attended  to.  The  engineers  hunted  all  over 
he  machine  for  the  cause  of  the  trouble  for  sevei'al 
lays  without  being  able  to  discover  it.  When  they  were 
in  the  compressor  deck  it  seemed  that  it  was  some- 
vhere  in  the  cylinder  on  one  side,  and  when  they  were 
lown  below  it  appeared  to  be  in  the  connecting  rod  or 
rank. 

After  taking  up  on  the  wedges  and  bearings  all 
round  until  everything  ran  hot  most  of  the  time,  one 
f  the  oilers  suggested  that  it  might  be  caused  by  too 
ittle  clearance  in  the  cylinder,  and  being  unable  to 
hink  of  anything  better  to  do  and  not  wanting  to  shut 
he  machine  do^^Ti  for  any  length  of  time  for  close 
nspection,  they  decided  to  screw  the  piston  rod  into  the 
rosshead  a  little  more  and  thus  increase  the  clearance, 
'he  rod  was  screwed  in  about  iV  inch  for  trial  and  the 
nock  disappeared  entirely.  A  few  days  later,  however, 
t  appeared  again  and  was  just  as  bad  as  ever.  The 
od  was  screwed  in  some  more  and  again  the  racket 
topped.  This  lasted  only  a  day,  when  the  knock  came 
ack  again. 

Valve-Seat  Capscrew   Caused   Trouble 

By  this  time  the  engineers  realized  that  there  must 
e  something  wrong  inside  the  compressor.  There  was 
ut  one  thing  to  do,  and  that  was  to  shut  down  and 
pen  up  the  machine  and  examine  the  inside.  When 
he  cylinder  head  and  the  false  head  were  removed  and 
he  piston  and  suction  valve  exposed,  it  was  seen  that 
ne  of  the  screws  that  hold  the  suction-valve  cage  in 
he  piston  had  backed  out  and  was  striking  the  false 
ead  at  the  end  of  the  stroke.  The  construction  of  the 
iston  and  the  screw  which  caused  the  trouble  is  shovra 
t  A  in  Fig.  1.  The  screw  was  badly  battered  and  the 
hreads  of  both  the  hole  and  screw  damaged  so  badly 
hat  it  was  impossible  to  put  in  a  new  one.  The  hole 
/as  reamed  and  tapped  for  a  larger  screw  and  a  new 
crew  inserted.  After  this  had  been  done,  no  further 
rouble  was  experienced.  As  a  precaution  against  fu- 
ure  trouble  of  this  nature  the  heads  were  removed  once 
very  two  months  and  the  suction  valves  and  cages 
nspected  for  loose  screws  as  well  as  other  troubles 
hat  might  have  started. 


One  engineer  having  had  trouble  of  this  kind  twice 
in  succession  during  a  hot  spell  one  summer,  stopped 
it  by  drilling  a  small  hole  about  half  an  inch  deep  partly 
in  the  screw  head  and  partly  in  the  body  of  the  valve 
cage.  The  hole  was  filled  with  babbitt.  This  served 
as  a  dowel  pin  and  securely  locked  the  screw  in  place. 
When  he  -vanted  to  take  the  screw  out  all  he  had  to 
do  was  to  run  the  drill  down  into  the  hole,  removing 
most  of  the  babbitt;  then  the  screw  came  out  as  easily: 
as  before. 

Piece  of  Pipe  Caught  Under  Valve 

One  night  one  of  the  engineers  in  the  plant  first  men- 
tioned heard  a  hard  thump  on  one  of  the  machines,  and 
from  then  on  there  was  a  steady  but  light  pound  as 
it  passed  the  center  at  the  top.  It  was  reported  to  the 
chief  the  next  morning,  and  he  decided  that  it  must  be 
caused  by  the  piston  rod  backing  out  of  the  crosshead 
as  he  found  that  the  locknut  on  the  crosshead  was  loose. 
After  the  piston  was  screwed  in  a  couple  of  turns,  the 
knock  disappeared  and  no  more  was  heard  of  it. 

Another  trouble  appeared,  however.  The  machine 
did  not  run  steadily,  but  made  a  iump  at  every  revolu- 
tion and,  so  it  seemed,  on  the  compression  stroke  of  the 
cylinder  on  which  the  knock  had  existed  before.  At 
first  the  trouble  was  believed  to  be  in  the  governor, 
but  this  was  tinkered  with  for  a  couple  of  weeks  with- 
out any  sign  of  improvement. 

At  the  same  time  the  cylinder  on  this  side  ran  very 
hot  and  it  was  also  noticed  that  the  suction-pressure 
and  discharge-pressure  gages  on  the  machine  jumped 
considerably.  Furthermore,  they  had  to  run  the  com- 
pressor quite  a  little  faster  for  about  the  same  amount 
of  work,  so  they  finally  came  to  the  conclusion  that 
they  had  better  look  inside. 

When  the  head  and  false  head  were  removed  they 
could  see  nothing  wrong  and  were  just  about  to  replace 
the  heads  when  one  of  the  men  happened  to  put  his 
hand  on  the  suction  valve.  To  his  surprise  it  stopped 
solid  while  it  was  still  ifc  in.  open.  This  led  to  further 
investigation,  and  it  was  finally  discovered  that  there 
was  a  short  piece  of  :I-in.  pipe  caught  under  the  valve, 
as  indicated  by  B,  Fig.  1.  It  had  been  crushed  flat. 
No  one  knows  to  this  day  where  that  piece  of  pipe 
came  from  or  how  it  came  to  work  its  way  into  the 
cylinder.  It  was  just  another  of  those  cases  where  the 
unexpected  happens  and  in  the  mo.st  unheard  of  places. 
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By  in.spcition  of  Fijr.  1  it  will  be  noticed  that  the 
spring  r  tends  to  hold  the  valve  open  instead  of  clo.scd ; 
in  fact,  when  the  machine  is  opened  up.  it  will  generally 
he  found  that  the  valve  remains  partly  open.  This  is 
as  it  should  he,  the  purpose  of  the  spring  heinjr  to  prac- 
tically balance  the  valve  so  that  it  will  clo.se  more 
easily  at  the  end  of  the  suction  stroke  and  open  more 
lively  at  the  heKinninjr  of  the  suction  stroke.  One  man, 
in  charge  of  his  tir.st  plant,  decided  that  this  was  all 
wronjr  and  proceeded  to  fix  it  up  to  suit  himself.  Fir.st 
he  cut  off  a  few  sections  of  the  sprinjr,  which  made  it 
considerably  shorter.  He  then  drilled  holes  in  the  valve 
and  also  in  the  recess  for  the  sprinjr  in  the  valve  cage 
and  rigged  up  some  hooks  .so  that  when  the  whole  rig 
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was  in  place  the  spring  tended  to  pull  the  valve  shut 
with  considerable  force. 

The  change  did  not  seem  to  make  much  difference 
excepting  that  at  times  the  valves  had  a  tendency  to 
slam  at  the  end  of  the  suction  stroke.  They  also  had 
to  run  the  machine  quite  a  bit  faster  because  the  re- 
striction of  the  valve  area  by  the  tight  spring  holding 
the  valve  partly  shut  most  of  the  time  kept  the  cylinder 
from  filling  properly.  One  day  there  was  solid  thump 
in  one  cylinder  and,  while  it  slacked  off  a  little,  it  did 
not  stop.  It  continued  so  long  that  the  engineers  de- 
cided that  they  had  better  look  into  it,  so  it  was  pumped 
out  and  the  heads  removed. 

It  was  then  found  that  one  of  the  hooks  which  had 
been  inserted  to  hold  the  spring  of  the  suction  valve 
had  come  loose  and  got  caught  between  the  valve  and 
seat,  holding  the  valve  open  all  the  time,  and  as  the 


clearance  was  pretty  close  there  was  nothing  for  it  to  ■ 
do  but  bumj)  uj)  against  the  safety  head  at  j-very  revolu- 
tion. The  valve  was  so  badly  battered  that  a  new  one 
had  to  be  ordered  from  the  factory.  One  of  the  com- 
pany's erecting  engineers  also  came  along  to  help  put 
it  in  when  it  was  delivered.  When  he  found  out  what 
the  engineer  had  done  to  the  springs,  he  said  a  few 
things  that  would  not  look  well  in  print.  After  explain- 
ing to  the  chief  what  the  spring  was  for  and  how  it 
worked,  he  ordered  a  new  .set  of  springs  and  put  them 
in  the  way  they  were  originally  intended.  When  they 
started  up  the  machine  again,  they  were  able  to  handle 
the  load  at  considerably  lower  speed  and  it  also  ran 
quite  a  bit  cooler. 

Hrokkn  Valve  Cagk  Puzzles  Experts 

In  another  plant  one  of  the  two  machines  of  the  same 
make  suddenly  began  acting  irregularly.  On  the  crank- 
end  stroke  of  the  steam  cylinder  it  would  take  a  sudden 
jump  and  then  slow  down  with  a  jerk  as  it  neared  the 
center,  while  the  governor  jumped  up  and  down  like  a 
jack-in-the-box.  All  the  governor  experts  in  the  neigh- 
borhood tried  their  hand  at  it  without  improving  mat- 
ters in  the  least,  and  finally  a  man  from  the  factory 
was  sent  for. 

He  went  over  the  machine  from  one  end  to  the  other, 
tinkered  with  the  governor,  reset  the  steam  valves  two 
different  times,  opened  up  the  compressors  and  found 
everj'thing  in  good  order  and  finally  gave  up  and  went 
back  to  the  factory. 

In  a  few  days  another  man  was  sent  out  and  brought 
along  an  indicator.  First,  he  indicated  the  steam  cylin- 
der. This  was  in  pretty  good  shape  and  after  a  few 
small  adjustments  he  next  indicated  the  ammonia  com- 
pressors. 

After  sizing  up  the  action  of  the  machine,  he  first 
tackled  the  one  he  suspected  might  be  the  cause  of  the 
trouble.  The  first  card  looked  somewhat  surprising 
and  he  tried  another  with  the  same  result.  According 
to  the  indicator  this  compressor  was  getting  practically 
no  gas,  as  there  was  a  high  vacuum  in  the  cylinder 
during  the  entire  suction  stroke  and  on  the  compres- 
sion stroke  the  pressure  barely  reached  discharge  pres- 
sure at  the  end  of  the  stroke.  Apparently  the  com- 
pressor was  doing  little  or  no  work. 

From  all  indications  there  was  some  restriction  in 
the  suction  connections  or  the  suction  valve  to  thi.s 
compressor.  The  head  and  the  false  head  were  removed, 
and  the  machine  was  turned  over  very  slowly.  Then  a 
flange  was  removed  in  the  suction  connection  to  this 
cylinder  in  order  to  provide  an  easily  watched  source 
of  supply. 

The  suction  valve  appeared  to  be  stuck,  as  it  barely 
moved  at  each  suction  stroke  of  the  compressor.  Gen- 
erally, these  valves  jump  wide  open  at  the  instant  the 
piston  reverses  its  travel  and  starts  downward.  The 
suction-valve  cage  was  then  removed  by  unscrewing  all 
the  screws  A,  Fig.  1,  which  hold  it  in  position,  and 
when  it  was  removed  from  the  machine  the  valve  was 
found  to  be  practically  stuck  shut.  There  was  a  slight 
movement,  just  about  enough  to  lift  the  valve  off 
the  seat. 

After  fussing  with  it  for  an  hour  or  more,  trying  to 
work  it  loose,  the  expert  finally  decided  to  take  it  apart 
and  the  jam  nut  E  and  the  large  nut  F  were  removed. 
When  the  large  nut  was  slipped  off,  a  small  piece  of 
the  valve  cage  dropped  out.  This  was  found  to  have 
been  cracked  out  of  the  guide  at  D.  the  broken  part 
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,imming  into  the  space  between  the  large  nut  and  the 
uide.  A  new  valve  cage  was  ordered,  and  when  this 
i-as  installed  all  the  trouble  was  over. 
I  A  200-ton  Ball  compressor  had  been  overhauled  and 
,ut  in  service  again  a  .short  time  when  it  developed  a 
larp  knock  at  irregular  intervals.  At  times  it  was 
erj^  light,  and  then  again  it  sounded  as  if  someone  were 
founding  the  cylinder  as  hard  as  he  could  with  a  heavy 
ammer. 

At  first  it  was  thought  that  the  trouble  was  in  the 
alves,  due  to  broken  springs,  which  produce  a  some- 
hat  similar  racket,  but  this  was  found  not  to  be  the 
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ase.  The  piston  was  removed  and  every  part  was  in- 
pected  for  improper  adjustment  without  finding  any- 
hing  wrong — everything  was  apparently  in  perfect 
irder. 

One  of  the  oilers  was  a  somewhat  observing  sort  of 
:  fellow,  and  he  noticed  that  adjusting  the  stuffing  box 
I  little  at  a  time  had  an  effect  on  the  racket.  One  day 
vhen  it  started  again  he  began  the  same  process  and 
iretty  soon  the  knock  stopped  altogether.  After  the 
tuffing  box  was  loosened  up  again  it  was  not  long  be 
ore  the  knock  was  as  bad  as  ever. 

Junk  Ring  in  Stuffing  Box  Was  the 
Cause  of  the  Trouble 

After  thinking  the  matter  over  and  trying  it  for 
limself,  the  engineer  in  charge  came  to  the  conclusion 
hat  the  trouble  was  due  to  a  junk  ring  that  had  been 
)ut  in  the  bottom  of  the  stuffing  box  to  make  up  for 
he  amount  that  the  rod  had  been  turned  down  during 
he  overhauling.  It  must  be  remembered  that  the  hole 
hrough  the  bottom  of  the  stuffing  box  is  just  a  snug 
it  on  the  rod  when  the  rod  is  full  size,  and  if  the  rod 
s  turned  down  after  it  is  worn,  some  provision  must 
)e  made  to  make  the  bottom  of  the  stuffing  box  a  tight 
it  on  the  rod,  otherwise  the  packing  will  all  work  out 
)etween  the  rod  and  the  neck  of  the  stuffing  box.  In 
nost  cases  this  is  done  by  .slipping  a  ring,  generally 
ermed  a  junk  ring,  into  the  bottom  of  the  box,  which 
s  a  snug  fit  on  the  rod.  This  is  only  a  makeshift  affair, 
)ut  it  generally  sei-ves  the  purpose,  although  it  will 
'requently  wear  rapidly,  as  it  did  in  this  case,  and  then 
;ome  other  scheme  must  be  worked  out. 

Fig.  2  shows  how  the  engineer  solved  the  problem, 
rhe  neck  of  the  stuffing  box  was  bored  out  so  that  it 
vas  about  half  an  inch  larger  in  diameter  than  the  full 
size  of  the  rod.  A  ring  was  made  of  the  cross-vsection 
ihown,  with  the  hole  through  it  a  snug  fit  on  the  rod 
md  the  ouside  diameter  of  the  projecting  part  a  tight 


fit  in  the  enlarged  hole  in  the  neck  of  the  stuffing  box. 
Whenever  the  rod  was  turned  down,  it  was  a  simple 
matter  to  drive  the  old  neck  ring  out  and  turn  up  an- 
other to  fit  the  changed  diameter  of  the  rod.  As  the 
ring  was  a  tight  fit  in  the  neck  of  the  stuffing  box,  there 
was  no  possibility  of  its  moving  or  knocking;  it  also 
reduced  trouble  with  heating  of  the  stuffing  box  and 
rod,  occasioned  by  the  changing  pressure  on  the  pack- 
ing when  the  ring  was  shifting  back  and  forth. 


An  Easy  Check  on  Plant  Economy 

By  E.  H.  Tenney 

In  St.  Louis  the  Union  Electric  Light  and  Power 
Co.  operates  twenty-eight  isolated  plants,  generating 
current  to  the  limit  of  the  heating  requii-ements  in 
those  plants  having  generating  equipment.  As  a  guide 
to  the  operator  on  fuel  requirements  and  as  a  check 
on  the  economy  obtained,  a  chai't  on  the  order  shown 
herewith  is  prepared  for  each  building.  To  make  up 
such  a  chart,  a  careful  analysis  is  made  of  each  building 
and  its  respective  power  plant.  The  type  of  construction, 
the  proportion  of  glass  area,  the  exposure,  the  amount  of 
radiation,  etc.,  are  considered  in  computing  the  heat  loss 
for  the  building.  From  such  data  the  steam  require- 
ments for  temperatures  ranging  from  10  deg.  below 
zero  to  70  deg.  above  are  obtained.  A  careful  inspec- 
tion of  the  plant  equipment  and  its  physical  condition 
determines  the  economy  of  operation  and  the  evapora- 
tion to  be  expected  from  a  certain  quality  of  coal.  The 
final  analysis  is  thus  brought  down  to  pounds  of  coal 
per  shift,  and  by  plotting  these  data  against  outside 
temperature  the  chart  is  produced. 

As  an  example,  suppose  the  temperature  during  the 
night  shift  averages  20  deg.,  the  coal  requirements  for 
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the  12  hours  will  be  12,800  lb.  If  the  temperature 
during  the  da>'  averages  25  deg.,  the  coal  consumption 
should  be  18,500  lb.  A  chart  of  this  character  is  posted 
in  the  boiler  room  as  a  guide  to  the  firemen,  and  of 
course  charts  for  all  buildings  are  retained  in  the  super- 
vising office  to  provide  an  easy  check  on  plant  records 
for  determining  whether  the  respective  plant  is  oper- 
ating at  the  economy  expected  or  whether  it  requii'es 
the  attention  that  would  be  needed  if  the  coal  consump- 
tion exceeded  the  :hart  figure. 
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Ciiviiil  HreakcM-s     IViiiriple  of  Operation 

The   Principlr    o("    0{M>i-atM»ii    of    a     Modrrii    'rv|n*    of    C.irriiit    IJri'uker      Slmiit-Triu 
Allaclnnciils,    I  iul<>rloa<l    Krirasrs.    UmUTVollajir    KrlraHCs 


By  victor  H.  TODD 


THERE  arc  a  number  of  abnormal 
conditions  that  may  occur  in  an 
electric  circuit  and  against  which 
protective  measures  must  be  taken  tn 
prevent  damajre  to  the  various- units  such 
as  motors,  transformers,  lines  and  gene- 
rators. The  most  frequently  occurring  ab- 
normal condition  is  an  excessive  flow  ol 
current,  which  may  be  due  to  overload- 
ing motors,  or  to  short-circuits  in  the  re- 
ceiving, transmitting  or  transforminjr 
apparatus.  Other  abnormal  conditions 
that  may  occur  are  undercurrent,  under 
voltage  or  overvoltage,  in  a  constant-po- 
tential circuit.  The  last-named  might  be 
caused  by  an  increase  in  prime-mover 
speed,  or  short-circuit  in  field  resistor, 
and  result  in  a  burning  out  of  lamps  or 
motors.  For  protection  against  these 
conditions  and  also  for  protection  against 
excess  current  (overload)  when  it  is  of  such  frequent 
occurrence  that  the  renewal  cost  of  fuses  is  prohibi- 
tive, an  automatic  switch,  called  a  circuit  breaker,  is 
commonly  employed.     Circuit  breakers  are  usually  ar- 
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breakers  may  open  the  circuit  in  air,  as 
in  Fig.  1,  or  under  oil.  The  first  are 
commonlj'  called  "carbon-break  circuit 
breakers"  becau.se  the  final  break  is  be- 
tween carbon  contacts,  and  the  .second 
kind  are  often  called  "automatic  oil 
switches"  or  "oil  circuit  breakers." 
Breakers  may  be  semi-automatic,  full 
automatic  or  electrically  operated.  A 
semi-automatic  circuit  breaker  is  one 
that  opens  automatically  on  the  occur- 
rence of  an  abnormal  condition,  but  must 
be  closed  by  hand,  and  if  the  handle  is 
held  in  a  closed  position,  the  breaker  is 
inoperative.  In  the  full  automatic 
breaker  the  handle  is  said  to  be  "trip- 
free";  that  is,  if  the  breaker  has  opened 
owing  to  an  abnormal  condition,  and  at- 
tempt is  made  to  reclose  it  by  hand,  then 
if  the  abnormal  condition  still  exists,  the 
breaker  will  open  even  though  the  handle  be  held  in  the 
closed  position.  An  electrically  operated  breaker  is  one 
that  is  both  closed  and  opened  electrically.  The  opening 
is  usually  due  to  an  abnormal  condition,  but  the  breaker 
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ranged  to  open  on  the  occurrence  of  excess  current, 
but  may  be  provided  with  attachments  or  releases  which 
actuate  the  breaker  on  the  occurrence  of  undercurrent, 
overvoltage  and  undervoltage.  For  such  conditions  as 
reverse  current,  reverse  power,  reversed  phases,  ex- 
cesses in  temperature  or  frequency,  or  obtaining  spe- 
cific time  delay  between  the  instant  of  excess  current 
and  opening  of  the  breaker,  and  to  obtain  accuracy  in 
the  measurement  of  the  excess  current  or  voltage  and 
undervoltage  and  current,  it  is  usual  to  control  the 
opening   of  the   breaker  by  protective   relays.    Circuit 


may  be  either  opened  or  closed  from  some  remote 
source;  for  instance,  a  remote-control  panel  board  or 
a  protective  relay. 

Circuit  breakers  are  usually  arranged  so  that  when 
they  are  closed,  considerable  energy  is  stored  in  strong 
springs  and  the  parts  held  in  a  closed  position  by 
a  small  trigger  oi  tripping  lever.  When  the  prede- 
termined conditions  occur  for  which  the  breaker  is  set, 
this  trigger  is  tripped,  thereby  releasing  the  springs, 
which  causes  the  contacts  to  open  in  a  small  fraction 
of    a    second.*"  This    miay    be    readily    seen    from    the 
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schematic  diagram  of  parts  of  a  typical  carbon-contact 
liicuit  breaker,  Fig.  2,  which  shows  the  breaker  in 
its  normally  closed  position.  A  and  B  are  the  main 
contacts  (usually  heavy  copper  blocks),  which  are 
spanned  by  the  laminated  copper  brush  C.  This  is 
loosely  attached  to  the  moving  arm  D  in  such  a  manner 


In  order  to  allow  a  variation  in  the  tripping  current 
required,  the  armature  L  is  provided  with  a  threaded 
weight  P,  which  is  mounted  on  a  screw  Q,  so  that 
the  former's  position  may  be  varied  by  turning  the 
nut  R.  When  the  weight  is  near  the  electromagnet 
K,  its  full  weight  tends  to  keep  the  armature  away 
from  the  magnet,  thus  requiring  the  maximum  current 
to  cause  tripping;  when  it  is  near  the  nut  R,  its  weight 
tends  to  assist  the  attraction  of  K,  thereby  requiring 
a  minimum  of  current. 

Provision  is  usually  made  to  open  the  breaker  by 
hand.  The  type  of  breaker  shown  in  Fig.  2.  can  be 
opened  by  raising  the  handle  S,  which  results  in  trip- 
ping. Many  operators  prefer  to  touch  the  trip  lever 
/  or  rhe  nut  R  to  open  the  breaker,  but  this  should 
be  done  with  care,  since  this  part  is  "alive"  and 
there  may  be  danger  of  a  severe  shock.  Many  breakers 
provide  for  opening  in  this  manner  by  using  a  well- 
insulated  nut  at  R,  thus  preventing  danger  of  acci- 
dental  chock. 

It  will  be  readily  seen  that  anything  that  trips  the 
lever  1  will  cause  the  breaker  to  open.  The  shunt  trip 
is  a  device  for  tripping  the  breaker  from  some  remote 
source,  either  manually  or  automatically.  In  Fig.  5  is 
shown   the  trip   lever  /,  pivoted   at  J,  with   the   other 


FIGS.    6    TO   S.      .SCHEMATIC    DIAGRAMS    SHOWING    OPERA- 
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that   it   is   self-aligning,   and   when   the  breaker   is  be- 
ing closed,  contact  C  is  forced  against  A  and  B  with 
considerable  pressure,   resulting  in  a  "wiping"  action, 
which  makes  a  good  electrical  connection.     The  moving 
arm  D  is  pivoted  at  E  and  the  springs  F  are  under 
tension,    tending    to    pull    the   contact    open.      This    is 
prevented  by  the  toggle  joint  G  and  H  which  is  held 
in  position  by  the  trigger  /,  pivoted  at  J.    Connected 
between  the  lower  stud  A'  on  the  breaker,  and  the  lower 
main  contact  B   is  a  coil   K,  which 
carries  the  main  current ;  and  under 
its  influence  is  an  iron  armature  L. 
pivoted  at  M.    When  the  current  in 
coil   K   becomes    great    enough,    the 
armature  L  is  attracted  to  its  core; 
this  causes  the  projection  Y  on  the 
armature  to  strike  the  tripping  lever 
/  a  sharp  blow,  thereby  releasing  the 
toggle  joint  and  allowing  the  springs 
to  open  the  contacts  quickly.   In  Fig. 
3  is  shown  the  breaker's  trip  mech- 
anism just   at   the   in.stant   of  trip- 
ping, and  Fig.  4  shows  the  breaker 
fully  open.     In  order   to  reset  the 
bre-iker,    handle    S    must    be    pulled 
dcwn,     thereby     straightening     the 
toggle  joint  and  giving  the  necessary 
power  to  force   the  contacts  closed.  figs,  a  to  : 

If  the  main  contacts,  A,  B,  and  C, 
were  to  open  the  circuit  directly,  the 
resultant  arcing  would  soon  cause  them  to  become  so 
pitted  that  they  could  no  longer  make  contact.  There- 
fore, the  circuit  is  finally  broken  by  two  auxiliary  car- 
bon contacts  at  N  and  0;  when  the  main  contacts  open, 
the  current  is  shunted  through  these  contacts,  but  they 
are  separated  so  quickly  that  no  arc  or  excessive  burn- 
ing results,  the  oxide  of  course  passing  off  as  a  gas. 
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parts  .'■•hown  in  Fig.  2  omitted  for  clearness.  The  elec- 
tromagnet A  is  wound  with  many  turns  of  fine  in- 
sulated copper  wire  and  is  mounted  on  the  side  of  the 
breaker,  as  shown  at  A  in  Fig.  1.  When  this  electro- 
magnet is  energized,  it  attracts  the  iron  armature  B, 
pivoted  at  C,  and  causes  it  to  strike  a  stud  D  on  the 
tripping  lever  /  and  trips  the  breaker,  as  described  in 
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ho  foropoiiip.  The  shunt-trip  nttnrhmcnt  is  the  (icvicc 
usually  piiiploycd  whi'ii  protortivc  relays  are  used;  upon 
the  occurrence  of  conditions  for  which  it  is  set,  the 
relay  closes  the  circuit  to  the  shunt-trip  coil,  thereby 
opening'  the  breaker. 

There  are  cases  not  important  enouRh  to  warrant 
the  use  of  jjccurato  relays,  where  a  circuit  must  be 
protected  from  damajfp  due  to  reverse  current  or 
underload.  For  instance,  if  for  any  reason  the  voltapre 
of  the  charpiiiK'  source  of  a  storapre  battery  decreases 
below  that  of  the  battery,  the  latter  may  attempt  to 
assume  the  load,  or  to  motorize  the  generator.  How- 
ever, the  instant  the  current  drops  to  zero,  as  it 
nuist  do  before  reversing,  the  breaker  may  be  tripped 
by   an   underload  attachment. 

The  principle  of  operation  of  a  breaker  with  an 
underload  aftacbment  is  .sho\\Ti  in  Fig.  6.  The  tripping 
lever  is  represented  by  J  and  /  as  before,  and  the 
device  is  shown  ready  to  apply  current.  An  elect ro- 
mapnet  A'  carrying  the  main  current  is  mounted  on 
the  side  of  the  breaker,  as  shown  in  Fig.  1.  The 
heavy  iron  armature  P.  pivoted  at  C,  has  on  its  side 
a  small  lever  I)  which  is  pivoted  at  E  and  is  manually 
hooked  over  the  stud  F,  Fig.  6,  thereby  holding  the 
armature  a  slight  distance  from  the  electromagnet. 
When  the  electromagnet  is  energized,  it  attracts  the 
armature  /'  to  the  position.  Fig.  7,  thereby  releasing 
the  catch-lever  D.  Now  should  the  current  fail,  the 
armature  P  is  no  longer  attracted  and  from  its  own 
weight  falls  down  to  the  position  shown  in  Fig.  8, 
striking  the  trip  lever  a  sharp  blow  and  tripping  the 
bi'eaker.  Care  must  be  taken  that  the  device  sets 
itself  when  current  is  applied;  that  is,  the  ii'on  weight 
must  be  attracted  and  the  lever  D  released,  otherwise 
the  device  will  not  operate  on  the  cessation  of  current. 
The  foregoing  device,  when  wound  with  many  turns 
of  fine  wire,  may  be  used  as  a  direct-current  under- 
voltage  release,  operating  when  the  voltage  drops  to  a 
predetermined  amount.  On  alternating  current  the 
electromagnet  must  have  a  closed  magnet  circuit,  there- 
fore the  armature  must 
be  in  the  same  position 
(closed  air  gap)  in  both 
operating  and  tripped  po- 
sition. This  is  accom- 
plished by  a  toggle-joint 
arrangement  as  shown  in 
Fig.  9.  /  and  .7  repre- 
sent the  trip  lever  as 
before.  The  coil  A  is 
wound  on  a  laminated 
iron  core  B,  which  with 
the  armature  C  forms  a 
closed  magnetic  circuit. 
Attached  to  the  back  of 
the  armature  is  a  triangu- 
lar piece  D,  pivoted  at  E. 
which  is  connected  to  the 
setting  lever  F.  pivoted 
at  G,  by  the  link  H,  which 
forms  a  toggle  joint.  The  spring  A'  tends  to  rotate 
F  in  a  clockwise  direction,  and  this  by  attempting  to 
straighten  the  toggle,  would  tend  to  give  D  a  clock- 
wise rotation  also  and  pull  the  armature  away  from 
the  electromagnet.  This  is  prevented  by  the  energizing 
of  A. 

As  soon  as  the  voltage  drops  to  a  predetermined 
amount,    the    armature    is    pulled    away,    allowing   the 
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springs  K  to  move  the  lever  F.  thereby  tripping  the 
lever  /  and  causing  the  breaker  to  open.  This  position 
is  shown  in  Fig.  10.  Hut  the  spring  pulls  the  lever 
F  farther  than  the  tripping  position,  and  this  causes 
the  link  //  and  piece  I)  to  force  the  armature  <'  back 
against  the  electromagnet.  Fig.  11,  thereby  again  com- 
pleting the  magnetic  circuit  and  preventing  the  coil  .1 
from  t)urning  out  shouUI  the  voltage  come  on  again 
before  the  device  was  re- 
set. Resetting  is  accom- 
plished simply  by  moving 
lever  F  to  the  position 
in  Fig.  0.  A  breaker 
with  this  form  of  re- 
lease is  shown  in  Fig.  12. 
For  an  overvoltage  re- 
lease a  device  somewhat 
similar  to  the  shunt-trip 
attachment  is  used,  but 
is  usually  designed  witr 
the  heavier  magnetic  cir 
cuit  to  allow  a  smaller 
energy  loss.  An  over- 
voltage  release  is  shown 
on  the  breaker  in  Fig.  13. 
The  solenoid  S  is  wound 
on  a  heavy  iron  casting 
and  has  in  its  center  an 
iron  plunger.  When  the 
voltage  increases  to  a  cer- 
tain amount,  the  plunger  P  is  drawn  upward,  striking 
the  pivoted  lever  L,  which  in  turn  strikes  the  projection 
on  the  trip  lever  and  trips  the  breaker. 

While  practically  every  make  of  breaker  varies  in 
detail  of  construction,  and  in  fact  each  manufacturer 
may  turn  out  various  designs  of  breakers,  yet  the 
principle  of  operation  is  practically  the  .same  in  all, 
and  the  foregoing  examples  are  typical  of  the  devices 
usuallv  employed. 

Suggestions  for  the  Semi-Diesel  Engineer 

On  .starting  the  engine,  do  not  inject  too  much  fuel 
oil.  Two  strokes  of  the  hand  lever  should  be  sufficient. 
If  an  excessive  amount  of  oil  is  used  there  is  great 
danger  of  blowing  the  cylinder-head  joint. 

In  old  engines  where  the  usual  copper  gasket  fails 
to  keep  the  head  joint  tight,  try  using  a.sbestos  wicking 
braided  into  a  rope.  This  should  be  soaked  in  salt 
water  and  then  covered  with  graphite  and  oil  before 
using. 

In  installations  where  the  starting  torch  is  fitted 
with  a  heating  coil,  small  carbon  particles  will  choke 
the  coil;  a  spare  torch  should  be  always  on  hand.  The 
coil  can  be  cleaned  by  soaking  in  lye  water  and  then 
blowing  out  with  air. 

In  starting  a  semi-Diesel  engine,  the  torch  should  be 
forced  to  cause  the  ignition  plug  to  be  heated  in  the 
.shortest  possible  time.  Slow  heating  causes  the  entire 
cylinder  to  become  hot.  Since  no  cooling  water  is  flow- 
ing, the  cylinder-head  gasket  is  often  ruined  by  this. 

The  proper  temperature  of  the  ignition  devic 
whether  it  be  a  bulb  or  plate  or  pin,  depends  on  th 
compression  pres.sure  carried.  In  engines  having  a 
pressure  of  70  to  90  lb.  the  bulb  must  be  cherrj'  red. 
Higher  pressures  require  lower  temperatures;  in  en- 
gines of  160  to  200  lb.  compression,  the  bulb  of  plate 
need  never  be  other  than  black  in  color. 
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Operation  and  Adjustment  of  Turbine  Machinery 
VIII — Packing  Clearances 


By  EUSTIS  H.  THOMPSON 

Consulting   RnginciT.    IJullitiioii  .    Macyland 


WHEN  fitting  carbon  rings  to  small  turbines  ol 
100  kw.  or  under,  it  is  well  to  make  them  slightli' 
smaller  than  the  shaft,  say  0.002  in.  or  0.003  in. 
in  diameter.  These  rings  will  wear  to  normal  size  in 
two  or  three  hours'  operation  and  give  better  results 
than  the  most  accurate  fitting  and  measuring  usually 
accompli.sh. 

On  large  turbines  this  procedure  would  not  be  advis- 
able, as  vibration  or  heating  would  probably  be  set  up 
This  should  not  be  done  in  the  case  of  diaphragm  pack- 
ing in  any  machine,  as  the  slightest  binding  of  an  inter- 


FIG.    1.      IF   THE   METAL   RIXG    PACKING    WILL   NOT   GO   IX 

WITHOUT   BREAKING,   CUT  EACH   RING   IN 

HALF  AND  .STAGGER  THE  JOINTS 

WHEN   IN.SERTING 

stage  ring  will  quickly  set  up  vibration.  It  should  be 
borne  in  mind,  however,  that  it  is  better  to  err  in  making 
the  celarance  over  the  shaft  too  small  rather  than  too 
large.  Harmful  effects  seldom  happen  if  the  ring  is 
larger  than  the  shaft  by  even  a  slight  amount.  The 
wear  will  rapidly  Increase  the  diameter  to  normal  run- 
ning fit. 

Another  kink  in  fitting  packing  is  to  have  a  mandrel 
made,  the  exact  size  for  which  the  carbon  packing  is  to 
be  fitted.  The  ring  can  be  tried  around  this  mandrel 
and  fitted  accurately  without  difficulty.  A  piece  of  iron 
pipe  can  easily  be  turned  up  to  the  proper  dimension. 

New  packing  from  the  factory  is  sometimes  too  large 
and  can  to  advantage  be  made  smaller  by  a  few  thou- 
sandths by  the  foregoing  method. 

Metallic  or  labyrinth  packing  is  fitted  in  the  same 
general  way  as  carbon  packing.  The  joint  surfaces  are 
often  reduced  most  conveniently  by  placing  the  entire 
number  of  segments  in  a  shaper  and  taking  them  down 
by  machine.  If  the  segments  are  quadrants,  it  is  often 
possible  to  machine  them  both  horizontally  and  vertically 
with  one  setting  so  that  both  surfaces  can  be  finished 
without  changing  the  setting  of  the  clamp. 

Be  careful  in  boring  the  rings  to  see  that  the  sawtooth 
surfaces  are  not  too  thick  where  they  touch  the  shaft. 
It  may  be  necessary  to  cut  into  each  tooth  to  bring  these 
to  a  sharp  edge  to  make  them  wear  easily  when  in  con- 
tact with  the  shaft.  If  dowels  are  present,  they  should, 
of  course,  be  removed  from  the  joints  while  these  sur- 
faces are  being  machined  and  then  replaced  when  the 
ring  is  assembled  for  boring.  It  may  be  noted  that  the 
joint  surfaces  are  especially  important  in  the  last  ring 


which  is  exposed  to  view,  as  any  slight  leakage  in  this 
ring  will  immediately  be  seen. 

The  axial  clearance  of  the  packing  rings  should  be 
^-mailer  than  the  groove  in  an  axial  direction  of  0.003  in. 
lo  0.006  in.  If  the  clearance  is  less  than  this,  rust  and 
sediment  are  likely  to  cau.se  the  ring  to  stick.  If  the 
clearance  is  appreciably  larger,  it  often  happens  that 
the  steam  pressure  in  the  axial  direction  will  not  cause 
the  ring  to  move  tightly  against  the  diaphragm  sur- 
face. The  engineer  should  check  these  clearances  on 
new  packing  from  the  factory ;  ordinary  judgment  is  all 
that  is  necessary  in  usual  cases.  Special  ca.ses  may 
occur  where  the  limits  mentioned  can  be  overstepped, 
but  in  general  practice  this  is  correct. 

The  joint  surfaces  should  be  held  closely  together  by 
spring  pressure  to  prevent  leakage  between  them,  and 
also  for  the  reason  that  when  they  are  forced  apart  the 
leakage  between  the  shaft  and  ring  becomes  excessive. 
Spring  pressure  for  holding  the  ring  together  should 
be  from  2  to  4  lb.  per  square  inch  of  area  of  the  inner 


IIG.   2.     GARTER  .Si-RING  PACKING  CAN  USUALLY  BE  PI'T 

IN  K.\SIE.«T  BY  PUTTING  IN  THE  LOWER  HALF 

OF  THE  CA.SING   FIR.ST 

surface  of  the  ring.  Many  cases  have  been  noted  where 
leakage  was  hard  to  explain  but  was  remedied  by  this 
means. 

Some  manufacturers  equip  the  last  ring  which  is  ex- 
posed to  view  with  lap  joints,  which  do  not  butt  to- 
gether. In  other  words,  there  is  a  clearance  in  the  joints 
so  that  the  ring  is  not  arch-bound  but  bears  upon  the 
shaft  throughout  its  whole  extent,  being  held  there  by 
spring  pressure.  This  plan  is  u.sed  only  where  prac- 
tically no  steam  pressure  can  act  upon  the  ring,  and  in 
refitting  such  packing  the  joints  should  be  filed  so  that 
the  ring  bears  firmly  upon  the  shaft  and  is  not  arch- 
bound. 

Shaft  packing  is  seldom  easy  to  assemble  on  account 
of  the  requirements  of  turbine  design.     The  packing 
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i.s  iiotes.>«Hrily  placi'd  iii  an  iiu-onvciiient  po.sitioii.  On 
iifcount  of  condition.s  of  the  .shaft  the  space  i.s  limited 
anil  a  arvai  doal  of  iiijrtMiuity  is  often  reciiiired  to  as- 
semlilt*  pro|)orly.  It  is  frequently  neces.sary  to  work  on 
a  machine  just  a.s  soon  as  it  has  been  shut  down  and  to 
handle  the  parts  while  they  are  at  a  hijth  temperature. 
Al.so,  it  is  necessary  to  do  a  Kood  job  to  prevent  the 
appearance  of  leaking',  which  is  the  most  noticeable 
defect  that  can  occur  on  a  machine.  This  matter,  there- 
fore, is  worth  a  little  thoujrht  and  investitfation. 

The  stuf1iMj,'-box  type  of  packing  is  refitted  much  like 
an  ordinary  packin)r  K'«"d.  When  the  old  pjickinjr  has 
become  hardened  and  worn,  it  should  all  be  removed 
and  new  packinjr  rinjrs  installed.  The  metallic  rings 
which  come  already  prepared  are  not  easy  to  handle. 
Do  not  spread  the  ends  apart  in  slippin^r  them  over  the 
.shaft,  as  this  will  ciuse  the  paVking  in  the  middle  of 
the  rinp  to  become  disarranged  .so  that  it  will  not  as- 
semble properly.  Instead  of  spreading  the  two  ends, 
bend  one  in  one  direction  and  the  other  in  the  opposite 
so  that  the  strain  is  well  distributed  (.see  Fig.  1).    If  it 


■Hoicking  Arm 

rSfop  to  prevent 
\  'i  Ring  tumincj 


FIG.  3.  WITH  GARTER  SPRING  PACKING  ilAKE  SURE  THE 
KEY  AND  HOLDING  ARM  ARE  PROPERLY  LOCATED 

is  found  that  the  ring  cannot  be  assembled  over  the  shaft 
without  making  it  come  to  pieces  at  some  place,  it  is 
better  to  cut  it  in  half  and  assemble  the  various  rings  in 
the  stuffing  box  with  their  joints  staggered. 

Before  assembling  new  packing,  it  is  well  to  cover 
the  shaft  and  gland  with  cylinder  oil  and  powdered 
graphite.  This  assists  in  allowing  the  ring  to  take  its 
proper  position.  Do  not  make  it  tight.  It  is  best  to  tap 
the  rings  in  place  with  a  piece  of  wood  and  a  light 
hammer  and  then  bring  the  follower  up  fairly  to  the 
rings.  Run  the  machine  up  to  full  speed  and  then  shut 
dowm  and  tighten  to  the  follower  if  necessary.  The 
packing  will  heat  immediately  if  tightened  the  least  bit 
too  much  while  the  machine  is  running. 

Packing  of  this  kind  often  makes  a  popping  sound 
when  a  small  particle  of  steam  leaks  through.  This  is 
perfectly  natural  and  should  not  cause  apprehension. 
It  is  needless  to  say  that  old  hard  packing  should  not 


be  loft  in  the  gland  when  n«'w  packing  is  installed 
Also,  a  jrood  cleaning  should  be  given  the  various  parts 
of  the  gland. 

Garter-spring  packing  can  usually  be  most  conveni- 
ently assembled  by  installing  the  lower  half  of  the 
packing  casing  first.     The  garter  springs  should  then 


FIG.  4.  AFTER  THE  TOP  HAS  BEEN  PUT  IN  PLACE  AND 
HELD  BY  A  COT'PLE  OF  BOLTS.  THE  WIRE  IS  CUT 

be  pushed  through  the  grooves  (see  Fig.  2).  The  pack- 
ing rings  can  now  be  assembled,  taking  care  that  the 
proper  joint  surfaces  match  each  other  in  accordance 
with  the  numbering  on  each  joint.  The  springs  can  then 
be  connected,  making  sure  that  the  key  and  holding  arm 
are  properly  located  (see  Fig.  3).  The  proper  "dope" 
should  now  be  applied  to  the  joint  surface  of  the  pack- 
ing casing  itself,  and  the  top  of  the  casing  can  then  be 
assembled  and  the  entire  casing  bolted  home. 

The  flat-spring  type  of  carbon   ring   does   not   need 
much  skill  when  the  rings  are  placed  in  recesses  in  a 


Wire  to  be--' 
cut  and 
removed  after 
casing  is  in 
machine. 

FIG.  5.     PACKING  RINGS,  HOLDERS  AND  COPPER  RIBBONS 

ARE  PUT  IN   THE   HOLDER   AND   HELD   BY  THE 

WIRE.  WHICH  IS  PULLED  OUT  WHEN  THE 

HOLDER  IS  PUT  ON  THE  SHAFT 


turbine  casing.  Tho.se  rings,  which  are  contained  in 
the  packing  casing  itself  sometimes  require  considerable 
patience,  ingenuity  and  skill  in  assembling.  The  first 
ring  is  assembled  in  a  recess  of  the  turbine  casing.  The. 
second  ring  is  contained  in  the  packing  casing  itself. 
The  upper  part  of  the  casing,  which  has  been  clean© 
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and  covered  with  proper  "dope,"  is  assembled  with  one 
piece  of  carbon  and  holder  in  place.  This  is  tied  with 
a  piece  of  wire,  as  shown  in  Fig.  4.  After  the  top  has 
been  put  in  place  and  loosely  fastened  with  a  few  bolts, 
the  wire  is  cut  and  removed  so  that  the  carbons  and 


PUbU   THE    WIKE    Ol'T    AGAINST    THE    DIRF.rTLtlN 
OF  ROTATION'  OF  THE  .'JHAFT 


holders  are  now  in  place.  The  other  two  pieces  of 
packing  ring,  together  with  their  holders  and  the  cop- 
per ribbons  covering  the  joints,  are  placed  around  the 
shaft  and  held  tightly  in  place  by  a  piece  of  wire,  as 
shown   in   Fig.   5.     The   entire   ring   should  be   turned 


against  rotation  so  that  the  stop  on  the  upper  holder 
will  lack  a  quarter  of  an  inch  from  touching  the  holder 
arm.  The  bottom  casing.  Fig.  6,  can  now  be  put  on  and 
brought  into  place,  as  far  as  possible  without  binding 
the  wire;  usually,  an  opening  of  2  in.  to  i  in.  should 
exi.«t  between  the  joint  surfaces  of  the  upper  and  lower 
packing  casing.  The  wire  can  now  be  cut  with  a  pair 
of  pliers  on  the  proper  side  so  that  it  can  be  pulled  out 
in  a  direction  against  rotation.  If  it  is  pulled  with  ro- 
tation, the  arms  and  stops  are  apt  to  bind  the  wire.  Do 
not  use  a  cord,  as  it  may  break  off  inside  the  casing. 

The  top  part  of  the  packing  is  shown  as  being  as- 
sembled before  the  bottom  part.  This  is  often  the  neces- 
sary procedure,  as  nozzle  chests  or  other  parts  of  the 
turbine  are  placed  just  above  the  carbon-packing  holder 
so  that  the  top  cannot  be  lowered  vertically.  This 
construction  is  indicated  in  Fig.  1.  The  top  half 
must  be  placed  in  an  inverted  position  against  the  bot- 
tom of  the  shaft  and  then  I'otated  around  it  to  the  top 
position,  where  a  few  bolts  can  be  entered  and  the  wires 
cut  as  described.  Whenever  it  is  possible  to  assemble 
the  bottom  part  of  the  carbon-packing  holder  tirst,  this 
is  usually  the  easiest  method  of  procedure  rather  than 
beginning  with  the  top  half. 

The  wire  should  be  about  ■!,  in.  to  :'.:  in.  in  diameter, 
or  No.  20  to  25  wire.  A  good  quality  of  fishline  of  this 
size  can  be  used,  but  ordinary  cord  or  twine  will  not 
safely  withstand  the  necessary  pulling. 


Checking  Four- Wire  Three-Phase  Watt-Hour 
Meter  Connections 


By   H.   C\   YEATON 


Diagrams  of  convections  are  given  for  connecting 
a  four-zvire  three-phase  meter  to  the  circuit,  with 
both  current  and  potential  transformers,  ivith 
current  transformers  only  and  also  icithont 
transformers.  Methods  of  checking  the  correct- 
ness of  the  connections  are  given  in  detail. 


A  FOUR-WIRE  three-phase  watt-hour  meter  con- 
sists of  two  elements,  and  each  element  has  two 
,  current  coils  and  one  potential  coil.  One  current 
:oil  of  one  element  is  connected  in  series  with  one  cur- 
rent coil  of  the  other  element.  As  shown  in  the  figures. 
current  from  all  three  phases  goes  through  the  current 
:oils  in  the  meter.  Each  of  the  potential  coils  of  the 
meter  is  connected  across  one  line  and  the  neutral.  As 
the  current  from  all  three  phases  goes  through  the 
meter,  the  meter  will  record  correctly  either  a  balanced 
3r  an  unbalanced  four-wire  three-phase  load.  The  con- 
nections shown  in  Fig.  2  are  those  for  the  meter  when 
snly  current  transformers  are  used,  and  Fig.  3  gives 
the  connections  when  the  meter  is  connected  into  the 
circuit  without  transformers. 

When  connecting  the  meter  in  the  circuit,  it  should 
be  ascertained  that  the  potential  transformer  connected 
across  line  A,  Fig.  1,  and  the  neutral  and  the  current 
transformer  in  line  A  are  connected  to  the  upper  element 
Df  the  meter.  Likewise  the  potential  transformer  con- 
nected across  line  C  and  the  neutral  and  the  current 
transformer  in  line  C  must  be  connected  to  the  lower 


element  of  the  meter.  Care  should  be  taken  that  the 
current  and  potential  transformers  are  connected 
correctly  in  regai'd  to  their  polarity.  Modern  meter  and 
instrument    transformers    have   one    primary    and    one 
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I-IO     1.       METER    CONNECTED    TO    CIRCUIT    WITH    BOTH 
CURRENT   ANP  POTENTIAL   TRANSFORMERS 


secondary  terminal  marked,  which  indicates  that  if  the 
instantaneous  current  flows  into  one  marked  terminal, 
it  passes  out  of  the  other  marked  terminal.  The  second- 
ary   of    a    cun-ent    transformer    should    at    no    time 
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l>f  li'l't  iipi'ii  wlii'ii  tlu'ii'  is  luni'iU  llowiiijf  IhrouKh  the 
Uriinary  of  tho  tninsformer.  If,  for  miy  reason,  the 
si'ioiidary  leads  of  a  current  transformer  are  discon- 
mited  from  the  meter,  they  should  he  connected 
to)?ether  in  some  manner,  so  that  there  is  no  possibility 
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FIG     Z.      MRTi;){  t-OXNECTED  TO  CIRCUIT  WITH   CURRENT 
TRANSFORMERS    ONI.Y 


of  the  secondary  circuit  of  the  transformer  being 
opened.  To  ascertain  that  the  meter  is  connected 
correctly  in  the  circuit,  the  following  method  may  be 
employed : 

After  the  meter  has  been  connected  in  the  circuit  as 
indicated  in  the  diagrams,  disconnect  the  current  leads 
of  terminals  CC  and  EE' ,  Fig.  1,  and  if  the  remaining 
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METER  CONNECTED  TO   CIRCUIT   DIRECTLY 


connections  are  correct  the  meter  will  rotate  in  the 
right  direction  if  a  load  is  on  the  circuit.  If  the 
potential  coils  AA'  and  BB'  are  connected  wrong,  the 
meter  will  rotate  in  a  backward  direction.  To  make  the 
element  rotate  in  the  correct  direction,  it  is  necessary 
to  reverse  leads  to  both  potential  coils  AA'  and  BE'. 
If  the  meter  will  not  rotate  in  either  direction,  it 
indicates  that  the  leads  to  one  potential  coil  are 
incorrectly  connected,  and  to  the  other  are  correctly 
connected.     Now  if  the  leads  to  the  potential  coil,  that 


If 
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are   coimected   correctly,   are    revensed,   the    meter   will 
rotate    backward,    and    it    would    then    be    neceHsar\     to 
reverse  the  leads  to  both  potential  coils  AA'  and   lUi' 
to  obtain  proper  rotation  of  the  meter.     If,  on  the  oth 
hand,     the     leads    to    the    potential    coils    that    we 
incorrectly  connected  were  reversed  at  first,  the  met 
would   rotate   in   the  correct  direction,   and   this  wou 
indicate  that  the  connections  to  terminals  AA'  and  B 
and  I) I)'  are  right. 

The  next  procedure  is  to  disconnect  the  current  leads 
of  the  current  transformer  in  line  B  from  terminals 
DD'  and  connect  the  current  leads  from  the  transformer 
to  the  terminals  CC  so  that  the  moving  element  rotates 
in  the  right  direction.  Now  disconnect  the  current-tran.s- 
former  leads  from  terminals  CC  and  connect  the  leads 
from  the  current  transformer  line  C  to  the  current 
terminals  EE'  so  that  the  moving  element  of  the  meter 
will  rotate  in  the  right  direction. 

It  is  obvious,  from  the  foregoing,  that  if  each 
current  coil  is  connected  .separately,  with  the  potential 
coils  of  the  meter  excited,  so  that  the  moving  element 
of  the  meter  rotates  in  the  right  direction,  then  it  is 
certain  that  the  meter  is  recording  correctly. 

Amount  of  Oil  Lo8t  Due  to  Small  Leaks 
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IMorrm     » 


3    Ounce 
JO  Ounces 
3|  Gollons 
TO  Gallons 
Z    Barrels 


1  Minute  Loss 
1  Hour 
1  Day  r 

1  Week         yi 
1  Month      n 


Z    Ounces 
1    Gallon 
24  Gallon 
Sj  Barrels 
14Borrels 


1  Minute  boss 

1  Hour         n 

1  Day  r, 

I  r-..  1  Week        r 

f^Stream     ,  ^^^^       „ 


7f  Ounces 
31  Gallons 
64  Gallons 
llf  Barrels 
50  Barrels 


Slmeam 


1  Minute  Loss  -  23  Ounces 
1  Hour  "  —  11  Gallons 
I  Day  "      -  ?60  Gallons 

1  Week  r,  =36  Barrels 
1  Month      y      =  156  Barrels 


1  Minute  Loss  -  39  Ounces 
1  Hour  "      -  18  Gallons 

1  Day  "       =  ds  Barrels 

I  Week        1       =60   Barrels 
1  Morrth       •<       =  E55  Barrels 


1  Minu+e  Loss  -  83  Ounces 


1  Hour 

-  39   Gallons 

1  Day 

=  18^  Barrels 

1  Week 

-  130  Barrels 

1  Month      . 

=  555  Barrels 

The  Attantie  Lubricator 
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The  Principle  of  the  Prony  Brake 
Briefly  Explained 

By  Charles  C.  Phelps 

The  prony  brake  is  one  of  the  simplest  pieces  of 
apparatus,  and  still  many  of  those  who  use  it  for  deter- 
mining brake-horsepower  directly  from  the  shaft  do 
not  understand  how  and  why  it  works.  This  was  shown 
to  be  the  case  when  a  number  of  engineering  students 
were  asked  recently  how  they  accounted  for  the  heat 
that  developed  in  the  brake  and  was  dissipated.  For 
example,  in  the  type  of  prony  brake  illustrated  by  Fig. 
1  cold  water  is  fed  continuously  into  the  groove  within 
the  rim  of  the  wheel  and  is  removed  at  a  much  higher 
temperature,  if  in  fact  it  is  not  converted  into  steam. 
Most  of  the  students  admitted  that  they  had  never 
thought  about  the  loss  of  heat  and  were  of  the  opinion 
that  some  correction  should  be  applied,  for  the  heat 
generated  certainly  represented  energy.  Let  us  see 
why  it  is  not  necessary  to  do  this. 

All  the  power  supplied  by  the  rotating  shaft  is 
utilized  in  overcoming  the  friction  of  the  brake.     That 


tion.     Expressed  in  horsepower  this  would  be    qo  nnn 


jjower  would  be  2-BF,  or  2t.BW  foot-pounds  per  revolu- 

2^BWN 
33,000 

=  horsepower.  The  weight  of  the  rope  is  not  a  factor 
because  it  is  equally  balanced  in  weight  on  either  side 
of  the  wheel. 

Knowing  that  it  would  require  the  same  amount  of 
power  to  overcome  friction  in  case  1  as  in  case  2, 
all  that  is  necessary  to  determine  the  brake-horsepower 
of  the  engine  is  to  determine  the  weight  W  that  will 
remain  fixed  in  position,  determine  the  number  of 
revolutions  per  minute  of  the  engine  shaft,  the  diam- 
eter of  the  wheel  and  of  the  rope  and  apply  the 
foregoing  formula. 

Many  other  variations  of  the  arrangement  shown 
in  Fig.  1  are  in  use.  For  example,  the  loose  end  of 
the  rope  is  sometimes  conveniently  attached  to  a  spring 
balance  as  indicated  in  Fig.  3.  When  that  arrangement 
is  adopted,  the  net  weight  corresponding  to  W  will 
then  be  W^  —  w.  Other  types  use  a  lever  clamped  on 
one  end  to  the  rotating  shaft  with  sufficient  friction 
to  produce  the  desired  result  and  supporting  a  weight 


Fie 


n©.  2 


SHOWING     A     FEW     COMMON     TYPE.S     OF     PRONY     BR.\KE.«: 


being  the  case,  there  would  be  the  same  amount  of 
friction  whether  the  rope  with  the  weight  W  attached 
to  its  end  remained  stationary  while  the  shaft  rotated 
at  the  speed  of  N  revolutions  per  minute,  or  whether 
the  shaft  remained  stationary  while  the  rope  (under 
the  same  tension)  revolved  around  the  shaft  at  the 
same  speed  of  N  revolutions  per  minute. 

Fig.  2  illustrates  the  second  case.  Here  the  shaft 
is  stationary,  while  the  rope  rotates  in  the  direc- 
tion indicated  by  the  arrow.  The  conditions  are  ex- 
actly the  same  as  they  were  in  the  previous  case 
excepting  that  the  weight  W  is  replaced  by  a  continu- 
ously acting  force  F  equal  in  amount  to  W,  but  acting 
tangentially  to  the  periphery  of  the  wheel.  The  power 
applied  by  this  force  in  causing  the  rope  to  rotate  would 
be  equal  to  the  force  F  in  pounds  multiplied  by  the 
distance  in  feet  over  which  it  acts.  In  one  revolution. 
for  example,  the  force  would  act  over  a  distance  equal 
to  the  periphery  of  the  wheel,  or  more  exactly  the 
circumference  of  a  circle  whose  radius  is  the  radius  of 
the  wheel  plus  half  the  diameter  of  the  rope.     This 


on  the  other  end  or  having  the  other  end  either 
attached  to  spring  scales  or  pressing  upon  platform 
scales.  No  matter  what  method  is  adopted,  the  prin- 
ciple is  the  same  in  general  and  the  explanation  already 
given  holds. 

Another  question  arises  at  this  point.  If  lubrication 
is  not  properly  attended  to,  will  not  that  change  con- 
ditions to  a  marked  degree?  It  will,  most  assuredly, 
but  that  question  will  take  care  of  itself  unless  the 
surfaces  become  so  dry  as  to  seize.  For  example,  in  the 
case  of  an  engine  closely  governed  for  speed,  the  effect 
of  better  brake  lubrication  would  be  to  reduce  friction, 
allow  the  weight  W  to  descend  and  to  increase  the 
spring  tension  w.  Thus  the  factor  W  —  w  would  be 
reduced,  showing  that  the  engine  developed  less  horse- 
power. On  the  other  hand,  if  better  lubrication  of 
the  brake  wheel  resulted  in  an  increase  in  the  engine 
speed,  the  true  horsepower  would  still  be  determined, 
because  the  factor  N  in  the  formula  would  take  care 
of  that.  These  are  some  of  the  things  into  which  young 
students  do  not  inquire. 
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The  Uiesol  Kiiiiine  and  ihr  hulicator 
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TMK  initjonty  of  stoain  eiiKineer.s  are  familiar  with 
(he  irdii-ator.  and  many  are  quite  profuieiit  in 
ii.siuK  it  ill  .settiiiK  valves.  Unfortunately,  this  is 
not  true  i'l  respect  to  the  Diesel-plant  operator,  although 
the  Die.sel  eiiKine  retjuires  the  employment  of  an  indica- 
tor far  more  than  does  a  .steam  engine.  The  average 
Diesel  engineer  attempts  to  secure  sati.sfactory  valve 
timing  by  setting  the  valves  while  the  engine  is  not 


i 


The  point  ot  oiiening  is  largely  dependent  upon  the  d 
sign  of  valve,  size  of  oi)enings  in  the  atomizer  disci 
air  pressure  and  compression  pressure  carried,  and  upon 
the  characteristics  of  the  fuel  oil.  Il  becomes  apparent 
that  the  operator  should  not  depend  exclusively  upon 
the  valve  timing  as  given  by  the  engine  builder,  but 


I'lU.    1.      I'lOKKKCT   CAiUJ 

running.  In  view  of  the  cold  condition  of  the  parts,  it 
IS  necessary  when  adjusting  the  valve  rockers  to  allow 
some  clearance  to  take  care  of  the  expansion  of  these 
parts  when  the  engine  warms  up.  Nevertheless,  even 
though  some  allowance  be  made,  correct  valve  function- 
ing is  very  seldom  attained  in  the  Diesel  engine.  In 
respect  to  the  exhaust  and  admission  valves,  usually 
the    timing     is     fairly 


correct;  a  few  degrees 
angular  variation  in 
the  opening  or  closure 
of  these  valves  has  but 
slight  eflfect  on  the  quiet 
running  of  the  engine, 
although  a  very  late 
exhaust  opening  will 
cause  a  decided  drop  in 
the     capacity     of     the 

unit.  The  fuel-valve  timing,  on  the  other  hand,  is  of 
serious  moment.  In  almost  anv  make  of  Diesel  a 
matter  of  three  or  four  degrees  in  the  point  of  fuel- 
valve  opening  will  affect  the  capacity  and  economy  of 
the  engine  from  10  to  20  per  cent. 

Many  of  the  more  experienced  operators  can,  or  think 
they  can,  detect  any  improper  functioning  of  the  valve 


The  indicator  offers  a  ready  means  whereby  the 
functioning  of  the  various  valves  in  the  Diesel  engine 
may  be  ascertained.  Any  misadjustment  is  revealed 
in  the  diagram.  Engineers  should  become  more 
conversant  w  ith  the  use  of  the  indicator  and  with  the 
interpretation  of  Diesel  indicator  diagrams. 


FIG.   3.     ANOTHER   EARLY   INJECTION   CARD 

should  use  an  indicator  and  adjust  the  valves  until  a 
.satisfactory  diagram  is  secured.  As  with  a  steam  en- 
gine, each  defect  in  the  valve  timing  produces  cer- 
tain peculiarities  in  the  indicator  diagram.  In 
Fig.  1  is  shown  a  card  that  is  practically  perfect. 
The  fuel  valve,  which  was  set  to  open  5  J  deg.  ahead  of 
top  dead  center,  allowed  the  admission  and  combustion 

of  the  fuel  to  begin  just 
as  the  piston  reached 
top  center.  The  rate  of 
admission  was  such 
that  the  pressure  be- 
hind the  receding  pis- 
ton was  maintained  at 
a  constant  value. 

In  Fig.  2  the  dia- 
gram has  a  sharp  peak 
at  the  end  of  the  com- 
pression. The  fuel  valve  opened  early,  and  the  com- 
bustion began  before  upper  dead  center  was  reached. 
The  final  cylinder  pressure  was  considerably  above  the 
final  compression  value.  It  is  easily  understood  that  if 
the  fuel  starts  burning  while  the  piston  is  still  on  the 
compression  stroke,  the  heat  introduced  into  the  rapidly 
diminishing  cylinder  volume  may  produce  alarming  pres- 
sures.    Marine  engines,  especially  while  running  at  low 


FIG.    2.      CARD   SHOWING   EARLT   FUEL   INJEl'TlON 

by  the  .sound  as  the  piston  passes  the  top  dead  center. 
This  is  largely  impossible,  although  a  very  early  opening 
will  be  revealed  by  a  severe  pound  as  the  piston  ap- 
proaches top  center.  The  same  sound  is  produced  if  the 
piston-pin  bearing  is  slack.  While  the  various  types  of 
Diesels  are  fairly  consistent  in  the  valve  timing,  all 
engines  will  require  variation  in  the  timing  of  the  fuel- 
valve  opening  when  the  character  of  fuel  oil  changes. 


FIG.  4.  EFFECT  OF  LATE  FUEL-VALVE  OPENIKG 


speed,  will  show  excessive  pressures  if  the  fuel-valve 
timing  is  not  absolutely  correct.  Frequently,  the  peak 
at  b  is  merely  a  line  giving  the  card  the  appearance  of 
Fig.  3.  At  fir.st  glance  the  line  ab  seems  to  be  due  to  the 
inertia  of  the  indicator  parts,  but  changing  the  timing 
will  show  that  the  fuel  valve  has  been  early. 

Late  fuel-valve  opening  compels  the  fuel-valve  closure 
to  be  advanced  so  that  the  period  of  injection  or  admis- 
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sion  is  shortened.  In  Fig.  4  the  fuel  valve  opened  after 
dead  center.  The  compression  curve  ended  at  a,  and  as 
the  piston  started  on  the  power  stroke,  the  cylinder  pres- 
sure dropped  sharply  to  b,  where  the  fuel  valve  opened. 
Frequently,  this  line  ab  coincides  with  the  compression 
curve,  causing  the  diagram  to  resemble  Fig.  3,  where 
the  timing  was  early.  The  proper  precaution  should  be 
taken  when  a  diagram  similar  to  Fig  3  is  secui'ed;  if 
the  valve  is  early,  a  more  advanced  timing  may  cause 
the  engine  to  pound.  Undoubtedly,  it  is  safer  to  set 
the  valve  late  and  then  gradually  advance  the  timing, 
taking  indicator  cards  after  each  adjustment. 

If  a  very  low  injection  pressure  is  carried  with  a  high 
compression,  the  card  may  have  somewhat  the  appear- 
ance of  Fig.  2.  Usually,  low  injection  air  pressures 
produce  a  diagram  quite  like  Fig.  5.  Here  the  pressure 
is  so  low  that  the  rate  of  introduction  of  the  fuel  is 
insufficient  to  maintain  the  cylinder  pressure  at  a  con- 
stant value. 

When  the  engine  is  running  under  a  light  load  such 
conditions  are  of  advantage,  since  the  low  rate  of  fuel 
injection  prevents  the  loss  of  air  that  occurs  when  a 
small  oil  charge  is  introduced  very  rapidly  early  in  the 
period  of  fuel-valve  opening.  High  injection  pressure 
increases  the  velocity  of  fuel  injection,  and  the  conse- 
quent rapid  combustion  increases  the  heat  in  the  cylinder 
at  such  a  rate  that  the  pressure  experiences  a  decided 
rise.  High  air  pressures  often  cause  the  indicator  dia- 
gram to  have  the  form  of  Fig.  6. 

Frequently,  the  combustion  line  has  a  downward  slope 
as  in  Fig.  7.  This  has  the  appearance  of  the  ideal  dia- 
gram as  proposed  by  Diesel.  At  first  glance  the  admis- 
sion line  seems  to  be  an  isothermal.  The  peculiar  shape 
of  this  part  of  the  diagram  is  traceable  to  the  leaky 
condition  of  the  piston  rings.  The  gases  were  able  to 
blow  down  past   the  piston  almost  as  fast  as  the  fuel 


('.\RD    SHOWLVG    I.OW    IXJEOTIO.N'-.VIK    PRKSSTHK 
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was  burned.  Escaping  gases  in  the  crankcase  and  de- 
cided loss  of  power  always  accompany  this  condition. 

High  cooling-water  temperatures  will  often  cause  the 
diagrams  to  appear  quite  like  Fig.  8.  The  fuel,  before 
admission  to  the  cylinder,  became  so  heated  that  the 
rate  of  injection  at  valve  opening  was  very  high.  The 
pressure  in  the  cylinder  experienced  a  decided  increase. 
The  waves  in  the  combustion  and  expansion  lines  are 
due  to  after-burning  of  the  fuel. 

The  engineer  of  any  plant  containing  a  Diesel  or 
semi-Diesel  engine  of  over  100  hp.  should  invest  in  an 


indicator  and  at  least  once  a  month  take  a  few  diagrams. 
With  these  evidences  of  cylinder  conditions  before  him 
it  is  quite  easy  to  maintain  the  high  efficiency  of  these 
types  of  engines. 

Practically  all  engine  buildei's  are  in  a  position  to 
provide  indicator  rigging  for  their  engines.  In  the  event 
that  this  is  impossible  a  mechanic  can  easily  make  a 
rig  at  a  cost  of  less  than  fifty  dollars.  In  the  past  too 
much  has  been  taken  for  granted  in  the  operation  of 


EFFECT   OF   LEAKY    I'l.^TO.X    lU.M 


EFFECT   OF   HIGH   COOLINO-WATRK 
TEMPERATFRES 


internal-combustion  engines.  With  fuel  oil  advancing  in 
price,  it  Is  high  time  to  give  more  attention  to  proper 
valve  setting.  In  many  Diesel-engined  plants  incorrect 
timing  has  increased  the  fuel  consumption  over  20  per 
cent;  and  even  though  the  Diesel  is  an  efficient  machine, 
a  20  per  cent  saving  in  the  fuel  bill  is  not  to  be  dis- 
regarded. 


The  Bureau  of  Mines  is  receiving  many  requests  for 
an  expansion  of  its  fuel-inspection  work.  This  work 
has  been  increasing  in  amount  and  importance.  Several 
foreign  Governments  have  called  upon  the  Bureau  of 
Mines  to  supervise  the  inspection  of  the  coal  which 
they  had  purchased  in  this  country.  The  Bureau  re- 
cently entered  into  a  co-operative  agreement  with  the 
Sewall  Point  Coal  Exchange  for  the  inspection  of  coal 
destined  for  separate  pools  at  tidewater.  For  a  number 
of  years  the  coal  that  was  used  by  most  of  the  Govern- 
ment departments  has  been  inspected  by  the  Bureau  of 
Mines. 


Bituminous  coal,  carried  as  revenue  freight  during 
the  first  three  months  of  1920  on  class  1  roads,  totaled 
90,622,867  tons,  according  to  figures  just  made  public 
by  the  Interstate  Commerce  Commission.  The  figures 
given  do  not  include  tonnage  carried  on  roads  having 
annual  operating  revenues  of  less  than  $1,000,000.  Tho 
anthi-acite  shipments  during  the  same  period  amounted 
to  17,304,993  tons.  The  coke  movement  aggregated 
7,075,275  tons.  Class  1  roads  carry  90  per  cent  of 
the  country's  total  tonnage. 
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THERE  is  no  excuse  for  property  loss  from  the 
spontaneous  combustion  of  coal.  This  is  true 
whether  coal  is  stored  in  bins,  yards,  basement.s — 
any  kind  of  outdoor  or  indoor  storage.  The  process  of 
oxidation  is  slow,  and  theie  is  ample  time  to  discover 
whether  the  coal  is  heating  or  not  and  thus  eliminate 
any  danger  before  damage  can  be  done.  Trouble,  in 
other  words,  can  be  detected  long  in  advance  before 
ignition  of  any  surrounding  building  or  material  of  an 
intlannnable  nature  takes  place.    Coal  heated  from  spon- 


is  hardly  a  coal  mined  in  the  United  States  that  has  a 
"clean  reputation"  when  it  comes  to  spontaneous  com- 
bustion; on  the  other  hand,  there  is  little  coal  mined 
that  cannot  be  stored  successfully  if  certain  principles 
are  followed  and  strictly  adhered  to. 

During  the  summer  of  li)18  the  Government  rightly 
advi.sed  more  storage  of  coal.  In  and  about  Chicago 
every  coal  yard,  ba.semenl,  specially  constructed  shed, 
vacant  lot,  etc.,  was  well  stocked.  Much  of  this  coal  gave 
trouble  from  spontaneous  combustion,  affording  a  good 


FIG.  1.     FIRE  fcT.xKi  J.!'  ;;,    .i 

SHAPED  PILE 


ONICAL- 


FIRE   .-STARTED   JUST    BENEATH   A   CRUST    OF 
FINE  COAL, 


FIG.    3.      TURNING   OVER   A   BURNING    COAL   PILE 


FIG.  4.     COOLING  A  COAL  PILE  W^IXH  WATER 


taneous  combustion  does  not  break  into  flame  until  it 
reaches  about  650  deg.  F.  This  heating  can  be  detected 
in  several  ways — by  odor,  using  a  maximum  thermome- 
ter or  inserting  iron  rods  into  the  pile  and  feeling  them 
with  the  hand. 

There  is  a  cause  for  every  fire  that  starts  in  a  coal 
pile  from  spontaneous  combustion.  Many  theories  have 
been  advanced,  many  causes  have  been  explained  and 
chemistry  has  played  its  part  in  trying  to  solve  the 
problem.  Fires,  however,  will  probably  continue  to  ap- 
pear in  coal  piles  so  long  as  the  present  methods  of 
mining  and  sizing  of  coal  are  used  and  the  present 
methods  of  unloading  are  followed.  The  consumer  of 
coal  or  the  dealer  who  places  coal  in  his  yard  for  storage 
hopes  each  year  that  he  will  "get  by"  without  trouble, 
but  in  many  instances  he  is  hoping  against  hope.    There 


opportunity  for  study.  Pictures  of  many  of  the  fires 
were  made  for  permanent  record,  and  conclusions  were 
drawn  as  to  what  apparently  caused  the  trouble.  Much 
interesting  information  was  obtained  as  to  the  history 
of  the  coal  itself,  how  long  it  had  been  in  storage  and 
other  facts  that  might  help  in  arriving  at  the  real  causes 
of  the  fires. 

All  this  work  was  carried  on  under  the  jurisdiction 
of  the  United  States  Fuel  Administration  for  Illinois. 
Through  the  co-operation  of  the  Chicago  Fire  Depart- 
ment prompt  notification  was  given  of  all  fires  in  stor- 
age coal  both  night  and  day. 

The  causes  of  some  of  the  fires  may  be  attributed  to 
the  nature  of  the  coal  itself,  the  method  of  piling,  at- 
temprted  ventilation  and  to  sources  other  than  the  coal 
itself.    Some  coals  are  far  more  susceptible  to  spontane- 
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ous  combustion  than  others.  These  coals  in  themselves 
are  conducive  to  rapid  oxidation.  Generally  speaking,  a 
coal  high  in  sulphur  and  viith  an  iron  pyrites  content 
will  disintegrate  and  crumble  or  air  slack,  like  lime,  in 
two  to  four  weeks'  time.  Coal  of  this  character  should 
receive  special  attention  during  the  whole  time  it  is  in 
storage   if  it   is'  desired   to   avoid   combustion   trouble. 


impossible  for  consumers  to  accumulate  storage  piles,  so 
that  just  now  trouble  from  spontaneous  combustion  is  at 
a  low  ebb.  The  pictures  shown  on  this  page  and  the  one 
opposite  are  typical  of  what  happens  when  the  storage 
of  coal  is  normal. 

To  obtain  relief  from  excessive  coal  prices  during  the 
winter  months,  storage  of  coal  is  essential.    To  accom- 


BIG.  5.     A  POOR  ATTEMPT  AT  VENTIliATING  BY 
UPRIOHT  VENTS 


FIG.   6.     A  LATER  VIE\\'   01=-  FIG.    2,   SHOWING  PILE  OF 
COAL  BURNING  TO  ASH 
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ATTEMPTED  VENTILATION.     NOTICE  THE  TWO 
UPRIGHT  PIPES  IN  PILE 
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THE    COAL    IN    THIS    PILE    WAS    ALMOST 
A   TOTAL   LOSS 


FIG.  9.     FIRE  THAT  STARTED  IN  SCREENINGS 


FIG.  10.     FIRE  THAT  STARTED  IN  MINE-RUN  COAL 


It  should  be  kept  in  mind  that  the  finer  the  coal  the 
more  likely  it  is  to  catch  on  fire,  the  reason  being  that 
there  are  many  more  particles  or  surfaces  of  coal  that 
are  exposed  to  the  oxidizing  element,  oxygen.  Thus  in 
storing  coal  care  must  be  observed  as  to  the  method  of 
unloading  so  that  breakage  during  this  operation  is  at  a 
minimum.    The  present  coal  situation  has  made  it  almost 


plish  this  with  the  minimum  of  loss  from  fires,  consider- 
able study  must  be  made  of  the  storage  problems.  With 
the  coal  prices  prevailing  during  the  past  year  no  con- 
sumer or  wholesale  yard  can  afford  to  handle  the  stored 
coal  in  a  haphazard  manner.  If  spontaneous  combus- 
tion could  be  wholly  eliminated,  a  remarkably  large  sav- 
ing would  be  effected. 
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THERE  were  four  hundred  and  fifty-seven  boiler 
explosions  recorded  in  this  country  last  year,  an 
average  of  more  than  one  a  day.  Many  lives  were 
lost  and  damages  amounting  to  millions  of  dollars  re- 
sulted. This  is  an  appalling  number  when  one  considers 
that  by  a  little  human  foresight  and  precaution  practi- 
cally all  could  have  been  prevented. 

One  of  the  foremost  engineers  engaged  in  the  work 
of  safeguarding  the  boiler  plant  is  S.  F.  Jeter,  chief 
engineer  with  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company.  It  is  his  duty  to  see  that  the  con- 
ditions of  operation  and  design  in  the  boiler  room  are 
safe.  When  there  is  an  explosion  in  which  his  company 
is  concerned,  he  assumes  charge  of  the  technical  end 
of  the  investigation. 

Mr.  Jeter  is  a  Southerner,  having  been  born  in 
Columbus,  Ga.,  in  1872.  After  finishing  his  elementary 
education,  he  entered  the  Georgia  School  of  Technology 
and  graduated  with  the  class  of  1893  with  a  B.  S.  degree 
in  mechanical  engineering. 

Shortly  after  leaving  college  he  went  to  Mexico  City 
as  chief  electrician  of  the  Mexican  Telephone  Co.  He 
accom.plished  the  seemingly  impossible  feat  of  a 
foreigner,  unacquainted  with  the  language  of  the 
counti-y,  handling  work  concerned  solely  with   its  lines 


of  communication.  When  he  returned  from  Mexico  a 
year  later,  he  became  associated  with  the  electric  rail- 
ways at  Atlanta,  Ga.,  and  the  Hartford  Steam  Boiler 
Inspection  and  Insurance  Co.  as  an  inspector.  Later  he 
became  master  mechanic  of  the  Pittsburgh,  McKees- 
port  &  Connellsville  Railway  Company. 

It  was  after  leaving  the  railroad  at  Connellsville  that 
Mr.  Jeter  took  up  the  occupation  which  has  become  his 
life  work.  In  1D06  he  became  associated  with  the 
Bigelow  Company,  New  Haven,  Conn.,  as  a  mechanical 
engineer.  While  with  this  company  he  redesigned  the 
(English)  Hornsby  water-tube  boiler.  He  resigned  in 
1910,  determined  to  stick  to  work  connected  with  boiler 
design  and  operation.  Accordingly,  he  re-entered  the 
employ  of  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company  as  inspector.  He  was  soon  made 
supervising  inspector  and  later  became  chief  engineer. 

Mr.  Jeter,  who  has  been  a  contributor  to  Poiver  for 
a  number  of  years,  is  a  member  of  the  American  So- 
ciety of  Mechanical  Engineers  and  of  the  Boiler  Code 
Committee  of  that  society,  of  which  he  is  one  of  the 
most  active  members,  and  has  done  much  toward  the 
formulation  of  adequete  rules  for  boiler  design  and  op- 
eration. At  present  he  is  chairman  of  the  Hartford 
Branch  of  the  A.  S.  M.  E. 
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Popular  Misconceptions  Regarding 
Super-Power  Stations 

VARIOUS  articles  that  have  appeared  in  the  daily 
press  regarding  the  Government  Super-Power  Sur- 
vey have  spread  some  misconceptions  of  the  proposed 
super-power  plants  of  this  system.  In  the  first  place, 
What  is  a  super-power  station?  Many  people  believe  that 
it  is  some  wonderful  new  conception,  "bigger,  greater 
and  grander  than  ever."  A  prominent  power-plant  de- 
signer recently  answered  the  query  as  follows :  "What 
we  have  been  building  for  twenty  years — a  new  station 
a  little  bigger  than  the  usual  run."  This  describes  the 
new  so-called  super-power  stations  as  well  as  any  other 
definition.  These  plants  will  be  somewhat  larger  than 
existing  plants  and  with  newer  and  larger  machinery 
more  representative  of  the  latest  practice.  It  must  be 
remembered,  however,  that  the  super-power  plant  of 
today  will  very  likely  be  regarded  as  a  back  number  ten 
years  from  now.  So  the  name  "super-power"  really  car- 
ries no  new  idea  of  radical  change  in  plant  design  or 
equipment,  but  merely  one  of  relative  size  and  modern 
machinery. 

Another  impression  seems  to  have  spread  abroad  that 
all  these  new  power  plants  will  be  located  at  the  mines 
so  that  the  railroads  will  be  relieved  of  carrying  the  coal 
needed  by  such  stations.  This  idea  seems  very  attrac- 
tive, and  the  "man  on  the  street"  wonders  why  the  en- 
gineers have  not  built  plants  at  the  mines  long  ago.  He 
fails  to  recognize  some  engineering  and  economic  facts 
in  this  connection.  An  adequate  supply  of  cold  water 
fgr  use  in  condensers  is  as  great  a  necessity  in  modern 
high-economy  steam  power  plants  as  the  coal  itself. 
I?ig  rivers  in  the  coal  districts  are  not  numerous.  The 
Ohio,  Allegheny,  Monongahela,  Susquehanna  and  Dela- 
ware and  a  few  of  their  larger  tributaries  form  the 
only  large  available  water  supplies  for  condenser  use  in 
the  coal  fields.  Furthermore,  it  is  not  possible  to  use 
the  same  water  repeatedly  in  a  series  of  power  houses, 
even  along  these  large  rivers,  for  eventually  it  would 
become  warmed  up  to  a  point  where  the  desired  high 
vacuum  would  be  unattainable.  It  is  therefore  apparent 
that  these  super-power  stations  must  be  located  on  the 
large  rivers  where  water  is  available,  rather  than  at  the 
mine-mouths  themselves.  The  coal  will  then  have  to  be 
loaded  in  cars  and  hauled  to  these  plants.  In  certain 
cases  this  best  available  water  supply  may  be  at  tide- 
water, as  at  present. 

The  economic  factor  involved  in  power  costs  is  prob- 
ably of  greatest  impoi-tance  in  influencing  plant  location. 
The  public  has  been  led  to  believe  that  because  it  is 
quite  feasible  to  transmit  electric  power  over  long  dis- 
tances in  certain  cases  this  is  also  the  most  economical 
system.  Estimates  do  not  always  bear  out  this  assump- 
tion when  the  cost  of  franchises,  right-of-way,  transmis- 
sion towers  and  wiring,  transformer  stations,  etc.,  is 
considered  along  with  the  constant  energy  loss  over 
these  long  lines.  Many  engineers  who  have  studied  this 
problem  have  concluded  that  it  is  cheaper  in  many  cases 
to  haul  the  coal  to  the  more  advantageously  situated 


power  plants  at  tidewater  than  to  generate  current  near 
the  mines  and  to  transmit  it  to  the  industrial  centers 
along  the  seaboard.  Nevertheless,  it  is  most  desirable 
that  plants  near  the  mines  be  developed  to  the  greatest 
possible  extent,  though  these  may  be  limited  in  both  size 
and  number. 

These  remarks  apply  only  to  the  power  stations  them- 
selves and  not  to  the  immense  savings  that  are  possible 
by  interconnecting  stations  in  a  large  super-power  sys- 
tem and  thereby  improving  the  load  factors. 

Engineers  would  do  well  to  dispel  these  misconcep- 
tions on  every  possible  occasion,  for  sooner  or  later 
the  public  will  learn  why  the  "super-power  plants  at  the 
mine  mouths"  are  not  always  economically  possible  and 
will  reproach  the  engineering  profession  for  allowing 
this  wrong  impression  to  be  spread  abroad. 

Educational  Courses 
in  the  Industries 

EDUCATIONAL  courses  for  power-plant  operators 
and  construction  and  maintenance  men  in  industries 
are  being  given  serious  consideration  by  many  compa- 
nies. It  has  frequently  been  found  that  costly  delays 
are  caused  in  getting  equipment  back  into  service  in  case 
of  trouble,  because  those  making  the  repairs  lack  the 
information  that  would  enable  them  intelligently  to  go 
about  interpreting  and  rectifying  the  difficulty.  Where 
;.n  electric  motor  is  started  by  a  manual-type  starter,  the 
troubles  that  can  occur  are  generally  easy  to  diagnose. 
But  with  automatic  controllers  the  circuits  may  be- 
come very  complicated  and  the  combinations  of  con- 
ditions that  may  occur  to  give  trouble  are  practically  un- 
limited, and  they  may  be  so  involved  as  to  baffle,  for  a 
time,  even  those  well  versed  in  the  equipment  affected. 
Consequently,  in  handling  such  equipment  it  is  very 
essential  that  everyone  who  has  to  do  with  the  repairs 
and  maintenance  and,  in  certain  cases,  the  operator  of 
such  apparatus,  should  be  not  only  familiar  with  it,  but 
also  well  grounded  in  its  fundamental  principles. 

Just  what  form  such  educational  courses  should  take 
is  a  problem  for  which  various  solutions  have  been 
offered.  However,  all  education  has  for  its  basic  pur- 
pose the  teaching  of  people  to  think  for  themselves,  and 
this  requires  a  familiarity  with  fundamental  principles. 
Before  one  is  versed  in  the  fundamentals  of  any  subject, 
one's  thinking  on  that  subject  must  be  at  best  mediocre. 
Consequently,  in  any  educational  course  for  training 
industrial  workers  the  first  essential  is  teaching  the 
fundamentals  of  the  subject  that  it  is  desired  to  have 
the  employee  familiar  with. 

The  ideal  course  of  instruction  on  any  subject  would 
be  one  that  would  give  to  the  student  a  training  equiva- 
lent to  that  obtained  through  many  yeai's  of  experience. 
This,  however,  is  impossible  of  accomplishment  as  many 
experiences  have  shown.  Nevertheless,  this  does  not  in- 
dicate that  courses  of  instruction  in  industries  for  em- 
ployees are  not  successful  and  of  vital  importance  in 
increasing  efficiency.  The  average  employee  is  not  in- 
efficient from  a  lack  of  experience  in  the  practical  side 
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of  hi.s  piirticiiliir  voontinn,  hut  from  liniitocJ  knowlt'dRO 
of  the  fundnnnMitnl.s  with  which  ho  in  dfiilin^r.  There- 
fore in  a  iM)iir.se  of  instnution  for  the  electrical  depart- 
ment employees  it  i.s  not  xo  much  training  one  num  to  he 
a  repairtnan,  another  an  operator  or  a  foreman,  as  it  i.s 
teachinjr  them  the  fundamental  principle.s  of  electricitj' 
and  magnet i.sm  and  how  to  apply  them  to  the  variou.H 
pieces  of  apparatu.-^.  After  thi.s  ha.s  heen  done.  If  the 
man  i.s  of  the  ri^ht  caliher,  he  will  interpret  the.se  prin- 
ciple.s in  the  teinus  of  whatever  l)ranch  of  the  work  he  is 
followinjr, 

A  wirenian  who  has  heen  made  familiar  with  dynamo- 
electric  machinery  and  controller  circuits  will  he  a  super- 
ior employee  to  the  one  who  is  not  and  will  he  in  ;. 
position  to  he  promoted  to  departments  that  re(|uire 
this  knowledge.  On  the  other  hand,  an  operator  havinp 
this  knowledge  will  in  many  cases  he  ahle  to  make  small 
repairs  on  adjustments  to  the  equipment  he  is  handling, 
and  thus  prevent  costly  delays.  P^urthermore.  his  hetter 
understanding  of  the  machinery  that  he  is  handling 
will  prevent  many  of  the  abu.ses  that  equipment  is 
often  subjected  to  through  a  lack  of  appreciation  of  its 
limitations. 

Low-TeniperaUin'  DiHtillatioii 
of  Coal  in  Rotating  Ovens 

IN  THE  face  of  a  declining  market  in  many  commodi- 
ties, the  price  of  coal  goes  up  instead  of  remaining 
constant  or  coming  down.  There  may  or  may  not  be  jus. 
tification  for  this,  hut  that  is  not  the  subject  of  this 
editorial.  The  condition  points,  however,  to  the  serious- 
ness of  the  fuel  market. 

Despite  the  great  extent  of  our  fuel  resources  all  are 
agreed  that  our  energies  must  be  directed  toward  get- 
ting hetter  results  from  quantities  currently  used  than 
we  now  obtain.  One  more  frequently  meets  men  now 
who  voice  objection  to  the  u.se  of  fuel  oil  for  steam  mak- 
ing in  stationary  power  plants,  an  attitude  that  is  not 
without  some  reason  so  long  as  the  available  quantity  of 
this  vital  fuel  appears  to  be  less  by  far  than  we  need ; 
for  as  long  as  nations  need  navies  and  as  long  as  ships 
are  used,  these  should  have  first  call  on  oil  for  steam 
making.  Of  course  the  navies  of  the  great  powers 
will  forbid  the  use  of  oil  for  stationary  power  purposes 
immediately  their  own  needs  in  the  future  are  threat- 
ened. So  in  the  future  fuel  oil  will,  in  the  nature  of 
things,  be  regulated  in  its  consumption  far  more  closely 
than  will  coal. 

Coal  is  a  vital  essential.  Without  it  our  civilization, 
as  now  carried  on,  would  perish.  This  thought  mu.st 
be  driven  home  to  every  man,  woman  and  child  to  the 
end  that  as  a  nation  we  use  it  more  efficiently,  and  that 
speculatoi's  and  the  unscrupulous  have  fewer  opportu- 
nities to  feast  upon  their  skill. 

We  in  America  need  to  realize  more  generally  that  the 
universal  use  of  raW'  coal,  of  the  highly  volatile  bitu- 
minous grades  especially,  has  in  it  many  elements  of 
economic  waste.  The  byproducts  of  distilled  coal  are 
many,  there  is  always  a  good  demand  for  them,  and  new 
uses  are  frequently  found. 

Report  comes  from  Germany  that  very  material  im- 
provement has  been  made  in  the  low-temperature  dis- 
tillation of  coal  by  the  use  of  the  rotating  oven,  the 
oven  being  about  the  same  as  used  in  cement  mills.  The 
yield  of  tar  is  much  greater  than  when  the  coal  is  dis- 
tilled in  producers,  and  on  account  of  the  lower  tem- 
perature in  the  rotating  furnace  the  valuable  light  hy- 


drogens are  not  de.stroyed.  The  "half-coke,"  which  is 
left  after  the  tar  has  heen  distilled  ofT,  is  said  to  lend 
itself  well  to  burning  on  mechanical  stokers,  in  wel- 
comed for  u.se  in  households  and,  moreover,  it  is  easily 
hri(|uetled. 

An  extensive  report  on  the  low-temperature  diHtilla- 
lion  of  coal  in  rotating  oven.s  has  heen  made  V)y  Doctor 
(".  Ro.ser,  of  Miilheim,  and  an  abstract  of  this  report  will 
appear  in  an  early   issue. 

IihIiimIi'v  and  (M»vrriini<'iil 
(lo-oju'raliiif;; 

G()\'F,R.\'.MF,.VT  inve.stigations  of  direct  interest  to 
particular  industries  have  often  been  curtailed  by 
lack  of  ade(iuate  funds  to  continue  the  work.  Recently 
the  Bureau  of  Standards  in  its  study  of  the  physical 
t-onstants  of  refrigerating  materials  found  H.9olf  in  this 
position  and  as  a  result  has  developed  a  new  basis  for 
co-operation  which  is  encouraging. 

The  Bureau  was  confronted  with  the  necessity  of 
practically  discontinuing  certain  parts  of  its  work,  par- 
ticularly on  the  specific  heat  and  the  pressure-volume- 
temperature  relations  of  superheated  ammonia  vapor. 
The  American  Society  of  Refrigerating  Erfgineers  was 
so  advised  and,  as  a  result,  has  appointed  two  of  the 
former  members  of  the  Bureau  of  Standards  staff  as 
research  associates  to  continue  work  at  the  Bureau  on 
these  problems.  It  is  expected  that  this  arrangement 
will  permit  regular  continuance  of  work  on  these 
important  fundamentals  of  refrigerating  technology. 
The  results  will  thus  be  obtained  promptly,  and  at  the 
very  minimum  of  cost,  since  the  equipment  and  the 
facilities  of  the  Bureau  are  afforded  for  the  work  with- 
out charge. 

Doubtless  there  are  in  Washington  many  other  inves- 
tigations of  great  value  to  various  branches  of  industry 
which  are  also  suffering  seriously  from  lack  of  suffi- 
cient attention  or  adequately  trained  personnel.  It 
would  seem  that  this  new  plan  of  affording  the  indus- 
tries an  opportunity  to  utilize  the  Government  facilities 
should  be  more  frequently  followed.  In  cases  where 
engineers  find  a  deficiency  in  the  Federal  activities,  it 
will  be  quite  appropriate  for  them  to  ask  themselves 
whether  they  alone  are  not  to  blame  when  there  is  this 
possibility  of  accomplishing  good  work  by  such  a  satis- 
factory co-operative  arrangement. 

How  Much  Do  You 
Pay  for  Coal? 

,,/^^  OAL  REVIEW,"  the  organ  of  the  National  Coal 

V>  Association,  deduces  from  recent  Department  of 
Commerce  figures  "a  cold-fact  denial  of  the  general  in- 
dictment of  the  coal  exporter  on  the  ground  that  he 
has  been  reaping  enormous  profits." 

The  per  ton  value  of  American  bituminous  coal  ex- 
ported during  the  first  seven  months  of  1920  was,  ac- 
cording to  this  article,  $7.29,  including  freight  to  the 
spot  where  the  coal  passes  out  of  the  country. 

If  this  is  all  that  the  sellers  of  coal  to  foreign  custo- 
mers have  been  getting  they  ought  not  to  be  hanged. 

But  why  was  the  United  States  Shipping  Board  com- 
pelled to  pay  eighteen  to  twenty  dollars  per  ton? 

Why  were  many  of  our  industries  compelled  to  pay 
much  more  than  foreign  customers? 

How  does  this  price  compare  with  what  YOU  have 
been  paying? 
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Where  Should  the  BeginiiGl*  Start? 

The  possible  results  of  an  en^ne  acddent  and  a 
boiler  accident  cannot  be  compared.  It  is  rare  that  an 
engine  accident  does  great  damage,  and  save  in  the 
case  of  a  bursting  flywheel  it  is  usually  confined  to 
the  engine  room  and  the  man  in  charge.  A  boiler 
explosion  will  probably  wreck  the  building  or  buildings 
and  may  kill  or  injure  many. 

The  responsibility  resting  on  a  fireman  is  far  greater 
than  that  on  the  man  caring  for  the  engine.  The 
general  idea  is  that  the  man  in  the  engine  room  is 
looking  after  the  man  in  the  fireroom,  and  that  it  is 
up  to  him  to  see  that  there  is  no  low  water  or  too 
high  steam  is  true  to  a  certain  extent,  but  everybody 
knows  that  the  care  of  the  boiler  is  almost  always 
given  over  to  the  fireman  just  as  soon  as  the  engineer 
believes  that  he  is  competent. 

The  engineer  will  stroll  into  the  boiler  room  now  and 
then  to  see  if  it  looks  nice  and  neat;  if  it  does,  he  is 
usually  satisfied.  The  man  with  the  shovel  is  the  first 
to  see  if  any  of  the  tubes  are  leaking  and  if  anything 
about  the  boiler  is  not  right,  and  he  gets  such  impor- 
tant information  first.  He  also  has  a  better  chance  to 
study  the  effect  of  his  firing  and  water-feed  regulation 
than  the  engineer.  The  engineer  knows  all  the  regular 
noises  of  his  engine  room.  If  the  note  alters,  he  gets 
right  after  the  reason  if  he  is  worthy  of  his  job.  The 
engineer  has  some  warning  as  to  possible  trouble  in  the 
engine  room,  but  the  fireman  generally  has  no  intimation 
whatever  of  a  serious  accident. 

The  engineer  takes  his  indicator  diagrams,  sets  the 
valves  to  suit  working  conditions  and  at  intervals  takes 
diagrams  to  see  if  the  valves  remain  adjusted,  and  that 
is  about  all  he  directly  does  in  keeping  track  of  the 
plant  economy. 

The  fireman  has  to  cdntend  w"5th  weather  and  varying 
coal  conditions.  He  has  to  keep  the  boiler  clean  both 
inside  and  out.  Thanks  to  the  electric  light,  a  fire- 
man can  inspect  the  inside  of  a  boiler  thoroughly,  with- 
out having  his  lungs  filled  with  lampblack  and  oil  as 
in  the  olden  days. 

Some  will  say  that  a  fireman  is  not  the  man  to  inspect 
a  boiler.  He  should  be,  and  if  he  is  not  competent 
to  do  so,  he  should  not  be  rated  as  a  first-class  fireman. 
The  fact  that  the  fireman  is  bound  to  be  rather  dirty 
most  of  the  time  has  given  rise  to  the  idea  that  his 
brains  are  small. 

There  is  no  doubt  that  the  hard  physical  work  of 
firing  makes  a  man  desirous  of  an  easier  job  in  the 
engine  room,  so  he  leaves  his  position  of  responsibility 


in  the  boiler  room  for  the  engine-room  chair  and  thinks 
he  has  gone  up. 

I  fear  that  Mr.  Lane's  idea  of  starting  the  fireman 
in  the  engine  room  would  not  work — not  because  it 
is  illogical,  but  because  the  opinion  exists  that  the 
direction  of  the  fireroom  is  downward  and  not  upward 
in  the  mechanical  social  scale.  Although  we  are  sup- 
posed not  to  have  any  class  distinction,  the  engineer- 
ing world,  taking  it  as  a  whole,  will  say  that  the  engine 
room  stands  higher  in  the  scale  of  mechanical  workers 
than  the  fireroom,  and  to  controvert  that  sentiment 
is  a  hard  job. 

Of  course  there  are  engineers  in  charge  of  power 
plants  who  look  after  the  boilers  and  engines  with  equal 
care,  some  giving  even  more  care  to,  the  boiler  end. 
Such  men  train  up  good  firemen,  who  are  stolen  away 
by  others.  The  fireman  who  is  employed  only  to  open 
furnace  doors,  shovel  in  coal  and  close  the  doors  again 
and  start  up  the  feed  pump  full  tilt  when  he  sees 
the  water  lower  than  usual,  does  not  command  high  pay. 

Saluda,  N.  C.  .  W.  D.  FORBES. 

Battery  Used  To  Get  Alternator  and 
Exciter  Into  Service 

In  the  plant  of  which  the  figure  shows  a  general  layout 
there  is  one  1,000-kva.  and  one  2,000-kva.  engine-driven 
440-volt  alternator,  which  can  be  excited  either  from  a 
motor-generator  set  or  an  engine-driven  exciter.  Addi- 
tional power  is  obtained  from  a  utility  company  through 
two  1,200-kva.  26,000-  to  440-volt  and  two  750-kva. 
26,000-  to  2,300-volt  transformer  banks.  We  also  have 
three  substations  equipped  with  2,300-  to  440-volt  trans- 
formers. One  of  these  substations  supplies  current  to 
two  battery-charging  sets,  the  direct-current  side  of 
each  furnishing  about  120  amperes  at  110  volts. 

Formerly  all  direct-current  load  in  the  factory  was 
supplied  from  the  exciter  bus  in  the  engine  room,  but 
recently  a  tie-line  was  installed  and  this  load  was  trans- 
ferred to  one  of  the  battery  charging  sets,  since  the 
other  set  could  readily  take  care  of  all  the  battery  load. 
This  left  the  exciters  to  take  care  of  the  engine  load 
alone.  It  frequently  happened  during  thunderstorms 
that  the  incoming  high-voltage  line  would  be  out  of 
service  for  some  time,  and  every  time  this  occurred 
the  motor-driven  exciter  would  fall  out  of  step  and  stop. 
Then  the  steam-driven  exciter  would  have  to  be  started 
and  all  the  load  possible  was  carried  on  the  generators 
until  the  outside  source  came  back  into  service. 

The  steam-driven  exciter  was  under  repair  for  several 
days  when  a  thunderstorm  occurred  just  at  a  time  when 
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the  cupolas  at  the  foundry  were  runniiiK  full  lila.st.  Tht- 
hiKli-voltape  line  went  out,  shiittiuK  down  all  suh.station.s, 
of  course,  and  ai.'^o  "droppinp"  the  motor  oxciu-r,  'eavinn 
the  plant  virtually  without  power.  After  .some  deiihera- 
tion  it  wa.s  decided  to  .send  current  from  the  hatterie.s  at 
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the  battery  room  over  the  tie-line  to  the  engine  room, 
1,000  ft.  away.  When  the  field.s  were  excited,  the  direct- 
current  voltage  dropped  to  about  60  volts,  but  we  got 
sufficient  emf.  from  the  alternator  to  start  the  motor 
exciter.  The  direct-current  side  of  the  exciter  was  then 
paralleled  with  the  battery,  after  which  no  trouble  was 
experienced  in  getting  the  voltage  up  to  110  on  the  ex- 
citer bus.  This,  of  course,  gave  full  voltage  on  the  alter- 
nator, and  it  did  not  take  long  to  get  the  foundry  back 
to  work  again,  and  two  72-in.  cupolas  were  .saved  from 
dropping  their  bottoms.  Robert  Hofstetter. 

Kenosha,  Wis. 

Fuel  Waste  Causes  Failure  of 
Central  Heating  Station 

The  communication  by  William  M.  McNeill,  page  476 
of  the  Sept.  21  issue  of  Power,  will,  I  think,  interest 
many  engineers,  inasmuch  as  it  will  call  to  mind  plants 
that  they  have  run  under  conditions  similar  to  those 
depicted  by  Mr.  McNeill,  which  are  by  no  means  con- 
fined to  the  past.  Many  power  plants  are  still  oper- 
ating  under  equally   unaconomical  conditions. 

At  one  time  I  w-as  thoroughly  familiar  H'ith  a  plant 
operated  under  the  direction  of  a  committee  appointed 
by  the  city  council.  The  plant  was  run  as  cheaply 
as  possible,  everything  purchased  was  of  the  cheapest 
character,  and  nothing  was  purchased  until  it  was 
necessary  either  to  do  so  or  shut  down.  It  was  the 
practice  to  line  the  boiler  furnaces  with  ordinary  red 
brick,  which  would  soon  crack  and  crumble  and  fill  the 
combustion  chamber  with  broken  pieces. 

The  water  used  was  exceedingly  scaly,  and  a  hard 
lime  substance  formed  on  the  tubes  and  heads  of  the 
boilers,  besides  a  large  quantity  of  loose  scales,  which 
accumulated  so  fast  that  it  was  necessary  to  wash  out 
each  boiler  once  a  week.  They  would  not  purchase  a 
compound  to  counteract  the  scale,  hence  the  spaces 
betw-een  the  tubes  next  to  the  rear  head  were  filled  solid, 
with  the  result  that  many  of  the  tubes  were  leaking. 
This  leakage  mingled  with  the  soot  baked  on  the  tubes, 


and  in  .some  cases  almost  filled  the  openings  to  them  at 
the  rear  end,  which,  of  course,  obstructed  the  draft. 
In  many  ca.ses  the  tube  ends  that  were  beaded  over 
the  tube  sheets  were  burned,  and  it  web  necessary 
to  replace  tubes  every  few  weeks. 

The  outsides  of  the  boiler  settings 
were  almost  as  bad  as  the  insides, 
and  in  case  the  fireman  should 
choke  his  damper  very  dose  after 
fuel  had  been  placed  in  the  fire, 
smoke  would  issue  from  almost 
countless  openings,  showing  that  the 
leakage  of  excess  air  in  the  furnace 
was  exceedingly  great. 

The  three  generators  were 
equipped  with  the  old  type  of  cop- 
per brushes,  each  machine  requir- 
ing twelve,  and  the  committee  used 
to  buy  them  in  half-dozen  lots. 

Other  matters  pertaining  to  op- 
eration were  carried  along  in  the 
same  slipshod  way,  and  it  is  doubt- 
ful if  there  was  ever  a  competent 
engineer  in  charge  of  the  plant. 
Eventually,  it  passed  into  the  hands 
of  a  private  company,  which,  after 
reconstructing  much  of  the  machin- 
ery equipment,  has  operated  it  in  an  efficient  manner. 
Chicago,  111.  E.  T.  BONNAR. 

Thermometer  Conversion  Chart 

It  is  not  always  convenient  to  have  handy  a  conver- 
si>  r.  table  of  thermometer  readings  from  degrees 
Fahrenheit    to    degrees    Centigrade,    therefore    R.    E. 
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THER.MO.METER   CONVERSION   CHART 

Gould,  of  the  Bureau  of  Standards,  has  arranged  in 
convenient  form  the  accompanying  chart  for  changing 
Fahrenheit  to  Centigrade  readings  ranging  from  32 
deg.  F.  and  0  C.  to  92  deg.  F.  and  33.3  deg.  C. 

Washington,  D.  C.  R.  McBride. 
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Improvement  on  Water-! lolumn 

Slowdowns 

In  the  original  installation  the  water-column  blow- 
down  pipes  of  my  plant  were  piped  into  a  manifold  with- 
out any  slip  joints,  as  at  A.  When  the  columns  were 
blown  down,  the  pipe  would  expand  as  represented  by 
the    dotted    line    C    in    the    illustration.      In    order    to 
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eliminate    this    trouble,    an    expansion    chamber    was 
installed  in  which  all  expansion  is  taken  up  by  the  clear- 
ance on  the  inside.   Brass  sleeve  B  prevents  water  com- 
ing out  of  the  expansion  chamber  around  the  pipes. 
Philadelphia,  Pa.  A.  S.  Barker. 

Mechanical  Stokers  and  Their  Operation 

Regarding  the  article  on  "Mechanical  Stokers  and 
Their  Operation,"  published  in  the  Sept.  7  issue  of 
Power,  I  wish  to  state  that  the  author  is  not  quite  accu- 
rate in  his  description  of  one  of  the  stokers  shovra,  in 
that  the  single-retort  type  is  referred  to  in  the  text 
matter,  whereas  the  illustration,  Fig.  4,  shows  a 
multiple-retort  stoker  of  new  design.  The  stoker  shown 
in  Fig.  4  of  the  article  properly  belongs  in  the  same 
classification  with  the  multiple-retort  gravity-feed 
stoker.  R.  Sanford  Riley,  President, 

Worcester,  Mass.  Sanford  Riley  Stoker  Co. 

Condenser  Water  in  Low-Pressure 
Cylinder 

Some  time  ago  it  v.^as  my  privilege  to  see  a  near 
wreck  of  a  vertical  compound  engine.  It  had  been 
running  for  perhaps  an  hour  without  load,  while  bein? 
given  a  tryout.  When  it  was  decided  that  the  test 
was  satisfactory,  the  watch  engineer  closed  the  throttle 
and  then  stopped  the  air  pump,  opening  a  small  vacuum 
breaker  afterward. 

In  perhaps  fifteen  seconds  there  were  at  least  six  or 
eight  distinct  crashes  and  it  seemed  that  something  had 
let  go.  The  chief  engineer  shouted  to  the  watch  engi- 
neer to  start  the  air  pump.  He  hastily  opened  the 
throttle  on  the  air  pump,  and  no  more  thuds  occurred. 

"For  heaven's  sake  man,  do  you  stop  the  air  pump 
every  time  as  you  just  did?"  asked  the  chief. 

"Sure,"  answered  the  watch  engineer.  "What  do  you 
suppose  that  noise  was?" 

"That  was  water  between  the  piston  and  head," 
answered  the  chief,  "and  in  a  vertical  engine  it  is  a 
mighty  serious  thing.  The  head  generally  lets  go  in  a 
horizontal  engine,  but  the  frame  breaks  in  a  vertical 
engine  under  such  conditions." 

■"How  can  a  vertical  engine  with  the  cylinders  thirty 
feet  above  the  condenser  take  water?"  was  the  next 
question,  and  the  chief  explained  it  as  follows: 

"We  know  that  theoretically  the  atmosphere  will 
balance  a  column  of  water  thirty-four  feet  high.     In 


practice,  a  mighty  good  piston  pump  with  small  friction 
losses  will  draft  water  thirty  feet.  Perhaps  this  sounds 
a  little  bit  bookish,  but  nevertheless  I've  seen  it  done. 
The  weight  of  a  gallon  of  water  is  8':  lb.  Its  cubical 
contents  are  231  cu.in.     If  the  atmosphere  is  14.7  lb. 


per  sq.in.  at  sea  level,  then 


14.7 
8i 


X  231 
\2 


=  33.9  ft." 


"What  about  the  low-pressure  cylinder  getting 
water?"  asked  the  watch  engineer. 

"If  .vou  will  just  pay  attention,  I'll  tell  you  how  you 
just  got  that  dose  of  water,"  said  the  chief  as  he 
sketched  a  pump.  Fig.  1,  drafting-  water  thirty  feet. 
Fig.  2  shows  the  same  pump  drafting  water  fifty  feet. 

"No  use — it  can't  be  done,"  said  the  watch  engineer. 

"It  can  be  done  if  a  hole  is  made  in  the  pipe  at  the 
water  line  as  at  A,"  replied  the  chief.  "If  you  suck 
in  air  at  A,  it  breaks  the  vacuum  to  a  great  extent,  of 
course,  but  the  water  and  air  will  mix  and  the  mixture 
will  go  up  the  pipe  like  smoke  up  a  stack." 

"How    about   thirty-three    feet    doing    the   balancing 
now?"  asked  the  watch  engineer.     "The  mixture  doesn't 
weigh  8 J  lb.  to  the  gallon  now,  it  weighs  only  about 
3^  lb.,"  was  the  reply.     "Using  the  same  formula, 
14.7 


3.5 


X  231 


12 


=  80  ft. 


"Now,  if  you  are  satisfied  that  a  mixture  of  water  and 
air  can  be  lifted  over  thirty-four  feet,  what  is  to  hinder 
a  low-pressure  cylinder  on  a  vertical  engine  from  lift- 
ing water  in  a  mixture  thirty  feet  or  even  forty  feet? 


t^ 


FIG.   1.     PUMP  WITH 
30-FT.    LIFT 


FIG.  2.     WITH 
50 -FT.    LIFT 


When  you  just  tried  out  your  engine,  you  had  no  load. 
The  receiver  gage  showed  about  two  or  three  pounds 
with  the  throttle  wide  open.  When  you  started  up,  the 
vacuum  didn't  show  verj'  good,  did  it?  No,  and  you 
had  to  close  the  cone  almost  tight  on  the  injection. 
When  you  shut  off  the  throttle,  the  vacuum  went  back 
through  the  receiver  like  a  shot. 

"Stopping  the  pump  didn't  stop  the  vacuum  in  the 
low-pressure  cylinder  but  in  the  condenser.  The  vacuum 
breaker  acted  like  the  hole  in  the  pipe  and  up  went 
the  mixture.  Deliberately  stopping  an  air  pump  with 
the  throttle  shut  on  the  engine  but  the  engine  still 
running  is  the  most  foolhardy  trick  I  know  of.  Of 
course,  an  extra-large  vacuum  breaker  is  a  remedy,  but 
few  air  pumps  or  condensers  are  so  equipped." 

New  York  City.  C.  W.  Peters. 


6M 


POWER 


Vol.  52.   No.    14 


ConclniHrr-Tiihr  and  (last-Iron 
Slirll  l)isinU'<i;rali()n 

My  attention  was  attracted  to  an  article  appear inu 
in  the  Aiip.  17  i.s.siie  of  Power  entitled  "Salt  Water 
LoakaRO  in  rondeii.ser.s,"  by  Mr.  Overend,  in  which 
he  related  his  experience  with  some  surface  conden.ser 
and  pump  installations  where  the  cast-iron  .shell  wa.s 
showinpr  sijrn.s  of  disintegration,  or  rather,  becoming 
soft  and  sponpy  and  presentinpr  what  is  commonly 
termed  a  chanj?e  to  jjraphite  condition. 

In  an  article  that  appeared  in  the  i.ssue  of  April 
i;^.  pape  588,  entitled  "Prolonpinp  the  Life  of  Condenser 
Tubes."  it  will  be  noted  that  I  assiprned,  as  the  reason 
for  the  rapid  disintegration  of  bimetallic  condenser 
tubes,  the  dissimilarity  of  the  metallic  prroups  entering 
into  condenser   a.ssembly. 

It  was  pointed  out  in  this  article  that  a  difference 
of  potential  will  be  established  with  proper  electrolyte 
conditions  existing  between  the  copper-  or  brass-alloy 
tube  and  the  cast-iron  shell. 

The  tube,  always  being  electro-positive,  is  the  ele- 
ment that  suffers  the  most  rapid  metallic  disintegration, 
and  having  observed  many  conditions  of  condenser-tube 
disintegration,  I  have  noticed  that  in  practically  every 
instance  where  the  tubes  were  subject  to  decomposition 
the  shell  of  the  condenser  also  presented  signs  of  change 
in  the  state  of  iron,  as  outlined  by  Mr.  Overend.  1 
had  long  been  of  the  opinion  that  the  decomposition  of 
the  iron  shell  was  closely  associated  with  the  dis- 
integration of  the  tube,  or  in  other  words,  that  the 
tube  disintegration  produced  a  condition  that  would 
render  the  shell  or  cast  iron  also  subject  to  decomposi- 
tion. I  hesitated,  however,  to  advance  this  theory  until 
such  time  as  I  was  able  to  present  some  confirming 
results  of  experimentation  in  this  line;  and  with  this 
in  mind,  I  have  had  constructed  three  groups  of  metals 
analogous  in  every  respect  to  present  surface-condenser 
assembly : 

Group  No.  1 — Being  two  cast-iron  plates  permanently 
fixed  to  a  standard  section  of  condenser-tube  sheet, 
bronze  and  properly  drilled  with  standard  clearance 
and  provided  with  standard  condenser  ferrules.  Assem- 
bly No.  1  being  packed  on  one  end  with  corset  lace 
and  having  the  tube  expanded  or  rolled  on  the  other 
end. 

Group  No.  2 — Having  identical  cast-iron  sides  and 
identical  tube  sheet,  but  packed  in  the  regular  manner 
on  both  ends  with  corset  lace. 

Group  No.  3 — Being  identical  with  assembly  No.  2, 
but  instead  of  being  packed  with  corset  lace,  the  sec- 
tion of  tube  is  bonded  at  both  ends  with  flexible  metal- 
lic  packing  rings. 

The  8-in.  sections  of  tubes  used  for  this  experiment 
were  cut  from  the  same  piece  of  standard  l-in.  con- 
denser tubing  as  supplied  by  one  of  the  large  manufac- 
turers. 

These  three  assemblies  were  immersed  simultaneously 
in  a  glass  vat  filled  with  distilled  water  to  which 
had  been  added  enough  chemically  pure  salt  to  bring 
it  to  the  density  of  sea  water. 

Two  hours  after  immersion  the  water  in  the  vat 
became  muddy  and  indicated  that  a  condition  of  cor- 
rosion was  occurring,  and  after  being  immersed  about 
one  week,  the  section  of  tube  employed  in  assembly 
No.  1  presented  visible  signs  of  attack,  and  in  this 
assembly  disintegration  of  the  tube  appears  most  rapid. 


Asuembiy  No.  2.  in  which  the  section  of  tube  iit 
packed  on  both  ends  with  cornet  lace,  and,  therefore, 
being  insulated.  hHowh  visible  signs  of  attack,  or  dis- 
H.s.Hociation  f)f  the  metal,  but  not  nearly  bo  rapid  as  is 
the  case  with   No.   I. 

In  both  these  assemblies  an  examination  after  three 
weeks'  immersion  shows  very  plainly  that  the  cast-iron 
sides,  which  represent  the  shell,  are  subject  to  decom- 
position. There  is  a  black  deposit  forming  uniformly 
over  the  cast-iron  plates  of  these  two  as.semblies,  which 
would  indicate  that  the  hydrogen  that  is  evolved  at 
the  cathode  is  in  some  manner  responsible  for  this 
condition. 

Assembly  No.  3,  or  the  group  on  which  the  tube  is 
bonded  on  both  ends,  presents  no  such  appearance. 
The  surfaces  of  the  cast-iron  plates  are  as  bright  a.s 
they  were  when  they  left  the  planer,  and  the  tube 
employed  in  this  assembly  shows  no  change,  the  surface 
of  the  bimetallic  tube  remaining  just  as  bright  as 
when   it  was  placed   in   the  solution. 

Placing  a  millivolt  meter  across  the  groups,  we  meas- 
ure a  slight  difference  of  potential  between  the  brass 
tube  and  the  cast-iron  plate  of  as.sembly  No.  1.  On 
assembly  No.  2  the  meter  registers  permanently  10  milli- 
volts, but  if  the  solution  is  slightly  agitated  or  set  in 
motion,  as  occurs  when  the  water  is  being  circulated 
or  is  in  motion  in  the  condenser,  the  difference  of  poten- 
tial immediately  rises  from  10  millivolts  to  between  15 
and  50  millivolts. 

This  difference  can  be  easily  accounted  for  by  the 
fact  that  the  cast  iron  develops  a  state  of  polarization 
when  there  is  no  agitation  of  the  liquid ;  in  other  words, 
the  hydrogen  that  is  evolved,  clings  to  the  ca.st-iron 
surface  in  a  film  that  is  insulating  in  character  and 
greatly  increases  the  resistance,  but  the  moment  agita- 
tion is  produced  this  film  is  broken  up  so  that  the 
maximum  difference  of  potential  due  to  the  dissimilarity 
of  the  group  may  become  established. 

Connecting  the  millivolt  meter  between  the  tube  and 
the  cast-iron  sides  of  assembly  No.  3,  in  which  the 
tube  is  bonded  with  the  flexible  metallic  rings,  there 
is  positively  no  difference  of  potential  indicated  between 
this  assembly,  and  this,  in  my  opinion,  is  the  reason 
why  we  do  not  get  the  signs  of  disintegration  in  that 
•  assembly.  And  likewise,  the  elimination  of  the  bond 
between  the  metallic  groups  as  cited  in  assembly  No. 
1  and  assembly  No.  2,  is  the  reason  we  do  get  the 
signs  of  disintegration  as  outlined  and  occurring  in 
those  two  assemblies. 

I  believe  this  is  a  subject  in  which  engineers  and 
manufacturers  should  become  acutely  interested,  for  the 
matter  of  tube  disintegration  and  also  the  matter  of  cast 
iron  where  employed  in  condensers,  pump  casings,  etc., 
are  of  great  importance,  and  it  is  my  firm  conviction 
that  these  bad  effects  will  be  overcome  only  by  the 
proper  assembly  of  any  bimetallic  groups  that  enter 
into  this  apparatus  in  such  a  manner  that  the  differ- 
ences of  potential  that  are  bound  to  occur  with  these 
dissimilar  groups  will  not  produce  the  electrolytic 
breaking  down  of  either  the  bi-metal  or  the  disassocia- 
tion  of  the  cast  iron. 

It  is  hoped  that  interest  may  be  aroused  to  the  end 
that  manufacturers  will  begin  to  look  more  closely 
into  this  theory  and  develop  their  own  experiments  to 
confirm  or  deny.  Julius  N.  Walton, 

Eastern  Manager,  Crane  Packing  Co. 

New  York  City. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Lap  of  Steam  Valve  on  Long-Range  Corlisa  Catoff — How 

much  lap  has  the  steam  valve  of  a  long-range  double- 
eccentric  Corliss  engine  when  the  wristplate  is  in  mid- 
position?  J.  B. 

When  the  wristplate  is  in  midposition,  the  steam  valve 
must  have  negative  lap — that  is,  must  be  part  way  open- 
The  lead  is  delayed  by  turning  the  eccentric  backward  from 
the  90-degree  position,  so  the  cutoff  may  act  after  the 
piston  has  completed  one-half  of  its  stroke. 


Smoky  Exhaust  of  High-Compression  Oil  Engine — What 
would  cause  a  two-cycle  high-compression  hot-cup  oil 
engine  to  have  a  smoky  exhaust  and  preignition?       C.  M. 

Both  troubles  result  from  imperfect  combustion.  With  a 
good  quality  of  oil,  imperfect  combustion  and  the  resulting 
smoky  exhaust  may  be  due  to  excessive  water  cooling  of 
the  cylinder  head  and  hot  cup.  So  called  preignition  is 
pre-explosion  of  hydrocarbonaceous  material  that  has  been 
left  over  by  imperfect  combustion  of  a  preceding  stroke. 

Reduction  of  B.t.u.  per  Pound  to  Calories  per  Long  Ton — 

What  would  be  the  number  of  calories  per  ton  of  2,240  lb. 
of  coal  containing  11,500  B.t.u.  per  pound?  B.  H.  C. 

The  gram-calorie,  or  small  calorie,  is  the  heat  required  to 
raise  the  temperature  of  1  gram  of  pure  water  from  15  to 
16  deg.  C.  The  kilogram-calorie,  or  large  calorie,  which  is 
equal  to  1,000  gram-calories,  is  the  one  generally  employed 
by  engineers  and  is  equal  to  3.968  B.t.u.;  that  is,  1  B.t.u.  = 
0.252  kilogram-calorie.  Hence  a  long  ton,  or  2,240  lb.,  of 
coal  containing  11,500  B.t.u.  per  pound  would  contain  2,240 
X   11,500   X  0.252  =  6,491,520  kilogram-calories. 


Injury  to  Indicator  from  Use  on  Ammonia  Compressor — 

Is  an  ordinary  nickeled  brass  indicator  damaged  from   use 
on  an  ammonia  compressor?  E.  R.  B. 

There  may  be  injury  to  an  indicator  from  corrosion  of 
brass  valves  or  indicator  cocks  or  three-ways  left  on  the 
connections.  Indicators  and  connections  that  are  allowed 
to  remain  attached  to  the  compressor  cylinder  for  long- 
periods  of  time  should  be  made  of  iron  or  steel.  But  no 
serious  damage  will  be  done  to  a  brass  indicator  when  left 
connected  only  long  enough  to  obtain  diagrams,  provided 
the  instrument  is  cleaned  with  the  same  care  that  an 
indicator  should  I'eceive  after  use  on  a  steam  engine. 


Inexactness  of  Relations  of  Viscosimeter  Tests — What  aie 
the  respective  relations  of  tests  of  the  viscosity  of  oil 
obtained  by  Saybolt,  Engler,  Redwood  and  Tagliabue 
viscosimeters,  and  how  are  they  obtained  ?  H.  S. 

In  each  of  the  instruments  the  viscosity  value  is  based 
upon  the  number  of  seconds  of  time  taken  by  a  set  amount 
of  oil  to  flow  through  an  orifice  that  has  been  calibrated  for 
the  time  required  for  the  orifice  to  discharge  the  same 
quantity  of  water.  There  is  no  generally  accepted  tests  for 
viscosity  as  various  types  of  instruments  are  used,  and  the 
results  with  different  instruments  will  often  vary  con- 
siderably. None  of  the  types  have  orifices  of  exactly  the 
same  size.  Unless  the  names  of  the  designer  and  maker  of 
the  instiniment  used  and  the  amount  and  temperature  of 
oil  used  are  stated,  the  results  are  almost  meaningless. 
Therefore  it  is  impossible  to  translate  the  readings  of  one 
instrument  to  that  of  another  with  any  accuracy. 


Iroable  Pumping  Hot  Water  Under  Head — What  causes 
trouble  pumping  hot  water  when  the  water  flows  by  gravity 
to  the  pump?  H.  F.  J. 

If  the  piston  displacement  of  the  pump  is  faster  than  flow 
of  the  suction  water  can  supply,  there  will  be  cavitation  in 
the  pump  cylinder  and  suction  passages  to  the  pump  in 
which  the  pressure  becomes  so  reduced  that  the  hot  water 
bursts  into  steam  of  pressure  corresponding  to  the  temper- 
ature and  the  pump  cylinder  thereby  becomes  steambound. 
The  remedy  is  to  stop  the  pump,  open  all  the  drain  valves 
on  the  water  end  of  the  pump  and  leave  them  open  until  the 
water  flows  free  of  vapor,  and  then  start  and  run  the  pump 
slowly. 


Pres.sure  for  Operating  Heating  Boiler — The  boiler  used 
for  heating  our  building  is  operated  at  85  lb.  pressure,  and 
the  steam  is  supplied  thi'ough  a  reducing  valve  at  10  lb. 
pressure.  Woidd  it  not  be  more  economical  to  operate  the 
boiler  at  10  lb.  pressure  and  supply  the  steam  direct. 

C.  P.  R. 

There  is  neither  loss  nor  gain  of  heat  from  passing  steam 
through  a  reducing  valve,  excepting  the  small  loss  due  to 
radiation,  and  therefore  no  difference  in  the  economy  of 
steam  supplied  to  the  heating  apparatus.  There  is  an 
advantage,  however,  in  carrying  a  higher  boiler  pressure 
and  supplying  the  heating  apparatus  at  reduced  pressure  to 
better  meet  variations  in  the  demands  of  the  heating 
apparatus  and,  where  necessary,  for  operation  of  a  pump  for 
boiler  feeding  or  for  handling  the  returns;  but  where  these 
are  unnecessary  and  there  is  no  demand  for  high-pressure 
steam  for  other  operations,  it  is  safer  and,  on  that  account, 
better  to  operate  a  heating  boiler  at  no  higher  pressure 
than  necessary  to  supply  the  heating  apparatus. 

Size  of  Steam  Outlets  for  Power  Boilers — What  is  the 
method  of  determining  the  size  of  main  steam  outlets  for 
boilers?  W.  G.  S. 

The  minimum  size  of  steam  outlet  suitable  for  a  boiler  is 
governed  by  the  size  of  steam-pipe  connection  likely  to  be 
selected  with  reference  to  the  permissible  drop  in  pressure 
for  maintaining  the  desired  rate  of  flow  of  steam  under  the 
conditions  of  use.  For  power  boilers  the  requirements 
usually  can  be  met  commercially  by  having  the  boiler  outlet 
of  diameter  in  inches  equal  to  the  square  root  of  one-fourth 
of  the  boiler  horsepower.  Accordingly,  the  steam  outlet 
appropriate  for  a  60-hp.  boiler  would  be  \'60  -h  4  =  3.87, 
or  commercially,  4-in.  diameter  pipe  size;  for  a  150-hp. 
boiler,  V150  -^  4  =;  6.1  or  6-in.  diameter  pipe  size;  and  for 
300  hp.,  \'300  -^  4  =  8.6,  or,  commercially,  8-in.  pipe  size. 
With  increasing  use  of  higher  pressui-es  there  is  a  tendency 
to  use  smaller  piping  and  boiler  outlets,  because  with  steam 
of  greater  density  less  drop  of  pressuie  is  needed  to  sustain 
the  required  flow  of  steam,  and  also  because  the  drop  for  the 
necessary  flow  is  a  smaller  percentage  of  pressure  required 
at  the  point  of  delivery. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 


I'ow  K  i; 


Vol.  r,2.   No.    l-l 


Associalioii  <)1*  Iron  and  Slecl  Kleclrical 
Engineers'  Annual  Convention 


THE  fourteenth  annual 
(.•onvj'iitioii  of  tho  Asso- 
iMutioii  of  Iron  and  Steel 
Klei'tric-al  KnjrinoiTs.  held  in 
the  Hotol  Fi'iinsylvaniu,  New 
York  City,  Sept.  20-24,  proved 
to  be  one  of  the  nio.st  .sueee.ss- 
ful  in  the  history  of  the  asso- 
ciation, both  in  technical  valuo 
and  in  entertainment  features. 
.\nionjr  the  important  fealui-JS 
was  the  exhibition  of  e.iuip- 
nient  used  in  steel  mills, 
seventy  -  two  manufacturini^ 
companies  beinp  represented. 

At  10:30  Monday  momini; 
the  convention  was  opened 
with  a  business  session  at 
which  E.  S.  JefTeries,  Elec. 
Eng.,  Steel  Company  of  Can- 
ada, Hamilton,  Ont.,  was 
elected  president  of  the  asso- 
ciation for  the  year  1921. 
Other  officers  elected  were: 
First  vice-pi-esident,  W.  S. 
Hall,  Elec.  Eng.,  South  Works, 
Illinois  Steel  Co.,  South  Chi- 
cago, 111.;  second  vice-presi- 
dent, C.  E.  Bedell,  Elec.  Supt., 
WTieeling  Steel  and  Iron  Co., 
Wheeling,  W.  Va.;  treasurer, 
James  Farrington,  Elec.  Supt., 

La  Belle  Iron  Works,  Steuben ville,  Ohio;  secretary,  John  F. 
Kelley  (re-elected)  513  Empire  Bldg.,  Pittsburgh,  Pa.;  direc- 
tors, Gordon  Fox,  Elec.  Eng.,  American  Steel  and  Tube  Co., 
Mark  Plant,  Indiana  Harbor,  Ind.;  L.  F.  Galbreath,  Elec. 
Eng.,  West  Penn  Steel  Co.,  Brackenridge,  Pa.;  S.  L.  Hender- 
son, Elec.  Supt.,  American  Steel  and  Wire  Co.,  Cleveland, 
Ohio,  and  W.  C.  Suppler,  Elec.  Supt.,  Tennessee  Coal,  Iron 
and  Railroad  Co.,  Ensley,  Ala. 

On  Monday  afternoon  the  first  technical  session  was  held, 
at  which  two  papers  were  presented:     "Practical  Education 


E.  S.  JEFFERIES, 

President-Klect.    .Association    of   Iron    and    Steel 

Klic'triial    Kngineers 


of  Steel  Mill  ElectricianH,"  bj 
B.  A.  (;(»rnw('ll,  chairman  Edu- 
cational (Committee.  It  ha 
been  realized  that  there  is 
pressing  need  for  some  cour.^i 
of  instructions  for  repair  men 
on  electrical  equipment  in  steel 
mills.  Up  to  the  present  time 
there  is  apparently  no  text- 
book that  meets  these  need 
therefore  the  educational  coii 
mittee  co-operating  with  the 
electrical  manufacturers  are 
preparing  such  a  book.  In  the 
papers  are  given  sample  pages 
intended  for  this  book.  The 
discussion  brought  out  consid- 
erable difference  of  opinion  as 
to  what  a  course  of  this  kind 
should  consist  of  and  how  it 
should  be  given,  the  point 
being  raised  that  a  crane  oper- 
ator should  be  given  different 
instructions  from  those  of  a 
wireman  or  an  armature 
winder,  and  that  there  should 
be  different  grades  of  instruc- 
tions for  different  classes  of 
employees.  For  example,  a 
gang  foreman  should  have  a 
higher  training  than  that 
given  the  men  under  him.  It 
was  the  general  opinion  that  a  simple,  easily  read  textbook 
would  be  extremely  valuable  in  giving  such  a  course  of 
instructions. 

A  second  paper  presented  at  Monday  afternoon's  session 
was  "Relation  of  Standardization  in  Electrical  Equipment 
to  Safety,"  by  Walter  Greenwood,  the  point  being  made  that 
standardization  reduces  accident  hazards.  The  author  said: 
"In  the  case  of  standards  for  cranes  they  include  quality, 
convenience,  etc.,  also  uniform  arrangement  of  controlling 
parts  should  be  included.     Individually  considered,  hazard 
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is  reduced  by  quality  in  that  brealtage  cannot  occur  unless 
capacity  is  exceeded ;  capacity  cannot  be  overtaxed  where 
control  is  properly  regulated.  Uniform  arrangement  of 
controlling  parts,  manually  operated,  reduces  hazard  by 
reducing  liability  of  operating  the  wrong  movement.  Con- 
venience reduces  hazard  by  making  situations  and  parts 
easily  accessible.  Interchangeability  I'educes  hazard  and 
is  classified  with  convenience,  but  going  back  from  the  oper- 
ating end,  interchangeability  simplifies  construction,  and 
through  efficiency  in  construction  of  interchangeable  parts 
hazard  is  again  reduced.  Collectively  considered,  efficiency 
in  maintenance  reduces  hazar.i.  The  same  reasoning  ap- 
plies with  equal  force  to  all  apparatus  employed  in  produc- 
ing commodities  whether  in  the  iron  and  steel  industry  or 
others. 

Tuesday's  Technical  Session 

On  Tuesday  only  one  technical  session  was  held  at  which 
two  papers  were  presented.  "Power  Transmission  in  In- 
dustrial Plants,"  by  D.  M.  Patty,  discusses  this  problem 
from  the  high-voltage  sides  only,  low-voltage  distribu- 
tion from  transforming  station  not  being  included.  Power 
supply  is  divided  into  four  sources — gas  engines,  steam 
turbines,  reciprocating  steam  engines  and  public  utility 
systems — each  of  which  presents  a  somewhat  different  prob- 
lem. The  question  of  bus  structures,  transmission  systems, 
electrical  schemes  of  transmission,  loop  feeders,  overhead 
versus  undergi-ound  transmission  are  gone  into  and  the  con- 
clusion is  drawn  that  the  ideal  transmission  system  is  one 
"which  transmits  the  necessary  power  to  the  producing 
departments  of  a  plant  at  the  lowest  cost,  with  the  least 
interruption  and  with  the  smallest  hazard  to  the  lives  not 
only  of  those  skilled  in  the  art  of  handling  electrical  appa- 
ratus, but  also  of  those  entirely  ignorant  of  its  dangers." 

In  discussing  the  papers,  the  point  was  raised  that  with 
underground  construction  more  copper  is  required  on 
account  of  heating.  However,  as  it  is  desirable  to  reduce 
the  line  losses  to  the  lowest  possible  value,  it  is  evident 
that  the  extra  copper  used  is  valuable  in  reducing  the  line 
losses. 

"Underground  Transmission,"  by  A.  L.  Fi'eret,  was  the 
second  paper  presented  at  Tuesday  morning's  session.  In 
this  paper  three  methods  of  installing  underground  con- 
ductors are  discussed;  namely,  in  a  tunnel,  in  ducts,  or  by 
burying  dii'ectly  in  the  earth. 

A  paper,  "Some  Considerations  in  the  Determination  of 
Auxiliary  Drives,"  by  Gordon  Fox,  was  presented  and  dis- 
cussed at  Wednesday  morning's  session.     This  paper  sets 


forth  certain  factors  influencing  the  selection  and  applica- 
tion of  motors  and  control  and  considers  the  relation  of  the 
motor  to  the  machine  and  work  and  suggests  methods  of 
procedure  in  the  selection  and  application  of  motors  to 
varied  duties. 

It  was  evident  from  the  discussion  of  the  paper  that 
the  tendency  was  toward  using  higher-speed  motors  and 
high  gear  ratios.  The  opinion  was  expressed  that  it  was 
wrong  engineering  to  connect  the  motor  as  directly  as  pos- 
sible, and  that  the  large  slow-speed  open-type  motor  is  an 
abomination.  Also  some  objection  was  raised  to  the  forced 
ventilation  of  motors,  since  the  motor  might  be  cool  on  the 
outside,  but  hot-spot  might  exisc  in  the  winding,  which 
would  tsnd  to  increase  the  upkeep.  However,  there  were 
those  who  did  not  object  to  the  forced  ventilation  of  motors. 

Report  of  Electrical  De'/elopment  Committee 

Of  special  interest  is  the  Electrical  Development  Com- 
mittee report,  presented  by  the  committee's  chairman,  E.  S. 
JefFeries,  at  the  Wednesday  morning  meeting.  In  this  re- 
port an  attempt  has  been  made  to  cover  electrical  develop- 
ment as  pertaining  to  steel  mills  for  the  last  five  years.  It 
is  stated  that  undoubtedly  the  most  important  electrical 
application  has  been  the  adoption  of  the  Ilgner  system  of 
drive  to  reversing  mills,  the  sentiment  regarding  electric- 
ally driven  reversing  mills  having  changed  entirely  since 
the  first  few  were  installed.  A  tabulation  given  shows  that 
there  are  34  of  these  equipments  in  use  and  8  being  built, 
i-equiring  motors  ranging  in  size  up  to  22,000  hp.  maximum 
rating.  The  report  calls  attention  to  the  fact  that  until 
recently  all  reversing  drives  oi'dered  were  for  new  instal- 
lations only,  while  at  present  there  are  being  built  or  in- 
stalled four  equipments  to  replace  steam  engines.  A  list  of 
76  alternating-current  adjustable-speed  sets  that  are  in  oper- 
ation driving  main  rolls  ranging  in  capacity  up  to  3,000 
hp.  is  part  of  the  report.  This  development  has  practically 
fallen  within  the  last  five  years. 

K.  A.  Pauly  presented  his  paper,  "The  Reversing  Elec- 
tric Mill  Considered  from  the  Standpoint  of  Tonnage,"  at 
the  Wednesday  afternoon  session.  Until  recently  the 
question  of  tonnage  in  electrically  driven  reversing  mills 
has  been  subordinated  to  systems  of  control  having  as  their 
object  the  protection  of  the  electrical  equipment  from  peak 
loads.  However,  within  the  last  year  a  number  of  elec- 
trically driven  reversing  mills  have  been  going  after  ton- 
nage records,  and  these  have  proved  that  they  can  produce 
tonnage  equal  to  or  greater  than  steam-driven  mills. 

In   the    discussion    on    this    paper    a    monthly    output    of 
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B7,i:U)  ti>ii>  was  jtivon  for  one  oleclrically  driven  revorsinkr 
null  whiih  it  wa.s  cstiniaU.I  wi.uld  roll  C.O.OdO  to  70.000 
Ions  wlion  it  ri-aclu-s  its  ina.xiniuni.  It  was  poiiitt-tl  out  that 
the  I'tlkii-noy  of  the  motor  was  secondary  to  thi-  elUciency 
of  prodiuinn  stt-ol.  An  intori'stinK  fi-utun-  of  tho  discUHsion 
WHS  the  question  of  shunt-wound  versus  eoni|)oun(i-wound 
motors,  und  from  the  points  hrouKht  out  it  would  ap|)oar 
that  either  type  could  lie  developed  to  produce  e(|ual  ton- 
iia>;e  records. 

From  the  point  of  view  of  the  power-hou.se  man  one  of 
the  most  interesting  papers  was  "Some  Economic  Consider- 
ations in  Design  of  Power  Plants  for  Steel  Mills,"  by  T.  K. 
Keatinn,  presented  at  the  Thursday  niorninj;  session.  An 
ah.stract  of  the  paper  and  discussion  will  appear  in  an  early 
issue. 

A  paper  pre.sented  by  R.  H..Keil,  at  Thursday  morning's 
sission,  "Cu-rcnt-Limit  Reactance,"  emphasized  how  im- 
portant the  question  of  electrical-power-equipment  protec- 
tion had  become  in  many  of  the  larjre  steel  mills,  where  the 
power  plant  had  reached  proportions  that  compared  with 
many  central  stations.  The  various  schemes  of  connectin>r 
current-limitinp  reactors  into  the  circuit  are  jjone  into  and 
the  results  obtained  from  each  method  enumerated. 

One  of  the  most  comprehensive  reports  presented  was 
that  of  the  Electric  Furnace  Committee,  read  by  the  com- 
mittee chairman,  E.  T.  Mooro,  at  Thursday  afternoon's 
session.  This  report  covers  28  pages  and  should  prove  of 
exceptional  value  to  those  interested  in  the  subject. 

Friday  morning's  session  was  the  closing  technical  meet- 
ing. .\t  this  meeting  the  Standardization  Committee  report 
was  presented.  This  report  embraces  the  sub-committee's 
reports  en  motors,  cranes,  controllers  and  illumination.  In 
the  discussion   on  this  report  the  necessity  of  a   standard 


specification  for  jiurchaninK  cranes  was  cmphaKizeil,  '  'if 
how  far  slandardi/.ation  should  be  earned  in  lliis  din 
was  a  question  that  apparently  will  require  considi  i  - 
more  considi  ration  for  itH  solution.  It  was  ])ointed  out  tliut 
if  the  association  did  not  produce  statidard  specifications 
for  cranes  during  the  coming  year  the  United  States  i.m 
ernnient  would. 

An  ente  tainnient  and  cotillon  ball  wan  given  in  tin 
grand  liallrooin  of  the  hotel  Monday  evening.  On  Tuesilay 
afternoon  I  lie  members  and  their  friends  were  taken  up 
the  Hudson  Itiver  to  Bear  Mountain  on  the  Hudson  River 
Daylight  Line  Steamer  "Robert  Kulton,"  as  guests  of  the 
United  Slatis  Steel  Corporation.  Diimer  was  served  at  the 
Bear  Mountain  Inn.  On  Wednesday  evening  the  annual 
ban(|Uel  was  held  in  the  grand  ballroom  of  the  hoti'l.  :it 
which  Dr.  Thomas  Darlington  was  toastmaster.  \\  \. 
Berresford,  president  of  the  American  Institution  of  1. 1'  ' 
trical  Engineers,  in  addressing  the  gathering,  outlined  the 
new  developments  in  engineering  associations  and  pointed 
(lUt  how  these  could  help  the  members  of  the  Association  of 
Iron  and  Steel  Electrical  Engineers.  He  urged  affiliation 
with  the  ?\'(lerated  American  Engineering  Societies,  Engi- 
neering Foundation,  American  Engineering  Standards  Com- 
mittee, and  National  Research  Council.  F.  B.  Jewett,  chief 
engineer,  research  laboratory,  Western  Electric  Co.,  told 
about  the  development  of  the  telephone  during  the  last  fif- 
teen years.  John  R.  Freeman,  past  president,  American 
Society  of  Mechanical  Engineers,  who  has  recently  returned 
from  an  extended  trip  in  China,  investigating  the  future 
possibilities  of  developing  that  country's  waterways,  gave 
an  illustrated  talk  on  the  waterways  of  China.  A.  C. 
Dinkey,  president,  Midva'e  Steel  Co.,  made  a  short  address 
on  the  work  of  the  association. 


Interpretations  of  the  A.  S.  M.  E.  Boiler  Code 


THE  following  answers  to  requests  for  interpreta- 
tio-.is  of  the  Boiler  Code  have  been  prepared  by 
the  Boiler  Code  Committee,  and  approved  by  the 
Council,  of  the  American  Society  of  Mechanical  Engi- 
neers. The  formal  inquiry  and  reply  are  given,  to- 
gether with  explanatory  references  to  the  Code  and  illus- 
trations where  necessary  for  a  better  understanding  of 
the  interpretations  as  issued: 

Case  No.  260  (Re-opened) — Inquiry:  If  under  the  provi- 
sion made  in  Par.  212c  of  the  Boiler  Code  advantage  is 
taken  of  the  opportunity  to  increase  the  pitch  of  the  staying 
for  a  cylindrical  furaace,  is  it  to  be  assumed  that  a  portion 
of  the  "increased  load  on  the  staybolt  is  to  be  supported  by 
the  resistance  of  the  outer  cylindrical  shell  to  collapse,  or 
must  the  staybolt  be  designed  to  carry  the  full  load  upon 
the  stayed  area  of  the  furnace  sheet? 

The  inquiry  refer.s  to  a  cylindrical  surface  .subject  to  external 
pres.«ure,  such  as  the  furnace  in  a  vertical  boiler.  Par.  -1^'' 
provides  that  t"io  maximum  allavi'able  pitch  of  the  stays  may  be 
computed  by  the  following:  formula  : 


VPR 
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phere  Pi  =;  equivalent  pitch  for  a  cylindrical  surface,  p  =  maxi- 
mum pitch  for  a  flat  surface  as  specified  in  Par.  199.  P  =  maxi- 
mum allowable  working:  pressure  in  pound.<~  per  square  men 
R  =  internal  radius  of  furnace  in  Inches  and  T  =  thickness  or 
plate  in  sixteenths  of  an  inch. 

Par.   199   gives  the  following:  formula   for  flat  stayed   surfaces  . 


P=Cy. 


T-. 


where  P  =  maximum  allowable  workmg:  pressure  m  poimds  per 
square  Inch.  T  =  thickness  of  plate  in  sixteenths  of  an  inch 
n  =  maximum  pitch  measured  between  straight  lines  Pas5>."S 
through  the  centers  of  the  staybolts  in  the  different  rows,  which 
lines  mav  be  horizontal,  vertical  or  inclined,  m  inches,  and  r  -  a 
constant  having  different  values  for  different  thicknesses  of  plate 
and  different  types  of  staybolt  heads. 

Reply:    The  special  provision  made  in  Par.  212c  for  in- 
creased pitch  is  made  possible  by  the  additional  strength 


afforded  by  the  convexing  of  the  plate.  It  is  permissible 
under  this  rule  to  increase  the  spacing  of  the  staybolts  to 
p,  in  the  formula,  whereas  the  required  cross-sectional  area 
of  the  staybolts  should  be  based  on  p. 

In  other  words,  the  shape  of  the  furnace  structure  is  such  that 
it  would  support  a  jtnrt  of  the  load  without  any  stays.  Therefore 
the  load  on  eacli  individual  stay  Is  not  as  great  as  the  increased 
pitch,  and  ;t  may  be  assumed  that  it  carries  a  load  equivalent  to 
that  indicated  by  the  smaller  pitch  that  would  be  required  if  the 
plate  were  flat. 

Case  No.  307 — Inquiry:  Is  it  permissible  to  so  locate  the 
supporting  lugs  on  horizontal  return-tubular  boilers  where 
more  than  four  lugs  are  required  and  under  Par.  .323  of 
the  Code,  must  be  set  in  pairs,  that  those  in  each  pair  come 
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CASE  307.     RIVET  SPACING  WHEN 

SUPPORTING  LUGS  ARE  SET 

IX   PATRP 


close  together,  or  must  the  horizontal  distance  between  ti 
center  lines  of  rivets  attaching  the  adjacement  lugs  to  tl; 
shell  be  at  least  equal  to  the  vertical  spacing  of  rivets  tha 
is  required  for  lug  attachments  in  Par.   323,  as  shown  i^ 
the  illustration? 
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In  other  words  must  distance  B  be  at  least  equal  to  distance  A  .' 
Par.  323  provides  that  horizontal  return-tubular  boilers  shall  be 
supported  from  lugs.  The  second  sentence  of  this  paragrjiph 
requires  that  no  more  than  two  of  the  rivets  come  in  the  same 
longitudinal  line  on  each  lug.  The  inquiry  hinges  on  the  weaken- 
ing of  the  shell  due  to  rivet  holes  if  the  two  lugs  of  a  pair  are 
set  too  close  together." 

Reply:  There  is  no  requirement  of  the  Code  specifying 
the  distance  apart  of  the  lugs  forming  pairs  as  required  by 
the  last  sentence  of  Par.  323.  It  is  the  opinion  of  the  com- 
mittee, however,  that  in  locating  lugs  in  pairs  on  the  shells 
of  horizontal  return-tubular  boilers,  it  will  be  in  conformity 
with  the  spirit  of  the  second  sentence  of  Par.  323  if  the  lugs 
of  the  pair  are  so  spaced  that  the  horizontal  distance  be- 
tween the  centers  of  the  rivets  which  come  nearest  the 
adjacent  edges  of  the  lugs  is  at  least  6  in.  and  not  more 
than  12  in. 
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CASE  308.      SUBMERGED-TYPE  VERTICAI^  BOII^ER 


I  Case  No.  308 — Inquiry:  Under  what  rules  in  the  Boiler 
1  Code  should  the  top  head  of  a  vertical  submerged-tube  type 
!     of  fire-tube   boiler,   suoh   as    shown   in   the    illustration,   be 

calculated  to  determine  whether  or  not  it  requires  bracing? 
i  Reply:  There  is  no  rule  in  the  Code  specifically  applying 
1    to  such  construction.     However,  in  Par.  216,  an  allowance 

is  made  for  surfaces  located  between  tubes  and  shells.  It 
jj  is  the  opinion  of  the  committee  that  it  would  be  entirely 
(]  safe  to  permit  similar  allowances  in  this  case;  that  is,  the 
f|  distance  between  supported  joints  could  be  made  3  in. 
ji  greater  than  the  permissible  spacing  of  staybolts  for  the 
[l    corresponding  plate  thickness  and  pressure  given  in  Table  4. 

'  Table    4    in    the    Code    gives    the    maximum    allowable    pitch    in 

i^  Inches,  of  screwed  staybolts,  ends  riveted  over.  These  values  are 
|i|    computed  by  means  of  the  formula  of  Par.  199. 

•  Case  No.  309 — Inquiry:     Is  it  necessary  to  furnish  test 

I  reports  of  the  steel  used  in  the  tubes  or  flues  of  special 
\  type  boilers  which  are  formed  of  18-in.  lap-welded  steel 
cj  tubing,  15  ft.  long,  where  the  wall  thickness  is  h  in.  and 
111  the  weld  meets  the  requirements  of  Par.   186? 

Par.  186  refers  to  welded  joints  and  provides  that  the  ultimate 
i  strength  of  such  a  joint  which  has  been  properly  welded  by  the 
wl  forging  process  shall  be  taken  as  28,500  lb.  per  sq.in.  with  steel 
I.   plates  having  a  range  of  45.000  to  55,000   lb.   per  sq.in. 

Reply:     It  is  the  opinion  of  the  committee  that  the  ma- 

I I  terial   used    in   the   manufacture    of   lap-welded    low-carbon 
steel  tubing  should  meet  the  stipulations  prescribed  in  Pars. 

i    23  to  39  inclusive  of  the  Code,  which  will  make  it  necessary 

i  to  furnish  mill  test  reports  of  the  material. 

1 1  Pars.  23  to  39  inclusive  contain  the  specifications  for  boiler-plate 
'  steel  and  provide  for  tests  of  specimens  of  the  material  with 
f  reports  and  marking  of  the  plates  with  the  strength,  etc. 


Case  No.  311 — Inquiry:  Is  it  necessary  under  Par.  188 
of  the  Boiler  Code  to  use  butt-strap  joints  in  the  construc- 
tion of  very  small  drums,  say  10  or  12  in.  in  diameter,  for 
pressures  exceeding  100  lb.  per  sq.in?  Such  construction 
does  not  appear  to  be  practicable  for  such  small  drums  and 
neck  pieces  sometimes  used  to  connect  di-ums  or  shells. 

Par.  188  provides  that  the  longitudinal  joints  of  a  shell  or  drum 
which  does  not  exceed  36  in.  in  diameter,  may  be  of  lap-riveted 
construction,  but  that  the  maximum  allowable  working  pressure 
shall  not  exceed  100  lb.   per  sq.in. 

Reply:  Lap-riveted  construction  is  prohibited  by  the 
Code  rules,  but  it  is  the  opinion  of  the  committee  that  this 
should  cause  no  hardship,  as  lap-welded  or  seamless  pipe 
or  tubes  could  be  used  provided  such  tubes  or  pipes  are 
constructed  from  material  which  in  its  initial  form  of  plate 
or  skelp  conforms  to  one  or  the  other  of  the  specifications 
for  open-hearth  steel  given  in  the  Boiler  Code.  No  test 
would  be  required  on  the  completed  tube.  (See  Case  No. 
255.)  Case  No.  255  and  Case.  No.  218,  to  which  it  refers, 
provide  that  the  materials  of  which  headers  and  manifolds 
are  made  shall  conform  to  one  or  the  other  of  the  specifi- 
cations for  wi-ought  steel,  but  the  reply  to  Case  No.  255 
specifically  permits  the  omission  of  the  flattening  tests  on 
the  completed  tube. 

Case  No.  312 — Inquiry:  Is  it  necessary  in  the  construc- 
tion of  small  Star-type  water-tube  boilers  for  steam  heat- 
ing which  are  to  carry  more  than  15  lb.  pressure  at  times, 
to  drill  the  inside  and  outside  ends  of  staybolts?  It  is  be- 
lieved that  it  was  the  intent  of  the  committee  to  cover  in 
this  requirement  the  water  legs  at  front  and  back  ends 
which  are  considered  as  headers. 

Reply:  If  the  grate  area  is  more  than  15  sq.ft.,  the  stay- 
bolts  are  less  than  8  in.  in  length,  and  the  pressure  exceeds 
15  lb.,  it  will  be  necessary  to  drill  the  staybolts  in  order  to 
comply  with  the  Code  requirements. 


Installing  Ammonia  Shipping  Cylinders 

The  Refrigerating  Regulations  Committee  of  the  Ameri- 
can Society  of  Refrigerating  Engineers  has  sent  the  fol- 
lowing notice  to  the  builders,  owners  and  operators  of 
refrigerating  equipment  and  members  of  the  A.  S.  R.  E. 

The  attention  of  this  committee,  which  is  drafting  a  code 
of  regulations  for  the  construction,  installation,  operation 
and  inspection  of  refrigerating  equipment,  has  been  drawn 
to  the  fact  that  within  recent  months  several  explosions 
of  anhydrous-ammonia  shipping  cylinders  have  occurred  in 
establishments  operating  refrigerating  equipment,  which 
cylinders  were  said  to  have  been  emptied  of  their  contents 
into  the  refrigerating  system.  One  of  these  explosions  re- 
sulted in  the  death  of  the  engineer  of  the  plant,  and  in 
another  a  laborer  passing  at  the  time  of  the  explosion  was 
seriously  injured. 

Careful  investigations  of  these  explosions  have  been  made, 
and  it  appears  that  in  each  case  the  shipping  cylindei 
was  over-filled  with  ammonia  from  the  plant,  by  the 
ammonia  backing  from  the  refrigerating  system  into  the 
cylinders,  leaving  no  gas  space  to  take  care  of  the  expansion 
of  the  liquid  ammonia  with  a  rise  in  temperature,  when  the 
valve  of  the  cylinder  was  closed.  An  explosion  naturally 
had  to  occur. 

The  committee  considers  it  of  great  importance  that 
ammonia  shipping  cylinders  should  be  connected  to  the 
refrigerating  system  in  such  a  way  that  it  will  be  im- 
possible for  anhydrous  ammonia  to  back  from  the  high- 
pressure  side  of  the  system  into  the  cylinders.  The  Refrig- 
eration Code,  which  will  shortly  be  completed  by  this  com- 
mittee, contains  a  section  which,  if  followed,  will  prevent 
such  accidents.  The  section  as  now  drafted  reads  as 
follows : 

"Every  refrigerating  equipment  shall  be  charged  only 
through  a  connection  located  near  the  expansion  valve  on 
the  loiv-pretiinrc  side. 

"No  shipping  cylinder  shall  be  connected  to  the  refriger- 
ating equipment  except  during  the  operation  of  charging." 

This  committee  urges  the  builders  of  refrigerating 
machinery,  consulting  refrigerating  engineers,  owners  and 
operators  of  refrigerating  machinery,  to  adopt  this  regula- 
tion in  the  installation  of  new  plants,  and  most  respectfully 
requests  that  existing  installations  should  be  changed  to 
meet  this  suggestion,  in  order  that  explosions  and  accidents 
of  this  kind  may  be  prevented. 
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FiU'l-Kr<»iioiny   Syni|»osiiini    at   Kxpositioii 
of  (lliniiioal  lii(liistri(>s 

Includod  in  the  Sixth  Natioiuil  Kxposition  of  Chemical 
Iiulustrios  hold  in  the  Grand  Central  Palace,  New 
York,  (lurinp  the  week  ending  Sept.  If),  was  a  fuel  economy 
conference.  This  is  the  first  time  in  the  history  of  chemical 
expositions  that  a  section  was  devoted  to  fuel  economy  and 
an  afternoon  was  jjiven  over  to  the  readini:  of  jjapers  on 
this  subject.     Brief  abstracts  of  the  papers  follow: 

Burning  Coal  at  100  Per  Cent  B.t.u.  Efficiency 
ir.  O.  liankin 
In  this  paper  stress  was  placed  on  the  economy  of 
powdere<l  coal  due  to  tiie  fact  that  when  burninj;  coal  in 
the  powdered  form,  the  excess  air  necessary  in  ordinary 
coal  to  produce  the  flame  conditions  suited  to  particular 
requirements,  can  be  eliminated,  as  the  powdered  coal  is 
fed  into  the  furnaces  in  a  cloud  where  each  particle  quickly 
secures  the  air  needed  for  combustion.  The  amount  of 
excess  air  is  alway.s- under  control  thus  securinjr  the  greatest 
B.t.u.  efficiency. 

Saving  Fuel  by  Controlling  Chimney  Losses 
F.  F.  Uehling 

Increased  prices  of  fuel  and  difficulty  in  jietting  it  at 
any  price  are  two  of  the.fundamental  reasons  why  the  subject 
of  fuel  economy  is  receivin.e:  more  attention  than  ever  before. 
No  matter  how  fuel  is  consumed  and  no  matter  what  kind 
of  fuel  is  burned,  whether  solid,  powdered,  liquid  or  gaseous, 
the  biggest  loss  is  always  due  to  the  heat  energy  wasted 
up  the  chimney.  Bulletin  No.  205  issued  by  the  Bureau  of 
Mines  says  that  "In  the  average  boiler  plant,  35  per  cent 
of  the  heat  in  the  coal  burned  under  the  boilers  is  lost  with 
the  stack  gases.  That  is,  out  of  every  100  tons  of  coal 
burned  under  the  boilers,  the  heat  of  35  tons  literally  goes 
up  the  stack."  The  loss  up  the  chimney  depends  upon  three 
factors;  namely,  excess  air  in  the  products  of  combustion, 
temperature  of  the  products  of  combustion,  and  the  amount 
of  unconsumed  fuel  in  the  products  of  combustion. 

Every  kind  of  fuel  requires  a  definite  amount  of  air  to 
burn  it,  depending  principally  upon  the  ratios  of  its  carbon 
and  hydrogen.  Coal,  the  principal  constituent  of  which  is 
carbon,  requires  12  pounds  of  air  to  completely  consume 
each  pound.  All  air  that  is  used  above  that  amount  is 
excess  air  and  places  an  unnecessary  burden  on  the  tem- 
perature possibilities  of  the  furnace,  and  the  amount  of 
fuel  consumed  to  obtain  a  required  result  increases  in  pro- 
portion to  the  amount  of  excess  air  used.  In  good  practice 
25  tons  of  air  are  used  to  burn  one  ton  of  coal.  In  poorly 
operated  plants,  this  is  sometimes  doubled. 

The  exact  amount  of  heat  wasted  by  allowing  J;he  excess- 
air  evil  can  be  determined  by  the  weight  of  the  products 
of  combustion  per  pound  of  fuel  burned,  and  the  tempera- 
ture at  which  they  leave  the  furnace  or  enter  the  stack. 
To  reduce  chimney  losses  to  a  minimum  we  must  know 
whether  or  not  the  proper  amount  of  air  is  being  supplied, 
whether  the  air  has  been  properly  mixed  with  the  fuel 
before  it  was  ignited  and  whether  too  much  heat  is  left 
in  the  products  of  combustion  as  they  pass  up  the  chimney. 
This  can  be  determined  with  the  assistance  of  fuel  gas 
analyses  and  temperature  measurements. 

Fluid  Heat  Transmission 
Alexander  B.  McKechnie 
Heat  transmission  by  hot  oil  embodies  the  desirable  fea- 
tures and  eliminates  the  objections  of  other  methods  for 
obtaining  h.'g-h  temperatures.  The  quantity  of  heat  deliv- 
ered  is  under  control  at  all  times  and  temperatures  are 
produced  up  to  550  degrees  Fahrenheit  without  difficulty. 
This  system  is  particularly  adaptable  to  vessels  with  cast 
integral  jackets  usually  built  to  withstand  pressures  of  about 
100  pounds.  This  point  is  readily  understood  when  it  is 
considered  that  100  pounds  of  steam  represents  only  338 
deg.  F.  The  temperature  can  be  controlled  within  close 
limits  either  manually  or  by  thermostatic  devices.  The  fire 
hazard  is  entirely  removed  as  there  is  no  flame  in  contact 
with  the  vessels  and  the  absorber  furnace,  the  only  place 
where  the  flame  exists,  is  isolated  from  the  manufacturing 


e(|iiipmenl  and  sometimes  it  \h  even  phiced  in  u  separate 
building.  Kxjjerienee  has  taught  the  superiority  of  the 
closed  system.  By  a  chmed  system  is  meant  one;  in  which 
the  hot  oil  does  not  come  in  contact  with  th<'  atmosphere. 
If  it  were  allowed  to  do  so  it  would  ra|)idly  oxidize  and 
Moon  become  too  viscous  to  flow  freely.  Provision  must  be 
made  for  expansion  of  the  oil  as  the  circulating  oils  gen- 
erally used  have  a  coefficient  of  expansion  of  about  .0004KG, 
which  means  about  a  "J.')  per  cent  volumetric  increase  in 
500  (leg.  K.  rise.  An  expansion  tank  is  placed  at  the  end 
of  a  stagnant  line  at  the  proper  point  in  the  .sy.stem,  which 
Uikes  care  of  this  point  very  satisfactorily. 

Rkiiucing  Conduction  and  Radiation  Heat  Loss 
S.  L.  Hai-ncH 
This  paper  brings  out  the  fact  that  during  the  past  few 
years  the  rajjidly  increasing  prices  and  the  scarcity  of 
fuels  of  all  kinds  have  focussed  the  attention  of  engineers 
upon  the  necessity  for  utilizing  as  much  of  the  heat  gen- 
erate<i  in  high  temperature  etjuipment  as  possible.  As  a 
result  of  investigations  it  has  been  di.scovered  that  it  is 
impossible  to  eliminate  entirely  the  passage  of  heat  through 
walls,  arches,  bottoms,  doors,  etc.  It  has  been  demonstrated 
that  the  reduction  of  heat  radiation  results  in  important 
advantages,  such  as  increasing  the  capacity  of  the  equip- 
ment with  no  increase  in  fuel  consumption;  making  tem- 
peratures more  constant  and  uniform  throughout  the  appa- 
ratus; decreasing  the  time  required  to  bring  equipment  to 
working  temperature;  lengthening  the  life  of  the  refrac- 
tories by  eliminating  the  necessity  for  overheating  in  the 
combustion  zone  and  providing  much  more  comfortable 
working  conditions  for  operating  by  reducing  temperatures 
around  furnaces.  Mr.  Barnes  then  explained  that  the  com- 
pany which  he  represents  has  experimented  with  a  brick 
composed  principally  of  earth  which  is  practically  pure 
silica.  It  is  claimed  that  only  one-tenth  of  the  heat  trans- 
mitted through  a  given  thickness  of  ordinary  brick  would 
pass  through  the  same  thickness  of  this  brick.  Te^cs  to 
determine  the  shrinkage  and  melting  points  made  by  Pro- 
fessor Edward  Orton,  of  the  Ohio  State  University,  and  those 
conducted  by  the  Bureau  of  Standards,  Washington,  show 
that  the  insulating  brick  -will  withstand  temperatures  up 
to  1,650  deg.  F.  This  heat  resistance  is  ample  if  the  bricks 
are  properly  installed  and  protected  tvith  sufficient  refrac- 
tory material. 

Refractory  Cement — Life  Insurance  for  a  Furnace 
F.   W.  Reisman 

This  paper  touched  briefly  the  high  spots  of  the  uses  for 
varied  types  of  metallurgical  and  other  furnaces  where 
plastic  high-temperature  cement  now  replaces  the  use  of 
fireclay.  A  number  of  stereopticon  views  illustrating  the 
lecture  were  shown. 

Reducing  Fuel  Consumption 
Wm.  R.  Van  Norttvick 

Many  plants  are  wasting  money  through  lack  of  atten- 
tion to  the  continually  decreasing  conductivity  of  the  boiler. 
The  ideal  design  of  a  steam  generator  would  be  one  in 
which  the  fire  would  come  in  direct  contact  with  the  water 
with  no  wall  or  metal  between.  The  very  operation  of  the 
boiler  tends  to  transmit  the  heat  units  from  the  fire  to  the 
water  with  a  constant  decrease  in  efficiency  and  increase  in 
fuel  consumption  to  accomplish  a  grven  result.  This  is  due 
to  the  soot  deposited  on  the  tubes  and  the  scale  deposited  in 
the  boiler  from  the  water. 

Materials  which  are  in  suspension  may  often  be  filtered 
out.  Such  material  of  this  character  as  passes  into  the 
boiler  may  to  a  great  extent  be  removed  by  the  surface 
blowoff.  Where  the  principal  scale-forming  material  is 
bicarbonite  of  lime,  magnesium  or  iron,  beneficial  results 
may  be  obtained  by  means  of  the  application  of  heat  to  a 
temperature  of  212  deg.  for  periods  of  sufficient  length 
to  drive  off  the  carbon  dioxide,  leaving  a  mono-carbonate, 
which  is  insoluble  in  water  and  which  is  therefore  precipi- 
tated and  removed  from  the  feed  water.  Most  waters  con- 
tain material  other  than  the  carbonates,  so  that  this  treat- 
ment only  partially  removes  the  trouble,  allowing  the  •''arder 
sulphates  to  be  introduced  into  the  boiler. 
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Oil  Consumption  of  Turbo-Generator  Sets 

The  amount  of  oil  used  by  turbo-generator  sets  varies 
preatly,  according  to  the  size  of  the  unit,  the  attention  given 
it,  whether  there  are  any  leaks  in  the  system,  etc.  The 
accompanying  chart  enables  one  to  find  the  number  of 
barrels  of  oil  used  per  year  on  direct-connected  turbo- 
generator sets.  In  making  this  calculation  108  machines 
were  used.  The  chart  while,  of  course,  representing  an 
iiverage,  gives  an  idea  of  the  estimated  yearly  consump- 
tion of  a  new  machine. 

In  regard  to  using  the  chart,  take,  for  example,  a  4,000- 
kw.  unit  operating  120  hours  per  week.  Following  along 
ihe  horizontal  line  to  the  number  4  and  then  up  to  where 
this  vertical  line  cuts  the  incline  marked  120,  and  follow- 
ing this  intersection  to  the  left,  it  will  be  found  that  such 


0  12  3  4-5 

Thousand   Killowalte 

CHART  FOR   ESTIMATING   .\NNUAL  OIL  CONSUMPTION   OF 
TURBO-GENERATOR  SETS 

P.  machine  should  use  fifteen  barrels  of  oil  a  year.  This 
result  may  be  checked  by  calculating  on  the  assumption 
of  0.3  of  a  gallon  per  ten  thousand  kilowatt-hours.  The 
rated  kilowatt  hours  per  week  are  4,000  X  120  —  480,000. 
The  oil  used  per  week  is,  therefore,  48  X  0.3  =  14.4  gal., 
and  the  oil  used  per  year  is  14.4  x  52  =  748.8  gal.,  or  prac- 
tically 15  barrals  as  given  by  the  chart — The  Atlantic 
Lubricator. 

Rules  and  Suggestions  for  Firemen 
and  Boiler-Room  Helpers* 

For  Firemen 

Upon  coming  on  watch,  immediately  observe  steam  pres- 
sure, water  level  in  boilers  and  general  conditions.  Blow 
down  water  from  water  column  to  be  sure  it  is  working 
properly. 

All  coal  and  ashes  are  to  be  weighed  and  the  time  of 
coal  loadings  to  be  entered  upon  report  sheet,  the  back 
weighing  to  be  made  at  end  of  each  shift  and  the  back 
weight  to  be  charged  to  the  fireman  coming  on  duty. 

After  boilers  have  been  cleaned  and  in  service  four  days, 
they  are  to  be  blown  down  once  each  day  thereafter  at  about 
8  or  9  o'clock  in  the  morning.  The  engineer  on  watch  is  to 
be  called  at  this  time,  and  the  extent  and  method  of  blow- 
ing down  is  subject  to  his  approval. 

Flues  to  be  blown  twice  each  day,  on  the  first  and  second 
shifts,  as  soon  as  convenient  after  coming  on  duty. 


•Abstracted  from  paper  by  Dow  W.  Gwinn,  read  at  39th  Annual 
Convention  of.  New  England  Water  Works  Association. 


Any  defect  in  any  boiler,  steam  pipe,  feed  pump  or  any 
apparatus  in  the  boiler  room  should  be  reported  at  once  to 
the  engineer  on  watch. 

In  the  event  of  heavy  call  for  steam,  such  as  a  large  fire 
and  the  fireman  thinks  he  cannot  hold  steam  with  the  boilers 
in  use,  he  should  report  to  the  engineer  at  once. 

Although  it  is  not  intended  to  lay  down  any  hard  and  fast 
rule  for  firing,  nor  to  discourage  individual  method  if  such 
method  can  be  shown  to  be  better  than  these,  yet  it  is 
thought  that  a  very  good  method  of  procedure  is  as  follows: 

Keep  grates  fairly  clean,  and  preferably  so  by  the  use 
of  shaker  grates  (although  it  is  known  that  with  some  coal 
and  conditions  of  fire  it  may  be  necessary  to  clean  with 
slice  bar  and  hoe).  Fire  at  rather  frequent  intervals,  say 
7  to  10  minutes;  firing  at  long  intervals,  say  12  to  15 
minutes,  is  not  good  practice  and  is  not  approved.  Manage 
damper  and  quantity  fired  so  that  the  fires  will  not  burn 
down  dead  and  leave  air  holes  at  the  time  of  next  firing. 
In  general,  the  least  damper  opening  and  draft  you  can 
use  will  be  found  most  economical.  When  the  draft  is  so 
great  that  fire  burns  down  in  holes,  then  heat  is  lost  simply 
by  heating  the  air  drawn  in  at  such  points  and  does  no 
good  whatever. 

It  is  suggested  that  the  fireman  learn  to  notice  the  draft 
gage,  just  as  he  observes  the  steam  gage.  It  will  indicate 
the  need  of  shaking  grates,  the  presence  of  air  holes  in  fire 
when  they  burn  too  low,  etc. 

It  is  recommended  that  the  firing  be  done  as  rapidly  as 
possibly  consistent  with  the  proper  spreading  of  the  coal, 
so  that  the  doors  will  be  open  as  short  a  time  as  practic- 
able; also  when  about  to  clean  by  the  slice  and  draw  method, 
all  tools  that  are  to  be  used  should  be  right  at  hand  before 
beginning  to  clean,  and  put  away  after  the  cleaning  is 
finished  and  the  door  shut. 

Firemen  will  answer  the  emergency  call  bell  by  report- 
ing at  once  to  the  engineer. 

If  a  fire  alarm  catches  you  with  dirty  fires,  it  is  probably 
best  to  shake  grates  or  clean  at  once  and  to  do  so  as  quickly 
as  possible,  even  if  you  cannot  take  time  to  make  the  clean- 
ing as  complete  as  usual. 

It  is  requested  that  the  firemen,  so  far  as  is  consistent 
T;ith  their  other  duties,  shall  keep  the  fireroom,  coal  shed, 
etc.,  in  a  neat  and  tidy  condition.  This  also  applies  to 
the  toilet  room;  always  leave  it  in  at  least  as  good  condi- 
tion as  you  find  it. 

Fireman  will  sign  his  name  to  the  recording  steam  charts 
on  space  that  he  is  on  duty. 

For  BoiLEm-RooM  Helpers 

Follow  our  usual  practice  as  to  washing  and  cleaning 
boilers.  As  a  general  thing  about  three  weeks  is  a  proper 
length  of  run.  Wash  out  all  scale  and  mud,  then  pick  off 
all  scale  that  can  be  gotten  at,  and  wash  out  again.  In  the 
case  of  the  Stirling,  the  tubes  may  be  turbined  each  cleaning, 
or  the  turbining  may  be  omitted  if  conditions  justify  it. 

Inspect  boiler  carefully  for  defective  tubes,  tubes  needing 
rolling,  bags  in  shell,  or  any  leaks  at  any  point.  Also  note  the 
presence  or  absence  of  oil  or  grease  in  boiler  and  report 
to  chief  engineer.  The  tubes  of  tubular  boilers  should  be 
brushed  with  wire  brush  when  these  boilers  are  cleaned. 

Boiler  setting  should  be  frequently  inspected  by  the  candle 
method  for  air  leaks.  Fill  any  cracks  or  defects  with  a  mix- 
ture of  asbestos  and  fireclay. 

The  condition  of  baffles  should  be  noted  when  Stirling 
boiler  is  cleaned  and  repairs  made  as  needed. 

The  non-return  valves  provide  against  return  of  steam  to 
{1.  boiler  that  is  being  cleaned.  Follow  present  practice  in 
seeing  that  all  valves  on  the  feed  or  blowoff  lines  that  can 
communicate  with  any  supply  of  steam  or  hot  water  are 
closed.  Also,  until  some  other  method  is  provided,  wire  the 
wheels  of  such  valves  so  that  they  cannot  be  opened. 

If  the  cleaning  work  takes  you  into  a  boiler  alone,  you 
should  always  notify  the  engineer  on  watch  or  other  re- 
sponsible party  of  the  fact,  and  of  which  boiler  you  are 
working  in. 

When  a  boiler  is  being  cleaned,  the  fusible  plug  should 
be  inspected  and  cleaned,  both  on  the  outside  and  inside; 
if  it  seems  defective,  it  should  be  replaced  by  a  new  one. 
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Aiiituul  Coiiv(*iition  Sinokr  PrrvciititMi 
Assoriatioii 

On  Tuesday  iiiorninK,  Oct  T).  tlio  Smoko  Prcvc-ntion  Asso- 
ciation will  nssomblp  in  annual  convention  at  the  Hotel 
Sherman,  ChicnKO.  An  excellent  proprann  has  been  ar- 
ranjred.  The  Ino^nin^r  session  will  be  devoted  to  regis- 
tration and  addresses  of  welcome.  On  Tuesday  afternoon 
there  will  be  papers  on  "Smoke  Prevention  in  Stationary 
Plants, "  by  Nathaniel  B.  Wales,  combustion  expert;  "Some 
Essentials  in  Smoke  Prevention,"  by  L.  R.  Pyle,  of  the 
Locomotive  Fire  Hox  Co.;  "Chimneys  and  C/himney  Draft," 
by  Thomas  S.  Clark,  chief  engineer  of  the  Alphons  Custodis 
C'himney  Co.  The  eveninfy  entertainment  will  be  a  theater 
party. 

On  Wednesday  morninpr  there  will  be  papers  on  "A 
Suppested  Solution  of  the  Municipal  Smoke  Problem,"  by 
Dr.  E.  Vernon  Hill,  chief  sanitary  inspector  of  the  City 
of  Chicago;  "Modern  Development  of  Powdered  Coal  Burn- 
ing," by  Henry  Krcisenger,  of  the  Bureau  of  Mines; 
"Powdered  Coal  Practice,"  by  H.  A.  Savage,  of  the  Com- 
bustion Engineering  Corporation.  In  the  afternoon  papers 
on  "Heating  Boilers  and  Furnaces"  and  "Power-Plant  De- 
sign and  Ventilation,"  by  Prof.  A.  C.  Willard  of  the  Uni- 
versity of  Illinois,  and  "Smoke  and  Some  of  Its  Effects  on 
Health,"  by  Dr.  W.  A.  Evans,  will  be  followed  by  an  inspec- 
tion trip  to  the  Municipal  Pier. 

Thursday  will  be  railroad  day;  the  papers  are  as  follows: 
"Value  of  Brick  Arches  in  Smoke  Prevention,"  by  J.  T. 
Anthony  of  the  American  Arch  Co.;  "Homely  Talk  to  Rail- 
road Men  on  Smoke  Prevention,"  by  H.  T.  Bentley  of  the 
Chicago  &  Northwestern  R.R.;  "Organization  and  Team- 
work," by  Harry  Cluer,  superintendent  of  fuel  economy, 
Chicago,  Rock  Island  &  Pacific  R.R.  At  the  afternoon 
session  the  papers  are:  "Smoke  Prevention  With  Loco- 
motive Stokers,"  by  A.  N.  Willsie,  of  the  Locomotive 
Stoker  Co.;  "The  Railroad  Situation,"  by  Samuel  0.  Dunn, 
editor  of  Raihvay  Age;  "Railroad  Smoke  Prevention,"  by 
D.  R.  MacBain,  general  fuel  superintendent  of  the  New 
York  Central  R.R.  An  automobile  trip  through  the  parks 
followed  by  dinner  at  the  Marigold  Gardens  completes  the 
program  for  the  day. 

On  Friday  morning  there  will  be  a  business  meeting  and 
election  of  officers,  followed  by  a  sightseeing  trip  through 
the  Stock  Yards. 

Magnetic  Quiches  on  Synchronous  Motors 
for  Steel-Mill  Drives* 

In  spite  of  the  well-recognized  benefits  to  be  derived  from 
the  use  of  synchronous  motors,  they  have  not  been  widely 
used  in  steel  mills  on  account  of  their  poor  starting  char- 
acteristics under  load  and  the  strong  prejudice  on  the  part 
of  the  operators  against  the  use  of  auxiliary  clutches  to 
allow  the  motor  to  be  started  without  load.  This  prejudice, 
as  directed  against  the  mechanical  clutch,  has  been  justi- 
fied by  many  sad  experiences,  the  reliability  being  low  and 
the  maintenance  high.  Furthermore,  even  were  the  mechan- 
ical clutch  satisfactory  from  an  operating  point  of  view, 
it  is  not  adapted  for  remote  or  automatic  control,  and  there- 
fore would  practically  limit  the  use  of  the  motor  to  continu- 
ous-driving applications. 

The  magnetic  clutch,  purely  by  reason  of  its  name, 
"clutch,"  has  fallen  heir  to  the  ill  repute  of  the  mechanical 
type,  and  for  this  reason  it  has  not  been  widely  accepted 
by  steel  men  as  the  solution  of  the  problem.  It  is  not,  how- 
ever, subject  to  the  maladies  of  the  mechanical  clutch,  nor 
does  it  share  the  latter's  limitations  as  regards  control. 
In  such  cases  as  it  has  ,been  used,  it  has  proved  eminently 
satisfactory  and  has  made  the  use  of  synchronous  motors 
thoroughly  practicable. 

Synchronous  motors  with  magnetic  clutches  have  been 
thoroughly  proved  out  for  several  years  in  units  up  to 
600  hp.  in  the  rubber  industry  for  driving  mixing   rolls 


entirely  eliminates  the  unloading  device,  which  in  the  soun  . 
of  more  or  less  trouble.     For  this  reason  alone  l\\e  clutch 


.itid    in    the  cement    indUBtry   for   driving   tube    millH.     This 
service  is  quite  comparable  to  8teel-mill  Hervlre. 

The  combination  has  also  been  Huccessfully  applied  to 
the  driving  <>f  pumj)ing  machinery  where  the  motor  runs 
continuously  and  the  pump  is  .-lutoniatically  started  and 
stopped  by  means  of  a  switdi  in  the  clutch  circuit  operated 
by  a  float  or  by  the  accumulator  weights,  according  to  the 
nature  of  the  operation.  In  the  case  of  accumulator  «er 
vice   the   added    advantage   of   this   arrangement   is    that    ii 

the  Houn  . 
l\\e  dutcl 

has    freciueiitly    been    used    in    such    service    in    connection 
with   ordinary  squirrel-cage   motors. 

The  magnetic  clutch  has  the  characteristic  that  its  torqui 
builds  up  gradually,  requiring  from  one  to  three  second 
to  attain  its  maximum  value,  according  to  the  size.  Thi- 
insures  an  easy  engagement  without  shock  or  tendency  to 
pull  the  motor  out  of  step.  The  maximum  torque  is  a 
fixed  quantity  which  cannot  be  increased  by  any  adjust- 
ment within  control  of  the  operator,  so  that  the  action 
is  always  the  same  and  the  cheapest  class  of  labor  can 
(>perate  safely. 

The  only  adjustment  is  for  lining  wear,  and  this  cannot 
be  improperly  done.  When  the  lining  is  worn  out,  it  can 
be  replaced  in  fifteen  minutes  without  in  any  way  dismant- 
ling the  clutch  or  shafts,  so  that  delay  to  operation  from 
this  cause  is  not  to  be  feared. 

The  clutch  requires  direct  current  for  its  operation.  This 
can  be  taken  from  the  exciter  of  the  synchronous  motor. 
The  amount  of  current  required  will  not  exceed  750  watts 
for  the  largest  unit  that  would  ever  be  required  by  this 
service. 

In  addition  to  its  primary  purpose  of  loading  the  motor, 
the  clutch  often  serves  as  a  safety  device,  making  it  pos- 
sible to  cut  off  the  motor  and  thus  eliminating  the  high 
inertia  parts  so  that  a  quick  stop  may  be  obtained  in  case 
of  emergency.  This  is  of  particular  value  in  driving  roll 
stands. 

Large  Sum  for  Industrial  Research 

Great  problems  of  industrial  research  are  to  be  worked 
out  at  New  York  University  with  the  co-operation  and 
financial  support  of  leading  American  universities. 

In  the  new  Engineering  School  buildings  of  the  Univer- 
sity, the  erection  of  which  is  made  possible  by  the  $500,000 
donation  of  the  late  Mrs.  Russell  Sage,  the  large  corpo- 
rations of  the  country  are  endowing  research  fellowships. 
The  names  of  many  large  corporations  who,  either  with  cash 
or  its  equivalent  in  equipment,  are  to  take  part  in  this 
latest  application  of  research  to  industry  will  shortly  be 
made  public. 

This  movement  represents  the  alliance  of  industries  in 
related  fields  for  the  purpose  of  carrying  out  research  work 
in  the  technical  laboratories  of  the  University.  Although 
some  of  the  basic  industries  have  their  own  laboratories  for 
research  and  Government  facilities  are  offered  to  others,  it 
has  been  found  that  many  experimental  investigations  can 
be  carried  out  in  the  laboratories  of  such  institutions  as 
New  York  University. 


The  New  School  for  Social  Research,  465  West  Twenty- 
third  St.,  New  York  City,  has  established  a  course  of  study, 
conference  and  research  on  the  Social  Function  of  the  Engi- 
neer, which  will  be  given  during  the  coming  scholastic  year, 
beginning  Oct.  13.  The  course  will  comprise  a  series  of 
Wednesday  evening  lectures  and  conferences  covering  the 
relations  of  the  trained  engineer  to  the  present  social  order. 
Experienced  engineers  in  various  fields  of  endeavor  will  con- 
tribute to  the  lectures  and  conferences.  O.  S.  Beyer,  Jr., 
consulting  engineer,  formerly  of  the  University  of  Illinois 
and  a  graduate  of  Stevens  School  of  Technology,  will  admin- 
ister this  course.  The  tuition  fee  for  the  course  has  been 
fixed  at  twenty  dollars. 


•Electrical-Development  Committee  Report,  presented  at  the 
fourteenth  annual  convention,  Association  of  Iron  and  Steel  Elec- 
trical Engineers.  New  York  City,  Sept.   20-24. 


The  City  Council  of  Wilmingt3n,  Del.,  has  passed  an  ordi- 
nance providing  for  the  examination  and  licensing  of 
stationary  engineers. 
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Society  Affairs 


The  Executive  Committee  of  the  Ameri- 
an  Welding  Socjcty  (Now  York)  has  rec- 
)mmende(l  that  a  Now  York  Section  be 
formed  to  operate  separately  from  the 
arent  organization. 
Tlie  Aiiierionn  Axsooiation  of  Kiigijieers 
lias  0))ened  offices  in  Boston  at  50  Broom- 
field  St.,  Room  0O5.  Fred  C.  Lewis  is  tem- 
lorary  managing  secretary  and  also  re- 
ording  secretary. 

The  California  State  .\»semi>ly  of  A.  A.  E. 
s  assisting  J.  C.  Whitman,  chief  examiner 
f  California  Civil  Service  Commission,  in 
naking  a  preliminary  classification  of  en- 
gineering service  in  that  state.  Members 
if  the  assembly  are  obtaining  comment  on 
iihe  tentative  classification  from  various  cor- 
porations and  individuals  throughout  the 
state. 

Tlie  American  Electric  Railway  Associa- 
tion will  hold  its  thirty-ninth  annual  con- 
vention in  Atlantic  City,  Oct.  ll-l.^i.  Eugene 
Mc.\uliffe,  president  of  the  ITnion  Colliery 
'o..  of  St.  Louis,  and  formerly  manager  of 
the  Fuel  Conservation  Section  of  the  United 
States  Railroad  Administration,  will  si)eak 
on   "Problems  of  Fuel   Supply." 

Baltimore  Cliapter.  A..  A.  E.,  on  Sept. 
17  held  a  mass  meeting  attended  by  350 
leading  Baltimore  engineers.  Mayor  Broen- 
ing.  chief  engineer.  Henry  Perrin.  chair- 
man. .)olm  Greiner  of  the  Port  Development 
Committee,  and  others  told  liow  the  engi- 
neers could  assist  in  inducing  tlie  citizens 
of  Baltimore  to  adopt  a  bond  issue  for  im- 
proving the  harbor  and  other  public  works 
of  Baltimore. 

The  Committee  on  Ethics  and  Compensa- 
tion of  the  San  Francisco  Chapter  of  A.  A. 
E.  recently  adopted  a  resolution  calling  for 
increases  in  Federal  engineering  salaries 
to  the  following:  Jimior  engineer,  mini- 
mum $1,800,  maximum  $2,700  ;  assistant 
■ngineer,  minimum  $2,700.  maximum  $4,000  ; 
senior  assistant  engineer,  minimum  $4,000. 
■naximum  $5,000  ;  engineer,  minimum  $5,000. 
maximum    $7,500. 

Charleston  Chapter,  A.  .\.  E.,  has  pro- 
tested to  the  Secretary  of  the  Navy  regard- 
ing the  recent  salary  awards  which  re- 
sulted in  a  net  decrease  in  salaries  of  some 
if  the  technical  employees  in  the  Navy, 
rhe  communication  requests  a  reconsidera- 
:ion  of  the  case.  The  award  was  a  5  per 
;ent  flat  increase,  but  the  establishment  of 
lalf  holidays  without  pay  except  during  the 
summer  months  resulted  in  a  net  decrease 
in    salary    of    IJ    per   cent. 

The  Waterbury  Section.  A.  S.  M.  E..  will 
liold  the  first  meeting  of  the  season  Satur- 
day. Oct.  2,  at  Stevenson.  Conn.,  where,  at 
:he  invitation  of  Irvin  W.  Day,  vice  presi- 
lent  of  the  Connecticut  Light  and  Power 
^o..  the  members  will  inspect  the  company's 
new  hydro-electric  plant  at  Stevenson  on 
the  Housatonic  River  about  eight  miles 
ibove  Derby.  The  trip  to  Stevenson  will  be 
made  by  automobile,  leaving  the  Waterbury 
Club  at  12:45  p.m.  Members  of  other  engi- 
neering societies  are  cordially  invited  to 
imrticiiiate    in    this   trip. 

The  Empire  State  Gas  anil  Electric  Asso- 
ciation will  hold   its  Sixteenth  Annual  Con- 


vention at  the  Hotel  Utica.  Utica,  N.  Y., 
Oct.  7  and  S  The  following  papers  will 
be  read:  "Selling  in  a  Small  Community," 
H.  K.  Stein,  superintendent.  Genesee  Light 
and  Power  Co.  :  "Importance  of  Meter  Test- 
ing," F.  J.  Murmann.  sui)erintendent  of 
meters.  Westchester  Lighting  Co.  ;  "Service 
Charge  Rate."  A.  Parshall.  consulting  engi- 
neer ;  "Financing  Utility  Propctrties."  R.  M. 
Searle.  president.  Rocliester  Gas  and  Rlec- 
tric  Corp.  ;  "Consumers'  Viewiioint.  G.  I. 
Vincent,  engineer.  Syracuse  Lighting  Co.  ; 
"Coal  Situation."  G.  N.  Snider,  coal  traffic 
manager.  New  York  Central  R.R.  The 
entertainment  committee  has  arranged  a 
dinner,  golf  tournament  and  an  automobile 
trip   to   Trenton   Falls. 

The     Cleveland     District     Section     of     the 

Association  nf  Iron  and  Steel  Electrical 
Engineers'  program  for  1920-21  includes  the 
following:  Meetings  —  Oct.  11;  paper, 
"Trouble  of  the  Electrical  Operating  Man," 
by  A.  W.  Mohrman,  assistant  electrical  su- 
I)erintendent,  Trumbull  Steel  Co..  Warren. 
Ohio.  Nov.  8  ;  paper.  "Slip  Regulators  vs. 
Notchbacks,"  by  Gordon  Gage,  chief  elec- 
trician. American  Rolling  Mill  Co..  Middle- 
town,  Ohio.  Dec.  13  ;  iiaper,  "Continuous 
Rated  or  50-Degree  Rise  Motors,"  by  I...  F. 
Adams,  electrical  engineer,  power  and  min- 
ing department.  General  Electric  Co..  Sche- 
nectady, N.  Y.  Jan.  10,  1921  ;  paper,  "The 
Proper  Selection  of  Carbon  Brushes,"  by  L.  A. 
Heath,  engineer.  Morganite  Brush  Co.,  New 
York,  and  John  S.  Cavitt,  Electrical  Engi- 
neering and  Manufacturing  Co..  Pittsburgh. 
Feb.  14  ;  paper.  "Scientific  Combustion  Con- 
trol for  Boiler  Furnaces."  by  M.  G.  Benja- 
min, Benjamin  Engineering  Co.,  Cleveland. 
March  14  ;  paper.  "Electric  Propulsion 
Ships."  by  W.  E.  Thaw.  Westinghouse  Elec- 
tric and  Manufacturing  Co.,  Pittsburgh, 
Ajiril  11  ;  paper,  "Electrical  Clearing  of 
Gases  as  Applied  to  Blast  Furnaces."  by 
N.  H.  Gellert,  president,  Gellert  Engineering 
Co..  Philadelphia.  May,  insjiection  trip,  to 
l)e  outlined  later.     June,  the  annual  outing. 


Miscellaneous  News 


A  Fifteen-Year  Program,  involving  the 
expenditure  of  $200,000,000  in  the  develop- 
ment of  750.000  horsepower  of  electric  en- 
ergy from  the  water  of  the  Kern  and  San 
Joaquin  Rivers,  Big  Creek  and  Huntington. 
Sjaver  and  Florence  Lakes,  was  announced 
recently  by  the  Southern  California  Edison 
Company. 

The    Southern    California   Edison    Co.    has 

asked  the  Railroad  Commission  for  author- 
ity to  sell  its  electrical  distribution  line 
on  the  Base  Line  Road.  San  Bernardino 
County  to  the  Ontario  Power  Co.  The 
price  is  given  as  $12,500.  The  Ontario 
company  serves  the  cities  of  Ontario  and 
Uplands  and  contiguous  territory.  It  is 
said  transfer  of  the  distribution  line  will 
render  unnecessary  the  building  of  another 
line  by  the  Ontario  company  and  that  the 
transfer  of  ownership  can  be  accomplished 
without  injury  to  the  public. 

Capitalists  of  San  Antonio.  Tex.,  inter- 
ested in  the  Syndicate  Power  Co..  organized 
heretofore  with  a  capitalization  of  $20,000,- 
000,   are  endeavoring  to  complete   arrange- 


ments to  finance  their  enterprise  this  year 
and  begin  actual  construction  during  the 
winter  on  hydro-electric  iilants  that  will 
generate  a  total  of  18.000  kw.  On<>  dam  is 
l)artially  under  construction,  and  there  are 
four  other  dam  sites  available  on  the  (Colo- 
rado River  at  and  near  Marble  Falls.  Tex.. 
where  the  first  hydro-electric  installation 
will  he  placed.  Engineers  have  estimated 
the  cost  of  the  plants  now  in  view  at  $12,- 
000.000. 


Business  Items 


The  American  Steam  Conveyor  Corpora- 
tion announces  the  change  in  its  cori)orate 
name  to  the  "Conveyors  Corporal  io:i  of 
America."  There  is  no  change  either  in 
the   personnel   or   policy   of   the   company. 

The  R.  H.  Iteaumont  Co.,  319  Arch  St., 
Philadelphia,  contractor  for  conveying  and 
hoisting  systems  and  complete  power  plants, 
has  op<^ned  an  office  at  230  Fif  h  Ave., 
Pittsburgh,  Pa.  Thomas  Widdop  is  in 
charge. 


Trade  Catalogs 


"B-G  Standardized  Material  Handling: 
Machines"  is  the  title  of  a  new  32-page 
cata'-g  now  ready  for  distribution  by  the 
Barber  Greene  Co.,  Aurora,  111.  Self-feeding 
bucket  loaders,  portable  belt  conveyors  and 
nen.ianent  belt  conveyors  handleil  by  this 
cc-.ipany  are  described  and  illustrated  by 
photographs  in  the  catalog,  a  copy  of  which 
will  be  sent  to  anyone  interested  on  request. 

'-he  Reading  Iron  Co.,  of  Reading,  Pa., 
has  ready  for  distribution  a  new  31 -page 
catalog  entitled  "Reading  Wrought  Iron 
Pipes."  A  brief  history  of  the  iron  industry 
since  the  time  the  metal  was  first  discov- 
ered 1  ntil  the  present  time  is  contained  in 
the  iiooklet.  This  is  followed  by  a  descrip- 
tion, accompanied  by  illustrations,  of  the 
modem  processes  as  carried  out  by  the 
Rea'iing  Iron  Co.  A  copy  will  be  sent  on 
request. 

'-he  Story  of  Gasoline  is  the  title  of  a  new 
38-page  booklet  now  ready  for  distribution 
by  the  Atlantic  Refining  Co.  The  book  con- 
tains an  account  of  various  stages  neces- 
sary for  refining  gasoline.  Illustr:itions  are 
given  of  the  equipment  used  by  the  com- 
pany for  refining  this  product.  A  descrip- 
tion of  the  proper  method  of  using  gasoline 
in  an  automobile  engine,  adjustment  of 
carburetor,  etc.,  is  given.  The  booklet 
closes  with  a  diagnosis  of  various  sorts  of 
engine   trouble   and   remedies. 

The  Engineer  Co.,  17  Battery  Place.  New 
York  City,  has  just  received  from  the 
printer  a  new  30-page  catalog  entitled 
"Modern  Practice  in  Combustion  Control," 
which  should  prove  of  interest  to  engineers, 
particularly  those  interested  in  tlie  subject 
of  combustion.  A  brief  history  of  the 
science  of  combustion  is  given  and  also  a 
description  of  the  principles,  apparatus  and 
operation  of  balanced  draft.  Photographs 
and  line  drawings  illustrate  the  text. 


New  Construction 


I'ROl'OSEU     WORK 

JIass..  Boston — The  Lighthouse  Supt.  will 
receive  bids  until  Octolier  15  for  instnlling 
new  boiler  on  Light  Ve.ssel  No.   47. 

Mass..  New  Bedford — -The  F.d.  Edue.  will 
receive  bids  until  October  13  for  a  2  story, 
170  x  250  ft.  school  on  Rochambeau  St.  and 
a  2  story,  153  x  270  ft.  school  on  Mt.  Pleas- 
ant St.  Steam  heating  systems  will  be  in- 
stalled in  same.  I^aBrode  &  BuUard,  255 
Union    St..   Archts. 

JIass.,  Wakefield — Lee  &  Hewitt,  Archts., 
1123  B'way,  New  York  City,  will  soon 
award  the  contract  for  a  1  story,  40  x  50 
ft.  boiler  house  here  for  the  Heywood  Bros, 
and    Wakefild   Co.,   Gardner. 

Conn.,  Glenville — Tlie  United  States  Fin- 
ishing Co..  Greenville,  will  soon  award  the 
contract  for  a  1  story.  40  x  110  ft.  boiler 
plant.  Day  &  Zimmerman.  611  Chestnut 
St.,    Philadeli)hia.    Pa..    Archts. 

N.  Y..  Brooklyn — The  Bureau  of  Yards  & 
Docks,  Navy  Dept.,  Washington.  D.  C.  will 
receive  bids  until  October  6  for  an  under- 
ground electric  light  and  power  distrbiuting 
system. 


N.  Y..  Murc.v — The  State  Hospital  Com- 
mission. Capitol.  Albany,  will  soon  award 
the  contr.not  for  the  installation  of  a  heat- 
ing system  and  generator  set  in  tlie  Utica 
State"  Hospital"  here.      Noted   Sept.    28. 

N.  Y..  Rome— The  Rome  Wire  Co.  is  hav- 
ing plans  prepared  for  a  560  hp.  heating 
lilant  including  2  Heine  horizontal  water 
tube  boilers  with  Wetzel  mechanical  stok- 
ers. American  Steam  Corp.'s  ash  conveyor. 
Link  Belt  Co.  coal  handling  equipment, 
pumps,  and  feed  water  heaters,  etc.  R.  M. 
Eraser,  Asst.  Mgr. 

X.  J.,  .Asbury  Park — Lester  R.  Weller  & 
Son.,  21  Corlies  Ave.,  received  bid  for  a  1 
story  ice  plant,  garage  and  office  from  the 
American   Federal   Masonry   Co.   at   $20,000. 

X.  J..  Glassboro — The  State,  Trenton,  re- 
ceived bids  for  a  41  X  4  9  ft.  power  plant 
including  4  boilers  from  the  Standard 
Constr.  Co..  1713  Sansome  St.,  Philadelpliia. 
$20,000  :  G.  Dose.  43  West  27th  St.,  New 
York   City,    $28,000. 

Pa.,  Harrisburg  —  The  City,  Common- 
wealth BIdg.,  has  retained  James  H.  Fuer- 
tes.  Consult.  Engr..  140  Nassau  St..  New 
York  City,  to  prepare  plans  for  p  pump 
station  including  engines,  etc.  About  $273,- 
000. 

Md..  Annapolis — The  Bureau  of  Yards  & 
Docks,  .Maw  Dept..  Wa.sh.,  I).  C,  plans  to 
install    boiler    plant    equipment    and    piping. 


Md.,  Baltimore — The  Bd.  of  .Awards  re- 
ceived bids  for  furnishing  and  installing 
feed  pumps,  renewing  tubes  in  boilers  and 
installing  additional  tubes  in  the  power 
house  at  the  Bayview  Hospital,  from  H.  A. 
Kries  &   Sons  Co,    6   Lombard   St.,   $15,279. 

I).  C,  Washington — The  Sacred  Heart 
Church,  c/o  F.  V.  Murphy.  .'Vrcht.,  1413  H 
St..  will  soon  award  the  contract  for  a  1 
story  church  including  a  steam  heating 
svstem  on  15tU  St.  and  Park  Place.  About 
$1,000,000. 

N.  C.  Ashville — -The  J.  G.  Stikeleather 
Syndicate,  c/o  Herts  &  Robertson,  Archts., 
331  Madison  Ave.,  New  York  City,  plans  to 
build  a  hotel  including  a  steam  heating 
system,      .\bout   $1,500,000. 

.•\la.,  Birmingham — The  Corona  Coal  Co. 
plans  to  install  a  200  kva.  rotary  converter 
and  a  loo  hp.  hoist.  L.  M.  Adler.  Gent 
Mgr. 

Tcnn.,  .Memphis — The  Memphis  Hotel  Co. 
plans  to  construct  a  hotel  including  a  steam 
heating  system.  About  $2,500,000.  G.  S. 
Parker.  Mgr.  W.  L.  Stoddart,  9  Ea.st  40th 
St.,  Now  York  City,   .'Vrcht.   and  E}ngr. 

O.,  Cleveland — The  Central  Y.  M.  C.  A.. 
c/o  C.  V.  Thomas.  Secy.,  East  22d  St.  and 
Prosifect  Ave.,  jilans  to  build  an  8  story 
Y.  M.  C.  .\.  addition  including  a  steam  heat- 
ing system.  Al)out  $1,000,000.  Hubbell  & 
Bones,   4500   Euclid   Ave..   Archts. 
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O..  Mr\f-lMi<)l — Tlu«  riiy.  i-  o  M,  II  l.onK, 
Arclit  .  t'lty  Hull.  Ih  In  Uw  ini«rU<-l  for  oiu* 
rin-|i|i  tniilKr  iinti  Mt-vcn  niolorx  iif  i  Id  8 
lip.   I'urli. 

O.,  ripvrlnnii — Tlu<  CroWfll  &  l.lltir  Co.. 
19M  Knm  r>7th  St..  plnnx  to  build  a  10 
(tlory,  IfiK  X  170  ft.  t'oiiiini-rclal  and  olllri- 
biilldlnK  InoliidltiR  ii  Htfitm  lifiiiInK  HyHtpm. 
on  KiiHt  13th  St.  niul  Clu'iittT  Ave.  About 
»i.2r.(i.ooo. 

O..  Clrvrlunil  -S  CurM.s.  IL'fil  Kiliit  99th 
St.,  plniiH  to  build  II  I  Htor.v  thfiitrc  Includ- 
InK  i>  .Mifiini  hratliiK  syslfni  on  KuolUI  .\vr 
.•UBl    of   79111   St        About    $:;.%0.00ii. 

O..  IMnclHMd — St.  Hyacinth's  I'hurch.  c/o 
Uov.  Ilotlnur.  Kast  fil.Ht  St  and  Krnncis 
Avp.,  Is  havint;  plan."  prepared  for  a  1 
storv.  <0  X  811  ft.  bolli-r  housr.  One  2n0-hp. 
bolliT  will  be  Installed  In  same.  .Xbnul 
J25.oon  W  C.  Janseii.  Electric  Uldg.. 
Aroht. 

O..  rirvrlund — Rd.  Educ.  c/o  I..  W 
Jones.  Pres .  OhaKrin  Falls,  plans  to  build 
a  2  storv  school  including  a  steam  heatinK 
system  in  Orange  Townshii).  About  $300,000. 

<>..   Kuvrnna — The  Warren   Hotel  Co..  e/o 

F.  K.  Koblnson.  537  Guardian  ISldR..  Cleve- 
land, plans  to  build  an  8  story.  75  x  100 
ft.  hotel  here.  Including  a  steam  heating 
svstem.  About  $400,000.  Moulthrop  & 
Nichols,  5716  Euclid  Ave..  Cleveland 
Archts. 

III.,  rhirairo  —  Philii)sborns.  511  South 
Paulina  St..  is  having  plans  prepared  for 
a  7  story.  126  x  170  ft.  addition  to  mail 
order  house  including  a  steam  heating  sys- 
tem on  Harrison  and  Paulina  Sts.  .Miout 
$1,300,000.  A.  S.  Alschuler.  28  East  .lack- 
son  St..   Archt. 

III..  ClitcaKo — The  Republic  Life  Insur- 
ance Co..  108  South  La  Salle  St..  is  having 
plans  prepared  for  a  fi  story.  75  x  1"0  ft. 
office  building  including  a  steam  heating 
svstem  on  Washington  and  Sheldon  Sts. 
About    $250,000. 

Wis..  Rneine — The  Bd.  Educ.  is  having 
plans  preiiared  for  a  3  story  addition  to 
the  Washington  School  including  an  inter- 
mediate high  school  and  a  power  house. 
About  $340,000.  K.  B.  Funston  Co.,  Robin- 
son   Hlock.    .Archt. 

Iowa,  Clinton — The  Clinton  Gas  &  Elec- 
tric Co.  plans  to  install  .additional  tur- 
bines    to    dev>Iop     3.500     kw.     iK>wer. 

Minn..    Slinneupolis — The    Bd.     Educ.    c/o 

G.  F.  Womratli.  Supt..  City  Hall,  received 
bids  for  installing  a  steam  heating  and 
ventilating  system  in  the  Clinton  School 
addition,  from  Bjorkman  Bros..  712  South 
10th  St.,  $41,399;  Conner  Bros.  Hea'ing 
and  Plumbing  Co..  711  6th  Ave..  North. 
$42,819:  Western  Heating  Co..  13  East 
36th  St..   $43,148. 

Minn..  St.  Paul — The  city  received  bids 
for  1  vertical  triplex  motor  driven  pump 
of  350  gal.  capacity  per  minute  against  a 
total  150  ft.  head,  single  acting,  belt  for 
150  lbs.  iiressure.  from  the  Power  Equip- 
ment Co.  212  North  3d  Ave..  Minn.aiiolis. 
$2,910  (with  extras.  $3,078)  :  Robinson. 
Cary  &  Sands  Co..  4th  and  Waconta  Sts.. 
$3,510  :  Northwestern  Electric  Equipment 
Co..    176  East  6th  St..  $3,574. 


K»n..  riirllN  .1  I':  KiNHel.  City  ('Ik.. 
liliiiiN  to  <'\peiid  lllii.iioo  for  WiiierworkH 
lMi|iri>veini'iitH  hichiilliiK  a  .'i-hp  ■■Icctrlc 
motor,    direct    coiiiieclltiK    unit,    etc 

N.  I).,  .Mllrhrll— The  city  plitHH  to  liiHtull 
II  steam  heating  MyMtem  In  the  prupo.><«d  1 
Htory,  1X2  \  300  ft.  corn  pnliice  uudltorlum 
on   North   Main   St.  and   8tli   Ave. 

N.  »..  .Kiir-To— The  IClks'  Lodite.  No.  280. 
I)lanH  to  build  a  clubhouMe  Including  a 
steam    heating   system.      About    $25"  ""O 

Tr\..  Siin  Anvrlo — The  San  Angelo  Water, 
Light  and  Power  Co.  (ilaMH  to  Install  addi- 
tional  e(pilpmi'iit   In    Its   plant    heri'. 

OUlu,,  Kiild  The  Enifl  Masonl.-  Temide 
Association,  2ii21  North  Main  St..  will  re- 
ceive bids  until  November  15  for  a  4  story. 
100  X  150  ft.  temple.  Contracts  for  the 
installation  of  heating  and  plumbing  sys- 
tems in  same  wi.i  be-  sublet.  About  $325,- 
000.      R.    W.    Sha*.    Bech    Bldg,.    .\rcht. 

Oklu.,  Knfaiiiii — The  Pioneer  Electric  & 
Power  Cr).  is  in  the  market  for  second-hand 
■  •(luipment  for  the  manufacture  of  ice  in- 
cluding  ammoniii   tanks,   piping,    hoists,   etc. 

Oko.,  Oklahoma  t'lty — The  Okahonia  T<t- 
minal  Elevator  Co.  plans  to  build  a  62  x 
150  ft.  elevator  building.  Electric  power 
will  be  installed  In  same.  About  $600,000. 
P.   L.  .lackson.  Secy. 

Col^  Denver — The  School  Bd.  received 
bids  for  the  installation  of  a  heating  sys- 
ti'm  in  the  proi)osed  2  story.  158  x  34<i  ft. 
Morey  .Junior  High  School  on  14th  Ave. 
and  Emerson  St..  from  McCartv-Johnson 
Heating  Co..  $89,031  ;  and  in  the  proposed 
2  story.  125  x  350  ft.  Junior  high  school 
on  South  Washington  and  South  Pearl  Sts.. 
from  Johnson  Davis  Plumbing  and  Heating 
Co..    $90,000.      Noted    August    10. 

I'tih.  Provo — The  Goshen  Bay  Irrigation 
Co.  plans  to  install  electrically  operated 
pumping  plants  ancL  drainage  systems  in 
connection  with  the  proposed  irrigation  and 
drainage   project. 

Wash.,  Cedar  Falls — The  Citv  Council  of 
Seattle  plans  to  build  a  1  story.  44  x  64 
ft.  power  house  here  to  include  the  in- 
stallation of  generating  unit  and  transform- 
ers. About  $1,000,000.  Daniel  Huntington. 
Archt.      Noted   June   1. 

X.  B..  Grand  Falls — The  New  Brunswick 
Electric  Power  Commission  plans  to  build 
a  power  plant  here  in  addition  to  the  power 
developments  at  Shogomoc  and  Musquash. 
C.   O.    Foss.    St.   John.    Chief   Engr. 

Ont..  Windsor — The  School  Bd.  plans  to 
build  a  2  story.  180  x  200  ft.  school  includ- 
ing a  steam  heating  and  ventilating  system 
About    $400,000.      Mayor    Winter.   Chn. 

CONTRACTS    AWARDED 

N.  Y..  New  York — The  Clinton  Hall  As- 
sociation. 1375  Astor  PI.,  has  awarded  the 
contract  for  altering  a  7  story  store,  library 
and  office  building  including  a  steam  heat- 
ing system  to  Ht-geman  Harris.  185  Madi- 
son   Ave.,    at    $265,000. 

Pa..  Nanty  GIo — The  Lincoln  Coal  Co. 
lias  awarded  the  contract  for  furnishing 
300  hp.  electric  current  to  the  Pennsylvania 
Central    Light    &    Power    Co..     Altoona 


I'u  .  rhlliulrliililii  The  ('iir\er  I'llr  '. 
.1231  r'ninkfonl  Ave,  Iuim  aw.iided  tlw  .  i. 
iriict  for  a  I  Miory.  2"  x  4M  fl  power  h  i  • 
on  Tiicoiiv  and  lliiehlUH  StH  to  W.  Mti  '  I  .V 
HopH   Co,    null    iind    Arch    SIh 

l*n.,  fblliidrlphla— The  Cramii  Shipbulld. 
Ing  Co,  Itii-hmoiiil  and  NorrlH  UtH.,  hna 
awarded  the  coiitra<-t  for  a  2  story,  flo  x 
120  ft,  powir  liouH  addition  to  Fred  A. 
Havens.  84  5  North   19th  Ht. 

Alu..  lilrmlnKliuni  Loew's  EnlerprlseH, 
1492  ISway..  New  York  City,  will  build  a 
tbeatir  here.  Including  a  steain  beating 
wysleni.  About  $«iiO.0oo  Work  will  be 
done  by  d;iy   labor. 

O..  Cleveliiml  -  The  ('level.ind  Ry.  Co.. 
I.rf'ad(4r-N'eWH  Bldg..  has  awarded  the  con- 
tract for  a  1  story.  46  x  72  ft.  electric  sub- 
statlon  at  East  I52d  St.  and  St.  Clair  Ave. 
to  W.  I.  ThomiiHon  &  Son  Co..  5103  Euclid 
Ave       About    $100,000.      Noted    April    20. 

O..  Clr\rlund- — The  Jacob  Lamb  Baking 
Co..  4919  Lorain  Ave.,  has  awarded  the 
contract  for  a  I  story.  30  x  50  ft.  boili-r 
room,  to  the  Lehdor  (Jonstr.  Co.,  Engineers' 
Bldg..    at    $25,000.      Noted    September    21. 

C.  Grafton — The  City  h-as  awarded  the 
contract  for  a  pumping  station  to  Dobson- 
Malni-s  Co..  Pittsburgh.  Pa.,  and  for  two 
(l(  ep  well  pumps  to  the  Cleveland  Pump  & 
.Supply  Co..  Guardian  Bldg.,  Cleveland. 
Noted    Feb.     16. 

C.  Linden  (Columbus  P.  O.) — The  Bd. 
Educ.  Tower  and  High  Sta..  has  awarded 
the  contract  for  the  installation  of  heat- 
ing, plumbing  and  ventilation  systems,  etc.. 
in  the  proposed  school  here  to  S.  A.  Eff- 
wein   &   Co.,   West    Broad    St..   at    $45,552. 

O.,  Springflrld — The  Bd.  Educ.  has  award- 
ed the  contract  for  a  2  story.  110  x  128  ft. 
school  including  a  steam  heating  system  on 
Maiden  Lane  to  I'aul  R.  Yeazel.  2233  Co- 
lumbus   Ave.,    at    $241,745. 

Wis.,  Florence  —  The  city  has  awarded 
the  contract  for  furnishing  3  centrifugal 
motor  driven  jiumps.  from  100  to  500  gal. 
per  minute  capacity.  2  operating  panels 
equipped  with  automatic  controllers,  meter 
and  oil  switches.  1  electric  siren  and  1 
small  air  compressor,  to  the  Allis-Chalmers 
Mfg.  Co..  West  Allis  St..  at  $4,810.  Noted 
July    27. 

Minn..  Pipestone — The  City  has  awarded 
the  contract  for  a  1  story  pumping  station 
to   Hunt  &  Sons,   at  $13,718.      Noted  July  7. 

S.  D.,  Sioux  Falls^ — The  Diocesan  College 
has  awarded  the  contract  for  the  construc- 
tion of  a  2  story.  40  x  60  ft.  service  build- 
ing and  a  60  x  60  ft.  (underground)  heat- 
ing and  power  plant  to  Carson  &  Smith- 
key.  Sioux  Falls,  and  for  furnishing  re- 
frigeration and  power  equipment  to  the  L. 
E.  Pollard  Co..  423  South  5th  St..  Minne- 
apolis.  Minn.     Noted   March  9. 

Mo..  St.  Louis — The  Gerst  Bros.  Meat  Co.. 
3823  Lucky  Ave.,  has  awarded  the  contract 
for  a  1  story,  35  x  50  ft.  engine  room  at 
3811-15  Lucky  Ave.  to  Gillespie  &  Dalv. 
International   Life   Bldg..    at    $12,000. 

Tex..  Austin — The  State  Bd.  of  Control 
has  awarded  the  contract  for  installing  a 
heating  plant  in  the  proposed  hospital  on 
West  6th  St  .  to  John  L.  Martin.  408  Con- 
gress   .Ave.,    at    $46,490. 

Ore..  Portland — The  Eastern  &  Western 
Lumber  Co..  foot  of  21st  St.,  North,  will 
build  a  power  plant.  About  $25,000.  Work 
will   be   done   by  day   labor. 
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Electrical  prices  on  following  page  are  prices  to  the  power  plant  by  Jobbers  in  the  larger  buying  centers  east  of  the 
Mississippi.     Elsewhere  the  prices  will  be  modified  by   increased    freight    charges    and    by    local    conditions. 


POWER-PLANT  SUPPLIES 


OnderH-ritera'  2i-ua . 
Common,  2i-iD 


|-in.  per  ft 
First  grade 


20% 


Air 
First  Grade        Second  Grade 

JO  50  $0  40 

Steam — Discounts  from  List 


50-Ft.  Lengths 
85c   per  ft. 
30% 

Third  Grade 
$0  30 


Second  erade . 


30% 


Third  grade.    .    45" 


RUBBER    BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  beltinc: 

Competition 50%  Best  grade  20% 

Standard  30-10% 

LEATHER    BELTING — Present  discounts  from  list  in  fair  quantities  (}  doz. 
roUs) : 


Light  Grade 
30% 


Medium    Grade 

25% 


Heavy  Grade 
20% 


!For  cut.  best  grade,  25%.  2nd  grade,  30%, 
For  laces  in  sides,  best,  79c  per  sq.  ft.;  2nd.  75c. 
Semi-tanned;  cut.  20%;  sides,  83c  per  sq.  ft. 


PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam $1.00 


Asbestos  for  high-pressure  steam  _ 

Duck  and  rubber  for  piston  packing 

Flai.  regular 

Flax,  waterproofed    

Compressed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion 

Rubber  sheet,  duck  insertion 

Rubber  sheet,  cloth  insertion    .      ._ 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valv 

stuffing  boxes  

Asbestos  wick,  J-  and  l-lb.  balls  


I  70 
I  00 
I  20 
1  70 
90 
1  50 
.50 
.70 
.50 
.30 

I  30 
.85 


PIPE    AND    BOILER    COVERING — Below  are  part  of  standard  lists,  with 


discounts. 

PIPE  COVERING 

Standard  List 
Pipe  Sije  Per  Lin. Ft 
l-in.  $0  27 
2-in.  36 
6-in  80 
4-in.  60 
3-in.  45 
8-in.  I  10 
10-in.  1.30 
85  %  magnesia  high  pressure 


For  low-pressure  heating  and  return  lines 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

i-in.  $0  27 

1  -in.  .30 
U-in.  .45 

2  -in.  .  60 
2Hn.  .75 

3  -in.  .  90 
35-in.                                     1.05 

,  .     List  -f  5% 
4-ply      ...  50%  off 

3-plv              ...  52'"   off 

2-plv       . . . 54%  off 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents  per    pound 
for  barrel  lots: 

Cin-                                          St.  Bir- 

cinnati  Chicago  Louis  mingham       Denver 

Cup 85  6  6                 8@   9  Sh  I3{ 

Fiber  or  sponge 8 J  8  6  1 2®  1 5  8|  20 

Transmission 10  8.1  I2@15  8|  20 

Axle 4.8  6®  65  5}  7i 

Gear        6J  6.1                   8(S-9  5J  8| 

Car  journal I2(gal.)  4  7  23@25  85  85 


COTTON    WASTE — The   following   prices   are   in  cents   per   pound 

. New  York  

Cirn-nt            One  Ve:>r  Aso  Cleveland 

White I5.00(al7  00              15  00  16  00 

Colored  mixed              9  00(5  14.00     9   00  to  1 2  00  12  00 


Chicago 
II    00  to  14  00 
9   50  to  12  00 


WIPING  CLOTHS- 

-Jobbers'  price  per  1000  is  as  follows: 

I3ix  I3i 

13}  ;<  205 

$55  00 

$65   00 

Chicago             

41    00 

43   50 

LINSEED  OIL — These  prices  arc  per  gallon: 
. New  York 

Current 


Raw  in  barrels  (5bbl.  lots) 
5-gal.  cans 


$1.25 
1.40 


One 

Year  Ago 

$2.25 

2.40 


Chicago — 

Current  One 

Yenr  Ago 
SI. 22  S2   37 

1.47  2.57 


WHITE   AND  RED  LEAD — na,se  price  per  pound: 
^— -Red- 


I  Year  Ago 


White 

Current  I 


Drv 

lOO-lb.  keg IS  50 

15-  and  50-lb.  kegs   .  .    15  75 

l2Hb   keg 16  00 

l-lb.  cans      18   50 

$lh.  cans.  20  50 

$00  lb.  lots  less  10%  discount; 


In  Oil 
17  00 
17  25 
17  50 
20  00 
22  00 


Drv 
13  00 
13  25 
13  50 

15  00 

16  00 


In  Oil 
14  50 

14  75 

15  00 

16  50 

17  50 


2000  lb.  lots  less   10-25%. 


Dry 

and 

In  Oil 

15  50 

15  75 

16  00 

15  00 

16  00 


Dry 
and 
In  Oil 
13  00 
13  25 
13  50 

15  00 

16  00 


RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York       Cleveland        Chicago 

Steel  A  and  smaller List  net  40%  30% 

Tinned  List  net  40%  30% 

Boiler  rivets,  J.  J.  I  in.  diameter  by  2  in.  to  Sin.  sell  as  follows  per  1 00  lb  : 
.\ew  V.irk  $6  00         Chicago   $5.62         Pittsburgh »4  50 

Structual  rivets,    same   sizes; 
New  York $7.10          Chicago $5.72  Pittsburgh $4  60 


REFRACTORIES— Prices  in  carlots: 

Bauxite  brick.  56%  alumina,  fob    Pittsburgh  per  1000 

Chrome  brick,  eastern  Shipping  points net  ton 

Chrome  cement,  40(n  45''f  CrjOj  .  .  net  ton 

Chrome  cement.  40(<i  45'";  CrjOj.  in  sacks net  ton 

Clay  brick,  1st  quality,  fire  clay,  9-in.  shapes,  Penn- 
sylvania. Ohio  and  Kentucky per  1000 

Clay  brick.  2d   quality,  fire  clay,  9-in.  shapes  Penn- 
sylvania. Ohio  and  Kentucky per  1000 

Magnesite  brick:    9-in.  straight net  ton 

Magnesite  brick:    9-in.  arches,  wedges  and  keys  net  ton 

Magnesite  brick:    Soaps  and  splits net  ton 

Silica  brick:    Chicago  district per  1000 

Silica  brick:    Birmingham.  Ala      per  1000 

Silica  brick:    Mt.  Union.  Pa  .  per  1000 


$160 
IOO(a.$IIO 
5i(fl>      60 
60fd      65 

55^J      60 

45@-      50 

no 

12! 

134 
65@  70 
S6@  61 
55@      60 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


. New 

Current 


Best  grade. . . 
Commercial.. 


90   00 
50   00 


York 

One 
Year  Ago 

90   00 

50  50 


. Cleveland ■ 

Current  One 

Year  Ago 
57  00  79.00 

21.00  17.50 


-Chicago 

Current  One 

Year    .\go 
60  00  60  00 

15.00  13  00 


.SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ago 

New  York     .        $20  00  25  50-30  00 

Cleveland                                                                                    20  00  20  00 

Chicago                      21   00  16  50 

Tn  coils  an  advani-i-  of  50c.  usually  is  charged 

Domestic  iron  (Swedish  analysis)  is  selling'at  1 2c.  per  lb. 

SHEETS — Quotations  are  in  cents  per  pound  in  various  cities  from  warehoues 
also  the  base  quotations  from  mill: 

Large  San         . — New    Y'ork — 

Mill  Lots           St.  Fran-  One 

Blue  Annealed         Pittsburgh  Louis  Chicago  cisco        Current     Y'r.  .\go 

No    10                         $3  55(S  $7  50  $7  09     $7  02  $8  65  $7  23(S  $8  00  $4  57 

No    1 2                            3  60(S    7  55        7  09       7   07  8  70     7    28'"     8  05     4  62 

No    14                             3  65(3    7  60       7   09        7    12  8  75     7  33'«    8.10     4  67 

No^  16                          3  75@    7  70       7  09       7    17  8  85     7  43;«    8  20     4  77 

*Nos*'^1 8  and  20. .    .  4   I5(«  8  30  8   10  7  80  10  60  8  41("  9  80  5  30 

*Nos' 22and  24...  4  20(5  8  35  8    10  7  85  10  65  8  46('i  9  85  5  35 

*No    26  4  25(5  8  40  8    10  7  90  10  70  8  511"  9  90  5  40 

*No.' 28^  4  35(5  8  50  8   10  8  00  10  80  8  6I("  10  00  5  50 

^     avamze                 4  70(a)   8  50       9  60       8  50  8  9I(«II50  6.20 

No    12                           4  800    8  60       9  60       8  60  11.35     901(all    50  6  25 

No'   14                            4  80(8    8  60       9  60       8  60  1135     9  0I(nll60  6  30 

\os    I8and20            5    \0<a    8  90       9  60       8  90  1 1    65     9  26'"  1 1    90  6  60 

Xos:22and24:            5  25(5    9  05        9  60       9  05  1'    80     9  41'"  1 2  05  6  75 

*N„    26                          5  40(5    9  20       9  60       9  20  11959   56("  1 2   20  6  90 

tNo:  28                          5  70(5    9  50       9  60       9  50  12  25     9  86Cn12  50  7  20 
*For  painted  corrugated  sheets  add  30c.  per  1000  lb.  for  5  to  28  gage:  25c.  for 

1 9  to  24  gages;  for  galvanized  corrugated  sheets  add  I  5c..  all  gages 

WROUGHT  PIPE — The  following  discounts  are  to  jobbers  for  carload  lots  on 

the  Pittsburgh  b.asing  card:  

BUTT  WELD 

Steel  Iron 

Inches                         Black              Galv.                 Inches  Black                Galv. 

'  to  3'^                     45  to  57!        41!  to  44            i  15jto255     -fUtbll 

•  ^     ' •                                     5  195  to  295      1}   to    111 

J  to  15 245  to  345     8     to   185 

LAP  WELD 

2           47  to  505  345  to  38     2 205  to  285   65  to  145 

2Sto'6.V.'.:::   5010535  37ito41     2ito6..  .  22Jto305   95  to  175 

710  12       47  to  505  335  to  37     7  to  12.  195  to  275   65  to  145 
13  and  14.  .  .    375  to  41 

15  35  to  38! 

BUTT    WELD.    E.XTRA    STRONG,    PLAIN    ENDS 

»  ,0  15                   52    to  55!      395  to  43           J  to  15    •  245  to  345       95  to  195 

2  to  3 53    to  565      405  to  44 

LAP  WELD,  EXTRA  STRONG,  PLAIN  ENDS 

2                               45  to  48!     335  to  37           2 215  to  295       85  to  165 

25  to  4                      48  to  515      36!  to  40            25  to  4  235  to  315      ','!,*<'  '?i 

A  to  I                    47  to  50!      35!  to  39            45  to  5  22\  to  305       ""Mol? 

7  to  8                        43  to  465      29S  to  33            7  to  8  14!  to  225        IJ  to  10 

9  to  12                    38  to  415     245  to  28           9  to  12.  9}  to  175       55  to-f  25 
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31,  4  mid  4|  III 


SUuulanl    Cuuuucrrial    HoamlcM  —  Cold    Orawn   or   Bot  Rulk'd 

Per  Net  Toll  Per  Net  Ton 

I  in »J27          It  in $207 

II  in 267          2  to  24  ill 177 

21  in 257          2i  to  M  in K.7 

11  in 207          4  in  l«7 

4)  to  5  ill  207 


ELECTRICAL  SUPPLIES 


ARMORF.l)  CABLE— 

B.  *  S.  Siic     TwoCond. 
M  Ft 

No.  14  solid )  ">5.00(npt) 

No.  12  solid 135  00 

No.  10  solid 185  00 

No.  Sstrandnl..  .      285  00 
No.  batrnndpd     .      400  00 
From  the  above  list.t  discounts  are 

Less  than  roil  lots +   5% 

Coils  to  1.000  ft    —  5% 

1,000  ft.  and  over —10% 


Three  Cond. 
M  I't. 
$138  00 
170  00 
215  00 
375  00 
500  00 


Two  Cond. 
Lead 
M  Ft. 
$164  GO 
225  00 
275  00 
520  00 
560.00 


Three  Cond. 
Lead 
M  Ft. 
$210  00 
265  00 
325  00 
500  00 


+  15% 

List  Nel 

7% 


BATTERIES.  DRY- 

Less  than  12 

12  to  50         

50  to  125  (bbl.) 

125  (bbl.)  or  over. .. 


-Kegular  No.  68iie  red  seal,  Columbia,  or  F.ver-Rcady : 

Eaeh.  Net 
$0  48 


CONDUIT.   F.LBOWS  AND 

f.  o.  b.  .N'ew  York,  with  lO-day 

. Conduit 

Black         Galvanized 
Sine.        2.500  to  2,500  to 

In.       5,000  Lbs.      5.000  Lbs. 
!  85  00  93  50 

;  11    50  126  50 

170  00  187  00 

230  00  253  00 

275  00  302  50 

375  00  403  00 

585  00  613  80 

765  00  841    50 

920  00         1.012  00 
1.170  00        1,287  00 
Standanl  lengths  rigid,  10  ft. 
lengths  flexible,  ;  to  2  in  .  50  ft 


COUPLINGS— These  priees  are  in    100-lb.  lots, 
discuuDt  of  5  per  cent. 


—  Elbow 
Black         Oalvan 


2.500  to 

5.000  Lbs. 

22  00 

29  00 

41   00 

52  00 

70  05 

130  00 

210  00 

560  00 

1,350  00 

1,469   00 


ed 

2,500  to 

5,000  Lbs. 

524  60 

32  00 

45  00 

57  00 

78  00 

145  09 

235  00 

620  00 

1,485  00 

1,617   00 


■ Couplings 

Black         C-il 


2,500  to 
5,000  Lbs. 
6  65 
11.25 
15  50 
20  70 
25  00 
33  70 
47  50 
70  00 
92  00 
115  00 


zed 

2,500   to 

5,000  Lbs 

7  30 

12  37 

17  00 

23   60 

27   50 

37  00 

53  00 

78  00 

114  00 

140  00 


Standard  lengths  flexible,  ;  in  .  100  ft.    .-standard 


CONDUIT  NON-METALLIC.  LOOM— 


Siie  I.  D.,  In. 


Feet  per  Coil 

250 

250 

250 

200 

200 

150 

100 

100 
Odd  lengths 
Odd  lengths 


List,  Ft. 
$0  05} 
.06 
.09 
.12 
.15 
.18 
.25 
.33 
.40 
55 


1000  ft  and 

over 40'  „  off 

Coils 30'~;    off 

Less  coils.  20^;  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities; 
CUT-OCTS,  PLUG 

S.  P.  M.  L $0.12         D.  P.  D.  B $0  43 

D.  P.  M.  L 21  T.  P.  to  D.  P.  S.  B 26 

T.  P.  M.  L 33         T.  P.  S.  B 38 

D.  P.  S.  B 23         T.  P.  D.  B 64 


CUT-OUTS.  N.  E.  C.  FUSE 


D.  P.  M 
T.  P.  M. 
D.  P.  S. 
T.  P.  S. 
D.  P.  D. 
T.  P.  D. 
T.  P.  to 


0-30  Amp. 
L $0  50 


70 
.63 
1.15 
1.10 
1.90 
1.30 


31-60  Amp. 
$1  30 
I  70 
1  60 
2.40 
3.00 
5.40 
3.80 


60-100  Amp. 

$1   68 

2  40 


FLEXIBLE  CORD— Price  per  1.000  ft.  in  coils  of  250  ft 

N'o.  18  cotton  twisted $25  00 

No.  1 6  cotton  twisted 29 .  00 

No.  1 8  cotton  parallel 32  00 

No.  1 6  cotton  parallel 39  50 

No.  1 8  cotton  reinforced  heavy 43  00 

No.  1 6  cotton  reinforced  heavy v  50  00 

No.  18  cotton  reinforced  light    37   50 

No.  1 6  cotton  reinforced  Ught 43 .  00 

No.  1 8  cotton  Canvasite  cord 30  00 

No.  16  cotton  Canvasite  cord 33.50 

FUSES.  ENCLOSED- 

250-Volt                                                 Std.Pkg.  List 

3-amp.  to    30-amp 100  $0  25 

35-amp.  to     60-amp 1 00  35 

65-amp.  to  100-amp 50  90 

1 1 0-amp.  to  200-amp 25  2  00 

225-amp.  to  400-amp 25  3.60 

425-arnp.  to  600-amp 10  5.50 


t  ,.i,„, 

)5-iii,,|i 

(>5-iiiiip 

llO-an.p 

22Vanip 

450-niiip 

Dim 


to    20(1    I.M.p 

to  40U  iiii.p 
to  600  amp 

(luiit     Li'M  l-5th  ntaiidard  pncknffe 
l-5lh  to  ntnnditrrl  parkaKi- 
NtaiidnnI  paekaiie 


I.I    I'kf, 
100 
100 

50 

25 

2S 

10 

IS";'; 

2«% 

4J*/„ 


FIt.SR  PLUGS.  MICA  CAP— 

0   30  aiiipi're,  standard  packoKc 

0    30  iinipere,  less  than  standard  paekogo 


15  2SC 

6   OOC 


LAMP.S  — Mi'low  are  nniient  quotations  in  Ipm  than  standard  pnekage  quaniitii* 


Straiglil-Si'le  Bulbs 

Maida  B 


Watts 
10 
15 
25 
40 
50 
60 


Plain 

$0  40 

40 


Frosted 
$0  45 
45 
45 
45 
45 
50 


No  in 
Paekagc 
100 
100 
100 
100 
100 
100 


Pear-shaped  Bulbs 
Mar.dB  C— 


Watts 
75 
100 
150 
200 
300 

500 

750 

1.000 


Clear 

$0  75 

I  10 

1  55 

2  10 

3  15 

4  60 

6  50 

7  50 


Frosted 

$0  80 

I    25 

1  70 

2  30 

3  40 

4  90 
6  90 


No  in 
Packagi 


.Standard  quanlilies  arc  Bubjert  to  discount  of  10%  from  list.     Annual  contract* 
ranging  from  $  I  50  to  $300,000  net  allow  a  discount  of  1 7  to  40%  from  list. 

PLUGS.  ATTACHMENT— 

i;a.h 

Porcelain  separable  attachment  plug $0  28 

Composition  2-piece  attachment  plug 36 

Swivel  attachment  plug  20 

Current  taps  45 

RUBBER-COVERED  COPPER  WIRE- Per  1000  ft.  in  New  York. 


.Solid 

Single  Braid 

$11.50 

14  96 

20  62 

.        28.90 


Solid 
Double  Braid 
$14  25 
18  50 
24.75 
33.30 


00. 
000 
0000. 


Stranded, 

Double  Braid 

$17  00 

21   45 

28.05 

38  50 

58  75 

80.75 

111   00 

154  00 

181    50 

220  00 

265  00 

330  00 


Duplet 

$28  50 

35  00 

46  00 

66  00 


Prices  per  1000  ft.  for  Rubher-Covered  Wire  In  Following  Cities: 

Denver   -^ ■ Birmingham •  . St.  Louis- 
Single    Double  Single 
Braid     Braid      Duplex  Braid 

$12  23    $38  64  $15  64 

27.60   65.57  24.50 

38.64   87.33  33.48 


Single 
Braid 


10 


Double 

Braid    Duplex 
$15  64  $38  45 

24  50    

33  48  $56  81 

77  17    ... 

108  10   

142  00  

167  70  

198  20  

234  60  

279  60  


Double 
Braid  Duplex 
..  $38  45 
58  70 


69.12 56.81 


Pittsburg — 23c  base;  discount  50% 


$107  42 
138  46 
178  52 
217  09 
263  57 
320.44 
389.17 
St.  Louis- 


77.17 
108.10 
142.00 
167.70 
198.20 
234.60 
279  60 


SOCKETS.  BRASS  SHELL— 

•  I  In.  or  Pendant  Cap 

Key  Keyless  Pull 

Each  Each  Each 

$0  33  $0  30  $0.60 

Less  I -5th  standard  package 
I-5th  to  standard  package 
Standard  package 


Key 
Each 
$0.39 


J  In.  Cap ■ 

Keyless  Pull 

Each  Each 

$0.36  $0  66 

.  . .      +50% 

...       +20% 

—  10% 


WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.  &  S.  regular  spools  (approx.  8  lb.) 55c.  lb 

No.  18  B.  &  S.  regular  l-lb.  coils 56c.  lb 

WIRING  SUPPLIES— 

Friction  tape,  J  in.,  less  100  lb.  56c.  lb.,  100  lb.  lots 52c.  lb 

Rubber  tape,  1  in.,  less  100  lb.  65c.  lb  ,  100  lb.  lots 60c.  lb 

Wire  solder,  less  100  lb.  47c.  lb..  100  lb.  lots 42c.  lb 

Soldering  paste,  2  oz.  cans    $l.50doz 


SWITCHES.  KNIFE- 


TYPE  "C"  NOT  FUSIBLE 


Size, 
Amp. 


100 
200 


100 
200 


Single  Pole, 

Double  Pole, 

Three  Pole, 

Four  I>ole 

Each 

Each 

Each 

Each 

$0.42 

$0.68 

$1   02 

$1   36 

.74 

1.22 

18'! 

2.44 

1.50 

2.50 

3  75 

S.OO 

2.70 

4.50 

6  76 

9.00 

TYPE "C 

FUSIBLE.  TOP  OR  BOTTOM 

.70 

1.06 

1.60 

2.12 

1.18 

1.80 

2.70 

3.60 

2.38 

3.66 

5.50 

7.30 

4.40 

6.76 

10.14 

13.50 

Discounts: 

Less  than  $10.00  list  value +25% 

$10  to  $25  li.st  value +10% 

$25  to  $50  list  value +    5% 

$50  to  $200  list  value — 10% 

$200  list  value  or  over — 15% 
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Two  Ways  of  Telling  a  Story 


CRABS  walk  backward,  the 
Chinese  read  backward  and 
some  men  tell  stories  "wrong 
end  to."  Others  begin  in  the  middle 
and  ramble  toward  both  ends  simultane- 
ously. 

A  few  days  ago  such  a  man  rushed 
up  to  the  chief  engineer's  desk  and 
blurted:  "It  broke  off  and  I  can't 
drill  it  out.  I  only  pulled  easy  on  it, 
and  the  dingbusted  thing  let  go  and 
nearly  spilled  me.  Anyway  the  spool 
was  cracked  and ". 

The  chief  was  working  on  an  estimate 
for  some  new  piping.  Even  had  the 
story  been  logically  presented,  he  would 
not  have  gathered  the  drift  at  once. 
With  what  patience  he  could  command, 
he  requested  that  the  story  be  retold, 
starting  at  the  beginning.  Then  the 
man  began  in  the  middle.  "Why  the 
spool  on  the  left  hand — no  the  right  hand 
I  guess  it  is, — piston    rod  broke ." 

"I  see,"  the  chief  interrupted,  "You 
have  been  working  on  a  pump.  What 
one?"  And  by  shooting  in  a  question 
each  time  the  story  strayed,  he  at  length 
learned  what  had  happened. 


Lack  of  logic,  lack  of  tact,  lack  of 
appreciation  of  the  other  fellow's  state 
of  mind  are  deficiencies  which  irritate 
in  any  sort  of  interview. 

A  short  time  later  another  repair  man 
walked  up  to  the  chief's  desk.  He  wait- 
ed until  the  chief  came  to  a  stopping 
place  and  turned  for  the  story.  Then: 
"I  have  been  working  over  in  building  K 
basement  on  that  twin  vertical  engine 
that  runs  the  centrifugal  pump.  On  the 
side  next  to  the  wall  the  crankpin  ap- 
pears to  be  loose." 

He  obtained  attention,  located  his 
work  and  then  explained  his  trouble. 
It  is  easy  to  listen  to  a  story  told  so 
logically,  so  simply  and  directly.  The 
man  who  can  tell  his  story  in  that  way 
generally  finds  the  door  open  for  him. 

Take  your  own  case.  When  you  go 
up  to  the  manager's  office  to  talk  matters 
over,  have  you  prepared  your  story? 
Are  you  satisfied  that  it  is  logical? 
Have  you  gathered  all  the  necessary 
data?  Have  you  appreciated  his  view- 
point? If  you  have  done  these  things, 
you  will  be  much  more  likely  to  succeed. 
You  will  be  more  welcome  next  time. 

Contributed  tjy    ^VILLIAM  E.  DIXON 
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THE  latest  addition  to 
the  Studebaker-p  iaiit 
system  is  the  new  fif- 
teen-inillion-doHar  unit  at 
South  Rend,  Ind.,  now  prac- 
tically completed,  tor  the 
buildinp  of  the  Studebaker 
light-six  car.  It  consists  of 
five  buildings  of  mammoth 
proportions  laid  out  and 
equipped  for  efficient  manu- 
facture. They  will  include 
assembly  and  sub-assembly 
buildings,  both  four-story 
structures,  a  forge  shop,  ma- 
chine shop  and  press  shop 
accommodating  the  stamp- 
ing department.  This  group 
of  buildings  has  a  floor  space 
of  1,206,800  sq.ft.  They  are 
served  by  153  miles  of  elec- 
tric wiring,  6,640  ft.  of 
water  mains,  6,169  ft.  of 
sewer  lines  and  3,081  ft.  of 
tunnels  for  carrying  steam, 
water  and  electrical  lines  to 
and  between  the  various  buildings.  They  are  equipped 
with  12  freight  elevators,  4  passenger  elevators  and  34 
traveling  cranes. 

To  serve  this  factory  unit  is  the  purpose  of  the  new- 
boiler  plant.  Steam  is  supplied  to  the  forging  hammers, 
annealing  ovens  and  other  mechanical  equipment.  It 
is  also  utilized  to  pump  water  and  oil  to  the  various 
depai-tments.  as  well  as  to  heat  the  buildings.  Steam 
is  generated  at  175  lb.  pressure  and  superheated  75 
deg.,  although  it  is  utilized  for  the  most  part  at  125 
lb.  pressure. 

During  the  heating  season  the  exhaust  from  the 
hammers  is  sufficient  for  the  heating,  excepting  in  the 
coldest  weather,  when  it  is  supplemented  with  live 
steam.  In  the  two  four-story  buildings  there  is  both 
direct  and  indirect  heating,  and  direct  radiation  only 
in  the  other  buildings.  The  heating  is  done  by  a 
vacuum  sy.stem  bringing  back  the  returns  to  the  boiler 
house.  In  the  indirect  system  the  fans  and  the  pumps 
for  ciiTulating  the  water  to  wash  the  air  are  motor- 
driven.  These,  in  brief,  are  the  present  services  of 
the  boiler  house.  The  heating  load  is  estimated  at 
2,355  boiler-horsepower  and  the  demand  for  industrial 
steam  at  3,480  boiler-horsepower.  Compressed  air  at 
100  and  at  50  lb.  pressure  is  supplied  the  shops  by 
four  synchronous-motor-driven  compressors  using  pur- 
chased current,  but  plans  for  the  future  call  for  a 
complete  generating  plant  to  care  for  all  the  South 
Bend  properties  and  the  provision  of  a  spray  pond  to 
conserve  cooling  water. 

Fig.  1  is  an  exterior  view  of  the  boiler  house,  with 
the  coal-conveyor  tower  in  the  foreground.     On  either 


EXTERIOR  OF  NEW  STUDEBAKER 
3OILER  HOUSE 


side  are  water-softening 
plants,  and  at  the  extreme 
left  i.s  the  engineer's  office. 
Hack  of  this  is  the  com- 
I)res.sor  room.  The  boiler 
house  is  of  neat,  substantial 
brick  construction,  well  pro- 
vided with  gla.ss  area  for 
light  and  ventilation.  Fig.  2 
shows  that  the  boilers  are 
placed  four  on  each  side  of  a 
central  firing  ai.sle.  In  the 
present  building  there  is 
room  for  two  additional 
'boilers  on  either  side,  and 
future  plans  call  for  an  ex- 
tension, when  it  is  needed, 
that  will  house  eight  addi- 
tional boilers.  The  pre.sent 
building,  then,  is  planned 
for  twelve  520-hp.  water- 
tube  boilers  having  an  ag- 
gregate capacity  of  6,240 
horsepower. 

As  previously  stated,  the 
operating  pressure  is  175 
lb.  gage,  and  the  superheat  75  deg.  Each  boiler  i.s 
equipped  with  a  six-retort  underfeed  stoker,  chain-; 
driven  from  a  lineshaft  on  either  side  in  the  basement. 
There  are  two  vertical  engines  on  each  shaft,  one  acting 
as  a  reserve  unit.  Forced  draft  is  supplied  by  two 
turbine-driven  fans  on  either  side,  both  connected  to  a 
common  duct  running  the  full  length  of  the  firing  aisle. 
The  duct  is  dampered  so  that  a  division  of  the  service 
may  be  made  between  the  two  fans  as  desired. 

Reference  to  Fig.  5,  a  .sectional  elevation  through 
the  boiler  room,  will  show  that  the  furnace  has  been 
made  large  to  burn  the  Indiana  coal  used  in  the  plant.  The 
bottom  of  the  front  tube  header  is  twelve  feet  above 
the  floor.  The  volume  of  the  furnace  is  approximately 
900  cu.ft.  As  the  equivalent  grate  area  of  each  under- 
feed stoker  is  practically  100  sq.ft.,  the  furnace  volume 
per  square  foot  of  grate  area  reduces  to  9  cu.ft.  Assum- 
ing that  50  lb.  of  coal  will  be  burned  normally  per 
square  foot  of  grate  per  hour,  the  furnace  volume 
becomes  0.18  cu.ft.  per  pound  of  coal  burned.  This 
allowance  is  no  more  than  is  needed  for  the  high- 
volatile  coals  of  the  Central  West,  particularly  when 
the  boilers  are  to  be  operated  above  rating  as  is  the 
intention  at  this  plant. 

An  innovation  has  been  made  in  the  baffling,  which 
is  of  the  horizontal  type.  The  lower  row  of  tile 
originally  placed  on  the  third  row  of  tubes  has  been 
raised  to  the  eleventh  row  and  the  opening  at  the  top 
baffle  changed  end  for  end,  the  final  passage  of  gases, 
being  along  the  drum  to  the  outlet.  With  this  arrange-, 
ment  benefit  is  obtained  of  the  direct  radiation  from 
the  fire. 
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In  Fier.  6  are  shown  a  plan  view  and  front  elevation 
Df  the  smoke  flue,  or  breaching,  which  is  made  of  steel 
covered  on  the  outside,  and  it  is  of  tapering  section  as 
it  proceeds  toward  the  stack.  It  will  be  seen  that  there 
is  a  breaching  on  either  side,  serving  each  row  of 
boilers  and  discharging  into  a  brick  stack  10  ft.  in 
diameter  at  the  top  and  200  ft.  high.  The  breaching 
is  rectangular  in  .section  and  at  the  stack  has  an 
apening  of  81   sq.ft.  as  compared  to  78  sq.ft.  for  the 


a  stack  damper  as  well.  There  is  a  flow  meter  for  each 
unit,  with  the  indicating  dial  on  the  boiler  front  and 
the  integrating  and  recording  meter  in  the  chief  engi- 
neer's office.  Draft  gages  show  the  draft  at  the  uptake 
and  over  the  fires.  The  boiler  equipment  also  includes 
the  usual  pressure  gages,  water  columns,  return  valves, 
mechanical  soot  blowers,  etc. 

The   plant  has  two  sources   of   boiler   feed   water — 
deep  wells  on  the  premises  and  the  city  supply,  which 


f  of   Compressor  House 
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stack,  the  latter  being  designed  to  serve  the  six  boilers 
that  eventually  will  be  located  on  one  side  of  the  pres- 
ent firing  aisle,  or  five  boilers  to  each  of  four  stacks 
when  the  extension  is  constructed. 

Reviewing  boiler  dimensions,  it  will  be  found  that 
per  hundred  square  foot  of  steam-making  surface,  an 
allowance  has  been  made  of  2  sq.ft.  of  equivalent  grate 
area  and  0.26  sq.ft.  of  flue  cross-section,  0.25  sq.ft. 
of  stack  area;  and  reversing  the  viewpoint,  7.64  sq.ft. 
of  equivalent  grate  area  per  square  foot  of  stack. 

Each  boiler  has  an  individual  damper,  and  there  is 


also  comes  from  wells  near  the  St.  Joseph  River.  The 
water  is  hard  and  contains  a  great  deal  of  encrusting 
solids,  particularly  calcium  carbonate.  To  eliminate 
this  scale-forming  matter,  two  water-softening  units 
have  been  provided.  These  are  on  either  side  of  the 
coal-conveyor  tower.  The  water  is  softened  by  the  cold 
process,  and  lime  and  soda  ash  are  the  chemicals  used. 
The  water  contains  on  the  average  about  24  grains  of 
scale-forming  matter  per  U.  S.  gallon  and  this  in  the 
softeners  is  reduced  to,  at  the  most,  6  grains  per  gallon. 
From  the  softeners  the  water  flows  under  float  con- 
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trol  into  a  large  receiving  tank,  which  also  receives 
the  returns  from  the  heating  system.  During  the  sum- 
mer the  softeners  must  work  to  capacity,  as  the  return 
water  is  negligible,  but  in  the  colder  months  they  are 
required    to    supply    only    the    makeup,    amounting    to 


approximately  15  per  cent  of  the  boiler-feed  water. 
Water  from  the  receiving  tank  is  elevated  to  a 
6,000-hp.  open  feed-water  heater  by  either  of  two 
turbine  -  driven  centrifugal  pumps.  Turbine  -  driven 
boiler-feed  pumps  take  their  suction  from  the  heater 
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and  force  the  water  to  the  boilers  through  a  loop  t'eod 
line.  In  each  leg  there  is  a  venturi  metering  nozzle 
so  that  the  water  may  be  measured  irrespective  of  the 
path  it  takes  to  the  boilers.  Provision  has  been  made 
also  to  feed  the  boilers  through  the  btewoff  if  it  becomes 
de.sirable  due  to  a  mishap  to  the  usual  feed-water  inlet. 


Coal  comes  to  the  plant  in  railway  cars  and  may  be 
unloaded  to  ground  storage  by  a  locomotive  crane  or 
directly  into  a  track  hopper  discharging  on  an  inclined 
apron  conveyor  which  delivers  the  coal  through  a  single- 
roll  crusher  to  a  continuous  bucket  conveyor  arranged 
at  right  angles  to  the  firing  aisle.     The  coal  is  trans- 
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0.     Equipment  Kind 

Boilers Water-lube 

Stokers L'ndcrfeod    . 

Fans Preiisure 

Stacko Radial-brick 

Weigh  larry. .  Traveling 

Bunker Parabolic 

Crane Loeomotive   . . 

Conveyor \pron 

Coal  crusher-     .  .Single-roll 

Conveyor  Contirious-buckct. 

Conveyor Belt  . 

Cans Industrial 

Hoist Skip      . 

Pumps  Centrifutral 

Pumps  C'entrifuBu! 

Pump  Centrifugal 

Heater Open 

Air  compressors.  Simple 

Air  compressor  Conipountl 

Air  compressor  Compound 

!  Water  softeners  rold-pniiiv^ 


l  ,,c 


520  hp 
•■^ix-retort . 

lO^ft.  diam.,  200  ft.  high 

5-ton 

1 , 1 00  tons 

16-ton,  1 5-ft.  radius 

24-in 

40  tons  per  hr 
40  tons  per  hr 

18-in 

IS-cu.ft 

2-yd 

400-g.p.m 

750-g.p.m 
250-g.p.m 

b.OOO-hp 
22x20-in. 

22^14x16  in 

25xl5;xl8-in 

6.000  gal  pcrlu 


(iencrate  sleuni 
Serve  boilers 
Fon:ed  draft 
.Serve  Ijoilers 

Weigh  coal 

'oal  reserve  for  boilers 

Handle  coal  in  storage  yard 

<  oal  from  track  hopper  to  crusher 
("rush  stoker  coal. 

I'.lcvatecoal 

Distribute  coal  to  bunker 

Ueniove  ashes 

Elevate  ashes  to  overhead  tank 
Boiler-feed 

Feed  water  from  rec.  tank  to  heater 
Domestic  hot  water 

Heutfeed  water 

Compressed  air  for  shops 


Compressed  airfor shops 
Compressed  air  for  shops 
Soften  feed  water 


Operating  Condition.- 
1751b.  pressure,  7J  deg.  superheat 
EusincMlriven  through  lineshaft 
Driven  by  Terry  turbine.- 


Motor-driven 

.Steel  concrete-lined 


Motor-driven 
Motor-driven 
Motor-driven 
.Motor-driven 

Motor-driven 

Turbine-driven,   578-ft.   head,    3000 

r.p.m 

Turbine-driven,  2700 r.p.m 

Driven   by  Lincoln   motor,    15  hp. . 

17>0r.p.m 


40-lb.  G.E.  syn.  motor  drivea220-hp. 

oCO  r.p.m 

1 00  lb.  Wcstinghouse  syn.  motor,  264 

hp.,  225 r.p.m 

100  lb.  Elect.  Much.  Co.  Syn.  Motor, 

234  hp,,  200  r.p.m 

24  grains  per  I'. .S.  gal.  to  6gr 


.\Iakci 
Heine 
Taylor 

.\merican  Blower  Co. 
Custodis 
Beaumont 
l':ilmer-Bp< 
Brownhoisi 
.Jeffrey 
.l<tTre\ 
.Iiffrev 

.Jeffrey  iSc  Pain 
Beaumont 
Beaumont 

.VIberger 
De  Laval 

.\lberger 
Cochrane 


er-Be. 


In<^crsoll-Rand 
Ingersoll-l^and 


Ijigersoll-Hand 
Dodge 


^rane  .Steam  Valves,  Crane  Water  \alves,  Cadman  Everlasting  Blowoff  Valves,  Lelley  &  .Tones  Return  Valves,  Bayer  Soot  Blowers.  Ha\s  Dr 
"■low  Meters,  Builder's  Iron  Foundry  Venturi  Meters,  .\shoroft  Steam  Gages,  Corliss  .Steam  Traps,  Ashton  Safety  Valves. 
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foniHi  1(1  a  bolt  conveyor  rimninK  thn  full  leiiKth  of  thi' 
firiiiR  »islo  and  di.si-hnrKinK  into  an  ovorhcad  steel 
Itiiiiker  having  a  lapaiity  of  about  1.100  tons,  or  11 
tons  jier  foot  of  lenjrlh.  The  bunker  is  a  parabolic 
(lesijjn  and  is  made  of  steel  lined  with  concrete.  From 
it  the  coal  is  delivered  to  a  traveling  weigh  larrv  of 
5-ton  capacity,  and  it  is  discharged  to  the  stoker  hop- 
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l'L.\N  AND  FRONT  ELEVATION  OF  COVERED 
STEEL  SMOKE  BREECHING 


pars  as  required.  The  larry  is  motor-driven,  as  are 
the  coal  conveyors  previously  mentioned,  the  capacity 
of  the  conveying  equipment  being  40  tons  of  coal  per 
hour. 

In  addition  to  the  coal  supply  the  fuel-oil  distribution 
system  makes  it  convenient  to  burn  oil  under  the 
boilers.  Underground  concrete  tanks  furnish  storage 
for  approximately  1,000,000  gal.  of  oil,  which  is  con- 
stantly forced  through  a  circulating  system  under  40  lb. 
pressure,  by  steam  pumps  located  in  an  aisle  between 
the  tanks.  The  tanks  are  provided  with  steam  coils 
w'hich  aid  in  keeping  the  oil  fluid.  During  a  recent  coal 
shortage  four  oil-burning  nozzles  using  steam  as  t]ie 
atomizing  force  were  installed  in  each  boiler  and  the 
boilers  carried  their  usual  overloads.  The  nozzles  were 
installed  at  the  boiler  front,  the  sloping  stoker  face 
was  covered  with  a  checkerwork  of  firebrick,  and  a 
target  at  right  angles  to  the  flame  was  laid  against  the 
bridge  wall.  The  boiler  furnace  became  incandescent 
and  proper  combustion  of  the  fuel  in  the  furnace  re- 
sulted. 

Ashes  from  the  stokers  are  dropped  through  power 
dump  plates  into  a  pit  with  a  sloping  bottom,  so  that 
the  contents  will  slide  readily  into  an  industrial  car, 
which  travels  on  a  track  leading  outside  of  the  boiler- 
room  basement  to  a  skip  hoist.  The  latter  elevates 
the  ashes  into  a  steel  tank  placed  over  one  of  the 
numerous  side  tracks  for  delivery  to  railway  cars.  The 
basement  being  at  ground  level  makes  such  a  plan 
feasible. 

For  its  capacity  the  plant  is  thus  well  equipped 
with  labor-saving  devices  and  is  of  thoroughly  modern 
design.  Those  responsible  for  its  operation  are:  G. 
H.  Ahlborn,  superintendent  of  power,  and  R.  G.  Kroft, 
chief  operating  engineer. 


Siiiitli  Mrclianical  (vus  rroiliicrr 

A  new  Ivpe  of  gas  producer  in  which  the  fuel  i 
distributed  mcchanicallv  over  (he  bod  and  the  pokin^' 
done  automat icalh  ift  preforonco  t(i  hand  manipulation, 
has  been  dovolopod  by  the  Smith  (ias  Kngineering  Co.. 
of  Uayton,  Ohio.  From  coal  of  widelv  varying  composi 
tion  and  firing  characteristics,  it  is  designed  to  produce 
clear  cold  gas  of  constant  ((ualilv  so  desirable  for  gas- 
engine  use  or  for  distribution  through  a  svstem  of 
piping  for  industrial  heating  purpo.ses.  The  basic 
essentials  that  have  been  observed  in  the  new  design 
are  a  deep  fuel  bed  4  ft.  to  5  ft.  thick,  uniform  dis- 
tribution of  air  to  the  fuel  bed,  constant  proportions 
of  air  and  steam  in  the  blast  under  all  conditions  of 
load,  moderate  rate  of  gasification  to  avoid  clinker, 
viscous  (ar  or  lampblack,  and  ea.se  of  inspection  and 
manipulation  without  the  escape  of  obnoxious  gases. 

In  a  producer  the  combustion  zone  ordinarily  extends 
about  18  in.  into  the  fuel  bed.  The  temperature  of  the 
gas  leaving  this  zone  is  obviously  that  of  the  zone  itself, 
but  if  the  fuel  bed  is  5  ft.  deep,  as  is  the  usual  prac- 
tice in  the  producer  under  discu.ssion,  the  hot  gases 
must  pass  through  3'  ft.  of  descending  fuel  and  give 
up  a  considerable  portion  of  their  heat  to  the  coal. 
At  the  top  of  the  producer  the  gas  is  cooler,  and  when 
fresh   coal   is  distributed  over  the  top  of  the   bed,    it 


FIG.  1.     NEW  DESIGN  OF  SMITH  GAS-PRODUCER  PLANT 
DESIGNATED   AS   TYPE   G 


is  not  exposed  immediately  to  the  higher  temperature 
of  the  fire.  The  coal  is  thus  distilled  slowly,  avoiding 
the  production  of  viscous  tar  and  lampblack;  besides, 
the  heated  coal  above  the  combustion  zone  provides  a 
reservoir  of  heat  that  may  be  quickly  gasified  to  take 
care  of  overloads  and  insure  an  uninterrupted  flow 
of  gas. 

Reference  to  Fig.  2  will  show  that  the  fuel  bed  is 
supported  on  cast-iron  grates  which  are  manipulated 
by  steam  pressure  when  it  is  desired  to  clean  the  fire. 
The  entire  cross-section  of  the  bed  is  exposed  to  the 
action  of  the  air  and  water  vapor  mixture  and  the  bed 
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is  of  uniform  thickness,  so  that  no  greater  resistance 
to  draft  passage  is  offered  at  one  point  than  at  any 
other. 

To  secure  at  all  loads  a  constant  proportion  of  water 
vapor  in  the  air  drawn  into  the  generator,  the  draft 
is  held  constant  and  the  air,  by  thermostatic  regulation, 
is  maintained  at  the  temperature  at  which  it  will  take 
up  the  desired  amount  of  water  vapor. 

One  of  the  essentials  of  a  successful  producer  is  a 
moderate  rate  of  gasification.  This  is  accomplished  by 
providing  ample  grate  area.  It  is  impossible  to  secure 
continuous  operation  where  hard  driving  is  necessary, 
Decau.se  rapid  firing  means  high  temperatures,  which  in 
;urn  result  in  clinker  troubles  and  shutdowns. 

Operating  the  producer  under  suction  permits  inspec- 
ion  and  manipulation  without  exposing  the  operators 
!o  the  dangers  of  poisonous  gases.  The  gates  and  ash- 
pit can  be  inspected  by  opening  the  doors  provided  for 
:he  purpose,  and  the  top  of  the  fuel  bed  can  be  seen 
Dy  opening  peek-holes  in  the  generator  top  without 
aermitting  the  escape  of  gases.  If  the  ashpit  doors  are 
jpen  for  any  length  of  time  while  the  producer  is  under 
oad,  the  pressure  of  the  incoming  air  can  be  balanced 
3y  the  use  of  a  steam  jet  or  power-operated  blower 
ittached  to  .the  saturator  inlet.  This  insures  saturation 
)f  the  air,  and  the  same  gas-making  conditions  are 
maintained  during  the  grate-cleaning  period  as  in 
lormal  operation. 

Earlier  types  of  Smith  gas  producers  were  square 
3r  rectangular  in  cross-section,  and  increased  capacity 
ivas  obtained  by  the  addition  of  similar  units.  Ref- 
erence to  Fig.  1  will  show  that  the  new  type  is  circular, 
the  change  being  brought  about  to  make  possible  the 
mechanical  charging  and  poking  of  the  fuel.  The  pro- 
iucer  top  is  supported  by  structural-steel  framing  and 
is  suspended  from  a  roller  bearing  to  minimize  the 
friction  from  rotation.  A  water  seal  is  provided  around 
the  top  of  the  producer  shell,  and  sway  rollers  are 
;paced  around  the  periphery  of  the  rotating  element  to 
take  care  of  unbalanced  loading. 

In  the  top  two  rotating  turrets  eccentrically  located 
with  respect  to  the  generator  axis  have  been  provided. 
Within  one  of  these  turrets  is  mounted  a  steam- 
aperated  poker,  while  the  other  turret  contains  a  fuel- 
distributing  device  including  arrangements  for  feeding 
the  coal  in  varying  quantities  and  for  dropping  it  uni- 
formly over  the  fuel  bed.  The  poker  cylinder  is  also 
ilaced  eccentrically  on  the  turret  and  at  an  angle  slightly 
3ff  the  prependicular.  When  the  poker  is  extended  and 
in  the  "out"  position  it  will  reach  the  generator  lining, 
ind  in  the  "in"  position,  the  center  of  the  fire. 

A  small  steam  engine  mounted  on  the  generator  .serves 
:o  rotate  the  top,  the  charging  turret  and  the  poker 
urret,  the  motion  being  effected  intermittently  by 
means  of  ratches  devices.  During  the  "out"  stroke  of 
he  turning  engine,  pawls  for  moving  the  top  and  the 
poker  turret  engage,  causing  these  two  rotating  parts 
;o  advance.  On  the  "in"  stroke  of  the  engine  these 
Darts  are  at  rest  and  the  charging  turret  advances. 
While  the  poker  turret  and  the  top  are  at  rest,  steam 
s  admitted  automatically  to  the  poker  cylinder  and 
;he  poker  itself  is  forced  down  into  the  fuel  bed  and 
withdrawn  in  much  the  same  manner  as  a  man  would 
Doke  the  fire  by  hand.  The  cycle  is  repeated  in  regular 
ind  continuous  order.  The  speed  of  the  poking  opera- 
lion,  however,  is  under  the  control  of  the  operator,  as 
le  can   vary   the   speed    of   the   engine   which    rotates 


the  top  and  can   engage  or   disengage  the  poker  and 
charging  turret  at  will. 

The  cleaning  and  cooling  apparatus  supplied  with 
the  new  producer  are  of  .standard  design.  Upon  leav- 
ing the  generator  the  gas  is  conducted  through  a  brick- 
lined  downcomer  to  a  primary  cooler  of  the  static  type, 
where  its  temperature  is  reduced  to  that  most  suitable 
for  the  eflRcient  operation  pf  the  tar  extractors.  The 
gas  then  passes  to  a  low-pressure  main,  from  which  it 
is  discharged  to  the  inlet  of  the  gas  pump.  The  latter 
is  of  the  positive  type,  designed  to  operate   under  a 


ti;.  2.    CKOSiS-SECTIOX  OF  TYPE  Q  GEXEKATOK,  SHOWIXO 
THE   AUTOMATIC   STOKING  AND  POKING   EQUTPMEXT 


maximum  pressure  of  5  lb.  per  square  inch.  The  gas  is 
then  delivered  by  the  pump  under  sufficient  pressure 
to  overcome  the  resistance  of  the  tar  extractors  and 
the  friction  in  the  line.  Power  for  operating  the  pump 
is  furnished  by  a  direct-connected  steam  engine  con- 
trolled by  a  governor  automatically  adjusted  to  vary  the 
speed  of  the  pump  to  meet  the  demand  for  gas,  so  that 
no  holder  or  gas  storage  is  required. 

The  tar  extractors  are  of  the  familiar  spun-glass  type, 
and  a  suitable  number  are  provided  with  each  pro- 
ducer to  permit  replacing  diaphragms  without  inter- 
fering with  operation.  The  tar  is  dropped  from  the 
gas  main  immediately  beyond  the  extractors.  The  gas 
passes  on  through  a  secondary  cooler  of  the  static  type, 
which  is  designed  to  reduce  the  gas  temperature  to 
that  of  the  atmosphere. 

At  present  the  new  producer  is  made  in  three  sizes, 
the  generators  being  9,  14  and  16  ft.  in  diameter  with 
capacities  to  gasify  800,  1,600  and  3,000  lb.  of  coal 
oer  hour,  respectively. 
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I'MIE  ni.Tintcnance  of  carbon-hreak  circuit  breakers 
can  broadly  be  divided  into  two  main  divisions; 
namely,  keepinjr  the  breaker  in  condition  to  open 
the  circuit  without  material  damajre  to  itself  under  the 
predetermined  conditions  of  opcninp,  and  keepinjr  it  in 
condition  to  carry  its  rated  load  without  more  than  the 
standard  allowable  temperature  rise. 

In  all  modern  carbon  circuit  breakers  there  is  a  main 
brush  or  other  form  of  moving  contact,  and  one  or  more 
other  contacts  who.se  function  is  to  carry  the  current 
for  a  very  short  time  after  the  main  moving  contact 
separates  from  the  main  stationary  contact.  An  arc, 
therefore,  will  not  be  drawn  between  the  main  bru=h 
and  the  stationary  contact,  and  the  bru.sh  will  not  be 
damaged  and  will  be  able  to  carry  the  rated  load  suc- 
cessfully when  the  circuit  breaker  is  again  closed.  Some 
breakers  have,  in  addition  to  the  main  contacts,  sec- 
ondary contacts,  tertiary  contacts  and  final  carbon  con- 
tacts, between  which  the  arc  is  broken.  T,  S  and  M,  Fig. 
1,  show  respectively   the   carbon   secondary   and   main 


1  j 

1 

. 

1, 

Vie.    1.      ELECTRICALLY   OPERATED   THREE-POLE,    12,000- 
AMPERE   CARBON    CIRCUIT    BREAKER 

contacts.  The  diagram.  Fig.  3,  shows  the  shape  and 
relative  position  of  each  of  the  contacts  for  a  breaker 
of  large  ampere  capacity  in  the  three  important  stages 
of  breaking  the  circuit  as  follows: 

1.  Contacts  outlined  by  dotted  lines  show  main  brush 
opened,  secondary  contact  on  point  of  opening,  and 
tertiary  and  carbon  contacts  not  changed  from  closed 
position. 


2.  Contacts  indicated  by  double  shading  show  main 
and  secondary  contacts  open,  tertiary  and  carbon  con- 
tacts still  do.sed,  but  one  .set  of  contacts  has  slid  down 
on  the  other  .set. 

3.  Contacts  shown  by  single  shading  indicate  tho 
tertiary  contact  open  and  carbon  tips  about  to  finaliv 
break  the  circuit. 


KIG.     2.       THREE-POLE     BREAKER     WITH     INVERSE-TI.MB 
ELEMENT  AND   T'NDERVOLTACft:   RELEASE 

These  contacts,  as  they  open  successivel.v,  increase  the 
resistance  in  the  circuit  and  to  a  certain  extent  limit 
the  value  of  the  current  at  the  time  the  carbon  contacts 
open.  However,  if  the  resistance  in  the  contacts  is  too 
large  when  the  brush  opens,  the  brush  will  draw  an  arc 
and  the  resulting  scars  will  lessen  the  ability  of  the 
brush  to  carry  full  load  thereafter. 

When  breaking  any  considerable  current,  there  ia 
always  an  arc  between  the  carbons,  and  when  the  car- 
bons are  so  roughened  and  burned  that  the  contact  re- 
sistance is  very  high,  there  will  be  an  arc  between  the 
tertiary  contacts.  When  the  arcing  on  the  tertiary 
contacts  has  taken  place  enough  times,  the  contact  re- 
sistance has  become  high  enough  to  cause  arcing  on  the 
secondary  contacts  w-hen  they  open.  If  secondary  con- 
tacts become  sufficiently  roughened  by  the  arc,  the  brush 
and  main  stationary  contacts  will  begin  to  arc  when  the 
breaker  opens.  It  is  therefore  necessary,  in  order  to 
keep  the  breaker  in  condition  to  carry  its  rated  load 
'vithout  getting  too  hot,  to  keep  the  parts  of  the  breaker 
that  are  used  to  open  the  circuit  in  good  condition  also. 

Whenever  the  secondary  or  the  tertiary  contacts  be- 
come rough,  the  breaker  should  be  opened  at  the  first 
opportunity  and  the  contacts  filed  until  they  make  a 
good  contact.  If  the  carbons  are  burned  so  that  the 
contact  area  is  materially  lessened,  they  should  be 
dressed  to  make  as  good  contact  as  is  possible.  If  they 
are  broken  or  very  badly  burned  so  that  they  cannot  be 
put  in  good  condition,  new  carbons  should  be  installed. 
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Carbon  Contacts 


.  5econC'-try  Contacti 
% 


FIG.   3. 

CONTACTS    FOR   CIRCTIT 

BREAKER    FIO.    1 


Likewise    new    secondary    and    new    tertiary    contacts 
should  be  put  on  when  they  are  worn  or  burned  out. 

Properly  designed  and  installed  breakers  will  carry 
their  rated  amperes  without  overheating  as  long  as 
the  contact  resistance  between  the  main  moving  (brush) 
and  stationary  contacts  remains  normal,  unless  some 
other  electrical  connection  is  defective.  One  cause  of 
overheating  of  circuit  break- 
ers is  the  use  of  insufficient 
lead  capacity  or  the  use  of  a 
hot  ammeter  shunt  too  near 
the  breaker.  Another  cause 
of  overheating  is  defective 
contact  between  parts  of  the 
conducting  material  other 
than  the  main  (brush)  con- 
tact; for  example,  nuts 
clamping  terminals  or  bus- 
bars to  the  studs  may  have 
poor  contact  with  the  studs 
or  with  the  terminals  or  bus- 
bars. This  poor  contact  may 
be  due  to  insufficient  contact 
pressure,  insufficient  contact 
area,  or  oxidized  or  corroded 
contact  surfaces.  If  the  con- 
tact pressure  is  not  enough, 
it  is  obvious  that  tightening 
the  nuts  is  the  remedy.  In- 
sufficient contact  area  may 
be  due  to  untrue  surfaces  on 
the  nuts,  studs  or  busbars  or 
terminals,  or  too  small  or 
too  few  nuts.  Contact  surfaces  that  were  true 
when  made  may  become  untrue  by  being  battered,  rais- 
ing high  spots  on  the  surfaces.  When  the  amount  of 
battering  is  small  and  the  surface  is  plain,  the  best  way 
is  to  carefully  file  off  the  high  spots;  if  the  injury  is 
serious,  it  is  best  to  machine  the  surface.  Where  the 
threads  on  the  studs  are  battered,  they  can  usually  be 
partly  restored  by  filing  away  the  high  spots  with  a 
small  three-cornered  file. 

Oxidized  and  corroded  surfaces  of  threads  on  studs 
and  nuts  may  be  cleaned  by  rubbing  with  a  brush,  a 
piece  of  cloth,  or  waste  dipped  in  a  mixture  of  water 
and  powdered  pumice  stone,  or  some  other  finely  ground 
scouring  material. 

Overheating  may  be  due  to  a  defective  soldered  joint. 
It  often  happens  that  a  soldered  joint  that  was  good 
when  made  has  been  partly  broken  by  too  great  a  me- 
chanical load  on  the  joint,  the  heat  then  developed  has 
melted  the  solder,  causing  it  to  run  out.  A  soldered 
joint  may  be  spoiled  similarly  by  an  overload,  causing 
the  solder  to  melt  and  part  of  it  to  run,  rendering  the 
joint  incapable  of  carrying  its  rated  load  thereafter. 

The  most  frequent  cause  of  overheating  of  carbon 
circuit  breakers  is  bad  contact  between  the  main  mov- 
ing and  stationary  contacts.  Poor  contact  on  the  main 
(brush)  contacts  may  be  due  to  any  or  all  of  the  three 
causes;  that  is,  insufficient  pressure,  insufficient  area 
in  contact  and  oxidized,  corroded  or  dirty  surfaces.  Any 
carbon  circuit  breaker,  if  allowed  to  stand  without 
attention,  will  heat  up  when  loaded,  owing  to  oxidation. 
It  should  be  opened  occasionally  and  its  contact  surfaces 
Heaned;  if  this  cannot  be  done,  it  should  be  applied  very 
conservatively.  If  the  brush  has  insufficient  contact 
pressure,   adjustments   should   be   made   to   secure  the 


required  pressure.  If  the  whole  or  nearly  the  whole 
contact  area  of  the  brush  does  not  touch  the  opposing 
contact,  it  will  be  necessary  to  refit  the  brush  with  a  file 
or  otherwise,  so  that  it  makes  contact  as  intended. 

A  good  way  to  determine  whether  the  brush  and 
opposed  contacts  are  touching  each  other  is  to  mark 
the  brush  with  a  .soft  pencil  and  then  close  the  breaker 
with  a  piece  of  thin  paper  between  the  main  contacts. 
If  the  whole  area  is  making  contact,  every  lamination 
of  the  brush  will  make  an  impression  on  the  paper.  If 
there  are  spots  where  the  brush  does  not  touch  the 
stationary  contact,  blank  spaces  will  show  on  the  paper. 

If  the  contact  surfaces  are  oxidized  or  corroded,  they 
should  be  cleaned  with  fine  sandpaper.  A  good  way  to 
hold  the  sandpaper  is  to  tack  it  to  pieces  of  hardwood 
as  shown  in  the  upper  sketch  of  Fig.  4.  Dirty  contact 
surfaces  can  be  cleaned  readily  by  the  use  of  alcohol, 
gasoline,  ammonia,  water  and  soap,  or  other  solvents. 

It  is  important  to  note  that  breakers  with  semi-eliptic 
brushes  usually  give  more  trouble  with  the  contact 
between  the  brush  and  bottom  stud  than  they  do  be- 
tween the  brush  and  top  stud.  This  is  due  to  the  fact 
that  in  most  cases  the  bottom  end  of  the  brush  and  the 
contact  surfaces  of  the  bottom  stud  are  not  as  accessible 
as  the  top  stud  and  the  top  end  of  the  brush,  resulting 
in  more  or  less  neglect  of  the  bottom  contact.  The 
lower  sandpaper  holder.  Fig.  4,  is  made  especially  for 
use  on  the  lower  stud  and  lower  end  of  the  brush,  where 
it  can  be  reached  only  from  above. 

Transferring  Circuit  Breakers 

A  prolific  source  of  trouble  with  carbon  circuit  break- 
ers is  the  transfer  of  the  breaker  from  the  base  on  which 
it  was  mounted  in  the  factory  to  a  panel  of  a  switch- 
board. Most  carbon  circuit  breakers  depend  on  the  base 
to  hold  some  of  the  parts  in  proper  relation  to  each 
other.     The  bolt  holes  in  the  panel  are  usually  one-six- 
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teenth  to  one-eighth  inch  larger  than  the  bolts  so  as  to 
enable  the  various  parts  to  be  shifted  slightly  to  bring 
them  in  line  with  each  other.  Any  good  mechanic  ought 
to  have  no  difficulty  in  transferring  a  breaker  from  one 
panel  to  another,  but  if  he  has  never  done  a  similar  job 
before,  he  will  have  to  exercise  much  care  until  he  has 
become  familiar  with  the  apparatus  so  that  the  moving 
parts  will  be  free  and  the  brush  and  other  contacts 
properly  adjusted. 

Circuit  breakers  are  usually  provided  with  an  over- 
load trip,'  and  often  with  a  shunt  trip,  an  undervoltage 
trip,  an  underload  trip,  a   reverse-current  trip,  or  an 
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inver.«<e-timc-limit  overloiid  trip.  Some  circuit  liroakcr- 
ai"e  also  provided  with  n  lUi.siiiK  coil. 

I'lidcrvoltajre  trip  coils  and  the  -shunt  coil.s  for  the 
rcvcr.se-current  trij)  arc  .subjected  to  their  rated  volt- 
atfe  continuou.sly.  When  this  voltage  i.s  laiKc,  the  coils 
are  .sometimes  protected  hy  an  external  resistance.  The 
use  of  an  external  resistance  permits  windinjr  the  coil 
with  larjrer  wire,  makinn  it  stroiiKcr  and  more  durable. 

I'ndervoltaRe  coils  and  rever.se-current  shunt  coils 
I  with  their  resistances  when  used^  are  desi>fned  to 
with.stand  a  detinite  line  voltajre.  If  they  are  subjected 
to  a  voltaRe  much  in  excess  of  the  rated  voltajre.  they 


'•■Sc/vn'  Valve 
FIG.    .5.      CLOSING   MAGNET   WITH    AIR    DASHPOT 

will  finally  attain  a  temperature  which  will  destroy  the 
insulation  of  the  coil. 

Alternating-current  undervoltage  coils  usually  are 
connected  .so  that  voltage  is  removed  from  the  coil  when 
the  circuit  breaker  opens.  Where  alternating-current 
undervoltage  coils  remain  in  circuit  after  the  breaker 
opens,  a  means  of  retrieving  the  armature  to  its  closed 
position  by  the  opening  of  the  breaker  is  provided,  as 
explained  in  the  article,  "Circuit-Breakers — Principle  of 
Operation,"  by  Victor  H.  Todd  in  the  Oct.  5  issue. 
This  prevents  undue  current  flowing  through  the  coil 
owing  to  open  magnetic  circuit  and  consequent  over- 
heating. Careful  inspection  should  be  made  to  see  that 
complete  retrieving  is  obtained. 

Shunt-trip  coils  and  closing  coils  are  subjected  to  the 
voltage  of  the  control  circuit  only  during  the  time  of 
opening  and  closing  of  the  breaker.  If  the  breaker  is 
closed  and  tripped  a  good  many  times  in  a  short  period, 
excessive  heating  of  the  coils  may  result.  Voltage  must 
not  be  kept  on  such  coils  continuously. 


(losing  coiU  are  UNually  designed  to  close  the  circuit 
breaker  between  certain  maximum  and  minimum  volt- 
agcH.  These  limits  are  usually  as  wide  apart  aw  it  is 
reliable  and  safe  to  operate.  If  the  voltage  is  lower 
than  the  minimum,  the  circuit  breaker  is  liable  not  to 
do.se;  and  if  it  is  above  the  maximum,  it  is  liable  to 
cau.se  damage  to  the  breaker  on  account  of  the  excessive 
speed  of  closing.  Kspecially,  it  is  liable  to  break  the 
carbons. 

When  figuring  the  actual  control  voltage  that  will 
c.vi.st  at  a  breaker,  account  must  be  taken  of  the  drop 
in  the  control  wires.  The  range  of  voltage  marked  on 
the  nameplate  means  the  voltage  at  the  coil  terminals, 
therefore  the  control-bus  voltage  must  be  selected  with 
this  in  view. 

In  order  to  .stop  the  breaker  at  the  end  of  the  opening 
stroke,  a  friction  spring  device  and  buffer  are  sometimes 
provided.  To  be  effective,  the  friction  buffer  should  be 
so  adjusted  as  to  give  sufficient  pressure  between  the 
surfaces  to  retard  the  break  so  that  it  will  not  bound 
back  or  hit  too  hard  at  the  end  of  the  opening  move- 
ment. On  electrically  operated  breakers  care  must  be 
taken  not  to  have  too  much  friction  or  the  breaker  will 
fail  to  clo.se  on  the  minimum  operating  voltage. 

Dashpots  Used  on  Some  Breakers 

On  some  heavy  electrically  operated  breakers,  dash- 
pots  are  u.sed  to  lessen  the  shock  due  to  closing  on  the 
higher  part  of  the  control  range  (See  Figs.  1  and  5). 
Such  dashpots  usually  have  adjustable  valves.  The 
valve  should  be  set  to  give  best  operation  at  the  control 
voltage  used  on  each  particular  breaker.  Regular  in- 
spection .should  be  made  and  the  piston  leather  kept 
oiled  and  clean  and  the  valve  passages  free  from  dirt. 
Before  being  put  in  operation,  this  whole  piston  and 
valve  mechanism  requires  inspecting  to  see  that  no  dirt 
or  refuse  from  packing  has  accumulated  and  that  all 
parts  are  free  from  rust,  etc. 

"Inverse-time-limit"  tripping  is  usually  accomplished 
by  attaching  some  kind  of  dashpot  to  the  moving  ele- 
ment of  the  tripping  magnet  such  as  at  T ,  Fig.  2.  Two 
kinds  of  dashpots  have  been  used  for  this  purpose.  In 
the  piston  dashpot.  Fig.  6,  a  piston  is  arranged  .so  as 
to  move  slowly  for  .some  distance  against  the  resistance 
of  the  working  fluid,  then  the  fluid  ceases  to  offer  resist- 
ance and  the  remainder  of  the  movement  is  very  rapid, 
tripping  the  breaker  at  or  near  the  end  of  the  movement. 
The  action  of  such  a  dashpot  usually  is  varied  by  the 
adjustment  of  a  pin  valve.  The  sucker  di.sc  dashpot,  Fig. 
7,  consists  of  two  surfaces  in  intimate  contact,  the  con- 
tact surfaces  being  immensed  in  oil  or  other  viscous 
fluid.  One  of  these  surfaces  is  movable  and  is  attached 
to  the  moving  element  of  the  trip  magnet.  Unless  the 
pull  of  the  trip  magnet  is  as  great  as  or  greater  than 
the  product  of  the  atmospheric  pressure  in  pounds  per 
square  inch,  and  the  area  of  contact  in  square  inches 
between  the  contact  surfaces,  the  moving  member  will 
be  held  without  appreciable  movement  until  the  oil  or 
other  fluid  can  flow  between  the  surfaces,  the  time  re- 
quired to  separate  the  surfaces  varying  approximately 
inversely  as  the  pull  and  directly  as  the  viscosity  of  the 
oil.  If  the  time  limit  is  too  short,  it  can  be  lengthened 
by  using  a  more  viscous  oil. 

To  keep  the  inverse-time  limit  in  good  working  order, 
it  is  necessary  that  the  oil  be  kept  clean.  A  single  par- 
ticle of  dirt  between  the  two  surfaces  of  the  sucker 
dashpot  will  sometimes  reduce  the  time  nearly  to  zero. 
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The  engaging  surfaces  must  be  protected  so  that  no 
high  spots  appear  on  either  surface.  If  imperfections 
appear  in  the  surface  due  to  bruising  or  other  cause,  all 
high  spots  should  be  removed  with  a  scraper.  Experi- 
ence has  shown  that  satisfactory  operation  can  be  had 
with  the  oil  one-quarter  inch  deep  above  the  stationary 
surface. 

With  defective  adjustments  it  may  happen  that  when 
the  moving  element  of  the  overload,  reverse-current,  or 
shunt-trip  magnets  moves  to  trip  the  breaker,  the 
breaker  fails  to  open.     One  reason  for  this  happening 

Side  Frame  of  Breaker 
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FIG.    6.      PISTON   DASHPOT 
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FIG.   7.      SUCKER  DASHPOT 


is  that  the  moving  element  strikes  the  latch  too  early 
in  its  movement;  that  is,  before  it  has  accumulated 
enough  energy  to  open  the  latch.  In  cases  like  this, 
adjustments  should  be  made  so  that  the  latch  is  freed 
just  before  the  moving  element  of  the  magnet  strikes 
the  stationary  element. 

Any  circuit  breaker  has  a  little  oil  put  on  each  pin  or 
shaft  when  it  is  being  assembled.  In  time  this  oil  works 
out.  Before  the  bearing  becomes  dry,  one  or  more 
drops  of  oil  should  be  applied  and  worked  into  the  bear- 
ings. All  excess  oil  should  be  thoroughly  wiped  off  so 
as  to  prevent  the  accumulation  of  dust  or  dirt.  If  this 
oiling  is  done  regularly,  there  will  be  no  danger  of  the 
breaker  failing  to  open  when  it  is  unlatched  by  the  trip 
magnet  or  by  hand. 

Determination  of  the  Radiation  Correc- 
tion of  a  Throttling  Calorimeter 

By  Ralph  I.  Alexander 

Whenever  a  throttling  calorimeter  is  used  to  deter- 
mine the  quality  of  steam,  the  fact  must  not  be 
forgotten  that  a  certain  amount  of  the  heat  content  of 
the  steam  is  dissipated  to  the  surrounding  air.  This 
radiation  often  introduces  a  considerable  error  in  the 
final  determination  of  the  quality,  no  matter  how  well 
the  calorimeter  may  be  protected  by  insulating  felt 
or  asbestos. 

In  order  to  make  proper  allowance  for  this  error, 
the  following  method,  after  the  late  Professor  Spangler, 
and  used  with  various  modifications  since,  has  been 
found  successful  as  applied  to  boiler  tests.  The  sample 
pipe  of  the  calorimeter  should  be  placed  between  the 
boiler  and  the  stop  valve,  never  after  the  stop  valve. 


At  the  conclusion  of  the  boiler  test  the  fires  should  be 
banked,  firedoors  left  open  and  the  top  valve  closed 
tight. 

The  result  of  these  adjustments  is  to  stop  the  boiler 
from  steaming,  but  owing  to  stored  heat  in  the  setting 
and  water,  the  pressure  will  be  very  slow  to  drop.    Dur- 
ing the  fir.st  hour  following  the  stopping  of  the  test, 
the  drop  in  pressure  will  be  practically  nil.     Whatever 
steam  is  formed  will  be  dry  and  saturated.     It  should 
be  noted  that  while  the  stop  valve  has  been  closed  the 
position   of   the   calorimeter  allows    it  to   continue    in 
operation,  and  it  should  be  allowed  to  function 
for  an  hour  after  the  completion  of  the  boiler 
test.    At  the  end  of  this  time  readings  should 
be    taken    upon    both    thermometers    of    the 
calorimeter    and    also    from    the    manometer, 
which  is  always  used  to  give  readings  of  steam 
pressure  on  the  discharge  side  of  the  calorim- 
eter. 

No  boiler  test  should  be  conducted  without 
obtaining  as  a  part  of  the  data,  readings  from 
the  barometer.  This  barometer  reading  added 
to  the  manometer  reading  as  just  determined, 
will  give  the  absolute  pressure  in  inches  of 
mercury  at  the  calorimeter  discharge.  If  more 
convenient  for  use  in  the  steam  tables,  this 
reading  of  inches  of  mercury  may  be  trans- 
posed to  read  in  pounds  per  square  inch  by 
multiplying  by  0.491.  With  this  reading  and 
the  temperature  of  the  steam  discharging 
from  the  instrument,  the  steam  tables  may  be 
consulted  to  determine  the  total  heat  content 
of  the  steam  at  this  point  in  the  calorimeter. 
It  will  of  course  be  necessary  to  find  this  reading  of 
heat  content  in  a  table  for  superheated  steam. 

The  reading  of  the  steam  pressure  in  the  boiler  is 
found  by  noting  the  pressure  on  the  steam  gage.  The 
pressure  gage  should  be  calibrated,  in  order  that  the 
true  reading  may  be  known.  Because  under  the  condi- 
tions of  the  test  the  steam  in  the  boiler  is  dry,  again 
consulting  the  steam  tables  (saturated  steam  tables), 
the  total  heat  for  the  given  gage  pressure  will  be  found. 
The  basic  principle  on  which  the  throttling  calori- 
meter depends  for  its  success  is  that  there  is  no  heat 
loss  due  to  the  passage  of  steam  through  the  orifice 
plate.  Therefore  the  two  total  heat  values,  as  previously 
determined,  should  be  equal.  It  will  be  found  by  com- 
parison that  such  is  not  the  case,  and  the  difference 
in  the  two  results  is  the  radiation  loss  of  the  calorimeter. 
It  will  amount  to  several  B.t.u.,  depending  upon  how- 
well  the  calorimeter  is  insulated.  This  correction  should 
now  be  added  to  the  total  heat  content  of  the  steam 
discharging  from  the  instrument  as  previously  deter- 
mined during  the  boiler  test.  The  solution  for  the 
quality  of  the  steam  may  then  be  determined  from  the 
formula 

{i  +  R~q) 
x^  ,: 

in  which 


R  = 


Quality  of  steam  (unknown)  ; 

Total   heat   of   the   superheated    steam   on   the 

discharge  side  of  the  calorimeter  in  B.t.u. ; 
Radiation  correction,  or  loss  of  the  calorimeter 
expressed  in  B.t.u. ; 
=  Heat  of  the  liquid  of  the  boiler  steam  expressed 

in  B.t.u.; 
=  Heat    of    vaporization     of    the    boiler    steam 
expressed  in  B.t.u. 
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It    may    bp   added    that    the    reason    for    nsinjf    two  Staiidinn  at  the  cylindor  end  of  the  machine,  a  com- 

thernionieters,  one  on  each    •(ido  of  the  throttle  plate,  pressor  cylinder  is  found  mounted  on  a  substantinl  bed 

is    to    determine    the    proper    correction    of    the    tern-  at  the  ri^ht;  on  the  left  is  the  expander  cylinder,  while 

perature  reatlinjr  of  the  thermometer  on  the  discharjre  between  them  is  a  steam  cylinder  which   fiirnisheK  the 

side   of   the   calorimeter.      The    error    in    this   case    is  pf)wer. 

due  to  stem  exposure.  Both  thermometers  should  At  the  far  end  of  the  bed  is  a  sinpfle-throw  crankshaft 
preferably  be  of  the  same  pattern,  of  the  same  length,  mounted  in  bearings  supported  in  jaws  cast  with  the 
and  with  the  same  scale.  They  should  be  placed  in  bed.  The  crank  is  connected  with  the  steam  cylinder, 
thermometer  wells  of  e(iual  depth.  While  the  cal-  and  on  the  two  overhunp:  ends  of  the  crank.shaft  arc 
orimeter  is  in  operation,  it  will  be  noticed  that  the  mounted  two  heavy  flywheels,  in  which  are  tho  crank- 
readinp  of  the  thermometer  on  the  high-pressure  side  pins  for  the  connecting  rods  of  the  compre.ssor  and 
will  record  lower  values  than  the  temperature  of  expander  cylinders.  These  flywheels  have  their  con- 
saturated  steam  corresponding  to  the  boiler  pressure  necting  rods  coupled  in  the  usual  way  to  the  cro-ssheads, 
as  indicated  in  the  steam  tablfes.  Notice  on  both  ther-  only  the  compres.sor  cylinder  crosshead  has  it.s  pin 
mometers  the  height  that  the  mercury  stands  above  the  extended  out  right  and  left  and  to  these  two  extensions 
top  of  the  thermometer  wells.  If  the  thermometers  are  connected  a  water-circulating  pump  on  the  left  and 
are  identical  in  type  these  measurements  may  be  made  an  air  primer  pump  on  the  right.  Above  the  bed,  and 
as  the  number  of  degrees  of  exposed  mercury  as  indi-  supported  on  the  two  outside  cylinders  and  brackets 
cated  by  the  scales  of  the  thermometers.  The  error,  cast  on  the  back  of  the  main  bearing  supports,  is  a 
as  just  determined,  of  the  thermometer  reading  on  the  cooler  in  which  is  a  copper  cooling  coil.  Of  course  the 
high-pre.ssure  side  is  multiplied  by  the  ratio  of  the  two  ends  of  the  cooler,  which  is  a  cylinder,  are  closed  with 
measurements  of  stem  exposure.  The  result  will  give  heads.  Two  eccentrics  are  fitted  on  the  crankshaft 
the  thermometer  correction  to  be  applied  to  the  tem-  and  they  work  two  rocker  shafts  supported  on  the  bed. 
perature  reading  from  the  discharge  side  of  the  instru-  and  the  rocker  shafts  in  turn  work  the  two  main  and 
ment.     The  following  example  illustrates:  the  two  cutoff  valves  of  the  compressor  and  expanden- 

Ten,pe.;auro   reading  fron,   high-prc.s.uro  side  of  instru-  cylinders  as  well  as  the  single  slide  valve  of  the  steam 

ment.  dog-.  V 336. .1  engine. 

steam  pi-essure.  iibsohitc,  lb 116 

Temperature  of  steam  corre.sponding  to  pressuro,  deg.  F.  .  .     338.7  THE  CYCLK  OF  OPERATION 

Difference   of   temperature   readings,   deg.    F -.;.' 

Temperature    reading   on    low-pressure   side    of   instrument,  _,               1         ,.   xi                 1  ■         •              .-   n                 mi 

(leg.  F 3 18.3  The  cvcle  ot  the  machine  is  as  toUows :     The  .steam 

•stem  pposnnt.^on  high-pres-sure  side  of  orin^^                        256..".  engine    turn.^    the   crankshaft,   and    its    two    flywheels 

•stem  exposure  on  low-pressure  side  of  oriflce  plate  (348.5-  ^^^  ^  actuate  both  compressor  and  expander  cylinders.     The 

Error  to  be  applied  to  thermometer  reading  on  low-pressure  compressed  air,  which  has  become  heated  by  being  com- 

-side  of  oriflce  plate  (j^^)  (2.2)   =  deg.  F 2.3"  pressed,   passes   fiom   the   valve   che.st  through   copper 

Correct  reading  of  each  thermometer,  deg.  F. :  connections,  to  the  copper  cooler  coil ;  water  supplied 

High   338.^  jjy  the  vvater  pump  surrounds  the  coil.     The  hot  com- 

•The  thermometer's  in  this  ease  ^vereimmer.^ed^nVh".^^  pressed   air,  cooled   somewhat,   Is  then  led  through   a 

wells  to  the  80  deg.  reading.  moisture  Separator  in  the  front  end  of  the  cooler  head. 

In  any   series   of  calorimeter   reading.^-,   it    is   always  on  through  a  copper  pipe  back  to  the  valve  chest  of 

good  practice  to  interchange  thermometers  after  each  the  expander,  and  here,  as  it  is  of  considerable  pressure, 

reading,  the  object  being  to  equalize  the  error  when  the  it  aids  the  steam  engine  in  turning  the  machine, 

readings  are  averaged  at  the  end  of  the  test.  The  expanding  of  the  compres.sed  air,  coupled  with 

the  work  it  has  to  do  on  the  piston  of  the  expander, 

.                                         .  ,  results,  of  course,  in  a  low  temperature.     The  cold  air 

oome  "ointS  About  Uense-Air  jg  t^en  led  by  pipes  to  an  oil  separator,  which  extracts 

Refrifferatinff  Machines  most  of  the  lubricating  oil  used  in  the  cylinders.     The 

cold  air  then  passes  on  to  an  ice-making  tank,  which, 
By  W.  D.  Forbes  however,  is  connected  to  the  main  line  leading  to  the 
The  use  of  what  are  known  as  chemical  ice  machines,  chillroom,  so  that  it  can  be  cut  out  when  no  ice  is 
such  as  ammonia  and  CO.,  is  without  any  doubt  the  wanted.  From  the  chillroom  coils  the  cold  air  is 
most  economical  means  of  "obtaining  ice  or  of  chilling  returned  to  the  valve  chest  of  the  compressor  cylinder, 
rooms  artificially.  The  use  of  free  air  is  well  known  to  thus  completing  the  cycle,  which  is  a  closed  one. 
the  students  of  refrigeration,  but  it  is  not  well  under-  The  primer  pump  resupplies  any  air  that  seeps  out 
stood  bv  many  of  them.  of  the  system.  If  the  system  could  be  kept  absolutely 
While  the  system  of  air  as  a  refrigerating  medium  tight,  the  primer  pump  would  not  be  needed  except 
is  more  expensive,  there  are  conditions  where  air  is  in  starting  the  machine.  The  primer-pump  plunger 
preferable  to  chemicals.  The  conditions  may  be  broadly  is  hollow,  and  at  its  front  end  several  small  inlet  holes 
.stated  as  where  power  is  cheap,  where  water  power  is  meet  the  bore ;  at  the  back  end  a  foot  valve  is  screwed 
obtainable,  where  the  plant  is  far  from  places  where  into  the  plunger.  This  pump  partakes  of  the  same 
chemicals  are  produced,  where  the  shutdown  of  an  motion  as  that  of  the  compressor  piston  and  rod  and 
ice  plant  because  of  a  lack  of  chemicals  would  be  pumps  air  into  the  system  through  a  check  valve  when- 
serious,  ever  leakage  occurs,  thus  automatically  working  only 
The  theory  0*'  free  air  refrigeration  is  simple. '  It  when  needed.  The  primer-pump  body  is  built  into  the 
requires  a  compressor  cylinder,  an  expander  cylinder  compressor-cylinder  casting,  which  is  water- jacketed, 
and  power  to  work  both.  In  the  United  States  Navj-  the  the  bore  being  made  with  a  removable  liner,  and  the 
dense-air  ice  machine  has  been  used  for  years.  To  ex-  same  water  pump  furnishing  the  cooling  water  for  the 
plain  how  a  machine  of  this  character  works,  I  will  cooler  keeps  the  jacket  water  moving;  thus  the  primer- 
describe  one  of  the  most  widely  used  of  this  class.  pump  body  is  also  cooled  as  well  as  the  cylinder. 
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The  piston  of  the  compressor  is  provided  with  two 
cup-shaped  leather  packings,  held  in  their  places  by  two 
followers,  the  cupped  packings  looking  away  from  each 
other.  These  packings  are  also  used  in  the  same  way 
in  the  expander.  Aboard  ship  it  has  been  found  more 
satisfactory  to  drop  off  the  direct-connected  water 
pump  and  connect  the  water-cooling  system  with  the 
bilge  or  some  other  pump,  for  in  southern  regions  the 
water  being  warm,  a  greater  volume  is  required  than 
can  be  obtained  through  the  connected  pump. 

When  the  system  is  in  working  order,  the  gage  of  the 
compressor  should  show  270  lb.,  while  the  gage  of  the 
expander  should  show  60  lb.,  and  this  relation  should 
be  closely  maintained  if  good  work  is  expected. 

In  manufacturing  the  machines,  the  valves  are  set 
first  by  empirically  determined  positions,  then  indicators 
are  used  to  set  them  finally.  I  suggest  to  anyone  in 
charge  of  this  air  type  of  machine  not  to  try  to  reset 
the  valves  without  using  indicators.  The  valves  in  the 
Allen  machine  are  of  the  slide  type.  I  made  some 
experimental  runs  with  valves  of  this  type  and  then 
changed  them  for  single-acting  valves  in  the  com- 
pressor, and  found  that  the  economy  of  the  latter,  as 
regards  refrigeration,  was  just  a  little  better  than  with 
the  former,  but  the  self-acting  valves  showed  an  econ- 
omy of  power. 

Small  Air  Leak  Will  Impair  Efficiency 

In  running  a  dense-air  machine,  those  in  charge  must 
closely  care  for  the  tightness  of  the  system.  A  small 
air  leak  will  run  the  efficiency  of  the  system  down,  or  if 
there  is  any  bypassing  of  the  air  in  the  compressor 
or  expander,  the  system  will  at  once  give  trouble. 

The  oil  used  in  the  compressor  should  be  one  suited 
to  withstand  the  heat  of  compression,  while  that  used 
in  the  expander  must  withstand  the  cold,  which  can 
be  and  is  often  brought  below  zero  F.  I  have  seen  a 
plant  put  out  of  action  by  having  these  two  grades 
interchanged.  Of  course  the  bearings  of  the  machines 
require  oil  of  the  usual  character  for  such  work.  Both 
expander  and  compressor  cylinders  are  oiled  by  special 
sight-feed  oilers  or  cups,  as  are  the  piston  rods  and 
valve  stems  of  both  the  cylinders.  The  oil  for  the 
piston  rods  feeds  into  an  oil  ring  set  about  the  middle 
of  the  metallic  packing.  Metallic  packing  is  also  used 
on  the  valve  stems,  which  are  furnished  with  oil  rings. 

When  it  comes  to  taking  charge  of  an  air  ice  plant,  the 
things  to  look  out  for  are  at  first  perplexing,  as  a  drop 
in  pressure  may  occur  from  many  causes.  The  first 
thing  to  do  is  to  see  if  the  primer-pump  foot  valve  is 
working,  also  its  check  valve.  The  fir.st  may  be  listened 
for  and  the  second  also.  If  the  check  valve  is  not 
working,  a  few  smart  blows  on  its  body  will  often 
start  it;  if  the  foot  valve  of  the  primer  pump  is  not 
acting,  it  must  be  taken  out,  cleaned  and  perhaps 
ground.  To  do  this  the  cap  must  be  taken  off  the 
pump  body,  the  forward  nuts  of  the  plunger  cast  adrift 
from  the  extension  of  the  crosshead  pin,  and  the 
plunger  backed  out.  Care  .should  be  taken  not  to  dis- 
turb the  position  of  the  two  nuts  on  the  reduced  part 
of  the  plunger,  as  in  returning  it  its  end  may  strike 
the  cap  and  wreck  it  or  the  foot  valve.  Grind  the  foot 
valve  or  check  valve  with  ground  glass;  do  not  use 
emery. 

To  detect  leaks,  all  joints,  piston  rods  and  valve 
stems  must  be  soap-watered,  the  joints  of  the  valve 
chests  and  cylinder  covers  not  being  overlooked.  The 
pipe  joints  throughout   mu.st   be   gone   over,   not   only 


at  the  machine,  but  at  the  ice  tank,  grease  trap  and 
chillroom. 

The  gaskets  of  the  valve  chest  and  cylinder  heads  are 
all  metallic  and  are  made  up  with  litharge.  To  remove 
the  pistons,  a  .socket  wrench  is  required  and  care  must 
be  taken  not  to  shift  the  pistons'  positions,  as  a  head 
may  be  knocked  out  if  they  are  not  exactly  replaced. 
It  will  be  noticed  in  this  machine  that  there  is  an 
adjustment  provided  for  the  pistons,  and  by  slacking 
back  on  the  capscrews  in  the  crossheads  the  piston  rods 
can  be  turned  in  the  crossheads,  and  a  wrench  is  pro- 
vided to  fit  the  squares  milled  on  the  piston  rods  for 
the  purpose.  The  followei-s  and  bull  rings  are  provided 
with  small  tapped  holes  into  which  rods  are  screwed 
to  remove  these  parts  easily. 

To  replace  the  leather  packings  of  the  pistons  is 
an  easy  job,  but  care  should  be  taken  to  have  the 
hands  clean,  as  a  little  grit  on  the  leathers  will  scratch 
the  polished  surface  of  the  bores  and  injure  them.  The 
leathers  come  cut  to  size  and  in  neatsfoot  oil,  and  all 
that  has  to  be  done  is  to  form  them  up  a  little  with 
the  fingers  and  shave  the  edges  nicely.  After  the  pis- 
tons are  made,  the  valve  chests  should  be  opened  an-l 
the  valve  faces  examined.  The  compressor  valves  give 
much  trouble  by  cutting,  and  if  the  lubrication  is  not 
thorough,  the  faces  of  both  valves  and  seats  will  cut  in 
a  few  minutes.  False  seats  are  sometimes  fitted  in 
the  valve  chests  and  the  surfaces  of  the  main  valve 
seat  are  awkward  to  reach  and  scrape,  but  the  machine 
will  not  give  proper  refrigeration  unless  the  valve  seats 
are  all  in  first-class  condition.  The  main  valves  of  the 
cylinders  have  crooked  ports,  and  their  passages  are 
tested  to  see  that  the  walls  are  solid,  as  sometimes  these 
walls  leak.  If  the  machine  does  not  keep  up  pressures 
or  equalizes  when  all  joints,  valve  seats  and  stuffing 
boxes  are  tight,  the  leaking  or  seeping  of  the  dividing 
walls  in  cylinder  or  valves  may  be  the  cause  of  the 
trouble.  To  test  out  the  main  valves  and  cylinders, 
the  passages  must  be  blocked  and  water  pressure 
applied. 

Proper  Resetting  of  the  Valves 

To  cast  adrift  the  cutoff  and  main  valves  is  a  real 
job,  and  to  return  them  to  their  original  position,  trams 
should  be  made.  These  trams  are  not  furnished  with 
the  machines,  but  unless  the  valves  are  reset  just  as 
they  were,  it  will  take  some  time  to  run  tests  to  properly 
reset  them. 

If  the  passages  show  spongy  in  their  walls  and 
therefore  bypass  the  air,  they  can  be  rusted  with 
salammoniac,  and  this  will  answer  for  a  time. 

The  best  way,  however,  is  to  use  melted  sulphur  and 
to  do  this  in  the  cylinders  they  have  to  be  removed  from 
the  bed  to  tilt  them  so  the  sulphur  will  run  where  it 
is  wanted.  Before  trying  to  run  the  sulphur,  the  metal 
must  be  heated  as  much  as  possible  or  the  material  will 
not  enter  the  pores  of  the  metal  and  only  a  surface 
joint  will  result;  but  if  the  metal  is  sound  and  hot, 
the    joint    will    be    permanent. 

The  copper  cooling  coil  in  the  cooler  becomes  corroded 
after  a  while,  but  when  this  occurs  the  pressures  run 
down  so  quickly  that  an  observer  will  almost  at  once 
surmise  the  cause.  When  the  trouble  is  located,  there 
is  nothing  to  do  but  I'eplace  the  coil  with  a  new  one 
or  patch  up  the  old  one  temporarily  by  soldering. 

In  the  design  of  this  machine  the  placing  of  the 
cylinder  of  the  steam  engine  between  the  two  other 
cylinders  is,  in  my  opinion,  a  mistake  from  the  economy 
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Htandpoiiit,  l)iit  it  miikf.s  a  compact  machine.  It  iH  clear 
that  a  hot  steam  cylinder  should  not  be  put  clo.se  to 
the  cold  e.xpniider  cylinder,  thoujth  it  is  heavily  hiKRed ; 
nor  should  heat  he  transmitted  to  a  conipre.s.sor  cylin- 
der. Attain,  the  use  of  a  system  of  slide  valves  in  the 
compressor  is  ill-advised,  and  self-act iiiK  valves  as  tested 
by  me  clearly  show  that  the  great  trouble  with  the 
cutting  of  the  compressor  slide  valves  would  be  done 
uwny  with. 

Steuiii-HeaUMi   Furl-Oil   l*i|M'  Liin* 

in  llii<l('r<;r<>iiii(l  (conduit 

When  P.  Hallantinc  &  Sons,  of  Newark,  N.  .1.,  de- 
cided to  construct  a  new  boiler  plant,  the  iiuestion  of 
fuel  came  to  the  fore.    This  was  during  the  period  when 


storage  tank  at  the  boiler  houHe,  or  both  can  be  used 
to  pump  from  the  tank  cars,  there  being  room  for  three 
cars  to  Ite  placed  for  unloading  at  once. 

In  the  new  boiler  house  there  are  two  similar  pumps 
which  puni))  from  the  small  storage  tank  buried  in  the 
ground,  just  outside  of  the  boiler  house,  to  the  oil 
burners.  Each  pump  is  supplied  with  an  oil-heating  tank 
containing  coils  through  which  the  oil  is  forced  in 
pumping,  steam  being  admitted  to  the  tanks  to  the 
outside  of  the  coils.  This  heats  the  oil  and  makes  it 
more  convenient  to  handle  through  the  pipe  line  and 
to  the  burners. 

An  interesting  pipe-line  installation  between  the  main 
storage  tank  and  the  one  at  the  boiler  house  has  been 
made,  consisting  of  the  oil  line  and  a  steam  line.  Fig.  3, 
running  together  through  a  conduit,  the  two  pipes  being 


a    1 

\  ]     '"MS 

^^^J^jJlBuil  jMfaJ*                      .  iAi£|i 

"^l^/ttfk^J^ 

H^^^i^'  '^'^ 
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FIG.  2.     Fl'EIv-OIL  Pt'MPS  AND  OIL  HEATERS 


FIGS.    3   TO   7.      DETAIL.S   OF  PIPE  CO.VUUIT   LINE 
Fig.  3 — Bottom  half  of  conduit  and  roll  frame  ready  for  piping.     Fig.  4 — Oil  and  .'iteam  pipe  line  on  roll  frame.     Fig.  5 — Applying 
sheet-metal  jacket  ai-ound  oil  and  steam  lines  to  act  as  a  heating    chamber.      Fig.    6 — Top    of    conduit    being   applied    and    conduit 
felting   placed   around   tin-   lieating   diambei-.      Fig.    7 — Fini.^Jhed    job  .■allowing  cemented   waterproofed    bell    joints. 


soft  coal  was  hard  to  obtain  and  of  poor  quality  at  that, 
and  it  was  decided  not  only  to  equip  the  new  boilers 
with  mechanical  stokers,  but  to  provide  for  burning 
fuel  oil  as  well.  The  new  boiler  house  contains  four 
500-hp.  water-tube  boilers  and  space  has  been  provided 
for  the  future  installation  of  two  more,  making  a  total 
of  3,000  horsepower. 

In  installing  the  proposed  fuel-oil  system,  a  3,000,- 
000-gal.  storage  tank  was  built  close  by  a  railroad 
siding  and  buried  in  the  ground.  The  tank  is  made 
with  four  compartments,  each  22  ft.  6  in.  by  30  ft.,  and 
15  ft.  deep  to  the  overflow;  each  compartment  holds 
77,269  gal.  At  one  side  of  the  tank  is  a  pumphouse 
containing  two  duplex  oil  pumps.  Fig.  2,  so  piped  that 
one  can  pump  from  a  tank  car,  Fig.  1,  to  the  reservoir 
while  the  other  is  pumping  from  the  reservoir  to  a  small 


surrounded  by  a  sheet-metal  jacket.  Fig.  5,  to  act  as  a 
heating  chamber.  Both  pipes  are  placed  in  a  J.  M. 
conduit,  and  asbestos  sponge  fillings  are  placed  around 
the  heating  chamber,  which  is  between  the  sheet-metal 
jacket,  as  shown  by  Fig.  6,  and  the  tile  waterproofing 
covering.  Fig.  7. 

Expansion  and  contraction  are  taken  care  of  by  sup- 
porting the  pipes  on  roll  frames  placed  on  12-ft.  centers. 
Fig.  3.  These  frames  carry  the  pipes  independently  of 
the  tile,  and  the  insulation  is  the  only  weight  resting 
on  the  tile. 

So  far  as  known  this  installation  is  the  first  of  its 
kind;  that  is,  it  is  the  first  time  conduit  has  been  put 
in  use  as  a  fuel-oil  carrier.  The  pipe  line  is  constructed 
under  the  sidewalk  and  .manholes  are  provided  at 
intervals. 
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Power  Plants  of  the  Morris  &  Essex  Canal 

By  Hugh  G.  Boutell 

To  anyone  interested  in  the  historical  side  of 
engineering  and  similar  work,  some  of  the  towns  of 
northern  New  Jersey,  situated  only  a  short  distance 
from  New  York  City,  contain  many  objects  worthy  of 
investigation.  During  a  recent  visit  in  that  neighbor- 
hood I  was  particularly  impressed  with  the  elaborate 
v.-orks  connected  with  the  old  Morris  &  Essex  Canal. 
Much  of  this  construction  is  naturally  of  the  greatest 
interest  to  the  civil  engineer,  but  some  of  it  will  appeal 
to  the  mechanical  man  as  well. 

This  canal  was  built  during  the  period  between  1824 
and  1835,  and  connects  tidewater  at  Jersey  City  with 
the  Delaware  River  at  Easton,  Pa.,  about  102  miles 
away.  The  primary  object  of  its  construction  was  to 
furnish  a  cheap  means  of  transportation  from  the 
Lehigh  Valley  region  to  New  York  City.  The  route 
selected  gives  to  the  canal  a  total  rise  and  fall  of  1,674 
ft.,  since  the  summit  leyel  is  914  ft.  above  Jersey  City 
and  760  ft.  above  Easton.  To  overcome  this  grade  23 
inclined  planes  and  23  locks  have  been  provided. 

The  locks  present  no  features  of  particular  interest, 
but  the  planes,  to  me  at  least,  appear  to  be  unique.  Both 
single  and  double,  planes  are  used,  depending  on  the 
location  and,  I  suppose,  the  density  of  traffic,  though 
this  latter  point  is  now  hardly  worth  considering.  The 
planes  consist  of  a  single  or  double  line  of  rails,  so 
arranged  as  to  pass  over  the  summit  and  dip  into  the 
water  at  the  high  level  of  the  canal  and  into  the  low 
level  at  the  bottom.  On  this  track  run  two  cars  or 
cradles,  constructed  of  heavy  timbers,  The  cars  are 
permanently  coupled  together  and  rest  on  a  large 
number  of  small  flanged  wheels.  The  track  is  laid  with 
rails  of  a  long-ago  obsolete  cross-section,  to  a  gage  of 


FIG.  1.     VIEW  LOOKIXG  UP  ONE  OF  THE  DOUBLE  PLAXES 
Tlip  cars  on  thp  left-hancl  track  are  in  the  water  at  the  low  level. 


about  twelve  feet.  Each  rail  is  carried  by  a  heavy 
wooden  stringer  made  fast  to  the  roadbed.  The  cars 
are  raised  and  lowered  on  the  plane  by  a  wire  rope, 
about  21  in.  in  diameter,  supported  by  sheaves  in  the 
middle  of  the  track. 

The  "power  plants"  used  for  operating  this  hauling 
rope  are  most  interesting.     They  are  all  more  or  less 


similar  in  construction  and  each  one  consists  of  a  large 
Jrum,  12  ft.  in  diameter,  over  which  the  rope  is  wound, 
and  which  is  driven  by  a  vertical,  low-head  water  turbine. 
This  turbine  runs,  of  course,  always  in  one  direction, 
but  by  means  of  a  clutch  controlled  by  the  operator  the 
motion  of  the  winding  drum  may  be  reversed.  Water 
for  the  turbine  is  conducted  from  the  upper  level  of  the 
canal  by  means  of  a  rectangular  wooden  flume  to  a  cir- 
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The  cars  are  controlled  from  the  upper  room. 


cular,  vertical  wooden  pipe  near  the  wheelhouse,  where 
it  drops  to  the  pit  in  which  the  turbine  is  placed.  After 
operating  the  turbine,  the  waste  water  flows  into  the 
lower  level  of  the  canal.  Most  of  the  machinery  in  con- 
nection with  these  planes,  while  not  that  originally  used, 
was  constructed  prior  to  1860,  but  it  appears  to  be  in 
good  operative  condition. 

The  illustrations  give  a  good  idea  of  the  appearance 
of  one  of  these  plants  and  the  plane  which  it  operates, 
near  Easton,  Pa.  The  long  horizontal  flume,  the  quaint 
old  wheelhouse  and  the  plane  itself  are  all  distinctly 
shown.  The  wheelhouses  that  I  have  seen  were  all  built 
with  at  least  two  stories  above  ground ;  from  the  upper 
one  the  motion  of  the  drum  was  controlled,  thus  giving 
the  operator  an  unobstructed  view  of  the  plane. 

When  it  is  desired  to  pass  a  canal  boat  up  or  down  the 
plane,  the  boat  is  floated  onto  the  cars,  made  fast  by 
ropes  to  cleats  placed  along  the  sides  of  the  latter  and 
either  raised  or  lowered  on  the  plane  till  the  boat  again 
floats  at  the  new  level.  The  system  appears  to  possess 
advantages  over  the  ordinary  locks,  for  while  the  boat 
is  being  raised  or  lowered  it  is  also  going  forward  at 
about  the  .same  rate  of  speed  as  is  maintained  on  the 
level  portions  of  the  canal.  Thus  less  time  is  required 
TO  make  the  passage,  and  I  imagine  the  water  con- 
sumption of  the  turbines  is  less  than  would  be  the  case 
with  locks. 

While  the  canal  is  still  maintained  in  running  condU 
tion.  it  is  seldom  used,  having  been  unable  to  satis- 
factorily compete  with  the  railroads.  The  planes  are 
grass-covered,  and  spiders  have  endeavored  with  their 
tiny  threads  to  prevent  the  motion  of  the  cars  upon 
the  old  rails,  but  even  in  their  present  condition  the 
works  are  impressive  and  stand  as  a  monument  to 
early  American  skill  and  ingenuity. 
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IX  MINES  where  250-volt  trolley  haulage  is  u.sed  the 
trolley  wires  and  direct-current  feeders  are  well  dis- 
tributed over  the  proi)erty,  both  on  the  surface  and 
underground.  Power  may  be  conveniently  obtained  by 
tapping  the  feeders  or  trolley  for  the  motors  which  oper- 
ate small  pumps,  ventilating  fans,  small  hoists,  concrete 
mixers  and  for  the  numerous  other  small-power  uses  to 
be  found  around  such  applications.  For  the  large  hoists 
and  pumps  and  for  the  heavy  and  more  important  drives 
special  feeders  must  be  run,  and  it  is  usually  more 
economical  to  install  alternating-current  motors  of  some- 
what higher  voltage. 

Moisture,  Dirt  and  Neglect  the  Principal  Causes 
OF  Trouble 

Direct-current  motors,  especially  the  older  types,  have 
many  troubles  which  are  common  to  mining  conditions. 
The  main  troubles  encountered  are  due  to  moisture,  dust 
and  neglect.  Motor  equipment  of  a  mine  is  much  more 
scattered  than  is  usual  in  other  industries,  and  unless 
considerable  supen-ision  is  exercised  it  is  likely  to  be 
neglected.  When  a  man  has  to  climb  a  hundred  or  two 
feet  of  ladders  to  inspect  a  motor,  he  is  prone  to  make 
his  in.spection  by  proxy.  Dust  causes  trouble  in  bear- 
ing lubrication,  heating  and  commutator  trouble.  The 
last  may  be  due  to  abrasive  dust  cutting  the  commu- 
tator or  to  brushes  wedging  in  the  holders.  Cleaning 
the  motors  frequently  with  com- 
pressed air  and  washing  out  the 
bearings  is  the  only  remedy. 

Moisture  trouble  is  more  seri- 
ous— it  causes  a  partial  or  gene- 
ral failure  of  the  insulation,  re- 
sulting in  burned-out  coils  or 
grounded  commutator.  It  may  be 
due  to  absorption  of  moisture 
from  the  atmosphere,  to  drip 
from  the  roof  or  to  total  immer- 
sion from  flooding.  If  a  motor 
is  installed  in  a  humid  atmos- 
phere, it  should  be  operated  suf- 
ficiently to  keep  it  dried  out. 
Temperature  changes  from 
changing  air  currents  may  cause 
the  motors  to  sweat.  An  en- 
deavor should  be  made  whenever 
possible  to  locate  the  motors  in 
places  known  to  be  di-y.  This, 
however,  is  frequently  difficult; 
the  damp  portions  of  a  mine  will 
often  shift  with  the  progress  of 
the  ore  removal. 

The  most  practical  place  for 
combating  troubles  due  to  mois- 
ure  is  in  the  shop.    All  parts  of 
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the  motor  should  be  made  as  nearly  moistureproof  as 
possible  by  a  thorough  dipping  in  insulating  compound 
and  baking  of  the  current-carrying  parts.  This  method 
of  treatment  has  several  distinct  advantages.  A  thorough 
dipping,  followed  by  suitable  baking,  will  fill  the  pores 
and  openings  and  render  the  coils  and  commutator  ends 
impervious  to  moisture,  thus  preventing  insulation 
breakdowns.  It  prevents  loosening  and  movement  of 
the  coils  and  band  wires  by  swelling  and  subsequent 
drying  out  of  the  insulation.  By  filling  the  air  pockets 
it  enables  the  heat  to  be  dissipated  more  readily. 
Cementing  the  wires  together  will  prevent  movement 
and  chafing  of  the  insulation.  The  coil  leads  will  be 
stiffened  and  will  not  crystallize  so  readily  at  the  com- 
mutator necks.  The  insulation  in  general  will  withstand 
damage  from  mechanical  injury  much  better,  as  the  coil 
will  be  practically  a  solid  mass. 

Dipping  and  Baking  Armatures  and  Field  Coils 

The    street    railways    and    traction    companies    have 
realized  for  some  time  the  savings  resulting  from  regu- 
lar and  systematic  dipping  and  baking  of  armature  and 
fields  coils.     A  complete  equipment  for  this  purpose  is 
considered  a  necessary  part  of  the  shop  outfit.     The 
general  custom  is  to  remove,  dip  and  bake  armatures 
and  field  coils  about  oi.ce  a  year.     At  such  times  a  gen- 
eral overhauling  of  the  motor  is  made,  worn  or  damaged 
parts   are   replaced   or   repaired 
and     everything     is    thoroughly 
cleaned.     Treatment  of  this  na- 
ture will  largely  prevent  break- 
down at  inconvenient  times  and 
will  greatly  benefit  continuity  of 
service. 

Very  few  mining  companies 
have  equipment  of  this  nature, 
and  a  brief  description  of  a 
rather  inexpensive  outfit  in- 
stalled under  the  direction  of  the 
writer  may  be  of  benefit.  It  will 
handle  direct-current  armatures 
up  to  25  hp.,  and  larger  ones  may 
be  manipulated  by  dipping  one 
end  at  a  time.  Second-hand  ma- 
terial was  used  largely,  thus  the 
cost  was  low,  being  principally 
for  labor.  It  can  be  readily 
duplicated  at  almost  any  mining 
property. 

The  dipping  tank,  Fig.  1,  was 

eonstructed    from    a    50-gal.    oil 

drum.      One   head   was   cut    out 

Lompletely  to  give  the  maximum 

TA.N-K  -MADE  FROM  diameter  of  opening.     In   order 

DRUM  to   reduce   the  total   amount   of 
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varnish  necessary  to  com- 
pletely cover  the  arma- 
ture a  piece  of  4-in.  pipe 
14  in.  long  was  placed  in 
the  center  of  the  drum,  at 
the  bottom,  for  the  shaft. 
The  space  between  the 
pipe  and  the  drum  was 
then  filled  with  concrete. 
This  extra  weight  also 
prevents  the  tank  from 
being  readily  upset.  To 
prevent  the  evaporation 
of  the  volatile  ingredients 
of  the  varnish  a  2  x  2-in. 
sheet-iron  trough  was 
placed  around  the  top  of 
the  drum.  A  sheet-iron 
cover  fits  over  the  top 
and   rests   in   the  trough. 

The  trough  is  filled  with  water,  thus  sealing  the  joint  of 
the  cover.  In  order  to  move  the  tank  more  readily  it 
was  mounted  on  a  truck  made  by  bolting  4-in.  malleable 
casters  under  each  corner  of  a  piece  of  2-in.  steel  plate. 
The  tank  is  run  under  the  crane  when  dipping  and  drain- 
ing an  armature  and  stored  in  an  out-of-the-way  place 
when  not  in  use.  As  usual  with  electrical  repair  shops, 
floor  space  is  at  a  premium. 

How  THE  Baking  Oven  Was  Made 

The  baking  oven  was  made  from  a  gas  scrubber  taken 
from  an  abandoned  gas  plant.  It  was  of  ample  size 
to  accommodate  several  armatures  and  happened  to  fit 
in  a  particular  space  in  the  shop  which  could  be  spared. 
It  is  constructed  of  i-in.  sheet  iron,  and  no  attempt  was 
made  to  insulate  the  sides.  The  door  is  held  in  place  by 
bars  which  drop  into  wedging  catches,  the  weight  of 
the  door  forcing  it  into  contact  with  the  face  of  the 
oven.  Heat  is  produced  by  open  coils  of  No.  14  Ni- 
chrome  wire  supported  on  No.  4  porcelain  knobs.  To 
maintain  a  temperature  of  90  deg.  C.  a  current  of  25 
amperes  at  250  volts  is  required.  While  lagging  the 
oven  would  reduce  the  amount  of  power  required  some- 
what, this  was  left  for  the  future.  Ventilation  is  se- 
cured by  openings  in  the  sides  and  top,  and  also  by 
leakage  around  the  door.  The  gases  from  the  insulating 
compound  are  highly  inflammable  and  considerable  ven- 
tilation is  advisable  to  insure  safety  from  fire.  Suit- 
able supports  are  riveted  to  the  sides  and  top  for  sup- 
porting coils  and  small  armatures.  Large  armatures  are 
rolled  in  on  the  armature  stand  and  baked  on  the  latter. 

The  Armature  Stand 

The  armature  stand,  Fig.  2,  was  constructed  from 
channel  iron  and  pipe  fittings.  It  is  adjustable  in  height 
and  length  to  cover  a  wide  range.  As  it  is  mounted  on 
casters  it  is  readily  moved  about  the  shop.  This  enables 
an  armature  to  be  placed  on  it  under  the  crane  and  then 
run  into  the  winding  room.  Much  heavy  lifting  is 
avoided  in  this  manner,  and  one  crane  serves  several 
purposes.  When  movement  of  the  stand  would  be  objec- 
tionable it  can  be  bolted  to  thimbles  set  in  the  floor. 
The  V-blocks  are  swiveled  on  the  heacjs  of  the  screws, 
thus  enabling  them  to  be  adjusted  to  height  with  an 
armature  in  place.  To  remove  a  commutator  from  a 
large  armature,  the  armature  is  blocked  for  height  and 
the  screw  lowered  out  of  the  way.     When  the  work  is 
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completed  the  screw  is 
raised  and  the  blocking  re- 
moved. This  apparatus  is 
designed  to  be  operated  as 
much  as  po.ssible  by  one 
man.  After  an  armature 
or  field  coil  has  been  re- 
wound, repaired  or  thor- 
oughly cleaned,  as  the 
case  may  be,  it  is  heated 
to  90  deg.  C.  for  two 
hours  or  longer  to  dry  it 
out  thoroughly.  This 
heating  also  enables  bet- 
ter penetration  of  the 
dipping  varnish.  The  ar- 
mature is  then  placed, 
commutator  end  down,  in 
the  dipping  tank  with  the 
coils  submerged  and  al- 
lowed to  soak  in  the  varnish  till  all  evidence  of  bubbling 
has  disappeared.  It  is  then  raised  out  of  the  tank  and 
allowed  to  drain  till  all  excess  varnish  has  dripped  back 
into  the  tank,  and  is  then  placed  in  the  oven  and  baked. 
Small  armatures  are  placed  in  the  oven  with  .the  shaft 
vertical  to  prevent  the  varnish  settling  to  one  side  dur- 
ing baking.  Large  armatures  are  placed  with  the  shafts 
horizontal  and  are  turned  from  time  to  time.  The  bak- 
ing time  is  usually  about  eight  hours,  but  is  sometimes 
increased  for  large  armatures.  Oven  temperature  is 
maintained  at  90  deg.  C.  While  higher  temperatures 
and  longer  periods  are  sometimes  recommended  we  have 
found  these  to  give  good  results  for  our  conditions. 
After  removal  from  the  oven  the  armature  is  allowed  to 
cool,  excess  varnish  is  cleaned  from  the  shaft  and  com- 
mutator; the  latter  is  then  turned  dovwi  and  the  mica 
undercut.  The  armature  may  now  be  put  back  into 
service  or  be  stored  until  such  time  as  it  is  required  to 
replace  one  that  has  failed. 

Nicely  Finished  Apparatus  Usually  Well 
Cared  for 

Field  coils  are  removed  from  the  machine,  dipped  and 
baked  in  a  similar  manner.  While  this  process  is  going 
on  the  rest  of  the  motor  is  given  a  general  overhauling 
and  the  frame  is  painted  with  an  engine  enamel.  The 
latter  has  a  purpose  other  than  the  protection  it  affords. 
A  well-painted  motor  is  easier  to  keep  clean.  It  is  also 
a  psychological  fact  that  the  average  man  will  pay  more 
attention  to  keeping  a  nicely  finished  piece  of  apparatus 
in  good  condition  than  one  which  externally  looks  as 
though  it  was  ready  for  the  scrap  heap. 

A  satisfactory  varnish  for  the  purpose  is  a  linseed-oil 
base  of  rather  thin  consistency.  This  varnish  is  selected 
as  it  does  not  dry  out  hard,  but  will  retain  its  flexibility 
after  exposure  to  considerable  heat.  It  is  also  not 
affected  by  oils  or  water,  which  is  one  of  the  most  im- 
portant considerations  around  a  mine. 

Motors  given  this  treatment  will  withstand  a  sur- 
prising amount  of  abuse  and  rough  treatment.  It  ap- 
pears to  be  inherent  in  mining  to  expect  a  machine  to 
rtand  up  and  run  satisfactorily  under  conditions  that 
would  be  considered  beyond  all  reason  in  other  indus- 
tries. It  therefore  behooves  the  electrical  department 
to  make  the  electrical  equipment  as  nearly  indestructible 
as  possible,  and  it  has  been  my  experience  that  the  treat- 
ment described  in  the  foregoing  helps  materially. 
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The  attention  that  has  been  jriven  to  the  solid-injec- 
tion oil  engine  is  due  to  the  design  climinatinsr  the 
'Employment  of  the  injection  air  compressor.  This 
.•educes  the  cost  of  the  engine,  which  in  all  other  respects 
is  fully  as  expensive  as  the  Diesel,  by  at  least  20  per 
.•ent.  An  enpine  that  makes  use  of  the  solid-injection 
principle,  but  with  important  modifications,  is  the 
Steinbecker  four-stroke-cycle  oil  engine  recently  intro- 
duced in  (Jerniany.  and  described  in  Gas  Engine. 

In  Fig.  1  appears  an  outline  of  the  fuel  pump  and 
lombustion  retort  of  this  engine.  The  retort  .4  is  in 
'.•onmiunication  with  the  engine  cylinder  through  the 
pas.>age  B.  On  the  compression  stroke  air  is  forced 
through  B  into  the  cavity  A.  Just  before  top  dead  center 
rhe  fuel  pump  forces  a  small  amount  of  oil  into  the 
passage  B.  This  fuel  is  picked  up  by  the  air  passin  ' 
into  the  retort.  The  mixture  of  air  and  oil  particles 
explodes,  increasing  the  pressure  existing  in  A.  The 
direction  of  thp  air  currents  along  the  passage  B  is 
reversed,  and  the  charge  of  burnt  gases  starts  to  flow 


cylinder  from  the  passage  B  then  provides  the  initial 
ignition,  while  the  main  charge  enters  at  ('.  To  pro- 
vide against  pre-ignition  of  the  charge  in  A,  the  retort 
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is  water-cooled  and  provided  with  radiating  fins. 
Indicator  cards  showing  no-load  and  full-load  conditions 
are  .shown  in  Figs.  2  and  3.  It  would  appear  that  any 
variation    in    the    characteristics    of    the    fuel    would 
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FIG.   1.      STEIXBECKER  Oil.  EXGIXE 


from  A  into  the  engine  cylinder.  The  fuel  pump  con- 
tinues to  force  a  stream  of  oil  into  the  passage ;  this  oil 
is  picked   up  and  atomized  by  the  currents  of  burnt 


FIG.   2.     XO-LOAD  IXDICATOR  DIAGR.\M 

gases.    The  fuel  is  carried  into  the  engine  cylinder,  and 
combustion  occurs. 

In  the  later  developments  of  the  engine  a  secondary 
fuel   nozzle   is   placed   at   C,     The    fuel   entering   the 


seriously  affect  the  timing  of  the  explosion  in  the  retort 
A.  Unless  some  method  is  provided  for  the  thorough 
scavenging  of  the  retort  after  combustion  takes  place, 
there  would  probably  be  a  tendency  toward  misfires 
under  low-load  conditions.  The  design  is  in  many 
respects  a  development  of  the  Hvid  or  Brons  principle 
with  the  addition  of  a  timing  of  the  fuel  introduction. 


The  heaviest  circuit  breakers  ever  designed  for  13,- 
200-volt  service  will  be  installed  by  the  United  Electric 
Light  and  Power  Co.,  New  York,  in  its  Hellgate  Station. 
There  will  be  120  of  these  solenoid-operated  type  04 
Westinghouse  circuit  breakers  having  an  interrupting 
ability  of  58,000  amperes  at  the  arc  (1,500,000  kva.). 
The  disconnecting  switches  are  gang-operated,  and 
their  operating  mechanisms  are  interlocked  with  the  oil- 
breaker  mechanism  so  that  the  disconnects  cannot  be 
moved  unless  the  breaker  is  not  in  the  operating 
position,  thus  assuring  safety  to  operators.  These  oil 
breakers  are  unique  in  that  the  phase  elements  will  be 
in  separate  rooms  approximately  thirty  feet  apart. 
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Improved  Operating  Conditions  Save  $13,585 

in  Fuel  per  Year 


By  OLLISON  CRAIG,  M.E.* 


An  investigation  of  the  operating  conditions  of 
the  Buhl,  Minn.,  power  plant  revealed  that  a 
number  of  factors  ivere  responsible  for  the  ivaste 
of  fuel,  such  as  leakage  of  air  past  the  dampers 
of  stand-by  boilers;  contracted  breeching  area 
with  soot  and  ash;  damper  not  used,  inattention 
to  draft  control;  holes  in  fuel  bed;  open  furnace 
doors;  soot  on  boiler  heating  surface;  loiv  com- 
bustion rate;  ton  many  boilers  in  operation  and 
improper  management.  All  of  these  conditions 
were  easily  remedied,  resulting  in  the  saving 
of  $13,585,   based   on   the   price   paid  for  coal. 


IN  AUGUST,  1919,  the  village  of  Buhl,  Minn.,  re- 
quested the  Charles  L.  Pillsbury  Co.,  consulting- 
engineers,  of  Minneapolis,  to  make  an  investigation 
of  the  Buhl  municipal  power  plant  and  to  report  on  the 
conditions  found  and  the  things  that  should  be  done  to 
secure  economy  of  coal  consumption.  The  plant  had 
burned,  the  previous  year,  8,100  tons  of  coal,  costing 
about  $8  a  ton.  After  investigation  an  arrangement 
was  entered  into  whereby  a  monthly  inspection  was 
made  of  the  plant  and  a  check  kept  on  the  operating 
records,  to  insure  that  the  recommended  changes  were 
put  into  practice  and  to  determine  the  results  of  these 
changes. 

The  principal  equipment  of  the  plant  consists  of  one 
18  X  24-in.  non-releasing  Corliss  engine,  200  r.p.m., 
direct-connected  to  a  250-kw.  2,400-volt  60-cycle  three 
phase  a.-c.  generator;  one  13  x  24-in.  four-valve  engine, 
275  r.p.m.,  direct-connected  to  a  75-kw.  2,400-volt 
60-cycle  three-phase  a.-c.  generator;  one  14  and  16  by 
10  and  16-in.  tandem  steam-driven  air  compressor; 
three  150-hp.  return-tubular  boilers,  equipped  with  stok- 
ers; one  350-hp.  horizontal  water-tube  boiler,  equipped 
with  a  stoker;  one  350-hp.  cross-drum,  vertical  water- 
tube  boiler,  equipped  with  a  stoker,  and  one  feed-water 
heater  and  V-notch  meter,  having  a  capacity  of  45,000 
lb.  of  water  per  hour. 

A  concrete  stack,  60  in.  inside  diameter  by  185  ft. 
above  the  line  of  the  grates,  serves  all  the  boilers.  Coal 
is  weighed  in  cars  of  about  one-ton  capacity  each, 
which  cars  are  elevated  to  a  light  track  running  over 
the  stoker  hoppers.  From  this  track  the  coal  is  dumped 
and  distributed  to  the  various  hoppers. 

The  plant  supplies  heat,  light,  power  and  water  to 
the  village.  The  bulk  of  the  steam  produced  during  the 
year,  however,  is  used  for  heating,  as  all  the  homes, 
business  buildings  and  public  buildings  in  the  village 
are  supplied  with  steam  from  the  municipal  plant  for 
heating.  There  was  not,  so  far  as  could  be  learned,  an 
individual  heating  plant  in  the  town.  During  the  sum- 
mer exhaust  is  turned  into  the  mains,  supplying  cus- 
tomers with  steam   for   use   in  hot-water  tanks.      The 
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e'ectric  power  generated  is  used  principally  for  in- 
ternal lighting,  .street  lighting  and  cooking,  the  street 
lighting  producing  a  peak  electrical  load  for  a  few  hours 
in  the  evening.  The  air  compressor  is  used  for  lifting 
water  from  a  deep  well  into  a  reservoir  at  ground  level, 
from  which  it  is  elevated  into  a  steel  tank  by  elec- 
trically driven  centrifugal  pumps. 

The  investigation  was  made  to  determine  those  con- 
ditions of  equipment  and  of  operation  which  were 
wrong  and  to  collect  data  on  which  to  base  recommen- 
dations for  corrective  measures. 

Results  of  the  Investigation 

It  was  found  that  the  boilers  were  being  operated 
far  below  rating,  the  load  varying  from  30  per  cent  to 
140  per  cent  of  rating.  The  average  for  the  previous 
year  was  75  per  cent.  To  show  the  effect  of  operation 
below  rating,  two  evaporative  tests  were  made.  At  the 
time  of  the  investigation  two  150-hp.  boilers  were 
being  operated.  The  first  test  was  made  with  these 
two  boilers  in  operation,  and  the  second  with  only  one 
150-hp.  boiler  in  operation.  The  first  test  showed  a 
steam  production  of  56.7  per  cent  of  rating  and  an 
evaporation  of  6  lb.  of  water  per  pound  of  coal ;  the  sec- 
ond showed  a  steam  production  of  126  per  cent  of  rating 
and  an  evaporation  of  8.-5  lb.  of  water.  The  CO,  in  the 
flue  gases  in  the  two  cases  was,  respectively,  4.4  and  13.7 
per  cent.  In  the  first  case  the  amount  of  grate  surface 
in  use  was  so  large  that  for  the  greater  part  of  the 
time  it  was  practically  impossible  to  keep  it  covered 
with  fuel.  This  accounts  for  the  low  CO ,  and  the  low 
CO.,  in  turn  indicated  a  large  loss  of  the  heat  generated 
up  the  stack. 

Certain  other  errors  of  operation  were  found  which 
entered  into  the  results  of  the  tests.  The  firemen  made 
no  u.se  of  the  dampers.  If  the  steam  demand  dropped 
and  the  safety  valves  blew,  they  opened  the  furnace 
doors.  During  the  second  te.st,  when  such  a  condition 
occurred,  the  damper  was  throttled.  The  amount  of 
air  passing  through  the  furnace  was  thereby  reduced 
instead  of  increased,  and  consequently  the  amount  of 
heat  carried  out  the  stack  was  reduced.  Attention  was 
also  given,  during  the  second  test,  to  the  bed  of  fuel, 
to  prevent  the  formation  of  holes;  and  the  damper  was 
regulated  by  the  use  of  a  draft  gage  to  control  the 
supply  of  air  in  accordance  with  the  demand. 

The  dampers  of  all  boilers  were  found  to  be  stuck 
in  place;  that  is,  in  open  positions.  The  breeching 
was  faultily  designed,  there  being  one  shai-p  bend 
around  which  one-third  of  the  available  stack  di-aft 
was  lost.  The  breeching  was  found  to  be  badly  filled 
with  soot  and  fly  ash.  These  things  tended  to  reduce 
the  amount  of  draft  available  in  the  furnaces,  and  in 
turn  the  amount  of  air  supply  and  the  amount  of  coal 
the  furnaces  could  burn.  The  sharp  turn  consumed  a 
large  amount  of  draft  pressure  by  causing  eddy  cur- 
rents. The  clogging  of  the  breeching  by  soot  and  fly 
ash  increased  the  friction  loss  by  increasing  the  velocity 
of  the   gases.     The   dampers   being   open    in   stand-by 
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l)nili>rs  n'diicod  the  si;ii  k  draft  Wy  diliitiiiK  the  slack 
V'as.><os  with  cold  air  and  reducinK  tho  stack  tempera- 
lure,  which  wa.M  found  to  be  a.s  low  as  200  dcR.  F. 

The  setting'  of  the  boilers  was  found  to  be  (|uite  K<>od, 
'he  brickwork  havinj;  iieen  covered  with  a  j)lastic  coat- 
ipjr  to  prevent  the  infiltration  of  air.  The  water  .side 
of  the  boiler  tul>es  was  in  trood  condition,  the  boiler.s 
lieinp  washed  with  fair  regularity  and  boiler  compound 
having:  been  used  effect ively.  The  fire  side  of  the  boiler 
tubes,  however,  was  badly  caked  with  soot.  The  only 
tube-blowinp  equipment  was  a  hand  lance,  and  blowinjr 
was  not  done  eflfectively  or  with  sufficient  frequency. 

At  the  time  of  the  investigation  the  power-plant 
operators  thoupht  that  the  load  could  not  be  carried 
with  one  boiler,  since  the  air  compressor  was  quite 
often  in  operation  during  the  evening  hour.s  while  the 
peak  electrical  load  was  on.  It  was  their  opinion  that 
this  caused  a  demand  for  steam  that  was  too  great  for 
one  boiler  to  supply.  The  air  compres.sor  was  in  opera- 
tion about  14  hours  of  each  24  hours,  for  pumping 
water  into  the  reservoir.  The  peak  boiler  load  result- 
ing from  the  operation  of  this  compressor  during  the 
peak  electrical  load  existed  only  from  two  to  three 
hours  each  evening.  It  was  obviously  possible  so  to 
control  the  periods  of  operation  of  this  compressor, 
while  still  keeping  sufficient  water  in  the  reservoir,  that 
its  operation  during  the  period  of  peak  electrical  load 
could  be  stopped,  thus  avoiding  the  extreme  peak  of 
steam  demand  which  required  the  operation  of  two 
boilers. 

The  principal  factors  in  the  waste  of  fuel  in  the  plant 
were:  Leakage  of  air  past  dampers  in  stand-by  boilers; 
contraction  of  breeching  area  by  soot  and  fly  ash;  shai*p 
bend  in  breeching;  dampers  not  used;  attention  not 
given  to  draft;  holes  in  fuel  bed;  open  furnace  doors; 
soot  on  boiler  heating  surface;  low  combustion  rate: 
too  many  boilers  in  operation  and  improper  manage- 
ment. 

Recommendations  Submitted 

A  report  was  submitted  covering  the  causes  of  fuel 
loss  and  containing  recommendations  for  corrective 
measures.  The  report  contained  curves  showing  the 
records  of  plant  operation  in  graphic  form  for  the 
preceding  year.  Curves  were  included  showing  the 
boiler  horsepower  in  operation,  the  percentage  of  rat- 
ing developed,  the  evaporation  per  pound  of  coal,  and 
the  relation  between  the  rating  developed  and  the 
evaporation  per  pound  of  coal.  The  latter  curves  indi- 
cated quite  distinctly  that  better  evaporative  results 
had  been  secured  in  the  past  with  heavily  loaded  boil- 
ers, than  with  lightly  loaded  boilers.  The  results  of 
the  two  tests  were  also  cited  to  add  emphasis  to  the 
comparison  of  operating  conditions  and  to  the  recom- 
mendations. 

The  recommendations  which  were  particularly  empha- 
sized were  as  follows: 

The  rate  of  combustion  per  square  foot  of  grate  sur- 
face should  be  increased.  An  average  of  20  to  25  lb. 
of  coal  should  be  burned  per  square  foot  of  grate  sur- 
face per  hour  instead  of  the  actual  average  of  13  lb. 
To  effect  this,  fewer  boilers  should  be  operated.  The 
horsepower  developed  should  be  130  per  cent  of  rat- 
ing instead  of  the  actual  average  of  75  per  cent 
developed. 

Dampers  in  all  boiler  uptakes  should  be  put  in  operat- 
ing condition.    Dampers  on  stand-by  boilers  should  be 


kept  closed.  Draft  gages  should  be  instalUMi,  and  damp 
ers  on  the  boilers  in  oi>eration  should  be  regulated  by 
the  use  of  the  draft  gages  to  control  the  supply  of  air 
according  to  the  recjuiremenls  for  combustion. 

Strict  attention  should  be  given  tf>  the  fuel  bed  to 
keep  it  even  and  free  from  holes. 

The  practice  of  opening  furnace  doors  to  reduce  the 
rate  of  steam  production,  when  the  safety  valve  blows, 
should  be  discontinued.  The  dampers  should  be  throt- 
tled instead. 

The  breeching  and  gas  passages  should  be  kept  free 
of  soot  accumulations.  Flues  and  tubes  .should  be  effec- 
tively blown  at  lea.st  once  each  eight-hour  shift,  and 
preferably  with  permanently  installed  tube  blowers, 
rather  than  with  a  hand  lance. 

The  e(iuipment  in  the  plant,  so  far  as  possible,  should 
l)e  operated  to  make  the  boiler  load  as  even  as  possible. 
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This   applies   particularly   to   the   operation   of   the   air 
compressor. 

Flue-gas  analyzing  equipment  should  be  used  with 
sufficient  frequency  to  determine  the  variation  of  C0_ 
in  the  flue  gases  and  to  determine  whether  the  coal  is 
being  burned  efficiently  or  inefficiently. 

Monthly  Inspections  Were  Made 

After  the  report  was  submitted,  an  inspection  was 
made  of  the  plant  each  month.  Particular  attention 
was  given  to  operating  conditions  at  the  times  of  inspec- 
tion. Each  month  the  operating  data  were  plotted 
into  curves  and  curves  for  the  same  month  of  the  pre- 
vious year  were  superimposed  for  comparison.  Fig.  1 
shows  the  curves  for  February,  1919,  in  dotted  lines; 
the  curves  for  February,  1918,  being  superimposed  in 
solid  lines.     For  this  month  the  total  coal  consumed 
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was  71)2  tons  in  i91'J,  as  compared  with  968  tons  in 
1918.  The  kilowatt-hours  produced  were  33,200  in  1919, 
as  compared  with  2,900  in  1918,  and  the  outside  tem- 
perature averaged  13  deg.  F.  in  1919,  as  compared  with 
16  deg.  in  1918. 

These    curves,    together    with    an    analysis    of    the 
operating  data  for  the  month  and  a  comparison  of  the 


•FIG.    2.      AVERAGE   RATED   BOILER   HORSEPOWER 
MONTHLY  CURVE.  YEARS  1917,  1918  AND  1919 


operation  with  the  same  month  of  the  previous  year, 
were  incorporated  into  a  monthly  inspection  report. 
This  report  also  included  the  result  of  the  plant  in- 
spection. 

The  inspections  and  reports  served  to  keep  a  check 
on  the  plant  and  to  keep  the  Village  Water  and  Light 
Board  informed  as  to  its  operating  and  physical  con- 
ditions. The  monthly  inspections  also  made  it  •possible 
to  get  put  into  effect  recommendations  that  might 
othei-wise  have  been  neglected  and  to  keep  the  plant 
operatives  interested  in  fuel  saving. 

Fig.  2  shows  the  average  rated  boiler  horsepower  in 
operation  each  month,  curve  A  being  for  1917-18  and 
curve  B  for  1918-19;  curve  C  indicates  the  difference, 
or  reduction.  The  average  reduction  was  146.3  hp.,  or 
practically  equivalent  to  cutting  out  one  of  the  150-hp. 
boilers. 

P^ig.  3  shows  the  total  coal  consumption  per  month, 
the  saving  in  coal,  the  average  kilowatt-hours  generated 
per  day  for  each  month  and  the  average  outside  tem- 
perature for  each  month.  In  this  figure  curve  A  shows 
the  actual  coal  consumption  per  month  for  1918-19; 
curve  B  the  consumption  for  1917-18  and  curve  C  the 
consumption  for  1917-18  corrected  for  operating  con- 
ditions, or  service  performed,  during  1918-19.  Curve 
D  shows  the  percentage  of  saving  in  coal,  or  the  per 
cent  difference  between  curves  A  and  C. 

In  order  to  make  a  comparison  of  coal  consumption, 
it  was  necessary  to  make  corrections  for  the  service 
performed.  Fig.  4  shows  a  curve  with  average  monthly 
outside  temperatures  and  total  monthly  coal  consump- 
tion as  co-ordinates.  After  making  corrections  in  the 
coal  consumption  for  February,  1919,  for  the  number 
of  days  in  the  month,  and  for  March,  1919,  for  gross 
inefficiency  due  to  fallen  furnace  arches,  the  points  fall 
quite  close  to  a  straight  line.  The  slope  of  the  line 
gives  the  change  in  coal  consumption  per  month  for  a 
change  of  one  degree  in  outside  temperature.  The 
amount  indicated  by  the  cui've  is  14,000  lb.  Each  month 
during  the  heating  season,  then,  the  coal  consumption 
for  the  same  month  in  the  preceding  year  was  increased 
or  decreased  by  the  product  of  the  difference  in  tem- 
perature between  the  two  months  and  14,000,  accord- 
ing to  whether  the  temperature  was  lower  or  higher. 


This  correction  was  possible,  since  during  the  heating 
season  practically  the  entire  steam  production,  includ- 
ing both  the  live  steam  and  the  exhaust,  was  used  for 
heating  purpo.ses.  A  correction  was  also  made  for  in- 
creased radiation.  During  the  non-heating  season  a 
correction  was  made,  based  only  on  the  per  cent  dif- 
ference in  electrical  output,  on  the  assumption  that  the 
variation  in  plant  service  was  represented  by  this  dif- 
ference. Curve  C  -\-  193,  then,  represents  the  amount 
of  coal  that  would  have  been  consumed  in  1917-18  if 
the  service  delivered  had  been  the  same  as  in  1918-19. 
The  difference  between  curves  A  and  C  represents  the 
true  saving  in  coal  as  nearly  as  it  was  possible  to 
determine. 

The  net  results  were:    A  reduction  of  one   150-hp. 
boiler  in  the  boilers  operated ;   an  actual   reduction  of 
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1,270  tons  of  coal  with  an  increased  .service  output;  a 
net  saving  of  1,842  tons  of  coal  on  the  basis  of  the  same 
service  output;  a  net  saving  of  21.2  per  cent  of  coal 
consumed  during  the  year  of  inspection,  on  the  basis 
of  the  same  service  output  and  a  net  saving  of  $13,585, 
based  on  the  price  paid  for  coal. 

The  Buhl  plant  is  typical  of  a  large  number  of  plants. 
Some  or  all  of  the  conditions  that  existed  could  be 
found  in  most  plants,  and  most  plants  could  make  a 
decided  reduction  in  coal  consumption  as  easily  as  was 
done  at  Buhl. 
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Weiphinp  fhc  toal  firod  anrf  tho  water  fed  will  uivo 
an  averape  indication  of  the  over-all  efficiency  of  a 
lioilcr  plant,  Init  if  the  ratio  of  water  to  coal  in  low, 
other  mean.s  mu.st  be  taken  to  locate  the  cause  of  the 
inetticiency.  In  mo.'^t  cases  some  one  or  more  of  the 
conditions  enumerated  will  be  found  as  the  cause  of 
high  coal  consumption,  and  these  conditions  should  be 
.^earehed  for  in  detail. 

In  the  operation  of  any  boiler  he  bipr  loss  of  fuel 
is  through  the  lo.ss  of  heat  up  the  stack.  This  loss, 
in  trenenil,  may   be  divided   into  two  parts — excess  of 
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air  and  inefficient  heat  transmission.  If  more  air  is 
passed  through  the  setting  than  necessary  for  combus- 
tion of  the  fuel,  this  excess  air  performs  no  function 
other  than  to  carry  away  heat  that  would  other\vise 
be  available  for  making  steam.  If  the  transmission  of 
heat  is  inefficient,  the  gases  of  combustion  will  pass 
the  heating  surfaces  without  transferring  all  the  heat 
available   for  transmission. 

The  excess  air  may  be  detected  by  determination  of 
the  CO,  in  the  flue  gases.  Roughly,  the  flue  gas  will 
contain  from  19  to  20  per  cent  of  CO,  when  burning 
bituminous  coal  and  containing  no  excess  air.  If  the 
CO,  should  be  10  per  cent,  there  would  be,  roughly, 
100  per  cent  of  excess  air,  and  if  the  CO,  should  be 
5  per  cent,  there  would  be  approximately  300  per  cent 
of  excess  air.  About  12  I'",  of  air  is  required  to  burn 
1  lb.  of  bituminous  coal.  If  the  CO,  should  be  5  per 
cent,  about  36  lb.  of  excess  air  would  be  passing  through 


the  setting  and  carrying  away  heat.  If  the  flue  gases 
were  500  deg.  higher  in  temperature  than  the  entering 
air,  the  heat  lost  would  be,  roughly,  36  X  500  X  <'-2-'> 
or  4,500  R.t.u.  for  each  pound  of  coal  burned.  The 
actual  stack  loss  would  bo  one-third  greater,  or  6,000 
B.t.u.,  the  4,500  R.t.u.  being  the  heat  carried  away  by 
the  excess  air  alone. 

Practically,  .some  excess  air  is  necessary  in  order 
to  secure  proper  combustion,  hut  15  per  cent  CO,  should 
be  set  as  an  approximate  standard.  Most  plants  are 
getting  the  5  per  cent. 

If  the  flue  ga.ses  are  passing  out  at  a  temperature 
ROO  deg.  above  that  of  the  entering  air  and  the  tcm- 
nerature  can  be  reduced  100  deg.,  17  per  cent  of  the 
stack  loss  can  be  saved.  This  would  represent  a  sav- 
ing in  coal  of  4  or  5  per  cent  if  the  CO.  was  10  per  cent. 

A  flue-gas  analyzer  will  tell  when  there  is  an  excess 
of  air,  and  a  flue  thermometer  will  tell  when  the  tem- 
perature of  the  gases  is  too  high.  If  the  CO,  is  low, 
the  rau.se  may  be  holes  in  the  fuel  bed,  improper  damper 
regulation,  leaky  setting  or  too  light  a  fire.  If  the 
boiler  is  heavily  loaded,  there  is  less  possibility  of  a 
light  fire  or  of  holes  in  the  fuel  bed  than  if  lightly 
loaded.  This  is  one  reason  for  operating  boilers  above 
rating.  If  air  leaks  or  contractions  or  impediments  in 
the  breeching  reduce  the  draft  in  the  furnace,  suffi- 
cient coal  cannot  be  burned  to  operate  the  boiler  at 
economical  capacity.  Frequent  analyses  should  be  made 
of  the  flue  gases,  and  if  the  CO,  is  low,  the  possible 
causes  shoyld  be  checked  and  the  necessary  corrections 
made.  For  the  purpose  of  firing  operations  a  CO, 
recorder  is  preferable  to  a  hand  instrument.  If  the  use 
of  a  flue  thermometer  shows  a  high  temperature  of  flue 
gases,  the  heating  surfaces  are  not  clean,  assuming 
that  the  boiler  is  of  proper  design.  Care  should  be 
taken  to  keep  soot  and  ash  accumulations  from  one  side 
and  scale  from  the  other. 

There  are  a  large  number  of  possible  losses  that  this 
discussion  has  not  considered,  but  if  use  is  made  of 
a  flue  analyzer  and  a  flue-gas  thermometer,  the  CO, 
kept  between  10  and  15  per  cent,  and  the  stack  tem- 
perature kept  down  to  500  or  550  deg.,  the  bulk  of 
the  losses  experienced  in  the  average  plant  will  be 
recovered. 

Suggestions  for  the  Semi-Diesel  Engineer 

If  the  crankcase  is  not  kept  drained  of  lubricating 
oil,  the  engine  may  run  away  when  the  load  is  thrown 
off.  The  oil  will  be  carried  into  the  cylinder  by  the 
scavenging  air. 

When  a  heavy  fuel  oil  is  used,  a  considerable  residue 
will  drip  down  into  the  crankcase  of  vertical  engines. 
If  this  tarry  substance  is  not  removed,  it  will  work  into 
the  crankpin  oiling  device.  Many  crank  brasses  are 
ruined  because  of  this  carelessness. 

On  two-cycle  engines  the  piston-pin  brasses  wear  as 
rapidly  as  do  the  crankpin  bearings.  The  former  should 
be  adjusted  as  frequently  as  the  latter. 

The  piston-pin  setscrews  often  work  loose.  If  the  pin 
is  allowed  to  shift  sideways,  the  cylinder  walls  will  be 
scored. 

In  some  engines  a  brass  scraper  is  placed  in  the  end 
of  the  piston  pin.  The  scraper  picks  up  the  lubricating 
oil  from  the  cylinder  wall  and  forces  it  through  a 
passage  onto  the  piston  pin.  This  scraper  often  becomes 
choked  with  tar.     It  should  be  cleaned  very  frequently. 
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Is  the  Purveyance  of  Coal 

a  Concededly  Private  Industry? 

LAST  July  the  legislature  of  Indiana  awoke  to  the 
>  fact  that  a  sure  and  plentiful  supply  of  food  and 
fuel  is  one  of  the  first  requirements  of  contentment, 
security  and  well  being,  the  assurance  of  which  is  a 
proper  and  legitimate  activity  for  a  people  in  its  collec- 
tive capacity,  and  appointed  a  Coal  and  Food  Com- 
mission. 

This  commission  was  given  the  power,  among  other 
things,  to  regulate  and  fix  the  price  at  which  all  coal 
moving  in  intrastate  commerce  in  the  State  of  Indiana 
shall  be  sold  to  jobbers,  wholesale  and  retail  dealers  and 
to  the  genei-al  public,  just  as  a  public  utilities  commis- 
sion fixes  the  price  at  which  gas,  water,  electricity  and 
transportation  shall  be  sold. 

The  day  when  regulation  of  public  utilities  was  pro- 
posed is  not  so  long  ago  that  the  storm  of  protest 
against  such  interference  with  "private  industry"  will 
be  forgotten.  The  lucubrations  of  journalistic  cham- 
pions of  those  interests  against  the  great  proposer  of 
these  progressive  policies  are  blots  upon  their  editorial 
pages  that  the  subsequent  vindication  of  Roosevelt  and 
government  regulation  have  made  odious.  The  utilities 
themselves  now  admit  the  justice  and  desirability  of  in- 
telligent regulation  which  will  insure  the  stability  of 
their  properties,  a  fair  return  upon  the  investment  in 
them  and  service  to  the  public  at  cost  plus  a  fair  profit. 

Is  the  mining  and  distribution  of  the  fuel  resources  of 
the  country  any  less  a  matter  of  public  concern  than 
furnishing  its  light,  power,  water  and  transportation? 

Is  the  administration  of  the  fuel  supply,  upon  which 
all  these  utilities  as  well  as  most  of  the  basic  industries 
of  the  country  and  the  health  and  comfort  of  the  people 
depend,  "a  concededly  private  industry"? 

An  injunction  suit  was  filed  in  August  last  against  the 
Commission  in  the  United  States  District  Court  at  Indi- 
anapolis by  which  it  was  sought  to  test  the  power  of  the 
State  of  Indiana  to  regulate  its  coal  industry  in  the 
manner  contemplated  by  the  legislature.  In  discussing 
the  court's  dismissal  of  the  application  for  injunction. 
Rush  C.  Butler,  general  counsel  of  the  National  Coal 
Association,  says  in  a  recent  issue  of  the  Coal  Review. 
the  organ  of  the  Association : 

The  interesting  and  at  the  same  time  the  alarming  fea- 
ture of  the  opinion  of  the  court  is  that  while  no  state  in 
the  United  States  has  heretofore  attempted  any  such  rej;- 
ulation  of  a  concededly  private  industry,  it  is  apparent 
that  the  exercise  of  price-fixing  and  other  regulatory 
powers  by  the  Federal  Government  during  the  war  has 
made  such  an  impression  as  to  lead  the  court  seriously  to 
consider  whether  the  exercise  of  those  powers  by  the 
several  sovereign  states  during  times  of  peace  may  not 
be  nothing  more  than  the  exercise  of  the  portion  of  the 
police  power  not  delegated  by  the  states  to  the  Federal 
Government. 

Perhaps  I  should  not  have  used  the  word  "alarming"  in 
speaking  of  this  opinion,  for,  after  all,  the  laws  which 
govern  us,  whether  municipal,  state  or  Federal,  merely  re- 
flect the  mind  and  will  of  the  people  and  the  courts'  Huty 
is  merely  to  interpret  and  apply  these  laws. 


Accordingly,  if  it  is  the  will  of  the  people  that  such  laws 
be  enacted,  it  is  clearly  within  their  power,  by  constitu- 
tional amendments  if  not  otherwise,  to  authorize  the  enact 
ment  of  statutes  similar  to  the  one  refen-ed  to.  However, 
the  opinion  of  the  court  may  well  give  alarm  to  the  coal 
industry  if  for  no  other  reason  than  that  that  industry  and 
no  other  is  singled  out  for  price-fixing  and  regulation  in  this 
particular  piece   of  legislation. 

It  is  understood  that  the  case  will  be  carried  directly 
to  the  Supreme  Court  of  the  United  States  and  that  the 
power  of  the  state  to  enact  such  legislation  will  be  vigor- 
ously contested. 

Electrical  Maintenance  and 
Continuity  of  Service 

C'«ONTINUITY  of  electrical  service  first  became  a 
>  factor  in  the  operation  of  large  power  systems, 
but  has  gradually  spread  into  every  branch  of  power 
distribution  and  utilization.  As  industrial  processes 
become  more  highly  developed  and  more  dependent 
upon  the  application  of  power,  the  necessity  of  reliable 
power  service  in  every  department  of  the  manufac- 
turing process  has  become,  in  many  cases,  almost 
imperative.  Failure  of  motors  is  almost  as  serious  as 
failure  of  the  main  generating  units. 

By  careful  study  of  indu.strial  needs  manufacturers 
have  done  a  great  deal  in  the  development  of  reliable 
electrical  equipment  in  almost  every  branch  of  industry. 
However,  this  is  only  one-half  of  the  story — what  is 
of  equal  importance  is  the  installation  and  maintenance 
of  the  equipment.  If  electrical  machinery  is  to  obtain 
the  proper  care,  it  is  essential  that  it  be  installed  where 
it  can  be  given  attention  by  the  maintenance  men.  To 
install  a  motor  in  some  location  where  the  attendants 
must  run  the  risk  of  injury  every  time  they  inspect 
or  make  adjustments,  is  one  of  the  surest  ways  to  have 
it  neglected,  with  the  resulting  poor  -service.  In  this 
issue  is  an  article,  "Treatment  of  Direct-Current  Motors 
for  Mining  Conditions,"  by  T.  H.  Arnold,  in  which  he 
says,  "When  a  man  has  to  climb  a  hundred  or  two  feet 
of  ladder,  he  may  make  the  inspection  by  proxy."  Thi.'? 
statement  is  also  true  whei'ever  a  motor  and  controller 
are  installed  in  a  place  that  is  difficult  to  get  at. 

The  treatment  for  motors  in  mines  recommended  in 
Mr.  Arnold's  article  can  be  applied  advantageously  to 
these  machines  in  any  industry  where  they  are  sub- 
jected to  moisture,  metallic  dust,  etc.  It  is  not  as  gen- 
erally appreciated  as  it  should  be  that  no  matter  how 
rigid  the  construction  of  a  motor  may  be  or  how  thor- 
oughly it  may  be  insulated,  there  is  always  a  certain 
movement  of  the  coils  due  to  the  magnetic  forces  set 
up  about  the  conductors  by  the  current.  This  move- 
ment will  eventually  crack  the  insulation  and  allow  the 
penetration  of  moisture,  dust,  etc.,  which  will  cause 
breakdowns.  These  failures  can,  as  has  been  proved  by 
numerous  experiences,  be  practically  eliminated  by  a 
periodic  cleaning  and  baking  of  the  current-carrying 
parts  and  then  impregnating  them  in  an  insulating 
compound.  Such  treatment  must  necessarily  be  given 
in  the  shop,  which  means  in  most  cases  that  spare  parts 
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f)r  motor.><  nuisl  l)o  jnTiilalilr,  umIp.ss  thorc  aro  rt'Kular 
period.H  when  tho  plant  is  down  for  makinp  chanKPs. 
The  cost  of  such  parts,  when  looked  at  from  the  price 
only,  is  not  infreiiuently  a  stnmhlinjr  block  in  the  way 
of  seturinR  them,  hut  when  the  increase  in  production 
that  will  result  in  a  contiiuious  .service  from  the  motors 
is  considered,  the  investmeiit  in  si)are  parts  will  gen- 
erally take  another  aspect,  and  it  will  he  seen  that  they 
will  pay  a  substantial  dividend  on  the  investment. 

An  important  chord  in  the  maintenance  of  ecpiipment 
has  been  struck  by  Mr.  Arnold  in  his  statement  that 
"It  is  a  psychological  fact  that  the  averape  man  will 
pay  more  attention  to  keepinp  a  nicely  finished  piece 
of  apparatus  in  pood  condition  than  one  that  looks 
externally  as  thouph  it  was  ready  for  the  scrap  heap"; 
and  since  the  author  has  found  that  a  motor  can  be 
kept  in  pood  condition  around  a  mine,  it  evidently  can 
be  accomplished  under  almost  any  condition.  The  idea 
that  a  motor  should  be  allowed  to  run  until  failure 
occurs  without  any  attempt  to  anticipate  and  avoid 
trouble,  is  fast  passinp  into  the  realm  of  wrong  ideas, 
and  a  new  order  is  gradually  being  introduced;  namely, 
that  by  proper  application,  installation,  inspection  and 
maintenance  electric-motor  equipment  can  be  made  as 
reliable  as  power-generating  equipment.  Mr.  Arnold 
has  given  one  of  the  ways  of  doing  this. 

4sh  Disposal 
from  City  Plants 

THE  problem  of  ash  disposal  is  becoming  one  of 
considerable  importance  at  power  plants  in  many 
cities.  This  is  due  to  several  factors.  The  increase  in 
the  ash  content  of  coal  in  recent  yeai-s  has  been  quite 
noticeable  and  may  be  greater  in  the  future  as  leaner 
seams  are  worked.  The  increase  in  the  size  of  plants 
and  of  power  loads  in  many  cases  causes  the  produc- 
tion of  more  ash  than  can  be  used  in  local  undertakings. 
There  are  few  available  dumps  adjacent  to  most  of  the 
large  power  plants.  Finally,  there  is  the  direct  loss 
of  combustible  in  the  form  of  coke  and  fine  coal  parti- 
cles. In  some  cases  this  loss  has  run  as  high  as  fifty 
per  cent  of  the  total  ash,  although  fifteen  per  cent  is 
considered  good  practice  in  the  best  plants. 

If  too  much  emphasis  is  placed  on  low  carbon  in  the 
ash  there  is  danger  of  the  fireman  admitting  too  much 
£iir  into  the  furnace  in  an  endeavor  to  reduce  the  per- 
centage of  wasted  coke.  Several  attempts  have  been 
made  to  treat  the  ash  in  a  modified  washer,  and  while 
this  is  said  to  be  practically  possible,  it  was  not  an 
economic  success  because  the  cost  of  the  process  and 
the  high  w-ater  content  of  the  recovered  material  offset 
any  saving  effected. 

Where  waste  land  is  available,  especially  if  adjacent 
to  the  plant,  ash  can  be  used  as  fill.  In  New  York  City 
most  of  the  ashes  are  loaded  on  barges,  hauled  to  sea 
and  dumped.  Unless  these  are  taken  to  deep  water 
some  portions  wash  up  on  shore  to  the  detriment  of  the 
beaches.  In  cities  like  Chicago,  where  there  are  neither 
low  mud  flats  nor  deep  sea  for  dumping,  the  problem 
is  quite  a  serious  one.  For  a  while  railroads  used  all 
surplus  ash  for  embankments,  fills,  etc.,  but  in  some 
cases  they  are  now  unable  to  handle  the  large  amount 
available,  owing  partly  to  car  shortage  and  partly  to  the 
temporary  stoppage  of  railroad  extensions.  Several 
companies  and  even  some  of  the  smaller  business  con- 
cerns are  finding  the  disposal  of  ash  an  expensive 
burden. 


Knpinoers  of  thi.-*  country  must  find  Home  economical 
means  of  flispnsinp  of  this  waste  material.  In  several 
stations  in  Knpland  the  ashes  are  screened  and  graded 
and  used  for  concrete  and  various  other  forms  of  con- 
struction. Possibly  a  similar  use  might  be  found  here. 
Cinder  concrete  is  highly  resistant  to  fire,  is  lighter  than 
ordinary  concrete,  and  hence  forms  a  desirable  material 
lor  building  construction.  If  ash  can  be  properly  sized 
and  .screened,  there  may  be  a  field  for  it  in  this  use  as 
well  as  for  sidewalks,  road  bases,  etc. 

The  costs  of  this  preparation  are  not  known.  How- 
«ver,  there  should  be  some  means  of  utilizing  this  waste 
material  as  a  byproduct  of  the  plant  by  finding  an  indus- 
trial use  for  it.  There  may  be  other  ways  than  those 
indicated  in  the  foregoing  that  some  engineers  have 
found  satisfactory.  If  we  are  to  avoid  huge  ash  piles 
resembling  culm  banks  around  our  power  plants  in  cer- 
tain cities,  some  use  must  be  found  for  the  ashes,  and 
this  must  be  done  (luickly. 

The  Seiiii-Diosel 
Engine  Association 

IN  GENERAL  contradiction  to  the  policies  followed 
by  European  manufacturers  of  oil  engines,  the  Amer- 
ican builders  have  heretofore  maintained  a  marked 
disinclination  to  make  public  any  information  as  to  ex- 
periments conducted  or  diflSculties  encountered  and  over- 
come. This  attitude,  while  it  allows  each  manufacturer 
to  be  the  sole  beneficiary  of  his  experimental  work,  is 
actually  antagonistic  toward  the  popularizing  of  the  oil 
engine.  No  other  influence  has  had  such  weight  in  the 
discouraging  of  sales  as  this  too  prevalent  factor  of 
secretiveness. 

The  manufacturers  of  semi-Diesel  engines  are  to  be 
congratulated  that  they  have  abandoned  this  attitude 
and  have  organized  an  association  to  promote  the  popu- 
larity of  the  semi-Diesel  engine.  To  accomplish  this, 
two  courses  of  action  will  be  followed.  A  freer  inter- 
change of  information  on  design  and  manufacture  will 
be  put  into  effect.  Furthermore,  the  association  intend? 
to  give  a  considerable  amount  of  publicity  to  their  prod- 
uct. To  attain  the  latter  feature,  the  association  will 
find  that  more  results  can  be  secured  by  closer  co-oper- 
ation with  the  magazines  that  cover  the  field  of  inter- 
combustion  engineering.  Power's  columns  are  open  at 
all  times  to  a  free  discussion  of  all  forms  of  oil  engines. 


Apprehending  that  the  Northwest  may  suffer  again 
this  winter  from  a  coal  famine,  J.  F.  McGee,  former 
State  Fuel  Administrator  for  Minnesota,  has  addressed 
a  letter  to  President  Wilson,  asking  that  the  wartime 
control  of  coal  be  restored  and  prices  fixed  by  the  Gov- 
ernment. The  communication  is  said  to  contain  some 
serious  charges  of  profiteering  and  diversion  of  ship- 
ments. No  one  is  particularly  anxious  to  see  the  United 
States  Fuel  Administration  revived  and  least  of  all  the 
coal  men.  but  if  such  a  step  becomes  necessary,  the  re- 
sponsibility will  be  theirs. 


The  United  States  Shipping  Board,  acting  through 
the  Department  of  Justice,  has  in.stituted  suit 
against  a  coal  contractor  for  alleged  failure  to  conform 
to  contract.  Perhaps  we  shall  find  out  why  the  Ship- 
ping Board  was  compelled  to  pay  eighteen  and  twenty 
dollars  a  ton  for  coal  which  the  dealers  claim  that  they 
were  selling  for  export  for  $7.29. 
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Does  a  License  Law  Help? 

The  discussion  that  has  been  going  on  in  the  corre- 
spondence columns  of  Power  for  some  time  in  regard  to 
engineers'  licenses  seems  to  be  one-sided  and  not  getting 
anyone  anywhere.  I  am  not  opposed  to  the  license  laws, 
either  local,  state  or  Federal,  but  I  fail  to  see  where 
they  are  going  to  help  the  operating  engineer  in  the 
least,  either  by  an  increase  in  pay  or  by  enlarging  his 
knowledge  of  the  proper  operation  of  a  steam  plant. 

We  have  here  in  the  South  a  vast  number  of  engi- 
neers who  carry  licenses  of  many  different  forms  and 
varieties,  from  the  United  States  marine  license  of 
unlimited  horsepower  down  the  line  to  that  of  some 
small  Northern  city  that  happens  to  have  a  local  license 
law  on  its  statute  books.  This  does  not  necessarily 
mean  that  the  present  holders  of  these  licenses  are 
the  original  applicants;  in  fact,  I  heard  that  one  of  the 
present  holders  had  boasted  that  he  had  stolen  a 
license  from  an  engine  room  in  Chicago  and  was  work- 
ing under  the  original  owner's  name. 

I  know  an  engineer  in  Alabama  who  could  not  pass 
a  written  examination  for  the  reason  that  he  could 
not  add  a  column  of  figures  or  multiply  two  times  two 
and  get  the  correct  result;  yet  this  man's  2,500-hp. 
cross-compound  engine  and  the  2,000-kva.  turbine  can- 
not be  beaten  for  maintenance,  operation  and  efficiency 
anywhere  in  the  country.  I  further  know  that  his 
employer  would  not  let  him  go,  license  or  no  license. 

I  could  cite  many  instances  in  which  I  have  been 
called  in  to  do  repair  work  where  the  licensed  engineer 
has  been  at  fault,  also  where  the  unlicensed  man  has 
been  to  blame,  but  of  the  two  cases  the  licensed  engi- 
neer has  been  the  most  to  be  criticized,  as  the  most  was 
to  be  expected  of  him,  for  he  was  supposed  to  have 
passed  an  examination  and  proved  his  ability. 

Where,  may  I  ask,  would  a  license  help  in  the  case 
cited  by  R.  G.  Summers  in  the  Sept.  14  issue?  If  the 
operator  of  that  particular  plant  had  all  the  licenses 
that  were  ever  issued  they  would  not  have  prevented  the 
overloading  nor  have  shortened  the  period  of  tpn 
months'  cleaning,  as  those  are  things  strictly  up  to  the 
operator  himself.  If  he  were  the  man  he  ought  to  be 
to  operate  a  steam  plant,  he  should  have  been  able 
to  show  his  employer  where  he  was  wasting  money  by 
overloading  the  boiler  to  the  amount  stated. 

If  the  engineers  of  the  country  want  a  license  law 
why  don,'t  they  get  it?  The  engineers  of  Massachusetts 
got  one  back  in  1895,  and  got  it  through  their  own 
untiring  efforts.  I  consider  it  a  pretty  good  law  at 
that,  yet  it  is  no£  all  that  a  license  law  should  be, 
by  any  means. 


The  holder  of  a  licen.se  may  be  no  better  as  an  engi- 
neer than  one  who  does  not  hold  one,  and  the  license 
does  not  make  a  man  any  more  capable  of  approaching 
his  employer  with  a  suggestion  than  if  he  did  not  have 
one.  I  do  not  believe  that  an  employer  thinks  any 
more  of  a  man  with  a  license  than  he  does  of  one  with- 
out. The  only  thing  that  a  license  might  do  would 
be  to  certify  that  the  holder  was  a  competent  man 
to  operate  a  plant,  in  the  eyes  of  the  examining  board, 
and  that  could  be  very  easily  found  out  as  soon  as  the 
man  began  work,  if  his  employer  knew  anything  at  all. 

I  cannot  see  that  the  engineers  of  the  country  would 
be  any  better  off  with  a  license  law  than  they  are  at 
the  present  time.  Of  course,  if  it  is  necessary  to  pass 
a  law  to  make  an  engineer  study  and  fit  himself  for 
a  license,  why  all  right,  but  I  would  call  it  a  compulsory- 
education  law  rather  than  a  license  law. 

In  conclusion  I  will  say  that  I  hold  a  Massachusetts 
first-class  license  and  have  had  it  for  nearly  25  years. 

Gordon,  Ga.  Charles  N.  Shaw. 

Another  Veteran  Engine 

I  have  a  14  X  36-in.  Putnam  engine  that  has  an  hon- 
orable record.  It  was  installed  in  1894  and  for  nine- 
teen years  the  repair  bill  on  it  was  less  than  five  dollars. 

The  cylinder  was  then  rebored,  and  new  packing  rings 
were  added  to  the  piston.  A  new  governor  was  put  on 
and  the  speed  increased  from  75  to  100  r.p.m.  The  piston 
rod  was  in  almost  its  original  condition,  the  variation 
in  size  being  only  0.01  in.  A  cut  of  .'i-in.  was  taken 
to  make  it  true. 

This  engine  has  been  in  service  for  26  years  and  has 
always  been  packed  with' one  kind  of  fibrous  packing. 
But  one  brand  of  cylinder  oil  has  ever  been  used  to 
lubricate  the  valves  and  piston.  The  main  and  out- 
board bearings,  also  the  crankpin  boxes,  have  never  been 
repaired  and  are  in  excellent  condition  now. 

New  Haven,  Conn.  W.  H.  Wakeman. 

Commutator  Made  from  Copper  Block 

Referring  to  Power  of  Sept.  21,  page  458,  the  article 
by  Vernon  Pearson  on  "Commutator  Made  From  Cop- 
per Block,"  I  wish  to  inform  you  that  this  method 
has  been  used  for  several  years.  A  patent  was  taken 
out  in  August,  1916,  by  Edward  F.  Smith,  of  Cin- 
cinnati, Ohio.  This  patent  (No.  1,195,861)  was 
assigned  to  the  Neil  &  Smith  Electric  Tool  Co.,  and  is 
still  in  force.  Anyone  using  this  method  is  liable  for 
damages.  H.  E.  Weightman. 

Chicago,  111. 
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lliul  Froiibh'  Ituriiiii^  Hog  Fuel 

When  I  lanip  to  my  pipsont  plant,  they  were  cutting 
Diit  oil  hurninjr  and  puttini;  in  wood-burning  furnacea. 
which  were  a  niisoratijo  failure.  We  u.sed  .slab  wood 
direct  from  the  mills.  After  about  .six  month.s  of  this, 
a  change  to  hog  fuel  wa.s  made,  usinj;  furnacea  designed 
a.x  shown.  The.^e  furnaces  started  off  as  thoujfh  they 
would  amount  to  little  more  than  when  slab  wood  was 
used,  but  study,  good  firemen  and  hard  work  have  en- 
abled us  to  get  sufficient  steam  with  but  four  of  the  six 
boilers  in  use. 

The  principal  trouble  with  this  hog  fuel  is  that  it  is 


DESIGN*  OF  FURXACK  FOR  T^niXING   HOG  FUEL. 

anything  from  large-sized  slivers  to  all  sawdust  of  the 
finest  sort ;  our  ashpits  at  first  had  to  be  cleaned  twice 
a  day,  and  the  expense  of  handling  so  much  charred  fuel 
was  a  chronic  complaint.  We  tried  changing  to  another 
design  of  gi-ate,  but  obtained  no  better  results.  The 
grates  would  clog  so  badly  that  we  had  to  clean  them 
during  a  day's  run  and  the  screens  on  top  of  the  stacks 
would  so  fill  with  soot  as  practically  to  stop  the  draft, 
which  nearly  put  out  the  fires  and  covered  the  town  with 
particles  of  burnt  fuel  as  well. 

This  condition  was  oveixome  by  the  use  of  a  long  pipe 
poker  flanged  at  one  end  and  used  to  tamp  the  fuel  tight 
so  as  to  close  all  holes  in  the  pile,  thus  compelling  the 
air  supply  to  come  in  from  the  front  of  the  pile.  If  a 
fireman  allows  the  fuel  to  get  too  low  or  if  it  is  not  prop- 
erly tamped,  the  stack  screens  will  soot  up;  the  same 
condition   prevails  if  the  ashpits  get  too  dry  and  hot. 

I  do  not  understand  the  clinkers.  On  some  days  there 
will  be  none  to  speak  of,  and  the  next  day  with  the  same 
treatment  and  conditions,  as  far  as  I  can  see,  there  will 
be  nearly  a  wheelbarrow  load  from  each  furnace.  These 
clinkers  are  not  all  thin  and  porous,  but  some  of  them 
are  from  one  to  nearly  four  inches  in  thickness. 

Kent,  Wash.  C.  W.  Fields. 

Repair  of  Semi-Diesel  Fuel  Pump 

In  a  Texas  power  plant  there  are  two  85-hp.  oil 
engines.  Texas  crude  oil  is  used.  This  oil  carries  a 
fairly  high  amount  of  sulphur.  The  fuel-pump  plungers 
became  roughened  by  the  sulphur  eating  the  surface. 
The  rough  part  of  the  plunger  destroyed  the  pump  pack- 
ing so  that  it  was  almost  impossible  to  keep  the  packing 
oiltight.  If  the  gland  was  tightened  enough  to  stop 
the  oil  drip,  the  packing  wedged  against  the  rough 
pump  plunger,  preventing  the  pump  spring  from  forcing 
the  plunger  back  on  the  suction  stroke. 

To  remedy  this  the  operator  turned  up  a  plunger 
from  a  bronze  piston  rod  out  of  an  old  steam  pump. 


I'he  eccentric  rod  did  not  .strike  the  plunger,  but  a 
steel  cap  which  wuh  euHily  fitted  to  the  bronze  rod. 
Irregularity  in  the  action  ol  an  engine  fuel  pump  is 
often  the  result  of  a  corroded  plunger. 

.Vew  York  City.  E.  E.  Snow. 

Transformer  Would  Not  Parallel 

Recently  1  was  called  upon,  as  trouble  shooter,  to 
determine  the  reason  why  two  banks  of  transformers, 
one  of  three  75-kva.  units  and  the  other  of  three  200-kva. 
units,  would  not  operate  in  parallel,  although  designed 
to  do  so.  They  were  connected  in  closed  delta,  as  in 
Fig.  2,  and  were  supplied  with  current  at  25,000-volts 
three-phase,  stepping  this  down  to  2,:500.  The  trans- 
formers in  one  bank  were  of  a  different  manufacture 
from  those  in  the  other,  but  had  been  built  to  the  same 
specifications.  Therefore,  the  operating  characteristics 
would  he  the  .same,  and,  it  could  not  be  understood  why, 
when  an  attempt  was  made  to  parallel  the  two  banks,  the 
switches  would  trip  and  the  fuses  on  the  primary  side 
blow. 

Either  bank  would  operate  perfectly  by  itself,  and 
the  voltage  of  the  two  banks  was  exactly  the  same.  I 
checked  over  the  wiring  and  found  the  connections  were 
correct,  therefore  immediately  suspected  that  it  was  a 
(|uestion  of  reversed  polarity.  I  reversed  the  two  second- 
ary leads  on  one  75-kva.  transformer  and  connected 
directly  onto  the  terminals  of  the  corresponding  200- 
kva.  unit,  as  in  Fig.  1,  protecting  the  windings  with  a 
two-ampere  fuse  wire,  after  which  the  primary  switch 
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was  closed,  and  as  the  fuse  did  not  blow  it  showed  my 
diagnosis  was  correct.  It  was  then  only  a  matter  of  re- 
versing the  secondary  leads  on  the  inside  of  the  case  of 
the  75-kva.  transformers.  Upon  paralleling  the  two 
banks  after  the  leads  were  reversed,  they  went  together 
perfectly  and  have  operated  that  way  ever  since.  The 
difficulty  was  due  to  one  manufacturer  having  used  the 
positive  polarity  scheme  of  connections  and  the  other 
the  negative.  M.  A.  Anderson. 

Pittsburgh,  Pa. 
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Smoke-Observation  Sight  Hole 

Referring  to  Potoer,  Aug.  24,  1920,  page  290,  "How 
a  Smoke  Cloud  Forms,"  by  Osborn  Monnett,  darkness, 
both  physical  and  mental,  seems  to  hover  over  Salt 
Lake  City,  far  too  dense  for  penetration  by  those  who 
are  supposed  to  aid  in  clearing  the  atmospheric  con- 
ditions in  the  beclouded  city. 

Primarily,  the  foundation  for  smoke  clouds  is  laid 
in  the  installation  of  unscientific  coal-burning  devices. 
Firemen  cannot  be  taught  to  do  the  impossible,  hence 
they  fail  to  prevent  the  nuisance,  but  by  following 
standard  methods  (periscopes)  may  improve  it  some. 

As  an  aid  to  the  firemen  through  daylight  or  dark- 
ness, without  or  within  the  boiler  room,  I  call  to  your 
attention  the  accompanying  illustration  designed  by 
me,  with  the  little  sight  hole  in  the  uptake  door  which 
enables  the  fireman  to  know  all  about  the  smoke  condi- 
tions at  the  top  of  the  chimney. 

If  the  furnace  is  properly  fired,  immediately  there- 
after the  view  through  the  boiler  tube  will  be  clear  and 
unobstructed  by  smoke  and  the  wall  behind  the  boiler 
will  be  plainly  visible.  If  there  is  smoke,  the  fireman 
will  know  that  his  furnace  conditions  are  not  right, 
and  by  the  aid  of  the  sliding  dampers  in  the  firing 
doors  he  will  correct  them  so  that  the  product  of  com- 
bustion will  be  CO,. 

In  a  few  hours  after  taking  charge  of  such  a  fur- 
nace, the  fireman  will  learn  that  just  enough  air  over 


SIGHT  HOLE. FOR  OBSERVING  SAIOKE  CONDITIONS 

the  fire  to  burn  the  hydrogen  gas  is  needed,  and  no 
more,  and  will  adapt  himself  and  the  furnace  to  work 
together  whether  he  fires  light  or  heavy,  and  he  will 
close  the  feed-door  dampers  when  the  hydrogen  is  con- 
sumed. His  instructor  is  the  visible  condition  as 
revealed  through  the  sight  hole,  and  it  is  unerring  and 
unmistakable.  Of  course  it  is  assumed  that  a  proper 
depth  of  fuel  is  carried  upon  the  grate  and  that  the 
chimney  draft  is  approximately  correct. 
Buffalo,  N.  Y.  T.  E.  Martin. 


Diesel  Cylinder-Head  Repair 

The  welding  of  fractured  Diesel  cylinder  heads  is 
not  an  unqualified  success.  It  requires  an  experienced 
welder,  and  if  extreme  care  is  not  exercised  the  weld 
will  show  fractures  on  cooling.  To  claim  that  50  per 
cent  of  the  repairs  fail  to  hold  is  not  overstating  the 


Cross-Section  of  Wedge  at  A- A 
DIESEL    CYLINDER-HEAD    REPAIR 

case.  Especially  is  this  true  when  applied  to  the  head 
of  the  type  A  Busch-Sulzer  engine,  which,  owing  to  its 
shape  around  the  exhaust  opening,  always  shows  a 
fracture.  In  most  cases  the  initial  crack  does  no  dam 
age,  but  in  the  course  of  two  or  three  years  of  oper- 
ation at  least  one  head  on  the  engine  must  be  welded 
or  repaired.  The  welding  distorts  the  lower  surface 
of  the  exhaust  bridge,  and  no  amount  of  grinding  will 
keep  it  in  line  with  the  rest  of  the  flange  surface. 

Instead  of  welding,  on  one  particular  job  a  machine 
process  was  undertaken,  A  portion  of  the  metal  along 
the  fracture  was  removed  by  a  shaper  and  the  edges 
made  wedge-shape  as  shown  in  the  illustration.  The 
surfaces  were  hand-scraped  as  was  also  the  steel  wedge 
which  was  to  be  inserted  in  the  cavity.  The  wedge 
had  a  1  to  24  slope  and  was  sledged  into  place.  Two 
dowel  holes  were  then  drilled  and  pins  inserted.  The 
two  ends  of  the  wedge  were  cut  off  to  conform  with 
the  adjoining  surface.  At  one  end  the  exhaust  valve 
seats  on  the  wedge,  and  although  the  latter  was  steel, 
no  leaking  occurred  at  the  seat. 

It  will  be  noticed  that  the  inner,  or  wide,  end  of  the 
wedge  rests  against  the  male  portion  of  the  joint  when 
the  head  is  placed  on  the  cylinder.  Even  if  the  dowel 
pins  failed  to  hold,  the  male  joint  would  prevent  any 
movement  of  the  wedge.  The  angular  shape  of  the  sides 
of  the  wedge  effectively  prevent  any  vertical  motion. 
In  operation  the  wedge  is  absolutely  tight  and  shows  no 
signs  of  fracture.  The  stress  that  exists  in  a  welded 
bridge  is  not  present.  The  head  is,  in  fact,  better  than 
a  new  one.  The  cost  of  repairing  this  totaled  $48,  which 
is  about  one-half  the  cost  of  welding.        E.  E.  Long. 

New  York  City. 
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MiiltipIicrH  for  lint'  willi  Portable 
Voltnu'lrrs  and  Wallmrlrrs 

Thf  artii-le  on  "Multipliers  lor  Use  With  Portable 
s'oltnieters  and  Wattmeters."  in  Power  of  Sept.  7, 
i!120.  nepleits  one  very  important  detail  rcRardinp 
waltnieter  connections.  Multiplier.s  should  be  connected 
to  wattmeteis  in  such  a  manner  that  the  electro.static 
stresses  between  the  potential  and  current  coils  of  the 
instrument  do  not  exceed  those  for  which  the  instru- 
ment is  designed.  Where  the  current  coils  of  the  watt- 
meter must  carry  the  line  current,  the  multiplier  should 
be  connected  between  the  meter  and  the  opposite  side 
of  the  line  from  that  which  }?oes  through  the  series 
coils  of  the  instrument.  This  keeps  the  potential  dif- 
ference between  coils  within  the  range  for  which  the 
instrument  was  designed,  and  the  connection  is  shown 
in  Fig.  1. 

If  the  wattmeter  is  connected  as  in  Fig.  2,  the 
potential  between  the  coils  of  the  wattmeter  is  equal 
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to  that  across  the  line  itself.  This  will  result  in  dis- 
torted readings,  and  in  probable  damage  to  the  meter 
if  "it  is  used  on  a  relatively  high  voltage,  as  for  instance. 
2,000  volts. 

It  is  a  matter  of  common  experience  that  watt- 
meters often  burn  out  under  apparently  unexplainable 
circumstances.  Thi.'*  usually  happens  where  the  meter 
is  at  first  connected  up  with  due  care  for  the  relative 
potentials  as  marked  on  the  terminals,  and,  if  the 
meter  gives  a  negative  reading,  the  operator  inter- 
changes the  potential  wires.  On  meters  having  an 
internal  multiplier  an  effect  similar  to  that  given  for 
Fig.  2  is  produced.  Crossing  the  potential  leads  is  some- 
thing of  a  temptation  where  the  current  leads  may 
happen  to  be  heavy  and  clumsy.  Persons  using  watt- 
meters have  to  be  careful  in  connecting  the  instru- 
ment as  indicated  by  the  manufacturers,  especially  as 
regards  the  relative  polarity  of  wires. 

Eddyville,  Iowa.  Henry  H.  Brunner. 


The  article  by  H.  C.  Yeaton  on  "Multipliers  for  Use 
with  Portable  Voltmeters  and  Wattmeters,"  in  the  Sept. 
7  issue,  is  both  interesting  and  instructive,  but  a  little 
stress  should  be  laid  on  the  limitations  of  the  formulas 
and  methods  described,  since  under  certain  conditions 
their  use  would  give  exceedingly  misleading  results. 
No  doubt  the  use  of  multipliers  is  satisfactory  for 
practically  all  direct-current  potential  circuits,  but  on 


alternating-current  meters  the  methods  described  may 
be  used  only  when  the  potential  circuit  is  ohmic 
resistance  alone  and  the  inductance  is  negligible;  for 
instance,  in  the  dynamometer-type  voltmeter  and  watt- 
meter. 

When  there  is  appreciable  inductance,  as,  for  inntance. 
in  the  induction-type  or  the  moving-iron-vane  type,  the 
current  in  the  jmtential  coil  is  no  longer  dependent  on 
ohmic  resistance  alone,  but  on  the  impedance  of  the  cir- 
cuit; con.sequently,  instead  of  figuring  out  a  multiplier 
with  resistance  equal  to  the  ohmic  resi.stance  of  the 
meter,  say  for  a  2  to  1  multiplier,  we  mu.st  figure  out 
one  whose  ohmic  resistance  is  equal  to  the  ohms 
impedance  of  the  meter. 

Take  a  Westinghouse  portable  induction-type  volt- 
meter, for  instance,  with  150  volts  full  scale  range.  The 
total  ohmic  resistance  is  1,210  ohms,  while  a  milli- 
ammeter  in  series  shows  that  the  meter  is  taking  only 
106  milliamperes,  so  that  the  impedance  is  1,415  ohms, 
and  a  multiplier  must  have  this  value  to  give  a  correct 
2  to  1  ratio.  Even  if  the  frequency  is  changed  from 
25  to  60  cycles  and  the  meter  reads  correctly  on  both 
frequencies,  the  same  multiplier  cannot  be  used  on  both 
as  the  impedance  varies  with  the  frequency. 

If  the  inductance,  in  henrys,  of  the  potential  circuit 
be  known,  then  the  calculation  of  multipliers  becomes 
similar  to  the  method  described,  but  for  the  value  of  R 
the  following  quantity  for  impedance  must  be  substi- 
tuted: 

Impedance  =  \AR-  +  (2j:NL?" 

in  which  R  =^  ohmic  resistance,  r,  =  3.1416,  N  =  fre- 
quency in  cycles  per  second  and  L  =  inductance  in 
henrys. 

In  the  case  of  induction-type  wattmeters  and  watt- 
hour  meters  the  use  of  multipliers  is  absolutely  taboo, 
since  the  multiplier  creates  a  large  phase-displacement 
angle,  making  any  readings  almost  impossible  of  calcu- 
lation even  in  case  of  extreme  necessity.  Induction- 
type  meters  have  been  supplied  with  resistor-reactor 
multipliers  in  rare  cases,  which  not  only  function  as  a 
multiplier,  but  also  give  the  correct  pha.se  and  approx- 
imately correct  indication.  However,  their  use  is 
neither  practical  nor  necessary  as  small  portable  poten- 
tial transformers  are  just  as  convenient  and  can  be 
used  interchangeably  on  a  number  of  different  instru- 
ments and  any  commercial  frequency  whenever  it  is 
found  desirable. 

Another  case  causing  much  confusion  is  the  attempt 
to  use  a  multiplier  on  single-phase  power-factor  meters 
or  single-phase  synchronoscopes.  In  this  case,  as 
before,  a  multiplier  will  change  the  phase  relations 
in  the  meter  so  that  its  indications  are  worthless  and 
cannot  be  even  approximated.  The  transformer  is  also 
the  solution  of  this  problem.  E.  A.  Reinmann. 

East  Orange,  N.  J. 


Formerly  attorney  for  the  Kansas  United  Mine 
Workers,  Jake  (J.  I.)  Sheppard,  of  Fort  Scott,  is  in 
full  sympathy  with  them.  "The  fact  is,"  says  Shep- 
pard, "the  miners  have  been  averaging  this  summer 
only  two  days  a  week  in  the  Kansas  fields."  "Why 
then,"  asked  an  impertinent  questioner,  "if  that  is  the 
case,  did  they  refuse  to  work  on  Saturdays?"  Sheppard 
had  some  sort  of  an  answer  ready:  "Isn't  a  man  who 
works  as  hard  as  the  miners  entitled  to  some  sort  of  a 
holiday?" — Coal  Age. 
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Slip  of  Link — In  operation  of  a  link-motion  reversinR- 
valve  gear,  what  is  meant  by  the  slip  of  the  link?       L.  B. 

In  operation  the  link  and  link  block  vibrate  around  differ- 
ent centers.  Consequently,  for  each  revolution  of  the  crank 
of  the  engine  the  link  slips  back  and  forth  a  certain  distance 
on  its  block,  and  this  slippage  of  one  on  the  other  is  called 
the  slip  of  the  link. 


Cracked  Parts  of  "Dry  Type"  Semi-Diesel  Engine — What 
would  be  the  cause  of  cracked  bridges  of  the  air  and  exhaust 
ports  and  piston  of  a  "dry  type"  semi-Diesel  oil  engine  ? 

M.  G. 

Cracking  of  the  parts  mentioned  could  be  caused  by 
excessively  high  exhaust  temperatures  as  a  i-esult  of  lime 
scaling  of  the  water  jacket,  or  a  leaking  atomizer,  or  from 
overloading  the  engine. 


Submergence  for  Air  Lift — What  should  be  the  amount  of 
submergence  of  air  pipe  for  an  air  lift  of  a  well  275  ft. 
deep,  having  water  22  ft.  from  the  surface  ?  W.  G.  S. 

Most  efficient  operation  of  air  lifts  usually  is  obtained 
with  an  air-pipe  submergence  (when  the  pump  is  in  opera- 
tion) that  will  be  about  60  per  cent  of  the  total  air  lift, 
measured  from  the  foot  of  the  air  pipe  to  the  level  at  which 
the  water  is  discharged,  which  is  equivalent  to  a  submerg- 
ence IJ  times  the  height  of  the  point  of  discharge  above 
the  working  level  of  water  in  the  well. 


Explosions  in  Diesel-Engine  Air  Lines — In  a  Diesel  engine 
the  safety  plugs  on  the  injection  air  lines  blow  out  repeat- 
edly.   What  causes  this?  R.  N. 

It  is  apparent  that  explosions  occur  in  the  air  line.  These 
explosions  can  be  caused  in  two  ways.  If  the  fuel  valve 
spring  is  very  weak,  the  explosion  pressure  in  the  cylinder 
will  force  the  valve  open,  allowing  the  flame  to  blow  through 
the  air  line,  igniting  any  deposits  of  lubrication  oil  in  the 
line.  Also,  if  the  injection  air  leaves  the  compressor  very 
hot,  it  may  ignite  any  lubrication  oil  deposited  in  the 
air  pipes. 


Determining  Lap  and  Lead  of  D  Slide  Valve — How  can 

the  lap  and  lead  of  a  D  slide  valve  be  determined  without 
removing  the  cover  of  the  steam  chest  ?  W.  R. 

Turn  the  engine  over  slowly  and  make  marks  on  the 
valve  stem  against  the  end  of  the  stuffing-box  gland  when 
the  valve  rod  is  farthest  in  and  farthest  out  of  the  stuffing 
box.  Make  a  mark  on  the  valve  stem  midway  between  these 
two  marks  and  turn  the  engine  over  until  this  middle  mark 
is  even  with  the  end  of  the  stuffing-box  gland.  The  valve  then 
will  be  in  the  middle  of  its  ti-avel,  and  the  lap  on  either 
end  will  be  the  distance  the  valve  has  to  be  moved  before  it 
begins  to  uncover  the  port.  Open  the  cylinder  drain  cocks 
and  try  what  position  the  wheel  or  crosshead  will  be  in 
when  the  valve  begins  to  admit  steam  to  the  cylinder  and 
for  that  position  mark  the  valve  rod  at  the  end  of  the 
stuffing  box.  Then  the  distance  from  this  mark  to  the  mark 
previously  made  for  indicating  when  the  valve  would  be  at 
mid-travel  will  be  the  lap  for  the  corresponding  end  of  the 
valve;  and  the  lead  will  be  the  greater  distance  the  valve 
rod  would  be  moved  in  or  out  of  its  stuffing  box  by  placing 
the  crank  on  dead  center. 


Height    of    Closing-in    Side    Walls    of    H.    R.    T.    Boiler 

Setting — At  what  height  should  the  side  walls  of  a  hori- 
zontal return-tubular  boiler  setting  be  closed  in  against  the 
.'iides  of  the  boiler?  A.  T. 

The  furnace  sides  of  the  walls  should  be  closed  in  no 
higher  than  the  highest  row  of  tubes,  and  for  durability  of 
the  setting  it  is  preferable  to  close  in  not  higher  than  the 
center  of  the  boiler.  Any  heating  surface  obtained  of  the 
shell  above  the  center  of  the  boiler  receives  little  benefit  of 
circulation  of  the  heated  gases  and  soon  becomes  valueless 
on  account  of  deposits  of  soot  and  ashes. 


Advantages  of  Eccentric — When  and  why  is  an  eccentric 
used  in  preference  to  a  crank?  J.  D. 

An  eccentric  is,  in  fact,  a  crankpin  that  is  so  large  as  to 
envelop  the  shaft.  For  imparting  a  smooth  reciprocating 
motion,  the  eccentric  form  of  a  crank  is  preferable,  because 
the  nece'ssary  bearing  surface  takes  up  less  length  along  the 
shaft,  the  crank  motion  is  obtained  without  cutting  away  or 
reducing  the  strength  of  the  shaft,  and  may  be  made 
adjustable  lengthwise  on  the  shaft  and  also  in  angular  posi- 
tion with  respect  to  the  main  crank  or  other  parts  can-ied 
on  the  shaft. 


Larger  Safety  Valve  for  Relieving  Lower  Boiler  Pressure 

— Can  the  same  safety  valve  be  used  if  the  safe  working- 
pressure  of  a  boiler  is  changed  from  100  to  2.")  lb.  per  sq.in.  ? 

R.  H. 
If  the  safety  valve  is  no  larger  than  was  necessary  for 
carrying  100  lb.  pressure,  then  with  all  other  conditions  the 
same  it  woujd  be  too  small  for  25  lb.  pressure.  Steam  at 
the  higher  pressure  is  denser,  contains  more  heat  per  pound 
and  would  be  discharged  at  higher  velocity  through  a  given 
valve  aperture,  and  for  equivalent  relief  of  heat  a  larger 
safety  valve  is  needed  with  the  lower  pressure. 


Advantages  of  Compound  Engine.s — What  are  the  advan- 
tages of  compound  engines  over  simple  engines?     J.  R.  M. 

Saturated  steam  cannot  bo  expanded  more  than  four  or 
five  times  in  one  cylinder  without  so  great  a  range  of  tem  ■ 
perature  that  the  losses  from  cylinder  condensation  over- 
come the  advantages  of  using  the  steam  expansively.  If 
steam  of  high  pressure  and  temperature  is  introduced  into 
a  small  cylinder,  and  then  carried  at  lower  pressure  into  the 
main  cylinder  and  there  expanded  to  the  desired  terminal 
pressure,  the  temperature  range  will  not  be  excessive  in 
either  cylinder  and,  at  the  same  time,  the  expansive  foi'ce 
of  the  steam  is  fully  realized.  In  addition  the  hotter  steam 
thus  comes  in  contact  with  the  smaller  areas  of  the  high- 
pressure  cylinders  and  there  is  less  surface  for  condensation. 
Another  advantage  of  compounding  is  that  a  simple  engine 
with  early  cutoff  and  large  ratio  between  the  initial  and 
terminal  pressures  is  subjected  to  great  fluctuations  of 
stresses,  requiring  a  stronger  frame  and  running  parts  and 
heavier  flywheel,  while  in  a  compound  engine  there  may  be 
the  same  ratio  of  expansion  with  much  less  fluctuation  of 
energy  of  expansion  causing  loss  fluctuation  of  energy  in 
the  cylinders;  and  where  the  cross-compound  type  of  engine 
is  employed,  with  the  cranks  set  90  deg.  apart,  the  turning- 
effort  is  more  uniform  and  the  engine  runs  more  steadily 
than  with  a  single-crank  engine. 


flflfi 


l'()  \V  K  K 


Vol.  r,2.  No.  ir, 


Malviiijj;  Slriuii  KIcHarically  in  SwilzerlamI 

Uy  E.  J.  CONSTAM-GULI.. 

«l,l,f    KiiBln<<r,   .S.    .\.    Km  hii    \V.vhh    lOiiKlrii.ilriK    WoikH.   Ziiilili,   Swilz.  rliitid 


I'hi  tiKthor  dvHcrihcH  mid  {/iiUH  .iJirformniicf  data 
on  clfclricdlli/  firid  staim  boilvrn  in  Sti-itziTland.  It 
is  not  likfly  that  elfctriciti/  icill  hr  uiied  to  uny  iip- 
incfiablf  extent  fur  thin  ijnrponf  in  North  Anicrlcii. 
lint  in  Switzi'riund,  wherv  iviiti'r  power  (iboundn  and 
)iiel  in  scarce  and  very  expensire,  electric  heatiuy  Is 
more  and  more  practiced.  Time  may  show  that  at 
some  parts  of  the  day  in  sections  of  the  American 
I'acific  Northwest,  where  wuter-pmver  resources  are 
ti  emendons,  electrical  heating,  even  for  boilers, 
ironld  he  desirable. 


THK  adoption  of  the  electrically  heated  steam  gen- 
erator has  been  prreatly  advanced  by  the  scarcity  of 
fuel,  and  more  so  by  the  exorbitant  prices  charged 
for  it.  Many  Swiss  industries  are  forced  to  spend  nearly 
ten  times  the  yearly  amount  spent  for  the  same  quantities 
in  pre-war  times.  The  fuel  now  obtainable  is  not  only  much 
more  expensive  than  it  used  to  be,  but  it  is  less  suitable 
for  firing.  Some  actual  cases  given  here  may  prove  of 
interest: 

1.  A  small  cotton  spinning  mill  requires  for  its  planing 
department  about  2,000  kg.  (4,400  lb.)  of  low-pressure 
steam  per  day.  With  the  existing  ordinary  boiler  beech- 
wood  is  the  fuel  burned.  The  price  of  this  fuel  is  40  Swiss 
francs'  ($7.73)  per  cubic  meter  (35.31  cu. ft.),  approximately 
$3.50  per  cord  foot,  delivered.  This  price  includes  cutting. 
The  coefficient  of  evaporation  is  three;  the  yearly  consump- 
tion is  440  cu.m.  (971  cord  feet),  representing  a  total  ex- 
penditure for  fuel  of  17,600  Swiss  francs  ($3,400).  In 
addition  to  this  must  be  reckoned  the  yearly  wage  of  the 
firemen,  amounting  to  23,100  Swiss  francs  ($4,620)  per 
year — this  only  for  fuel  for  the  purpose  of  producing  the 
steam  for  the  planing. 

'According  to  normal  rates  of  exchange  the  American  gold  dollar 
equals  5.28  francs  :  at  present  rates  the  dollar  equals  6.21  francs. 


2.  A  cotton  spinning  mill  of  medium  size  consumes  for 
its  smoothing  <lepartment  about  5,000  kilos  (11,000  lb.)  of 
steam  per  day.  The  boilers  arc  fired  with  beechwood  and 
other  wa.ste  wood,  consuming  about  3.0  cu.m.  (0.G2  to  7.94 
cords)  of  wood  per  day,  or  1,090  cu.m.  (2,405.9  cords)  yearly, 
which  means  a  yearly  expenditure  for  fuel  at  the  rate  of  41 
francs  per  cu.m.,  e(iual  to  1,090  x  41  -^  44,700  Swiss  francs 
($8,630)  plus  6,500  francs  ($1,254)  for  salary  for  the  fire- 
man; in  total  therefore  51,200  Swiss  francs  ($9,884)  for 
working  expenses  only  for  .steam  used  for  this  particular 
branch  of  the  business. 

3.  A  worsted-yarn  spinning  mill  requires  daily  for  the 
purpose  of  washing  the  wool,  etc.,  12,000  kg.  (26,400  lb.) 
of  steam.  The  existing  boiler  plant  is  operated  with 
American  and  Belgian  coal,  French  "tout  venunt"  (run-of- 
mine),  Dutch  turf  (peat)  and  firwood  chips  (waste).  Con- 
sidering a  coefficient  of  evaporation  5i,  2.2  tons  daily  or 
660  tons  of  coal  yearly  is  consumed,  amounting  to  a  yearly 
expenditure  of  660  X  280  =  185,000  Swiss  francs  ($35,- 
714).  Adding  8,400  francs  ($1,621)  for  salary  for  the  fire- 
man, a  total  expenditure  of  193,400  Swiss  francs  ($37,- 
335)  results,  and  this  only  for  fuel  and  operation  of  the 
boilers  for  this  particular  branch  of  industry. 

4.  A  chemical  works  requires  for  one  of  its  branches 
48,000  kg.  (105,600  lb.)  of  steam  per  24  hours  working 
(day  and  night  shifts).     With  a  factor  of  evaporation  of 

6J,  7.4  tons  of  coal  daily  or  about  2,000  tons  yearly  must  be 
fired.  At  the  rate  of  280  francs  ($55)  per  ton  the  yearly 
cost  for  the  fuel  is  560,000  Swiss  francs  ($108,108). 
Adding  8,200  francs  ($1,583)  for  salaries  for  the  firemen 
makes  a  total  cost  per  year  of  568,200  francs  ($109,691) 
for  steam  production  only  for  this  particular  branch  of 
manufacture. 

These  few  examples  will  sufficiently  illustrate  the  present 
high  cost  of  steam  in  Switzerland.  These  costs  must  now 
be  compared  with  those  for  producing  electrical  energy,  the 
price  of  which,  however,  extends  over  a  wide  range,  de- 
pending on  various  factors.  There  is  no  standard  rate 
stated,  referring  in  this  instance  only  to  the  various  Swiss 


FIG.   1.     A  GROfP  OP  HEATIXG  I'NITS   IX   A    SWISS  PLANT 
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works  that  possess  their  own  hydro-electric  power  plants 
where  they  obtain  superfluous  hydro-electric  power  at  least 
during  the  summer  season  and  also  during  the  night  hours. 
These  works  are  no  doubt  in  an  advantageous  position,  but 
likewise  buyers  of  electrical  energy  are  frequently  in  a 
position    by    the     introduction    of    electrical     heating     to 


particular  difficulties.  For  instance,  the  electrical  steam 
fienerator,  Fig.  1,  of  the  "Revel"  system  distinguishes  itself 
by  its  compact  construction,  which  accounts  for  its  trifling 
losses  of  heat  due  to  radiation.  This  generator  has  an 
over-all  diameter  of  620  mm.  (24.2  in.)  and  a  total  height 
of  2.5  meters    (approx.  8  ft).     This  boiler  produces  5.50 
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>ErTIOXAL  VIEW  OF  ELECTRirAI. 
WATER   HEATER 


\\K\\     OF  TOl'    OF    WATER    .-<TORA<;E    TANK.- 


kg.  (1,210  lb.)  of  steam  per  hour  with  a  voltage  of  500  at 
the  terminals,  and  a  gage  pressure  of  15  atmosphei'es  (220 
lb.).  The  same  boiler  produces  250  to  300  kg.  (550  to  660 
lb.)  of  steam  per  hour  at  a  tension  of  200  to  250  volts. 

Fig.  1  shows  a  battery  of  6-hp.  "Revel"  boilers  designed 
for   15   atmo.sphercs    (220  lb.).     Figs.   2,  3,   4   and   5  .show 


FIG.  4.     RESISTANCE  COX  A.XD  HEATER 


reduce  their  working  expenses  to  a  considerable  extent. 
It  is  a  well-known  feature  of  the  Swiss  electrical  industry 
that,  in  general,  there  is  a  surplus  of  electrical  energy  dur- 
ing the  summer  months  and  at  night  compared  with  other 
times  of  the  year  and  day.  Considering  the  electrothermic 
economy  of  electrical  heating  apparatus,  the  problem  of 
converting  electrical  energy  into  heat  does  not  now  involve 


other  views  of  the  boiler  and  its  application.  These  boilers 
have  an  external  diameter  of  700  mm.  (27.3  in.),  and  a 
height  of  2.7  meters  (8  ft.  2  in.).  Their  steam  production 
per  hour  amounts  to  800  kg.  (1,760  lb.)  with  the  voltage 
3,000. 

The   Swiss  Association   of   Boiler   Proprietors   have   con- 
ducted experiments  on  such  a  Revel  boiler;  an  extract  of 
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the  rosull.i  is  jrivon  hovf.  Tho  porformnnri'  corresponds 
to  all  rviipur.iliitii  of  l..'t  kjr.  (I'.MO  III.)  of  so-Liillt'd  Htaiidaril 
Mti'ani  piT  kilowatt-hour.  ("SLantliird  sti'am"  Iktc  nu-aiis 
.>itcaiii  rvaporati'd  from  and  at  212  dfj;.  F.)  ■  Tliis  sU-aiii 
i-oiitaiiicd  but  ;J  per  I'l'iil  nioi.Hturi',  conipari-il  wi'li  T)  to  10 
piT  i-i'iit  for  tlio  .sti'am  protlui'cd  liy  ordinary  boili-r.H.  Thu 
evaporation  and  heatinK  of  ^<team  in  the  "Kevel"  ifenerator 
is  accomplished  at  the  water  surface. 

As  1  k\v.-hr.  converted  1.2S4  kjr.  (2.82  lb.)  of  water  from 
0  dejT.  C.  (50  tk'K.  F.)  into  steam  of  100  deji.  C.  (212  dcK. 
F.),  the  actual  etVu-iency  of  evaporation  amounts  to  <).''>  per 
cent.  It  must  be  borne  in  mind  that  the  electrical  ener>ry 
used  was  only  MO. 7  kw.  piT  hour,  while  the  boiler  was 
designed  for  a  capacity  of  200  kw.  The  variation  in  steam 
pressure  was   iiiappieciiibU'  (iurin>!:  the  period  of  the  tests. 


Wi'Mliiij^lnmsr  (ioiiipaiiy  Hrrt'ivrM 
]«ir}j;r  Tiirhiiir  OnlerM 

The  WestinRhouse  Klectric  and  Manufacturing  (!o.  an- 
iiiiunces  that  it  has  received  within  the  jiast  three  months 
orders  from  electric  ])ower  companies  for  over  a  half  mil- 
lion hor.sepower  of  turbine-Kenerators,  which  represents  the 
laVKcst  volume  of  power  business  ever  jfiven  to  a  inanufuc- 
turer  by  private  interests.  These  orders  form  one  of  the 
most  effective  steps  that  have  .so  far  been  taken  toward  the 
improvement  of  the  general  economic  situation.  The  coun- 
try as  a  whole  is  short  of  jiower,  and  in  conseijuence  indus- 
try of  every  kind  has  been  hampered. 

Anions  the  orders  received  by  the  Westin(?house  (,'ompany 
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The  main  features  of  this  type  of  boiler  are  the  stationary 
electrodes  which  penetrate  the  cover  of  the  apparatus.  The 
intake  of  electrical  energy  into  the  boiler  is  regulated  ac 

MAIN   RESULTS  OF  A.V  EVAPORATIOX  TKST 

Electrical  readings; 

Mean  electrical  potential  (rectified) 219       volts 

Ammeter  rea<iings 384       amp. 

Mean  electrical  energy  readings  (rectified) 367       kilowatts 

Mean  electrical  energy  per  hour 145. 7  kw  -hr. 

Evaporation: 
Mean  steam  pressure  Igagc)  in  the  boiler  6.42  atm.  l94.31b) 

Mean  steam  temperature  of  feed  wator,  dog  C"        10       (50  K) 
Mean  temperature  of  the  waste  water  before 

check  valve. deg.  C    14       (57  2  F) 

Initial  heat  per  kg.  of  steam 652.6  cal.,'kg.(2,584Bt.u  per  lb  ) 

Total  evaporation  (gross) 461        kg.  (1.014  1b) 

Total  evaporation  per  kg.  (gross) 182  2  kg    (405  lb  ) 

Steam  produced  per  kw:-hr.  (gross) '    .  I    256  kg.  (2.76  lb  ) 

Water  of  10  deg.  C.    50  deg.  F.)  inlet  temp,  con-  ' 

verted  into  steam  of  100  deg.  C.  (2 12  deg.  F.)  I  284  kg.  perk  w.-hr  <  2  824  lb 
Percentage  of  moisture  in  steam. . .  2  93 

cording  to.  the  quantity  of  steam  required,  and  is  easily 
arrived  at  by  simply  raising  or  lowering  the  water  level 
in  the  boiler. 

Even  a  low  water  level  in  the  boiler  does  not  involve  any 
danger,  as  this  is  actually  the  case  with  ordinary  fixed 
boilers. 


are  the  following:  Cheswick  Power  Co.,  Pittsburgh,  Pa., 
one  compound  unit  of  60,000  kw.  (80,000  hp.),  which  will  be 
one  of  the  largest  engines  ever  built;  Narragansett  (Rhode 
Island)  Electric  Light  Co.,  one  compound  unit  of  45,000  kw. 
(60,000  hp.)  ;  United  Electric  Light  and  Power  Co.,  New 
York,  two  compound  units  of  35,000  kw.  (48,000  hp.)  each; 
Brooklyn  (N.  Y.)  Edison  Co.,  two  single  units  of  25,000  kw. 
(33,000  hp.)  each;  United  Electric  Co.,  Springfield,  Mass., 
a  single  unit  of  25,000  kw.  (33,000  hp.)  ;  Commonwealth 
Edison  Co.,  Chicago,  one  compound  unit  of  35,000  kw. 
(48,000  hp.);  Havana  (Cuba)  Electric  Railway  Co.,  two 
single  units  of  25,000  kw.  (approximately  33,000  horse- 
power each. 

Commenting  on  this  large  sale  of  steam  turbines,  E.  H. 
Sniffin,  manager  of  the  power  department,  Westinghouse 
Electric  and  Manufacturing  Co.,  pointed  out  that  the  busi- 
ness in  large  turbine  units  was  about  equally  divided,  as  to 
number,  between  units  of  over  30,000  kw.  and  units  of  under 
30,000  kw.  rating. 

From  the  present  knowledge  of  design  it  appears  that  thi? 
will  continue  to  be  the  case  for  some  time  to  come,  but  of 
course  definite  prediction  cannot  be  made  on  account  of  the 
rapid  development  in  the  industry. 
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Economies  in  Pumping-Station  Operation 

at  St.  Louis* 


A  Review  of  Coal-Saving  Eflforts  and  Results  in  the  Past  Five  Years — Boiler  Efficiencies 

Increased  by  Changes  in  Grate  Settings  and  Baffles — Pump  Duties 

Raised  by  Using  Superheated  Steam 


OWING  to  the  rapid  increase  in  the  cost  of  coal  it  became 
imperative  on  the  part  of  the  mechanical  engineers  of 
the  St.  Louis  Water  Department  to  make  a  thorough 
investigation  of  the  heat  losses  existing  in  our  respective 
pumping  plants  with  a  view  to  reducing  the  losses  to  the 
lowest  possible  minimum.  Coal  makes  up  probably  40  per 
cent  of  the  total  pumping  cost.  The  object  of  this  paper  is 
to  present  an  account  of  the  pumping-station  economies 
effected  at  St.  Louis  during  the  last  five  years. 

According  to  our  experience,  the  chain-grate  type  of 
stoker  is  best  suited  for  burning  the  low-grade  clinkering 
coals,  such  as  are  found  in  the  Illinois  coal  fields  within  a 
radius  of  25  miles  from  St.  Louis.  This  type  of  stoker  is 
capable  of  meeting  any  peak  load  up  to  100  per  cent  above 
normal  boiler  rating.  Its  first  cost  is  about  half  of  that 
of  the  forced-draft  underfeed  type.  A  ratio  of  1  sq.ft.  of 
grate  surface  to  45  sq.ft.  of  boiler-heating  surface  has  given 
the  best  results,  considering  our  loads  and  coals.     The  coal 


setting  of  the  boiler.  The  arches  are  set  12  in.  from  the 
grate  at  the  front  end,  rise  rapidly  to  a  hip,  and  are  36 
in.  high  at  the  rear.  The  length  of  the  arch  is  6i  ft.  This 
arch  has  a  better  concentration  of  heat  rays  near  the  feed 
gate,  the  rays  being  reflected  from  the  bridge  wall,  than 
the  one  shown  by  Fig.  1,  due  to  obtaining  a  contour  which 
approximates  the  curve  of  a  parabola,  in  which  curve  all 
reflected  heat  rays  would  concentrate  at  the  focus. 

Comparative  tests  made  before  and  after  the  change  in 
the  arch  shape  showed:  With  the  old  type  of  arch,  on  a 
capacity  test  run  by  the  stoker  contractor,  an  evaporation 
of  15,770  lb.  of  steam  per  hour  was  maintained  for  ten 
hours.  With  the  new  style  arch  an  evaporation  of  17,140 
lb.  of  steam  per  hour  was  generated  for  five  hours.  The 
former  represents  an  overload  of  38  per  cent,  while  the  latter 
represents  an  overload  of  60  per  cent.  At  the  same  time 
the  average  boiler  efficiency  was  increased  from  58  to  63 
per   cent,   or   a   gain   in   efficiency   of  approximately   9    per 


PIG.   1.     OLD    SETTING    AT    CHAIN 
OF    ROCKS 


FIG.    2.      NEW    SETTING    AT    CHAIN 
OF    ROCKS 


FIG.    3.      NEW   BOILERS    AT 
BADEN    STATION 


is  2-in.  Southern  Illinois  screenings  having  an  average  heat 
value  of  10,300  B.t.u.,  with  from  20  to  25  per  cent  ash. 

The  first  chain-grate  stokers  we  installed  were  at  the 
Chain  of  Rocks  plant  in  1914.  They  were  placed  under  six 
National  water-tube  boilers,  each  of  360  hp.,  and  two  O'Brien 
water-tube  boilers,  each  of  250  hp.  capacity.  The  boilers 
were  set  7  ft.  from  the  floor,  and  the  arches  were  set  11  in. 
from  the  grate  at  the  front  and  22  in.  from  the  grate  at  the 
rear,  the  arch  being  6  ft.  5  in.  long.  The  original  arch  was 
set  according  to  the  design  of  the  stoker  contractor.  The 
boilers  were  arranged  with  horizontal  baffles,  the  lower 
baffle  being  placed  on  the  second  row  of  tubes.  The  aver- 
age boiler  efficiency  under  operating  conditions  with  this 
setting  was  approximately  58  per  cent,  and  it  was  difficult 
to  obtain  an  overload  of  25  per  cent. 

By  referring  to  Fig.  1,  which  shows  the  original  arch,  it 
will  be  apparent  that  from  the  standpoint  of  obtaining  a 
large  liberating  volume  under  the  arch  and  an  efficient 
shape  of  the  roof  so  as  to  obtain  the  maximum  benefits  of 
heat  reflection  coming  from  the  bridge  wall,  this  arch  did 
not  function  properly.  It  did  not  permit  a  concentration  of 
heat  at  a  point  where  a  maximum  concentration  is  desired; 
namely,  at  the  point  of  ignition.  These  objectionable  fea- 
tures have  been  overcome  by  the  new  design  of  arch  showrn 
by  Fig.  2. 

In  this  setting  the  distance  from  the  floor  to  the  fi-ont 
water  leg  remains  7  ft.,  being  determined  by  the  original 

*Ab.stract  of  a  paper  by  L.  A.  Day,  Engineer-in-charge  Operat- 
ing Section.  Water  Division.  St.  Loui.s,  Mo.  Read  before  the 
American   Water   Works   Association,  June,   1920. 


cent.  After  all  the  boilers  have  been  equipped  with  the 
new  arch,  it  is  estimated  that  the  saving  in  annual  coal 
cost  will  amount  to  about  $5,000  at  this  station. 

A  similar  improvement  in  capacity  and  efficiency  was 
made  at  the  Bissell's  Point  Station.  The  boilers  here 
are  set  with  the  front  water  leg  6a  ft.  above  the  floor  line. 
The  original  arches  were  sprung  transversely  across  the 
grate,  9  in.  above  the  grate  at  the  hip,  rising  to  18  in.  above 
the  grate  at  the  center.  Longitudinally,  the  arch  was  paral- 
lel to  the  grate.  This  type  of  arch  (that  is,  in  respect  to 
the  low  height  above  the  grate)  was  the  common  practice 
among  chain-grate  stoker  builders  up  to  within  but  a  few 
years  past.  The  arch  was  removed  and  replaced  with  a 
new  type  of  flat  arch,  which  is  12  to  13  in.  above  the  grate 
at  the  feed  gate  and  rises  straight,  without  a  hip,  to  30  in. 
above  the  grate  at  the  rear  end.  The  length  is  7  ft.  Be- 
cause of  the  limitation  of  the  low  setting,  it  was  not  pos- 
sible to  construct  a  hipped  arch  at  this  station.  However,  a 
good  saving  was  eff'ected  for  the  reason  that,  prior  to  the 
change  in  arch  design,  it  was  only  possible  to  burn  crushed 
egg  or  lump  coal  at  this  station,  owing  to  the  low  arches, 
which  did  not  eff'ect  a  proper  ignition  with  the  lower  grades 
of  screenings.  With  the  new  arch  the  lower  grades  of 
screenings  are  burned  successfully,  and  the  same  evapor- 
ation is  obtained  per  pound  of  coal  with  screenings  as  with 
the  crushed  egg  or  lump  coals,  thereby  resulting  in  a  saving 
in  the  price  of  coal  of  about  18  per  cent.  When  applied 
to  our  last  year's  coal  cost  at  this  station,  this  amounts 
to  an  annual  saving  of  about  .$10,000.  After  all  the  boilers 
at  this  station  were  equipped  with  the  new  type  arch,  the 
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Jivoriipi"  ovi«r-nll  rating'  "f  tlio  hoilor  room  rose  from  00  (mt 
I'l'iil  to   lir>  per  ffitt,  rvfii  with   ihf  usf  of  lowrr-jf null-  coul. 

Tho  t'xpprii-nros  outliiUMi  liul  us  to  adopt,  in  tht-  iii.slnllu- 
tion  of  new  boilfr.>t  at  tlu-  Itadi'ii  plant,  a  m-ltiiijr  in  which 
IS  cmbcHlied  a  i-onstruction  which  we  believe  eliminaten  all 
objci'tionable  features  founil  by  previous  experience  ( Fijf. 
,'U.  In  this  settiii>r  the  arch  is  !<imilar  to  that  of  the  new 
arch  for  the  ('hain  of  Rocks  Station,  thi-  distance  at  the  feed 
jrate  above  the  K'""te  is  10  in.,  rising  rapidly  to  a  hip,  and 
is  34  in.  above  the  jrrate  at  the  n-ar.  The  lenj;th  of  the 
arch  is  7  ft.  The  heijrbt  of  the  front  water  le^  above  the 
floor  is  9  ft.,  this  height  providing  a  lar>rer  combustion  cham- 
ber than  in  the  previous  settin^js,  then-by  obtaining  a  more 
thorough  mixinjr  of  the  jrases  and  oxyjren  and  providing  a 
relatively  longer  j;as  travel,  all  of  which  is  necessary  for 
the  efficient  burnin);  of  coal  at  hijrh  rates  of  combustion. 
The  evaporation  at  this  station  averaf^t*-'!?  64  lb.  of  water 
per  pouiul  of  coal  at  .i  boiler  efficiency  of  (i(>  per  cent,  and 
comparinjr  this  performance  with  that  of  the  other  stations, 
when  the  old  type  of  settinKS  prevailed,  shows  a  saving  of 
about  i;{.8  per  cent  in  coal. 

As  has  been  previously  stated,  the  over-all  boiler  effi- 
ciency of  the  other  two  stations  is  63  per  cent  with  the  im- 
proved arches,  while  that  at  the  Baden  station,  with  prac- 
tically the  same  style  arch  as  was  adopted  at  the  other 
stations,  shows  an  over-all  boiler  efficiency  of  66  per  cent. 
This  increase  of  3  per  cent  in  efficiency,  or  a  gain  of  4.8  per 
cent,  may  be  attributed  to  the  higher  boiler  setting;  namely, 
9  ft.  instead  of  7  ft.  which  prevails  at  the  other  two  stations. 
In  other  words,  by  setting  the  boilers  two  feet  higher  at  the 
Baden  station,  we  show  a  gain  of  4.8  per  cent  in  over-all 


PIG.    4.      VIEW    OF   SETTIXG    OF    BOILERS    .\T    BADE.N 

STATION.  SHOWING  SUPERHEATERS  IN 

COMBUSTION   CHAilBER 

boiler  efficiency,  and  this  gain  when  computed  on  the  an- 
nual cost  of  coal  at  this  station,  amounts  to  $3,000  annually. 

The  gains  mentioned  are  principally  due  to  the  improve- 
ment in  furnace  design,  but  part  of  the  saving  in  coal  must 
be  credited  to  improvements  made  in  boiler  baffling. 

Boiler  baffling  should  be  so  placed  as  to  force  the  gases 
into  contact  with  all  parts  of  the  tube  bank.  In  the  older 
Heine  type  of  settings  at  our  plants,  the  lower  baffle  was 
made  up  of  box  tile  on  the  lower  row  of  tubes,  and  the 
upper  baffle  was  13  tubes  above  on  the  top  row  of  tubes. 
The  opening  in  the  lower  baffle  was  in  some  cases  as 
much  as  60  in.  from  the  rear  water  leg.  The  path  of 
the  gases  in  this  tj^pe  of  boiler  was  diagonally  upward 
through  the  tubes,  leaving  the  rear  water  leg  and  the 
tube  ends  near  it  untouched  by  the  hottest  gases. 

By  eliminating  the  box  tile  oTi  the  lower  row  of  tubes 


and  placing  a  specially  (leHJgned  tile  on  the  third  row 
of  tubes,  and  also  rrducing  thi-  opening  in  the  lower 
baffle  from  00  to  12  in.,  we  reduced  the  flue  teniperalun- 
from  an  average  of  O.'iO  deg.   F.  to  Tj.^O  deg. 

The  use  of  .superheated  steam  at  all  of  our  plants  has 
proved  to  be  one  of  the  greatest  factors  in  increasing  the 
efficiency   of   the   engine    rooms.     The    Water    Division    has 
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made  tests  on  the  effects  of  superheated  steam  on  triple 
expansion  and  on  compound  pumping  engines.  The  triple- 
expansion  engines,  which  pump  against  8.5  to  125  lb.  pres- 
sure and  whose  capacities  vary  from  15  to  20  m.g.d.,  showed 
a  saving  for  various  degrees  of  superheat  as  represented 
by  the  curve,  Fig.  5.  The  steam  saving  for  100  deg.  super- 
heat amounted  to  12.1  per  cent,  while  the  saving  in  coal 
amounted  to  7.5  per  cent.  The  low-service  compound  pump- 
ing engines,  which  pump  against  a  maximum  head  of  65 
ft.,  or  about  28  lb.  pressure,  and  whose  nominal  capacity 
is  30  m.g.d.,  showed  a  saving  for  various  degrees  of  super- 
heat as  represented  by  Fig  6.  The  steam  saving  for  100 
deg.  superheat  amounted  to  17.3  per  cent,  while  the  saving 
in  coal  amounted  to  13.2  per  cent. 

The  saving  in  coal  due  to  the  introduction  of  superheated 
st"a:ii  at  the  Chain  of  Rocks  station  has  been  sufficient  to 
pay  for  the  superheaters  in  about  31  years.  The  life  of  a 
superheater,  when  the  elements  are  not  exposed  to  the  direct 
flame,  should  be  equal  to  the  life  of  the  boilers. 

When  the  compound  pumping  engine  was  originally  in- 
stalled 25  years  ago,  it  developed  a  duty  of  118,000,000  ft.-lb. 
per  1,000  lb.  of  saturated  steam,  no  superheat  being  used. 
The  pumping  engines  at  this  station  were  all  bought  on  the 
bonus  and  forfeiture  basis,  which  naturally  led  the  con- 
tractor to  make  every  effort  toward  obtaining  the  highest 
duty  possible.  The  Water  Department,  however,  in  running 
the  duty  tests  with  variable  degrees  of  superheat,  made 
no  attempt  whatever  to  increase  the  economy  of  the  pumping 
unit  before  the  test  was  run — by  increasing  the  vacuum, 
repacking  the  plungers,  renewing  pump  valves,  inspecting 
valves  and  pistons,  etc.  In  other  words,  the  test  was  made 
on  a  pump  running  under  every-day  plant  conditions,  and 
even  with  a  superheat  of  only  28  deg.,  which  is  the  lowest 
obtainable,  the  pump  developed  a  duty  of  132,000,000  ft.-lb. 
per  pound  of  steam,  which  is  a  saving  of  11.9  per  cent  in 
steam  consumption  over  that  of  the  original  duty  test  with 
saturated  steam,  where  the  duty  obtained  was  118,000,000 
ft.-lb.  per  1,000  lb.  of  steam.  This  is  a  very  creditable  show- 
ing for  a  pump  that  has  been  in  service  for  25  years. 

There  seems  to  be,  to  the  writer's  knowledge,  a  prevail- 
ing impression  in  a  great  many  water-works  plants,  that 
the  use  of  superheated  steam,  with  its  consequent  econo- 
mies, is  offset  by  difficulties  with  lubrication.  This  conten- 
tion is  not  borne  out  by  our  experience. 
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Our  turbine-driven  pumps  are  installed  in  the  same  station 
with  the  low-service  compound  pumping  engines  previously 
referred  to.  Two  of  these  are  of  the  single-stage  centrif- 
ugal type,  each  of  a  nominal  daily  capacity  of  35,000,000 
gal.  They  were  installed  in  1913  and  have  been  in  active 
service  ever  since.  The  test  duties  of  these  pumps  at  a 
head  of  65  ft.  was  100,000,000  ft.-lb.  per  1,000  lb.  of  satur- 
ated steam.  A  recent  test  run  under  the  same  pumping 
conditions,  but  with  124  deg.  of  superheat  instead  of  satur- 
ated steam,  showed  a  duty  of  115,000,000  ft.-lb.  per  1,000 
lb.  of  steam,  an  increase  in  duty  of  15  per  cent.  The  phys- 
ical condition  of  the  pump  may  be  said  to  have  been  the 
same  during  the  two  tests,  for  the  reason  that  the  unit 
had  just  been  overhauled. 

On  the  same  turbine-driven  centrifugal  pump  compara- 
tive tests  were  made  to  determine  the  difference  in  duty, 
with  the  same  superheat  and  vacuum,  before  and  after 
the  pump  was  overhauled,  as  just  described.  The  duty 
before  overhauling  was  93,500,000  ft.-lb.  per  1,000  lb.  of 
steam  and  after  overhauling  was  106,000,000,  showing  a 
saving  of  13.3  per  cent,  due  entirely  to  overhauling. 

It  might  be  well  to  mention  that  the  pumps  at  our  low- 
service  station  are  subject  to  abnormal  wear  due  to  their 
pumping  raw  river  water  containing  a  large  amount  of 
sand  in  suspension. 


Standard  Specification  for  Steam  Hose 

The  American  Society  for  Testing  Materials  has  adopted 
the  following  standard  specification  for  steam  hose: 

These  specifications  cover  wrapped  steam  hose,  suit- 
abi"  for  steam-heat  connections  when  the  steam  pressure 
does  not  exceed  125  lb.  per  sq.in. 

1.  Manufacture 

2.  The  hose  shall  consist  of:  (a)  An  inner  rubber  tube; 
(b)   cotton-duck  reinforcement;    (c)   an  outer  rubber  cover. 

3.  The  rubber  tube  shall  be  smooth,  uniform  in  quality 
and  thickness,  and  free  from  injurious  defects. 

4.  The  reinforcement  shall  consist  of  cotton  duck  woven 
with  not  less  than  16  nor  more  than  22  strands  per  inch 

of  width  in  both  warp  and  filler,  each  strand  having  5  threads 
of  long-fiber  cotton.  The  duck  shall  be  cut  and  applied  on  a 
bias  of  from  42  to  46  deg.  with  edges  lapped  at  least  0.5 
in.  and  with  both  sides  well  frictioned  with  a  rubber 
compound  suitable  for  the  required  service. 

5.  The  rubber  cover  shall  be  uniform  in  quality  and  thick- 
ness, and  free  from  injurious  defects. 

2.    Physical  Properties  and  Tests 

6.  Where  applicable,  references  are  made  below  to  the 
Standard  Methods  for  Testing  of  Cotton  Rubber-Lined  Hose 
(Serial  Designation:  D  15)  of  the  American  Society  for 
Testing  Materials. 

7.  The  temperature  of  the  testing  room  and  samples 
shall  be  as  defined  in  Section  19  of  Standard  Methods  D 
15. 

8.  A  portion  18  in.  long  shall  be  cut  from  each  length  of 
hose,  except  in  the  case  of  22-  24-  or  30-in.  lengths,  when 
one  length  from  each  200  ft.  or  less  shall  be  taken  for  test. 
A  portion  2J  in.  long  shall  be  cut  from  the  test  specimen 
and  subjected  to  the  tests  specified  in  Section  9.  The  re- 
maining portion  of  the  test  specimen  shall  then  have  the  ex- 
nosed  ends  coated  with  a  covering  of  rubber  cement  and 
be  subjected  to  the  digester  test  as  specified  in  Section  12, 
after  which  another  2J-in.  portion  shall  be  cut  from  the  test 
specimen  and  subjected  to  the  tests  specified  in  Section  10. 

9.  The  quality  of  the  rubber  friction  binding  the  plies 
together  shall  be  determined  by  suspending  a  20-lb.  weight 
from  the  separated  end  of  the  duck  of  a  1-in.  test  ring  cut 
from  the  2J-in.  sample  described  in  Section  8,  the  force 
being  applied  radially.  The  rate  of  separation  of  the  plies 
shall  be  not  greater  than  1  in.  per  minute.  The  test  shall 
oxtend  for  10  minutes  when  the  size  of  the  hose  permits. 

10.  The  quality  of  the  rubber  friction  after  steaming 
shall  be  determined,  as  described  in  Section  9,  on  a  1-in.  test 
ring  cut  from  the  sample  after  it  has  been  subjected  to  the 


digester  test,  except  that  a   15-lb.  weight  shall  be  used  in 
place  of  the  20-lb.  weight  specified  in  Section  9. 

11.  (a)  The  tests  of  tube  and  cover  shall  be  conducted 
in  accordance  with  Sections  18,  20,  21,  22,  23,  24  and  25  of 
Standard  Methods  D  15.  (b)  Test  specimens  shall  be  cut 
longitudinally  from  the  hose,  (c)  The  friction  between 
the  inner  tube  and  cotton  duck  shall  be  the  same  as  that 
between  the  plies,  (d)  The  tensile  strength  before  steam- 
ing shall  be  not  less  than  600  lb.  per  sq.in.  (e)  The  tensile 
strength  after  steaming  shall  be  not  less  than  450  lb.  per 
sq.in.  (f)  The  elongation  at  the  breaking  load  for  both 
the  tube  and  cover  shall  be  such  that  the  original  2-in.  gage 
length  of  the  test  specimens  shall  stretch  to  not  less  than 
6  nor  more  than  10  in.  before  steaming,  and  to  not  less  than 
4  nor  more  than  8  in.  after  steaming. 

12.  The  digester  shall  consist  of  a  closed  cylinder  con- 
taining dry  saturated  steam  at  a  pressure  of  45  lb.  sq.in. 
The  test  specimen  specified  in  Section  8  shall  be  placed  in 
the  digester  and  shall  remain  there  for  48  hours  contin- 
uously. An  examination  of  the  specimen  after  being  sub- 
jected to  the  heat  of  the  steam  should  be  made  immediately 
after  removal  from  the  digester  and  should  disclose  no  blis- 
tering of  the  inner  tube  or  loosening  of  the  tube  from  the 
fabric.  Tests  after  steaming  prescribed  in  the  specifications 
shall  be  made  as  soon  as  possible  after  the  specimen  has 
cooled  for  24  hours. 

3.     Sizes  and  Dimensions 

13.  (a)  Steam  hose  shall  be  in  accordance  with  the  sizes 
and  dimensions  specified  by  the  purchaser,  (b)  The  thick- 
ness of  tube  shall  be  not  less  than  4  in. 

4.     Workmanship 

14.  The  hose  shall  conform  to  the  dimensions  specified 
and  shall  be  finished  in  a  workmanlike  manner.  The  tube 
and  cover  shall  be  free  from  injurious  defects. 

5.     Marking 

15.  (a)  Each  50-ft.  length  of  hose  shall  have  inlaid  in 
rubber  in  three  places,  namely,  midway  between  the  ends 
and  within  10  ft.  of  each  end,  a  brand  showing  the  name 
of  the  manufacturer,  the  month  and  year  of  manufacture, 
the  trade  name  of  the  hose,  and  the  legend  "A.  S.  T.  M. 
Specifications."  Shorter  lengths  than  50  ft.  shall  have  one 
brand  similar  to  the  above  inlaid  in  rubber,  (b)  Serial 
numbers  of  rejected  hose  shall  not  be  applied  to  any  other 
hose  during  the  same  calendar  year. 

6.     Inspection  and  Rejection 

16.  (a)  The  manufacturer  shall  notify  the  purchaser  suf- 
ficiently in  advance  of  the  completion  of  the  hose  to  permit 
of  arrangement  for  inspection.  (b)  The  manufacturer 
shall  afford  the  inspector  representing  the  purchaser,  with- 
out charge,  all  reasonable  facilities  to  satisfy  him  that  the 
hose  is  being  furnished  in  accordance  with  these  specifica- 
tions. All  tests  and  inspection  shall  be  made  at  the  place 
of  manufacture  prior  tc  shipment,  unless  otherwise  specified, 
and  shall  be  so  conducted  as  not  to  interfere  unnecessarily 
with  the  operation  of  the  works,  (c)  The  purchaser  may 
make  the  tests  to  govern  the  acceptance  or  rejection  of  the 
hose  in  his  own  laboratory  or  elsewhere.  Such  tests,  how- 
ever, shall  be  made  at  the  expense  of  the  purchaser.  17. 
Samples  of  rejected  hose  shall  be  preserved  for  two  weeks 
from  the  date  of  the  test  report.  In  case  of  dissatisfaction 
with  the  results  of  the  tests  the  manufacturer  may  make 
claim  for  a  rehearing  within  that  time. 


At  a  recent  meeting  of  engineers  from  Louisville  and 
Cincinnati  in  the  Engineers'  and  Architects'  Club  a  com- 
mittee of  three  was  appointed  to  investigate  the  feasibility 
of  "harnessing"  the  falls  at  Louisville.  Government  engi- 
neers have  seriously  considered  the  project  and  after  an 
investigation  declared  it  feasible.  W.  H.  McAlpine,  U.  S. 
Engineer,  Frank  H.  Miller,  engineer  Louisville  Electric 
Co.,  and  Louis  E.  Strong,  of  the  Louisville  Gas  and  Electric 
Co.,  were  asked  to  make  an  exhaustive  investigation  as  to 
the  feasibility  of  the  falls  as  power  development. 
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l*r<>«lii(*lioii  <>f  Kh'clricity  by 
PiihlirHtilily  IMants 

FiKurcs  jtivfH  out  li\  tlir  I'tiitcd  Stati's  CcoloKioil  Survey 
iiKtiratc  an  iiniiuiil  protliu-tioii  of  elci-trii-ity  during  I'.ll!)  by 
wiitir  powiT  of  lJ.740,()(tO,()00  kw.-hr.,  fiiuiil  ti.  :t7.!»  per  cent 
of  Ihi-  fiitin-  protliu-tiun  of  cliitricity ;  Hl.IC.O.OOO.OOO  kw.- 
lir.,  or  (>2.1  pi-r  i-nit  of  clt'ctricity  was  pi-odiiccd  by  fut-I 
power,  makiiij;  an  annual  total  of  .tH.HOO.OOO.OOO  kw  hr.  Thi> 
tot4il  fui'l  i-oiisuniption  during  I'.tlK  for  production  of  i-lec- 
tricity  was  ns  follows:  Coal,  li.'i, 000,000  .short  tons;  oil,  11,- 
O.'.O.OOO  bbi.;  >ras,  21.700.000  M.  lU.ft. 

Till'  aiioinpanyiuK  I'barl,  sliowinj;  the  averajfe  daily  pro- 
('ui-tion  of  electririty  by  public-utility  plants  in  the  United 
.*^talcs  by  water  power  and  fuel  power  from  .January,  1919, 
until   May.   1920,  indicates  that    110.000,000  kw.-hr.  of  elec- 


AVERAGE  DAILY  PRODUCTION  OF  ELECTRICITY  liY  PIH- 

LlC   ITILITY  I'LA.NTS  IN  UNITED  ."STATES  liY  WATER 

POWER   AND   Fl'EL   TOWER.    1919   AND  1920 

Iricity  was  produced  in  the  early  part  of  January.  This 
flpure  dropped  steadily,  however,  until  the  bepinninpr  of 
March,  when  it  totalled  100,000,000  kw.-hr.  Electrical  pro- 
cluction  remained  stationary  until  July,  when  a  steady 
incre.-.-se  was  noted,  which  reached  the  high  figure  of  134,- 
'/00,00c  /.>v.-hr.  in  January,  1920.  During  May  the  produc- 
tion had  .-■•^pped  to  114,600,000  kw.-hr.  with  a  rise  in  June 
to  120,000,000. 

A  separate  curve  on  the  same  chart  shows  the  number  of 
kilowatt-hours  produced  by  water  power.  From  January, 
1919,  until  January,  1920,  the  production,  with  slight  fluctua- 
tions, remained  the  same,  showing  an  average  of  40,000,000 
kw.-hr.  From  February  until  June  an  increase  was  noted 
which  reached  its  highest  point  in  April  with  a  total  of  50,- 
000,000  kw.-hr. 

The  proportion  of  each  monthly  total  produced  by  water 


power  bi-itinning  January,  1920,  is  Xi,  'M,  41  and  42  per  cent 
reHpeclively.  an  increase  in  the  amount  of  kUowutl-hours 
produced  by  water  power  in  May  of  about  27  i)er  cent  over 
January  and  February,  'i'his  increase  is  due  largely  to  the 
increase    in    stream    flow. 

The  nie.in  dnily  output  for  the  first  five  months  in  1919  wax 
102.fiH0.()00  kw.hr..  and  the  mean  daily  output  for  the 
corresponding  period  of  1920  was  119,800,000,  an  incrcane 
of  10.7  per  cent. 

In  comparing  the  1920  and  1919  curves  of  mean  daily 
[production  of  electricity,  it  should  be  noted  that  the  1919 
(urve  from  April  to  July  is  drawn  as  a  straight  line  as 
the  prcxluclidii  foi-  .May  and  June,  1919,  was  not  determined. 
If  figures  for  these  months  were  available,  the  1919  curve 
might  show  the  same  tendency  for  May  as  the   1920  curve. 

Figures  indicating  the  number  of  kilowatt-hours  produced 
by  water  ))ower  in  various  states  show  (California  by  far  the 
largest  producer.  Montana  ranks  second  with  less  than 
liiilf  the  production  of  California.  In  electrical  power 
l)roduced  by  fuels,  however,  California  ranks  fourth.  Illi- 
nois is  lirst,  Massachusetts  sec(md  and   Michigan  third. 

It  is  estimated  by  the  Geological  Survey  that  Pennsylvania 
used  more  coal  for  the  production  of  electrical  power  than 
any  other  state  in  the  Union;  New  York  second  and  Ohio 
third.  Texas  leads  in  the  use  of  petroleum  and  derivatives 
for  production  of  electric  energy,  and  Oklahoma  is  second. 
In  the  use  of  natural  gas  for  fuel  by  public  utilitie.s,  Okla- 
homa is  first.  West  Virginia  is  second  and  Ohio  third. 

Coal  Shortage  in  Northwest 

Important  hearings  behind  closed  doors  are  being  held 
by  the  Interstate  Commerce  Commission  in  an  effort  to 
insure  the  transportation  of  the  Northwest  coal  and  at  the 
same  time  permit  a  larger  volume  of  coal  to  move  to  Mid- 
western destinations.  All  interests  concerned  are  being 
given  an  opportunity  to  be  heard.  Despite  every  effort,  the 
railroads  have  found  it  impossible  to  meet  the  Lake  pro- 
gram. With  the  advent  of  cool  weather  the  Midwestern 
States  have  refused  to  wait  longer  for  their  coal. 

A  minimum  of  two  thousand  additional  cars  would  be 
required  daily  if  anything  like  the  general  distribution  of 
coal  is  to  be  secured  in  Ohio,  Indiana,  Illinois,  and  Michigan. 
The  railroads  are  positive  that  they  cannot  take  care  of 
this  additional  movement  under  present  conditions.  The 
commission  has  given  no  intimation  as  to  what  measures 
it  will  take.  It  may  restrict  the  use  of  open-top  cars  to 
coal  movement  until  the  close  of  navigation.  Color  was 
given  in  this  solution  by  the  fact  that  the  commission  has 
called  on  representatives  of  the  steel  and  sand  and  gravel 
industries,  the  largest  shippers  of  open-top  cars.  Another 
possibility  is  that  the  priorities  being  enjoyed  by  public 
utilities  may  be  suspended. 


New  Publications 


GAS  AND   FUEL  ANALYSIS.      By   Alfred 
H.     White.     Professor    Chemical     Engi- 
neering.  University   of  Michigan.      Pub- 
lished   by   McGraw-Hill    Boolv   Co..   Inc.. 
New    York    City.       290    pages:    57    illus- 
trations.     Price,   $3. 
A   number   of  volumes   dealing   with    fuel 
analysis  have  been   published   the   past  few 
years.       Unfortunately,    the    majority    have 
been  of  a  character  that  failed  to  meet  the 
needs    of    tlie   power-plant    engineer.      Other 
volumes   written    especially   for   the   operat- 
ing force  have  been  entirely  too  elementary. 
\\niile     the    volume    under    discussion     was 
written     primarily     for     classroom     use.     it 
should    meet    a    ready    reception    from    the 
practical   engineer.      The  method   and   appa- 
ratus    required     in     fuel     testing     and     gas 
analysis   are   fully   covered. 
ADVERTISING  THE  TECHNICAL  PROD- 
UCT.    By  Clifford  Alexander  Sloan  and 
James    David    Mooney.       Published    l>y 
the    McGraw-Hill    Book    Co..    Inc.,    239 
W.    .39th    St..    New    York    City.      Cloth, 
6  X   9   in.  :   365  pages. 
In   this  book  the  more   important  factors 
of  the  advertising  problem  that  are  peculiar 
to    advertising    the    technical    product    are 
discussed.       The    work    w;is    compiled    with 
the  assistanc  and  co-operation  of  a  number 


of  business  men.  The  efforts  of  these  men. 
who  have  all  been  successful  in  various 
Iihases  of  the  work  di.scussed  in  the  book, 
have  resulted  in  imi)regnating  it  with  the 
substance  of  practical  exjierience.  The  book 
is  made  up  of  five  parts:  The  general  prob- 
lem and  its  economic  elements  :  the  instru- 
ments available  for  advertising  the  tech- 
nical product :  technical  advertisements ; 
advertising  organizations;  and  api)endix. 
FUEL  OIL  IN  INDUSTRY.  By  S.  O.  An- 
dres. Published  by  Shaw  Publishing 
Co.,  Chicago,  111.  240  pages;  107 
illustrations. 
The  author  of  this  volume  has  endeavored 
to  cover  the  use  of  oil  as  fuel  in  the  vari- 
ous industries.  The  work  as  a  whole  is 
quite  good  ;  the  first  cliaiiters.  dealing  with 
the  physical  and  chemical  characteristics 
of  oil.  are  especially  worthy  of  comment. 
Suitable  space  has  been  given  over  to  a 
discussion  of  colloidal  fuel.  A  number  of 
chapters  are  devoted  to  oil  storage,  heating, 
pumping  and  similar  questions  concerning 
the  handling  of  oil.  In  the  remainder  of 
the  volume  the  author  has  given  entirely 
too  much  space  to  descriptions  of  indu.«trial 
processes,  much  of  the  material  having  but 
little  bearing  on  the  use  of  oil  as  fuel. 
More  pages  should  have  been  devoted  to 
methods  of  installation  and  proper  operat- 
ing procedure.  To  those  who  de.«ire  to 
secure  a  general  understanding  of  the  em- 
ployment of  oil  as  fuel  in  industrial  pro- 
cesses this  work  will  i)rove  a  welcome  find 


Obituary 


.AueuHtUK  C.  IJuzby,  president  and  foun- 
der of  the  Keystone  Lubricating  Co.,  of 
Philadelphia,  died  Sept.  21,  at  the  age  of 
sixty-six  years.  Mr.  Buzby  came  of  an 
old  Quaker  family,  which  settled  in  Burling- 
ton County.  N.  J.,  in  1640.  He  attended 
the  Philadelphia  College  of  Pharmacy,  and 
after  his  graduation  devoted  himself  to 
chemistry  ;  later,  he  organized  a  wholesale 
drug-supply  business.  He  was  best  known, 
however,  as  the  founder  and  president  of 
the  Keystone  Lubricating  Co.,  which  he 
I)uill  up  into  a  large  and  successful  or- 
ganization. He  left  a  wife.  Florence  Buzby, 
and  four  sons,  in  whose  hands  the  direction 
of  the  Keystone  company  now  rests.  These 
men  are :  Harold  A.  Buzby,  vice  president 
and  general  manager :  Warren  F.  Buzby, 
second  vice  president  and  treasurer ;  Nor- 
man F.  Buzby.  secretary  and  export  man- 
ager :  and  Kenneth  K.  Buzby,  assistant 
treasurer.  Mr.  Buzby  was  a  prominent 
Mason,  and  was  a  member  of  the  Manu- 
facturers' Club  of  Philadelphia,  the  Phila- 
delphia County.  Pen  and  Pencil,  Friendly 
.'^ons  of  St.  Patrick,  Terrapin  Club  and 
other  organization.s.  He  was  also  a  vestry- 
man of  the  Episcopal  Church  of  the  Savior. 
He  leaves  a  host  of  friends  who  mourn  the 
loss  of  a  .square-dealing  and  honorable  man. 
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Business  Items 


Herbert  Hoover  has  been  appointed  a 
member  of  the  advisory  Board  for  the  East- 
ern Industrial  Region,  Superpower  Survey, 
now  l>eing  conducted  by  the  Ceological 
Survey. 

.1.  R.  Lowe,  sales  engineer  for  the  Mid- 
west Engine  Co..  has  been  transferred 
from  the  New  Orleans  office  of  the  company 
to  the  Hill  Pump  Works  Division,  at  Ander- 
son, Ind. 

T.  Walter  M<vGrath,  for  eight  years  with 
the  Electric  Storage  Battery  Co..  is  now 
with  the  M.  J.  Dougherty  Co.,  power  pip- 
ing contractors,  fabricators  and  erectors. 
Philadelphia,  Pa. 

W.  G.  C.  ThompHon,  formerly  mechanical 
engineer,  D.  G.  Dery,  Inc.,  Allentown,  Pa., 
has  been  appointed  assistant  professor  of 
mechanical  engineerng  at  the  Pennsylvania 
State   College,   State   College,    Pa. 

Carl  C.  Thomas  has  been  appointed  West- 
ern representtive  of  the  Dwight  P.  Robin- 
son &  Co.,  Inc..  engineers.  Mr.  Thomas 
will  be  located  in  the  Electric  Equipment 
Building,  South  Hope  St.,  Los  Angeles,  Cal. 

Paul  J.  Keifer,  formerly  assisant  pro- 
fessor of  steam  engineering.  University  of 
Illinois,  is  now  associate  professor  of 
mechanical  and  marine  engineering.  Post- 
graduate Dept.,  U.  S.  Naval  Academy,  An- 
napolis,  Md. 

A.  G.  Christie,  formerly  associate  pro- 
fessor of  mechanical  engineering.  Johns 
Hopkins  University,  Baltimore,  Md.,  has 
been  appointed  professor  of  mechanical  en- 
gineering of  the  Night  Technical  Schools 
of  Johns   Hopkins   University. 

J.  H.  Klinok  has  been  discharged  from 
the  army  as  Major,  Q.  M.  C.  Construction 
Service,  and  has  returned  to  the  Westing- 
house  Electric  and  Manufacturing  Co.  He 
will  be  located  in  the  general  sales  depart- 
ment of  the  East  Pittsburgh  Works. 

Francis  irman  has  becom^^  publicity  man- 
ager of  the  Quigley  Furnace  Specialties 
Corp.,  of  26  Cortlandt  St..  New  York  City. 
Mr.  Irman  has  had  long  experience  in  the 
advertising  field  and  is  a  trained  engineer. 
having  received  hi.s  engineering  degree  from 
Kings  College,  London,  England. 

H.  J.  Marks,  formerly  sales  engineer  and 
district  sales  manager,  of  New  York,  for 
the  Badenhausen  Co.,  manufacturers  of 
boilers  and  American  ball  engines,  is  now 
established  at  90  West  St.  as  H.  J.  Marks 
&  Co..  Inc.,  Sales  Engineers,  and  will  act  as 
New  York  agents  for  the  Badenhausen 
1    Boilers,  etc. 

Kagrnar   Garlstedt    arrived    in    America   on 

the    steamer    "Imperator"    Oct.    2.     He    was 

formerly   connected    with   the   Swedish   (Jen- 

[    eral    Electric    Co.    and     is    the    inventor    of 

many     electrical     and     mechanical     devices 

j    used    in    gas    plants,    pulp    and    paper    mills 

I    and    power   plants.      While    in    this   country 

I    his  address   will   be  Grand  Central   Palace. 

'    New  York  City. 


The    Amerieaii    Assoctntion    of    Kngineer-. 

will   meet   at   the    Engineers'   Club  of   Phila- 
delphia,  Oct.    13. 

The  American  Society  of  Heating  and 
Ventilating  Kngineers  will  meet  on  Oct.  14 
at  the  Engineers'  Club  of  Philadelphia.  I>r. 
John  R.  Allen  will  read  a  paper  on  "Rf- 
sum6  to  the  Work  of  the  Research  Bureau." 

Tlie  American  Institute  of  Electrical  En- 
gineers will  meet  at  a  luncheon  at  the  En- 
gineers' Club  of  Philadelphia.  Oct.  12.  Dr. 
George  K.  Burgess  will  address  the  mem- 
bers on  "Bureau  of  Standards  and  Its  En- 
gineering Contacts." 

Members  of  the  Illuminating  Engineering 
Society  will  meet  at  a  luncheon.  Oct.  19. 
at  the  Engineers'  Club  of  Philadelphia. 
"The  Inspiring  Outlook  for  American  Engi- 
neering" will  be  the  subject  of  an  address 
by  Morris  L.  Cook. 

The  Detroit  Engineering  Society  will 
hold  its  regular  meeting  Oct.  15.  Prank  J. 
Raymond,  of  the  Inter-Racial  Council,  New 
York  City,  will  rea<l  a  paper  on  "The  Re- 
lationship of  Foreign  Labor  to  Its  Em- 
ployees." 

Tlie  Detroit  Engineering  Societ.v  will  meet 
on  Nov.  5.  E.  J.  Mehrcn,  editor  of  Engi- 
neering News-Record,  who  has  just  re- 
turned from  an  extensive  trip  through 
Europe,  will  read  a  paper  entitled  "Condi- 
tions in  Europe  from  a  Political,  Social  and 
Engineering  Standpoint."  On  Nov.  19 
another  meeting  will  be  held  at  which 
Major  Theodore  A.  Leisen  will  read  a  paper 
on  "The  New  Water  Filtration  Plant  for 
Detroit." 

The  National  Association  of  Practical  Ke- 
frigerattng  Engineers  will  hold  its  eleventh 
annual  convention  at  the  Auditorium  Hotel, 
in  Chicago  on  Dec.  8  and  11,  1920.  Thi.< 
is  the  first  meeting  of  this  association  to 
be  held  in  Chicago,  and  the  arrangements 
that  are  being  made  for  it  indicate  that  it 
will  be  one  of  the  larg.^st  ever  held  by  the 
association.  The  program  has  been  se- 
lected because  of  its  importance  as  relating 
to  modern,  practical  refrigeration  en- 
gineering. 

The  Glasgow  Corporation  is  making 
preparations  for  the  engineering,  shipbuild- 
ing and  electrical  exhibition  that  is  to  be 
held  in  the  Kelvin  Hall,  Glasgow,  from  Nov. 
8  to  Dec.  4.  This  hall  has  an  area  of 
over  200, nno  sq.ft.,  and  is  well  adapted 
tor  such  an  exhibition,  and  will  contain, 
when  the  show  is  open,  three  miles  of 
passageway  with  stands  on  both  sides.  A 
cinematograph  hall  is  being  planned  in  con- 
nection with  the  exhibition  to  show  films 
devoted  to  the  engineering,  shipbuilding  and 
electrical  industries.  The  exhibitors  are  to 
include  most  of  the  well-known  British  en- 
gineering firms.  It  is  reported  that  over 
15,000  personal  invitations  have  been  dis- 
patched to  foreign  visitors,  for  whose  bene- 
fit, during  their  stay  in  Glasgow,  advisory 
bureaus  are  to  be  set  up  by  the  corporation 
at   the  principal  Glasgow  stations. 


The   Wasioto    (Ky.)    Light   and   Power   Co. 

was  organized  bv  E.  M.  Bell  and  others 
with  a  capital  of  $311,000  for  the  purpose 
of  installing  a  plant.  The  work  will  be 
launched  at   once. 

Tlie  Hart  Co..  of  Williamsport.  Pa.,  an- 
nounces its  incorporation,  under  the  laws 
of  the  State  of  Pennsylvania  with  a  capital 
of  $100,000.  The  concern  will  manufacture 
a  complete  line  of  valves,  faucets,  basin 
cocks,  etc.  The  incorporators  are  Walter 
Hart,  Harry  A.  Miller,  LeRoy  W.  Gleason. 
Edgar  R.  Munson  and  Harry  S.  Kolb,  all 
of    Williamsport. 


Trade  Catalogs 


Tlie  MoAIear  Manufacturing  Co.,  manu- 
facturers of  specialties  for  steam  heating 
and  power  plants,  have  ready  for  distribu- 
tion two  booklets.  'A"  and  "B."  entitled  re- 
spectively. "Vacuum  System  of  Heating" 
and  ■Vapor  Heat."  The  booklets  contain 
illustrations  and  text  illustrative  of  vacuum 
and  vapor  heating  specialties.  Copies  will 
be    sent    on    request. 

The  A.  &  F.  Brown  Co.,  engineers,  foun- 
ders and  machinists,  of  New  York  City, 
have  ready  for  distribution  a  new  130- 
page  catalog  entitled  "Power  Transmission 
Machinery."  The  catalog  contains  num.^r- 
ous  photographs  and  line  drawings  descrip- 
tive of  the  text.  The  volume  includes 
descriptions  of  glass,  shafting,  couplings, 
bushings,  pulleys,  and  various  other  ap- 
paratus pertaining  to  power  transmission. 
A  copy  will  be  sent  on   request. 

Tlie  Link  Belt  Co.,  of  Chicago,  has  ready 
for  distribution  a  revised  edition  of  catalog 
No.  380.  The  booklet  which  contains  96 
pages  covers  the  Link  Belt  line  of  stand- 
ardized monorail  electric  hoists  as  well  as 
overhead  traveling  cranes  in  capacities  of 
J  to  3  tons.  It  completely  describ;'S  these 
machines,  giving  tables  of  weights,  clear- 
ance dimensions  and  speeds,  and  contains 
illustrations.  Copies  can  be  had  by  ap- 
plying to  the  Link  Belt  Co..  910  So.  Michi- 
gan Ave.,  Chicago. 

"Reciprocating  Engines  and  Steam  Tur- 
l>i[n,es"  is  the  title  of  a  new  135-page  book- 
let just  issued  by  the  Travelers  Indemnity 
Co.,  Hartford,  Conn.  Principles  of  safe  and 
economical  operation  of  reciprocating  and 
steam  turbines  is  the  subjected  treated  in 
the  booklet.  The  first  main  division  deals 
chiefly  with  plant  conditions,  accident 
causes,  safeguards,  etc.  The  second  divi- 
sion takes  up  the  discussion  of  certain 
theoretical  points  that  should  be  of  interest 
to  the  thoughtful  engineer.  Particular  at- 
tention has  been  paid  to  the  explanation  of 
the  iirinciples  of  reversibility.  A  copy  of 
this  booklet  will  be  sent  to  anyone  inter- 
ested. 


PROPOSED    WORK 

Mass.,  Danvers — The  Comn.  of  Mental 
T)iseases.  36  State  House,  Boston,  will  >— 
ceive  bids  until  October  14  for  installing  a 
1  .story  power  plant  at  the  State  Hospital 
here.      About    $250,000.      Noted   July   20. 

Mass..  Wrentliam — The  Commonwealth  of 
Massachusetts,  c/o  Kendall,  Taylor  &  Co.. 
93  Federal  St..  Boston,  has  rejec^ted  all  bids 
for  a  1  story.  50  x  70  ft.  cold  storage  build- 
ing and  a  40  x  90  ft.  industrial  building  at 
the  Wrentliam  State  School,  here  :  plans 
will  he  revised  and  new  liids  will  be  called. 
About   $100,0(10.        Noted   April   27. 

K.  I.,  Providence — The  (^ity.  Public  Bldg. 
Dipt.,  will  soon  award  the  contract  for  a 
:i  slorv  school,  including  a  steam  heating 
system  on   Kenyon   Ave.      About    $700,000. 

N.  Y..  Buffalo — The  National  Lamp  Co.. 
c/o  F.  S.  Terry,  Nela  Park,  East  Cleveland, 
C.  plans  lo  build  a  power  plant  here.  About 
$200,000.  George  H.  Johnson,  Nela  Park. 
East   Cleveland,   O.,   Archt, 

N.  v.,  Buffalo  —  The  State  Hospital 
Comn..    (\ipitol,    Albany,    received    bids    for 


an  addition  to  the  central  heating  plant  at 
the  Buffalo  State  Hospital  here,  from  Moran 
&  Gibbs,  608  Niagara  Life  Bldg.,  $162,300  : 
J.  W.  Danforth  Co..  70  Ellicott  St..  $168,- 
710  :  Geo.  H.  Drake.  218  Lexington  .Ave.. 
$174,375.      Noted  August  31. 

N.  Y.,  Green  Island  (Troy  P.  O.) — The 
Ford  Motor  Co.,  Boulevard  and  Woodward 
St.,  Detroit,  Mich.,  plans  to  buiUI  a  power 
plant  here,  to  develop  6.000  hii.  About 
$2,000,000.  Stone  &  Webster,  120  H'way. 
New   York  City,    Engrs. 

N.  Y.,  .Jamestown — The  Dahlstrom  Metal- 
lic Door  Co.  i)lans  to  install  a  300  lij)  syn- 
chronous motor  generator  set  and  make 
changes  in  the  heating  system.  J.  A.  West- 
man  is  general  manager. 

N.  Y..  New  York — The  Bronx  Co..  177th 
St.  and  Bronx  River,  plans  .to  install  steam 
turbines   in  generating  plant. 

N.  Y.,  New  York — The  Dept.  of  Water 
Supply,  Gas  and  Electricity  received  bids 
for  furnishing,  delivering  and  installing  ad- 
ditional discharge  lines  at  the  179th  St. 
pumi)ing  station  from  the  Melrose  Constr. 
Co.,  103  East  125th  St.,  $14,000;  John  A. 
Oreggory.  $14,753;  Henry  B.  Fox,  81  East 
125th  St.,   $15,700. 

N.  J..  Pennington — The  Peerless  Insu- 
lated Wire  &  Cable  Company  is  in  the  mar- 


ket for  shafting,  pulleys  and  hangers,  to 
be  used  in  connection  with  its  new  plant, 
Chas.  E.  Miller.  Supt. 

N.  J..  Ventnor  City  (.Vtlantic  City  P.  O.) 
— The  Common  Council  will  receive  bids 
until  Oct.  25  for  additions  and  alterations 
to  waterworks  including  new  building, 
boiler,  pressure  tanks,  etc.  AV.  I.  Risley. 
Guarantee  Trust  Bldg.,  Atlantic  City,  Civil 
Engr. 

Md..  Baltimore  —  The  Chizuk  Amuno 
Congregation,  c/o  W.  Levy,  2352  Eutaw 
Place,  will  soon  award  the  contract  for  a 
1  and  2  story,  85  x  115  ft.  synagogue  in- 
cluding a  steam  heating  system  at  Eutaw 
Place  and  Chauncev  Ave.  About  $400,000. 
J.    E.   Sherry.   4  09   Calvert   Bldg..   Archt. 

Md..  Baltimore — The  Johns  Hopkins  Hos- 
pital will  soon  award  the  contract  for  a 
7  story,  70  x  185  ft.  hospital  building  addi- 
tion at  Wolfe  and  Monument  Sts.  A  steam 
heating  system  will  be  installed  in  same. 
J.  E.  Sherry,  409  Calvert  Bldg.,  Archt.  and 
Engr. 

Md.,  Baltimore — The  United  States  Fi- 
delity &  Guaranty  Co.,  Calvert  and  Red- 
wood Sts.,  will  receive  bids  until  Oct.  21 
for  a  3  story.  40  x  113  ft.  office  building 
including  steam  heating  svstem  on  Calvert 
and  Mercer  Sis.  About  $300,000.  Wvatt 
&  Nolting,  1012  Keyser  Bldg.,  Archt.,  H.  F. 
Doeleman,  507  North  Charles  St.,  Engr. 
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n.  ('.,  U'«i>lilii(tAn — Tlio  W'aNliliiKtnn  Ico 
MfK.  «'«>..  3.tM  K  St  .  .\  \V..  iiliiiiM  to  iMillil 
uii  l>i<  iiluiit  (111  1:3(1  hikI  .M  StH .  .N.  W. 
About    tiuU.OUU. 

Ik.  <'.,  WitiihlpBton — niirciiii  of  YiirilH  iinil 
iHu'kK.  Niivy  I>ii>t..  will  ri'i-.-lvc  IiIiIh  until 
tun.  IS,  for  11  B"J  X  m  ft.  imwiT  hoUHc  at 
till'  Naval  and  ICxpfrlini'iital  ItcHcarch 
l^iboriitory  iil  UclU'VUi*. 

Kin.,  Ji»ck»(»nvlllc— The  S.Ty.  of  llio  Pity 
Coinn.,  Itoom  13.  flly  riall,  will  n-clvi- 
hlilH  until  (iclolicr  1  r>  for  furiilHliliiK  and 
(IcIlvi'i-InK  OMi'  H:i:i  kvii.  oil  cooU-d  traiiM- 
fornicr  tl.fidn-lU.^OO  volt.s  primary,  2.300 
volts  scciimlary,  CO  oycli'.i.  7.:;oo  allcrna- 
tloHH.  provided  with  four  'JJ  |n-r  cfnl  full 
capacity  tap.s  tn  thi>  13.2iio.v(ilt  wIndinK. 
or  two  r>  pi'r  (N-nt  tap.s  In  the  ri.tioo-volt 
wlndlni;.  Hlddcr.s  arc  r((|Ur.sliMl  al.so  to 
siutf  ullowanco  that  will  he  made  for  throe 
huriuMl  out  300  kva.  (Icncral  lOlcctrIc  wutcr- 
coolcil  transfornn>r.s.  GO  eyries.  6,600  VoUm 
primary,    2,200    volts    secondary. 

«}».,  Trion — The  Trlon  Co.,  Inc.,  Is  plan- 
ning to  build  a  1  Jlory  addition  to  Its 
power  plant.  Jackson  &  Moreland.  387 
VV'ashinKton  St.,  Uoston,  Ma.ss.,  Kngrs. 

Ky.,  Cuvinarton — The  City  i>lans  an  elec- 
tion to  vote  on  $2,')0.000  bonds  for  the  in- 
stallation of  a  10.000.000  sal.  .dectric  triple 
expansion  pump  for  the  munioiiiul  water- 
worka     J.  M.  L.ouk,  Supt.   I'ub.  Wks. 

O..  Cleveland — The  Allen  Theater  Enter- 
prises, Ulchmond  K  St.,  Toronto,  Ontario, 
plans  to  build  a  power  plant  for  a  new 
theater  and  commereial  buildingr  at  Euclid 
Ave.  and  l-i;ist   Hth  St..  nere. 

O.,  Cleveland — The  Broadway  Savings  & 
Trust  Co..  O.  Jl.  Stafford,  Pres.,  East  .'i.'ith 
St.  and  H'way,  is  having  plans  i>repared 
for  an  8  story.  80  x  150  ft.  bank  and  otJice 
building,  including  a  steam  heating  system. 
.\bout  $400,000.  Walker  &  Weeks,  1900 
Euclid  Ave.,  Archt. 

O.,  Cleveland — The  Citizens'  Savings  & 
Trust  Co.,  c'o  Alvord  Smith.  East  9th  St. 
and  Euclid  Ave.,  will  soon  award  the  con- 
tract for  a  10  story  bank  and  ollice  building 
including  steam  heating  system  at  East 
101st  St.  and  Euclid  Ave.  About  1. 000. 000. 
Walker  &   Weeks,    1900   Euclid  Ave..   Archt. 

Ind.,  Marion — Iloggson  Bros.,  Archts.  and 
Engrs..  48.S  ,5th  Ave.,  New  York  City,  are 
preparing  preliminary  plans  for  a  1  story 
bank  building  including  a  steam  heating 
svstem.  here,  for  the  First  Natonal  Bank 
About  $300,000. 

m..  ChicaBO — The  Chas.  G.  Stevens  Co., 
33  South  Jefferson  St..  will  soon  award  the 
contract  for  a  warehouse,  garage  and  power 
house  on  Western  .Ave.  and  4.5th  Place. 
About   $75,000. 

Wis.,  Camp  nougrias — The  Wisconsin  Na- 
tional Guard  is  having  plans  prepared  for 
a  45  X  50  ft.  iiower  and  engine  house  and 
is  in  the  market  for  boilers  and  engines. 
Henry  Hengels,  425  East  Water  St.,  Mil- 
waukee. Archt.   and   Engr. 

Wis.,  Milwaukee  —  Backer  &  Pfaller, 
Archts.,  216  West  Water  St.,  will  soon 
award  the  contract  for  a  1  story.  90  x  150 
ft.  factory  including  motors,  etc.,  on  State 
St.  for  the  Shope  Brick  Co.,  216  West 
Water  St. 

Wis.,  Milwaukee — The  Sewerage  Comn. 
plans  to  build  a  boiler  house  on  Jones 
Island.  Six  500-600  hp.  boilers  will  be  in- 
.stalled.      T.    C.    Hatton,    Citv    Hall.    Engr. 


Iowa.,  Fort  nnilip — The  lid.  Educ  ,  c/o 
Paul  OuHtafHon,  Si'cy.,  will  reej-lve  bIdM  un- 
til t>et,  27,  for  a  3  Ktory.  190  x  2«0  ft.  hiKh 
■cliool  Ini-ludlUK  Htcain  lieutlnK  nyHta^ni. 
About  jn.'iO.oiHi.  Wni.  li.  Itlner,  ltd.  of 
Trade    llldg.,   Archt. 

Knii..  llurllnKainr — The  City  is  havbiK 
plans  prepiincl  for  a  power  plant.  About 
$70.0110  lllaek  &  Vialeti,  701  .Mutual  ItldK.. 
Kansas    City,    Mo.,    lOngrs. 

Knn..  WplllnKloii  The  City  Is  having 
plans  jirepared  for  elei'lrlejil  Improviim-nlM 
to  the  light  anil  water  plant  incluiling  In- 
stallation of  boiler,  generator  and  lurblni-. 
.\bout  $60,000.  Johnson  &  Henham,  KansaH 
City,   Mo.,    Engrs.      .Noted    .March   9. 

Neb.,  Sidney — 1.  C.  C.rayblll,  Mavfir.  will 
receive  bids  until  Octob.'r  15,  for  remodel- 
ing present  power  plant  and  installing  two 
250-hp  boilers,  engine,  generator,  etc. 
.Noted  .March  9. 

N.  !>..  Mayvllle — Arthur  Devor,  Archt., 
486  ICndicott  Hldg.,  St.  I>aul,  Minn.,  plana 
to  build  a  1  story,  64  x  84  ft.  power  house. 
About    $20,000.     Owner's  name  withheld. 

Mo.,  Webb  <lty— The  Bock  Hill  Pant  & 
Cloth  Co.  is  having  plans  prepan'd  for  a 
l)anl  f.actory  to  consist  of  a  2  story.  61  x  150 
ft.  and  a  3  story,  16  x  30  ft.  building,  and 
is  in  the  market  for  ;i  250  hp.  oil  engine. 
.\bout  $150,000.  Hucy,  Niller  Engr.  Co., 
Joplin,   Engr. 

Tex.,  .iuNtin — The  University  of  Texas, 
Hoard  of  Regents,  is  b.aving  plans  prepared 
for  a  3  story.  70  x  200  ft.  addition  for  the 
biology  department,  including  additions  to 
the  present  heating  and  power  imits.  About 
$300,000.  Geo.  .\.  Endress,  Littlefleld  Bldg., 
Archt. 

Col.,  Denver — The  Rocky  Mountain  Con- 
sistory No,  2,  16th  and  Grant  Streets,  is 
having  plans  prepared  for  a  6  story,  116 
X  171  Masonic  temple  including  steam  heat- 
ing and  forced  ventilation  system.  Esti- 
mated cost  $650,000  to  $800,000.  Gardner 
&  I'arry,  209  Guardian  Trust  Bldg.,   ICngrs. 

Ore..  Burns — I^otiis  C,  Kelsey.  Consult. 
Engr.,  Portland,  has  submitted  estimates  to 
the  City  Council,  for  the  installation  of  the 
proposed  munici]),il  light  and  water  plant. 
About   $300,000.      Noted  June   22. 

Ont..  ijueenston — The  City  plans  to  in- 
stall five  generators  of  55,000  hp.  each  and 
other  e<)uipment  in  the  proposed  160  x  600 
ft.  hydro-electric  power  house  here.  About 
$4,000,000. 

Man.,  Winnipeg — The  Government  plans 
to  expend  $1,000,000  on  hydro-electric  de- 
velopments in  rural  Manitoba.  J.  M. 
Leamy,  Provincial  Power  Comnr. 

CONTRACTS  .\WARDED 

Mass.,  Boston — The  City  has  awarded 
the  contract  for  furnishing  and  erecting 
two  pumping  plants,  one  to  be  located  at 
Lincoln  power  station  of  the  Boston  Elec- 
tric Ry.  Co.,  Commercial  St..  and  the  other 
at  Station  38,  property  of  the  Electric  Il- 
luminating Co..  Atlantic  Av<'.,  to  the  West- 
inghouse  Electric  &  Mfg.  Co..  10  High  St., 
at    $174,469. 

Mass.,  WakefieUI — The  Heywood  Bros.  & 
Wakefield  Co..  Gardner,  have  awarded  the 
contract  for  a  1  story,  40  x  50  ft.  boiler 
house.  Cost,  between  $25,000  and  $30,000. 
Noted  Oct.   5. 

N'.  Y..  Brooklyn — The  New  York  State 
Hospital  Comn.  has  awarded  the  contract 
for    .1    2    story,    50    x    70    ft.    addition    to    the 


laundry  building  at  tin-  I'.rooklyn  Htate  HoH- 
nltal  to  (be  White  JohUHOM  Co.,  1133  ll'wuy. 
New   York  City,  at   $l.'.0,00(). 

N.  Y.,  New  York  The  A.  Z  A.  Realty 
Co.,  31  EnHt  27tli  St  ,  will  build  a  12  story, 
25  X  45  ft.  olllei-  and  Hhowrooin  building 
Including  a  sleain  lieallnK  Hysteni  at  415 
l/exlnglon  Ave.  About  $600,000.  Work 
will  be  done  by  day  labor. 

N.  Y„  Nrw  York  Till-  Church  of  Christ 
.SclentlMt.  c/o  H  E.  .Miller,  Archt.,  477  5th 
Ave.,  will  build  a  7.'.  x  95  ft.  (rliurch  In- 
cluding a  Hti'am  h^'allng  Hystein  on  Anthony 
Ave.  About  $300,000.  Work  will  bij  done 
by   day    labor. 

N.  Y.,  New  York- The  Plaza  Hotel,  58lli 
St.,  has  awarded  tin-  contract  for  altera- 
tions and  addition  to  hotel  Including  a 
steam  hi'ating  syHtem  lo  Geo.  A.  Fuller,  17.'< 
5th   Ave.      About   $250,000. 

N.  Y.,  New  York — The  Union  Indemnity 
Co.,  New  Orleans.  I.a.,  has  awarded  the 
contract  for  an  8  story  olllo!  building  In- 
cluding a  steam  healing  system  at  96 
.Maiden  Lane,  here,  to  A.  C.  Voight.  G-land 
Central  Terminal  Bldg.,  New  York  City. 
About   $350,000. 

N.  J.,  New  UrunHwIek — W.  R<rade.  1 1 2 
West  34th  St..  Nt^w  York  City,  has  awarded 
the  contract  for  a  I  story,  100  x  235  ft. 
theater  building  on  Livingston  Av<?.,  lo  C. 
Brown,  Campbell  Ave.,  Long  Branch.  .N.  J  . 
at  $500,000.  A  steam  healing  system  will 
be   installed    in  same. 

Pa.,  Plilladelplilu — The  Reyburn  Mfg.  Co., 
23rd  and  Allegheny  Sis.,  has  awarded  the 
contract  for  a  warehou.se.  power  house,  etc  , 
to  Wm.  .Steele  &  Sons  Co.,  16th  and  .\rch 
Sts. 

I.a.,  BogaluHn— The  Great  Southern  Lum- 
ber Co.  has  awarded  the  contract  for  an 
addition  to  paper  mill  plant  Including  :i 
steam  heating  system,  to  Stone  &  Webster, 
120   B'way,   New   York  City,  at  $250,000, 

La.,  New  Orleans — The  New  Orleans  G:is 
Light  Co.,  Baronne  and  Common  Sts.,  has 
awarded  the  contract  for  two  new  genera- 
tors to  the  Western  Gas  Constr.  Co., 
Buchanan.  Holt  and  Winter  Streets,  Fort 
Wayne,   Ind. 

La.,  New  Orleans  —  The  Svipervising 
Archt..  Treasury  Dept.,  Washington.  P.  C., 
has  awarded  the  contract  for  a  refrigerat- 
ing machine  to  be  installed  in  the  marine 
hospit.ll  here,  to  the  Wm.  Leibe  Refrigera- 
tor Mfg.  Co.,  New  Orleans,  La.,  at  $1,990.50. 

III.,  Chirugo — The  Chicago  &  Alton  R.R.. 
608  South  Dearborn  St.,  has  awarded  the 
contract  for  a  warehouse  including  a  steam 
heating  system  to  Dwight  P.  Robinson.  123 
East  46th  St.,  New  York  City,  at  $1,000,000. 

Wis.,  Oronomowoe  —  The  Oconomowoc 
Fuel  Co.  has  awarded  the  contract  for  fur- 
nishing coal  conveying  and  handling  ma- 
chinery to  be  ti.sed  in  connection  with  new 
corl  storage  sheds,  etc.,  to  the  Northern 
Cjnvevor  &  Mfg.  Co..  3027  Walnut  St.. 
Milwaukee.      Est.  cost   $25,000. 

Tex.,  Kl  Paso- — The  Home  Mission  Board, 
Southern  Tiaptist  Conference,  Atlanta,  Ga., 
has  awarded  the  contract  for  2  ward  build- 
ings, power  house,  etc..  hero,  to  the  C.  W. 
Hedrirk  Constr.  Co..  Southwestern  Life 
Bklg.,  Dallas,  at  $300,000. 

Ore.,  Portland — The  Public  Dock  Comn. 
has  awarded  the  contract  for  ten  100  hp. 
motors  and  compensators  for  the  new  15.- 
000  ton  drydock.  to  the  Westinghouse  Elec- 
tee Manufacturing  Co..  Union  Bank  Bldg.. 
Pittsburgh,   Pa.,   at  $29,040. 
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Automatics 


By  RUFUS  T.  STROHV 


There  are  scads  of  strange  devices  in  our 

power  plants  today, 
Made  to  put  an  end  to  trouble  and  to  Keep 

the  jinx  away, 
While  a  lot  of  them  are  fashioned  with  the 

pleasing  end  in  view 
Of  avoiding  heavy  labor  that  would  fall  to 

me  and  you; 
But  although  they're  almost  human    in  the 

way  they  do  their  share, 
They  require  close  inspection  and  they  need 

continued  care; 
So  some  accidents  will  happen  and  some  trials 

will  remain, 
For   we   haven't    found   the    fellow   with   an 

automatic  brain. 


You  may  furnish  every  engine  with  a  form 

of  safety  stop. 
With  the  object  of  protecting  all  the  workers 

in  the  shop. 
But  you've  got  to   clean   and   oil   it,   or  its 

joints  will  rust  and  grip. 
And  you'll  find  it  out  of  order  when  you're 

praying  it  will  trip. 
So,  you  see  the  risks  you're  running  and  the 

chances  that  you  take 
If  the  chief  and   his  assistants  aren't   keen 

and  wide  awake; 
Troubles    thrive    where    men    are    careless, 

foolish,  ignorant  or  vain. 
Since  we  haven't  found  the  fellow  with  an 

automatic  brain. 


You  can  use  a  warning  whistle  of  the  kind 

that  starts  to  blow 
When  the  water  in  the  boiler  gets  too  high 

or  falls  too  low. 
But  your  hair  will  turn  to  silver  while  you 

wait  to  hear  it  wail. 
If  the  water-column   piping   isn't   free   from 

sludge  and  scale; 
And  unless  the  water  tender  is  alive  and  on 

the  jump. 
It  will   never  halt   disaster   though   it   blare 

like  Gabriel's  trump; 
For  a  boiler  can't  forevermore  withstand  an 

overstrain. 
And   we   haven't   found   the   fellow  with   an 

automatic  brain. 


Thus    with    stokers,    lubricators,    non-return 

valves  and  the  like — 
They  are  mighty  clever  helpers,  but  they're 

sure  to  go  on  strike 
If,  when  you  have  made  them  part  of  your 

equipment,  you  proceed 
To  forget  you  ever  bought  them  and  ignore 

the  care  they  need. 
You  will  find  that  they'll  protect  you,  and 

your  drudgery  will  shrink. 
But  they're  only  brass  and  iron,   and  they 

weren't  made  to  think; 
So  you  needn't  look  for  absolute  security  to 

reign 
Till  the  race  brings  forth  the  fellow  with  an 

automatic  brain. 
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Ceiitral-Stalioii  O|)(*i"ation  in  Tropical  America 

By  l.  e.  gowlinc; 

MiTlmiilciil  KiiKltiiiT.  Ilnvaim  Klcitilc  Kiillwny,  UIkIiI   mxl   l'i>wii-  <'(iiii|iiiiiy 


EARLY  ill  1913  a  consolidation  of  the  street  rail- 
way, lijrhtinjr  and  power  interests  in  the  City  of 
Havana,  Cuha,  was  carried  out,  the  new  organiza- 
lion  heiiiK  known  as  the  Havana  Electric  Railway,  Li^ht 
and  Power  Co.  To 
take  care  of  the  ever- 
increasinjr  demand  for 
electric  enerpy  and 
also  to  reduce  the 
cost  of  producing 
power,  the  new  con- 
solidated power  plant 
was  desig-ned  and 
built  in  1913-14,'  this 
plant  (see  Fig.  1), 
takinjj  the  place  of 
three  old  and  inade- 
quate power  stations. 
The  general  equip- 
ment  of   this   station 

consisted  of  three  12,500-kw.  Westinghou.se  turbine- 
generators,  complete  with  surface  condensers  and  air, 
condensate,   circulating   and   boiler-feed   pumps,    all    of 


Operating  a  power  plant  in  the  tropics  is  accom- 
plished under  more  diflicult  conditions  than  those 
obtaining  in  colder  climates.  Three  factors  affect 
the  general  boiler  operation — fuel  condition,  distri- 
bution of  load  and  the  general  condition  of  the  cool- 
ing water  for  the  condensers.  The  condenser  prob- 
lem is  the  greatest  daily  factor  that  has  to  be  con- 
tended with,  as  the  temperature  of  the  injection 
water  averages  81.37  degrees.  The  article  deals 
wit^  some  of  the  operating  conditions. 


'Described  in  Powi 


17.  i;>i.",  ai.a  Aiife'.  :;i.  m:,. 


(cntrifugal  type  and  steam-turbine  driven  (see  Fig.  2). 
The  boiler  ecjuipment  consisted  of  twenty-four  600- 
hp.  B.  &  W.  horizontal  water-tube  boilers  with  super- 
heaters;  sixteen   of  the.se   boilers   were  ecjuipped   with 

stokers  but  the  other 
eight,  not  being  im- 
mediately needed, 
were  left  without  fur- 
naces. These  are  now 
being  equipped  with 
furnaces  for  oil  burn- 
ing. A  complete 
mechanical  equipment 
was  also  installed  to 
receive  coal  from 
ships  or  lighters  at 
the  private  wharf  of 
the  plant,  deliver  it  to 
the  furnaces,  remove 
the  ashes  and  load 
them  into  railroad  cars,  all  without  hand  labor. 
Since  the  beginning  of  operation  of  the  consolidated 
power  plant  in  1914,  the  increase  in  production  per  year 
has   been   continuous   and   rapid;   beginning   with   the 


FIG.  1.     OUTSIDE  VIEW   OF    THE  POWER  PLANT  OF  THE  HAVANA  ELECTRIC  LIGHT  AX D  POWER  0.>MJ  A.\  i 
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FIG.  2.     GENERAL  VIEW  OP  TURBINE  ROOM,  HAVANA  EUSCTRIC  LIGHT  AND  POWER  COMPANY 


current  year,  however,  the  increase  has  far  outstripped 
all  previous  records.  The  percentage  of  increase  each 
year  has  been  as  follows:  1915,  6.3  per  cent;  1916, 
11.2  per  cent;  1917,  13.1  per  cent;  1918,  7.8  per  cent; 

1919,  13  per  cent;  1919,  first  six  months,  8.5  per  cent; 

1920,  first  six  months,  23.1  per  cent.  The  curves  Figs. 
3,  4  and  5  show  very  clearly  the  growth  of  load  over  the 
various  years. 

In  operating  a  central  power  station  in  the  Tropics, 
on  account  of  the  climatic  and  living  conditions,  a  some- 
what larger  labor  force  is  necessary  to  handle  the  same 
amount  of  equipment;  it  is  necessary  that  much  larger 
stocks  of  materials  and  replacement  parts  be  kept  on 
hand  because  of  delays  in  shipment  and  transport;  and 
the  cost  of  all  materials  is  enormously  increased.  All 
this  tends  to  increase  the  cost  of  energy  per  kilowatt- 
hour  at  the  switchboard  and  to  the  consumer. 

Because  of  the  high  importation  charges  it  has  been 
the  policy  of  the  company  to  purchase  only  the  best 
obtainable  grade  of  coal,  but  during  the  late  war  and 
up  to  the  present  time,  it  has  been  very  difficult  to  get 
selected  fuel.  The  semi-bituminous  coal  that  is  being 
used  at  present  contains  about  13,000  B.t.u.  per  pound, 
and  represents  81  per  cent  of  the  total  cost  of  manufac- 
ture per  kilowatt-hour  generated. 

Every  eifort  has  been  made  to  maintain  a  high  stan- 
dard of  operation  in  the  plant,  and  the  operating  efficien- 
cies obtained  since  the  equipment  was  placed  in  service 
have  varied  but  slightly.  The  cost  of  energy  generated, 
however,  has  risen,  owing  to  large  increases  in  fuel, 
material  and  labor  charges. 


The  plant  supplies  current  for  the  operation  of  the 
electric  railway  and  the  electric  light  and  power  service 
of  the  City  of  Havana.  The  generators  operate  at  2,300 
volts  three-phase  60-cycles,  at  which  a  portion  of  the 
output  is  distributed  to  both  services.  A  part  of  the 
light  and  power  distribution  (underground)  is  at  6,000 
volts,  and  energy  for  all  the  railway  substations  but  one 
and  part  of  the  light  and  power  distribution  is  trans- 
mitted at  13,200  volts. 

The  three  factors  having  the  greatest  effect  on  the 
general  boiler  operation  in  this  plant  are  conditions  of 
fuel,  distribution  of  load  and  general  condition  of  cool- 
ing water  for  the  condensers.  The  average  rating  of 
the  operating  boilers,  based  on  active  hours,  is  161.25 
per  cent  with  feed  water  at  214  deg.  F. ;  three  boilers 
only  are  used  on  the  midnight  to  morning  load,  six  to 
handle  the  day  load,  and  ten  to  carry  the  peak,  which 
is  very  steady.  Practically  none  of  the  commercial 
power  load  extends  beyond  the  daylight  hours,  and  the 
resultant  daily  load  factor  is  kept  down  in  consequence. 
The  condition  of  the  circulating  water,  the  effect  of 
which  will  be  described  more  fully,  makes  it  necessary 
to  maintain  at  all  times  a  large  percentage  of  banked 
boilers  ready  for  service,  even  during  the  peak  hours. 
About  5.2  per  cent  of  the  total  coal  consumed  daily  is 
utilized  solely  for  this  insurance  of  service. 

Some  general  figures  given  for  the  average  operation 
of  the  plant  for  the  first  four  months  of  the  present 
year  are  as  follows: 

During  a  series  of  check  rUiis  on  the  average  daily 
operation   last  fall,   a  boiler  and   furnace   eflficiency   of 
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'(9.5  ptT  loiit  wa.s  t)l)tain»'(l,  with  a  corri'spdiuliiiK  loal 
rati'  of  1.55  lb.  per  kw.-hr.  KiMii'rated,  thi'  flue  jja.s 
avernjfiiiK  »t  the  .same  time  about  1:5  to  1.'?.5  per  cent 
CO,.  This  check  covered  an  eivrht-hour  [MMJod  iiulud- 
in^  the  peak. 

The  conden.ser  problem  i.s  the  jfreate.st  factor  in  the 
daily  operation  that  ha.s  to  be  contended  with  in  Ha- 


AvfTote  hourly  prixlu'  lion,  kw.-hr  8,440 

Amtiibo  <l»ily  iiiiiiiiiiiiiii  hourly  prtKluclion,  kw    lir  17.515 

l.oiul  fartor  (ilnilyl,  |HT  rent  48    19 

AvrnKppr<Hhirtion  kw.-hr. 

.\vrraco  daily  nmxiinuni  production  kw.-hr. 
riant  fnrtor,  pi-r  i-ciit  22   5 

^  .V\oruKf  pr<Miurtion,  kw.-hr. 

Inslallixl  iitalion  rnpiicity  for  rantinuouH  riiting 

Hoilpr  ntrani  prcsHUro,  lb   Kaite  200 

AvcTHKi'  auporhi'Bt,  dcR.  K 1 50 

Net  eviiporntion     nctual  8. 42  lb.  prr  lb.  loal 

Kvaporation  (from  and  nt  2 1 2  dog.  K.) 9 .  52  lb.  por  lb.  ronl 

Xote:    Kvaporatii>n  i.s  (Mirrt'ctpd  for  water  blowdown  and  stoani  usimI  in  jot^4 
under  the  gratra. 

Coal  rate  2    121  lb.  per  kw.-hr.  generated 

Coal  rate  2    135  lb.  per  kw.-hr.  distributed 

Hoihr  and  furnaee  effieicney 72   46  per  rent  ,  monthly  maximurn 

Koiler  luul  furnace  efficiency 71    00  pirrent,  monthly  average 

.Net  plant  etfii-ienry 12  4    p<T  cent 

Note:    Efficienries  based  on  a; sumed  average  calorific  value  of  coal,  1 3.0CC 
H.t.u. 


vana.  The  average  temperature  of  injection  water 
for  January  to  May,  1920,  was  76.77  deg.  F.,  and  the 
average  vacuum  obtainable  was  27.96  in.  referred  to  30- 
in.  barometer.  In  the  year  1919  the  maximum  temper- 
ature was  86.40  deg.  F.,  the  minimum  72.02  deg.  and  the 
average  81.37  deg.  The  circulating  water  is  obtained 
from  an  arm  of  the  local  harbor  and  is  a  mixture  of 
salt  water,  a  small  amount  of  fresh  water  from  streams 
and  stormwater  from  drains  emptying  into  the  harbor. 
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FIG.   3.      MAXIMUM  DAILY  ONE  HOUR   PEAK  IX 
KILOWATT-HOURS 

It  carries  a  considerable  amount  of  salt,  some  sewage, 
abundant  jellyfish  and  other  animal  matter.  During 
the  -summer  months  especially,  when  the  water  temper- 
ature is  high,  a  great  deal  of  very  sticky  matter  is  car- 
ried in  suspension.  In  fact,  this  coating  on  the  con- 
denser tubes  reduces  their  heat-transmitting  capacity 
quite  seriously  and  makes  it  substantially  impossible  to 
maintain  the  cooling  surface  at  high  efficiency.  This 
deposit  is  easily  removed,  however,  by  washing  with  a 
rotating  brush  and  a  stream  of  water.  Most  of  the 
condenser  fouling  comes  from  the  large  amount  of  silt 
and  animal  life  in  the  water,  and  condenser  tubes  are 


chant  (I  wiih  ((,nij)re.;nf(l  air  and  water  at  least  every 
three  days  and  sometimes  oftener,  in  order  to  keep  the 
vacuum  as  high  as  is  neje.ssary  for  good  economy  of  the 
main  turbine  units. 

Among  the  different  organisms  existing  in  the  water 
are  free-swimming  barnacles  small  enough  to  pass 
through  the  .screens;  they  deposit  themselves  on  the 
A-alls  of  th  canal  in  the  plant  and  at  certain  times  of 
the  year  break  away  in  masses;  this  substance  is  .swept 
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into  the  condenser  and  stops  up  the  tubes  very  quickly 
and  sometimes  makes  it  necessary  to  remove  a  turbine 
unit  from  service  at  once.  The  trouble  is  overcome  to 
some  extent  by  running  all  the  circulating  pumps  at  full 
speed,  circulating  a  large  amount  of  water  in  the  canal 
and  loosening  up  the  large  masses  as  much  as  possible. 
This  is  done  during  the  period  of  light  load  about  once 
a  week. 

The  corrosive  action  of  the  cooling  water  due  to  its 
high  temperature  and  impurities  is  usually  severe,  and 
this  company  was  one  of  the  first  to  make  use  of  the 
idea  of  tilting  the  condensers  so  that  the  tubes  might 
drain  empty  when  not  in  use.  This  idea  was  previously 
worked  out  in  one  of  the  old  plants  of  the  company,  and 
the  results  obtained  have  fully  justified  its  adoption. 

Water  for  makeup  and  general  plant  service  is  taken 
Irom  the  city  water  system;  it  is  scarce,  high-priced 
and  heavily  charged  with  scale-forming  matter.  For 
this  reason  it  is  important  that  all  condensate  be  saved, 
and  the  exhaust  piping  system  has  been  so  arranged  that 
any  steam  not  condensed  in  the  heaters  is  passed  to 
the  low-pressure  stages  of  the  main  turbines,  through 
constant-pressure  valves ;  thus  it  is  made  to  do  useful 
work  and  the  condensate  is  saved  for  boiler  feed.  As 
the  city  supply  is  subject  to  variations  of  pressure  and 
even  occasional  interruptions  seriously  threatening  the 
constancy  of  service,  a  large  fresh-water  storage  is  of 
great  importance  and  about  a  fifteen-day  supply  is  kept 
on  the  plant  property  in  the  combined  underground 
storage  system. 

A  regular  maintenance  schedule  is  followed  out  as 
closely  as  is  practicable  with  regard  to  the  boilers, 
main  units,  auxiliaries  and  appurtenances  about  the 
plant.  Regular  and  thorough  inspections  are  made 
every  year  of  each  main  unit,  both  the  steam  and  elec- 
trical ends,  and  of  all  the  auxiliaries  pertaining  to  that 
unit ;  boilers  are  cleaned  and  inspected  on  regular  sched- 
ule of  working  hours,  and  everything  is  done  to  keep  the 
equipment,  steam  and  electrical,  in  as  good  condition  as 
possible.  Only  by  this  means  has  it  been  possible  to 
m.aintain  the  plant  economically. 
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It  is  an  interesting  fact  that  the  plant  was  in  its  sixth 
year  of  operation  before  the  first  boiler  tube  was  lost, 
and  out  of  three  condensers  containing  6,700  tubes  each, 
only  14  have  been  plugged  to  the  present  time-,  and  these 
showed  only  slight  pinhole  corrosion. 

Owing  to  the  close  proximity  of  the  plant  to  the  ocean 
and  the  general  humidity  and  saltiness  of  the  air,  par- 
ticular care  has  to  be  taken  of  the  electrical  eiiuipment. 
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FIG.    5.      AVERAGE   WEEKD.\Y    KI  I,OWATT-HOUK5 
GENER.VTED 

It  is  very  advisable  to  keep  all  electrical  apparatus  in 
operation  as  regularly  as  possible  in  order  to  prevent 
saturation  of  the  coils  ;  the  dampness  at  night,  especially 
at  certain  periods  of  the  year,  is  intense,  and  at  times 
of  sudden  changes  in  temperature  the  condensation  on 
unused  machinery  is  excessive.  Much  difficulty  is  ex- 
perienced in  maintaining  switching  and  other  contacts 
in  perfect  condition. 

The  following  data  on  air  conditions  were  obtained 
during  daylight  periods  only: 


Nov.  I9-Dec.  12,  I9I9 

Relative  Humidity  Deg.  F. 

Maximum 910 

Minimum 53  0 

Average 73  0 

Dew  Point 

Maximum 74 .  52 

Minimum 56.75 

Average 66  45 


With  the  cost  of  coal  mounting  year  by  year,  it  was 
thought  advisable  to  make  a  trial  of  oil  fuel  and  at  the 
present  time  the  eight  boilers  which  were  left  without 
stokers  at  the  time  of  plant  construction  are  being 
equipped  with  furnaces  for  oil  burning.  The  high 
setting  of  these  boilers  with  their  front  headers  12  ft. 
above  the  floor,  which  at  the  time  of  installation  was 
much  criticized,  shouJd  be  especially  advantageous  for 
burning  the  new  fuel. 

Provision  is  being  made  to  receive  oil  (Mexican 
crude)  by  both  water  and  rail,  and  storage  is  being  pro- 
vided on  the  plant  property  in  underground  concrete 
tanks  of  such  capacity  as  to  furnish  fuel  for  the  plant 
equal  to  the  present  coal-bunker  supply.  With  oil  as 
fuel  even  greater  economies  of  operation  and  lower 
energy  cost  are  expected,  than  obtained  with  coal. 

In  view  of  the  future  demand  for  energy  an  order 
has    recently    been    placed    for    two    25,000-kw.    three- 
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70 
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phase  60-cycle  13,200-volt  turbine-generator  units  with 
two  56,000-sq.ft.  LeBlanc  condensers.  The  new  equip- 
ment will  be  installed  in  the  present  building  with  very 
few  changes  and  in  the  same  manner  as  previous  appara- 
tus was  installed. 

The  condensers  will  be  arranged  with  divided  water 
boxes  so  that  they  can  be  cleaned  while  in  service,  as 
each  condenser  is  served  by  two  circulating  pumps.  The 
turbine  will  be  nozzled  to  give  the  best  economy  be- 
tween 20,000  and  25,000  kw.,  and  with  the  new  equip- 
ment considerable  improvement  in  station  efficiency  is 
expected. 

A  High-Speed  Internal-Combustion 
Engine 

H.  R.  Ricardo,  in  a  paper  before  the  Gas  Explosion 
Section  of  the  British  association,  as  reported  in 
Engineering,  gave  the  results  of  an  extended  series  of 
tests  on  a  high-speed  engine  with  varying  compressions. 

A  series  of  the  tests  dealt  with  the  efficiencies  at 
various  loads  and  with  different  compression  ratios. 
The  results  appear  in  the  table.  It  will  be  observed 
that  the  efficiency  at  full  load  was  higher  with  the 
higher  compression  ratio;  of  additional  interest  are  the 
tests  at  partial  loads,  where  the  efficiencies  at  the  higher 
compressions  show  a  smaller  drop  than  when  using 
lower  compressions. 

RESULTS  OF  THE  TESTS 


'er  Cent  of 
Full  Load 

Indicated                             Brake 
Thermal                            Thermal 
Efficiency                           Efficiency- 
Compression  ratio   6  :  1 

Relative 
Efficiency' 

Per  Cent 

Per  Cent                           Per  Cent 

Per  Cent 

100 
80 
60 
50 
40 

34  9                                   30  7 
33                                       27  5 
31   0                                   25  6 
30  0                                   23  9 
21   5 
Compression  ratio  4  :  1 

68  2 
64  5 
60  6 
58  6 

100 
80 
60 
50 

27  5                                   23  4 
25   8                                     21    7 
23   5                                      19  0 
22   3                                      17  4 

64.6 
60.6 
55.3 
52  4 

Experiments  with  different  fuels  proved,  as  might 
have  been  expected,  that  each  fuel  had  a  certain  limiting 
and  very  defined  compression,  after  which  detonation 
occurred,  followed  by  preignition  and  loss  of  power. 
In  certain  oils  no  detonation  occurred;  violent  preigni- 
tion and  an  excessive  drop  in  speed  were  the  first  indi- 
cations that  the  compression  had  been  caried  too  high. 
In  all  the  ordinary  fuels  preignition  never  occurred 
until  the  engine  had  passed  through  the  detonation 
phase. 

The  general  conclusions  arrived  at  may  be  summed  up 
as   follows: 

1.  The  limiting  compression  is  controlled  by  the 
tendency  to  detonate,  which  in  turn  is  governed  by  the 
normal  rate  of  burning.  If  means  are  employed  for 
slowing  down  the  normal  rate  of  burning,  such  as  th€ 
addition  of  a  small  quantity  of  CO.,,  much  higher  com- 
pression ratios  can  be  employed.  Preignition  which 
controls  and  limits  the  compression  ratio,  is  in  nearly 
every  case  brought  about  by  some  local  use  of  tem- 
perature due  to  persistent  detonation. 

2.  For  any  given  fuel  the  tendency  to  detonate 
depends,  apart  from  the  compression  ratio,  upon  the 
form  of  combustion  chamber,  the  number  and  position 
of  the  igniters,' the  inlet  temperature  of  the  mixture, 
the  strength  of  the  mixture  and  the  degree  of 
turbulence. 
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Operation  of  Synchronous  Motor-Generator 
Frequency  Changers 

Us«'s  aiul  Applirations — Syiu'liroiiizin*;;  nn<I  Parallrling  Methods — Explanation  of 
Phase  Disphieenient,  Aii^iihir  Lag  and  Load  Division 


KliKlli^ 


By   M.  W.  smith 

WcstiiiKliousc    Klirtric    and    MaiuifiutuiiiiK    ('oinpany 


IT  IS  often  desirable  to  change  the  voltape,  pha.se 
relation  and  freciuency  of  power  generated  on  one 
system  for  use  in  another  system  and  for  various 
other  reasons.  The  change  of  voltage  or  phase  relation 
may  be  effected  by  transformers,  but  the  change  of 
frequency  must  be  accomplished  by  some  form  of 
rotating  machinery  such  as  the  freciuency  changer, 
Fig.  1,  or  its  equivalent.  A  frequency  changer  gen- 
erally consists  of  two  synchronous  machines  directly 
connected  together,  built  to  operate  at  the  same  speed 
but  generating  different  frequencies;  consequently  they 
must  have  a  different  number  of  poles. 

The  frequency  changer  may  be  employed  to  supply 
power  at  a  different  frequency  to  subsidiary  systems 
having  no  other  source  of  power  or  to  link  together 
two  independent  systems 
each  having  its  own  gene- 
rating plant.  In  the  for- 
mer case  there  are  no 
complications  inti'oduced 
as  to  synchronizing  on 
both  ends,  etc.,  since  the 
set  has  to  be  synchronized 
en  one  end  only.  Tne 
sole  requirement  between 
the  relation  of  the  motor 
and  generator  is  to  have 
the  correct  ratio  of  field 
poles  to  give  the  desired 
change  in  frequency. 

There  may  be  various 
reasons  for  linking  to- 
gether two  independent 
systems.  Where  two  sta- 
tions generating  power  at 
different  frequencies  and 
having  their  peak  loads 
at  different  times  are 
close    together,    there    is 

a  mutual  economical  advantage  to  be  gained  in  con- 
necting the  two  systems  together  by  frequency  changers, 
and  the  efficiency  of  both  plants  is  materially  increased. 
The  frequency  changer  set  is  also  very  valuable  when 
a  lighting  system  generating  at  60  cycles  is  to  supply  a 
railway  load  operating  at  25  cycles  or  in  case  a  railway 
system  is  to  supply  a  lighting  system.  With  the  increas- 
ing use  of  the  single-phase  railway  motor  the  frequency 
changer  has  been  employed  as  a  phase  converter  as  well 
as  a  frequency  changer  by  using  a  three-phase  motor 
and  a  single-phase  generator.  By  this  method  the  three- 
phase  system  is  not  unbalanced  by  the  single-phase 
load. 

In  connection  with  the  foregoing  applications  the 
frequency  changer  has  the  advantage  that  by  means  of 
a  voltage  regulator  the  voltage  on  the  receiving  side 
may  be  kept  constant,  witHin  certain  limits,  regardless 


FIG.  1.     FREQUENCY-CHANGER  SET 


of  the  fluctuations  on  the  motor  side  of  the  .system. 
Furthermore,  especially  in  the  case  of  railway  work, 
a  load  of  low  power  factor  on  the  receiving  side  has  no 
effect  on  the  power  factor  of  the  generating  ano  tran.s- 
mission  system. 

It  is  hardly  neces.sary  to  di.scuss  very  fully  the 
methods  of  starting  frequency  changers.  These  have 
often  been  explained  in  connection  with  synchronous 
motors.  Fre(iuency  changers  may  be  started  as  induc- 
tion motors  by  the  application  of  low  voltage,  usually 
one-half  voltage,  on  its  terminals.  This  method  has  the 
advantage  that  it  requires  no  synchronizing  as  the 
term  is  generally  applied.  When  the  set  has  reached 
nearly  synchronous  speed,  the  field  may  be  applied  and 
should  be  overexcited  so  that  when  the  motor  is  thrown 

on  full  voltage  the  field 
will  be  strong  enough  to 
hold  the  line  current 
down  to  a  reasonably  low 
value.  In  cases  where  the 
line  current  is  excessively 
high  on  starting,  espe- 
cially in  the  case  of  large 
sets,  or  in  installations 
where  the  generating 
plant  is  not  very  large 
as  compared  with  the  set, 
it  may  be  necessary  to 
use  oil  pressure  in  the 
bearings. 

Where  only  one  set  is 
to  be  used  between  two 
systems,  there  is  no  re- 
quired mechanical  rela- 
tion between  the  motor 
and  generator,  as  ex- 
plained later,  and  the  set 
is  simply  synchronized 
as  two  machines  in  the 
usual  way,  the  motor  being  synchronized  first  and  then 
the  generator.  However,  if  several  sets  are  to  be  oper- 
ated in  parallel  between  two  systems,  a  different  prob- 
lem is  encountered.  When  one  set  is  brought  up  to 
speed  and  synchronized  on  the  motor  side  with  another 
set,  the  generator  end  may  not  be  in  phase  with  the  gene- 
rator bus.  This  condition  is  dependent  upon  the  ratio  of 
the  number  of  poles  on  the  motor  to  the  number  of  poles 
on  the  generator.  If  an  unloaded  set  is  being,  paralleled 
with  busses  to  which  loaded  machines  are  attached,  the 
generator  end  of  the  unloaded  set  can  never  be  in  phase 
with  the  loaded  bus  after  the  motor  ends  have  been 
thrown  together  on  account  of  the  phase  displacement, 
due  to  the  load. 

For  the  present  purpose  consideration  will  be  made 
of  unloaded  sets.  In  any  case,  where  the  ratio  of  the 
poles  on  the  generator  to  those  on  the  motor  is  a  whole 
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number,  the  motor  and  generator  of  the  set  must  neces- 
sarily be  in  phase.  In  fact,  every  one  of  the  north  poles 
on  the  motor  is  directly  in  line  with  a  north  pole  on  the 
generator,  as  shown  in  Fig.  2,  so  that  no  matter  at 
what  point  the  motor  is  thrown  in  with  respect  to  the 
motor  of  the  other  set,  the  relation  of  the  generator  will 
be  corrected.  But  when  the  ratio  of  the  poles  on  the 
generator  to  those  on  the  motor  is  other  than  a  whole 
number,  the  genei^ator  will  not  necessarily  be  in  proper 


FIG.S.   2  AND  3.    A  SIX-POLE  AXD  A  TWELVE-POLE  ROTOR. 

RATIO  BETWEEN  .MOTOR   POLE.S  AND  GENERATOR 

POLES  A  ^\^^OLE  NUMBER 


phase  at  the  same  tim  ^  the  motor  is  thrown  in.  For 
instance,  consider  sets  connecting  together  a  25-cycle 
and  a  60-cycle  system,  these  being  the  standard  fre- 
quencies in  the  United  States.  Suppose  at  present  the 
motor  is  on  the  25-cycle  side,  then  the  smallest  number 
of  poles  that  can  be  used  to  give  the  desired  change  in 
frequency  is  10  on  the  motor  and  24  on  the  generator. 
This  gives  a  spaed  of  300  r.p.m.,  which  is  usually  lower 
than  desirable  but  as  high  as  possible. 

In  Fig.  4  is  shown  the  relation  of  the  poles  on  the 
motor  and  generator  of  such  a  set.  Referring  to  this 
figure,  it  will  be  seen  that  there  are  but  two  poles  on 
the  motor  which  are  exactly  in  line  with  the  poles  on 
the  generator;  that  is,  there  are  only  one-fifth  of  the 
poles  on  the  motor  in  line  with  poles  on  the  generator. 
Hence  there  is  only  one  chance  in  five  of  the  generator 
potential  being  in  phase  with  the  busbars  when  the 
motor  is  thrown  on.  In  other  words,  each  pole  on  the 
motor  corresponds  to  2.4  poles  on  the  generator,  which 
is  equivalent  to  one  complete  cycle  and  72  deg.  addi- 
tional, or  one  cycle  on  the  motor  is  equivalent  to  2.4 
cycles  on  the  generator.  Therefore,  five  cycles  will  have 
to  be  made  on  the  motor  before  an  integral  number  of 
cycles  are  made  on  the  generator,  which  is  5  X  2.4 
cycles  =  12  cycles.  But  5  cycles  on  the  motor,  or  12 
on  the  generator,  is  one  revolution  of  the  set.  Hence 
there  is  only  one  chance  in  five  of  both  the  motor  and 
generator  having  the  correct  phase  relation. 

Synchronoscopes,  phasing  lamps  or  voltmeters  may  be 
used  to  determine  whether  the  generator  has  the  correct 
phase  relation  after  the  motor  has  been  thrown  on.  If 
correct,  the  generator  switch  is  closed.  If  incorrect, 
two  methods  may  be  resorted  to  in  order  to  secure  the 
correct  relation. 

One  method  is  to  make  use  of  a  special  synchronism 
indicator  with  two  pointers  appearing  on  the  same  dial, 
which  is  a  combination  of  the  60-cycle  and  25-cycle 
indicators.  After  the  25-cycle  end  is  started  and  thrown 
on  the  line,  there  is,  as  stated  before,  one  chance  in  five 
of   the   60-cycle   end   being   correct   for   connecting    in 


parallel  with  the  other  sets.  It  is  always  best  to  start 
from  the  low-frequency  side,  as  there  is  a  better  prob- 
ability of  both  ends  being  correct  for  paralleling  than 
when  started  from  the  high-frequency  side.  The  posi- 
tion of  the  60-cycle  pointer  on  the  indicator  will  show 
whether  the  phase  relation  is  correct.  When  incorrect, 
the  .switch  on  the  motor  side  is  opened  and  the  set  be- 
gins to  slow  down.  The  two  pointers  on  the  synchronous 
indicator  begin  to  revolve  at  different  speeds,  the  60- 
cycle  pointer  making  2.4  revolutions  while  the  25-cycle 
pointer  makes  one.  There  will  be  one  instant  when 
both  hands  will  appear  together  at  the  top  of  the  dial. 
However,  in  the  case  of  an  unloaded  machine  being 
paralleled  with  a  loaded  set,  the  pointers  will  not  come 
together  at  the  top  of  the  dial  but  one  will  be  shifted 
ahead,  since  the  phase  angle,  due  to  the  load  on  the 
other  machines,  holds  them  back  in  angular  phase. 
Whenever  these  hands  or  pointers  appear  together  as 
mentioned,  both  machines  have  the  proper  phase  rela- 
tion, and  at  this  instant  the  switch  on  one  machine  may 
be  closed  and  the  other  machine  must  necessarily  have 
the  correct  phase  relation,  and  as  soo"  as  its  switch  is 
closed  the  set  is  in  parallel  with  the  others. 

In  the  second  method  of  starting  the  motor  is  left 
connected  to  the  line  and  a  double-pole,  double-throw 
reversing  switch  is  used  in  the  synchronous-motor  field 
to  step  the  motor  back  (by  reversing  the  field)  one  pole 
at  a  tim  ■  until  the  generator  has  the  correct  phase  rela- 
tion. Since  it  is  purely  a  matter  of  chance  and  there 
's  only  one  chance  in  five  of  obtaining  correct  relations. 


Motor 

Generator 


A  TEN-POLE  AND   \  TWEXTY-FOUR-POLE  ROTOR. 
ONLY  TWO  POLES  ON  .MOTOR  ARE  IN  LINE 
WITH  GENER.\TOR   POLES 


it  may  be  necessary  to  reverse  the  field  several  times  in 
succession ;  in  the  worst  case  it  will  be  necessary  to 
reverse  the  motor  field  four  times. 

As  mentioned  previously,  an  unloaded  set  can  never 
be  in  phase  with  a  loaded  set,  owing  to  the  phase  dis- 
placement or  angular  lag  caused  by  the  load.  This  lag 
angle  is  due  to  both  the  motor  and  the  generator. 
Since  in  a  synchronous  motor  the  mechanically  revolv- 
ing field  must  make  the  same  number  of  revolutions  per 
minute  (although  a  lag  angle  may  exist  between  them') 
as  the  revolving  magnetic  field,  their  relative  positions 
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may  he  oxaininod  l)y  tho  iiso  of  a  cliajs'i'aru  at  rost  with 
the  same  accuracy  as  if  the  diagram  were  revolviiifr  at 
the  Kiven  synchronous  speed.  In  other  words,  the  point 
of  view  will  remain  fixed  \vith  respect  to  the  mntjnetic 
field.  At  no  load  (nejjiectinjr  friction,  etc.),  the  majf- 
netic  and  mechanical  fields  are  in  pha.se.  In  FiRs.  2  and 
3  suppose  .-l  to  he  the  point  of  view  and  remaininn 
stationary,  together  with  the  magnetic  field,  and  let 
N„  S„  N,,  S,  etc.,  represent  the  motor  poles  and  n,  s, 
n.  s,  etc.,  represent  the  poles  of  the  jrenerator.  Now 
when  a  load  is  thrown  on,  the  mechanical  field  of  the 
motor  must  fall  back  or  lap  a  certain  anple  li,  as  shown 
in  Fig.  3,  by  the  poles  drawn  in  dotted  lines,  so  that 
it  may  be  able  to  carry  the  load.  The  magnitude  or 
number  of  degrees  in  this  angle  will  depend  on  the  load, 
field  excitation  and  number  of  poles. 

Factors  Influencing  Lac  Angle 

Of  course,  the  greater  the  load  the  greater  must  be 
the  lag  angle  in  order  to  draw  larger  current  from 
the  line  to  carry  the  increased  load.  Since  the  field 
excitation  fixes  the  relation  between  the  counter  and 
applied  voltages,  it  must  also  have  some  bearing  on  this 
angle.  If  the  motor  is  coupled  to  a  generator  having 
twice  the  number  of  poles  as  itself,  the  generator  will 
have  a  lag  angle  of  twice  as  many  electrical  degrees  as 
the  motor,  since  the  mechanical  lag,  so  to  .speak,  is  the 
same.  Take,  for  instance,  the  6-pole  motor  and  the 
r2-pole  generator,  as  shown  in  Fig.  2,  and,  say,  a  lag 
angle  of  5  deg.  (mechanical),  there  will  be  a  displace- 
ment of  15  electrical  degrees  on  the  motor  and  30  on 
the  generator.  The  electrical  and  mechanical  design 
will,  of  course,  also  influence  this  angle,  as  mentioned 
later.  However,  the  load  is  the  controlling  factor,  and, 
roughly  speaking,  this  angle  may  be  said  to  be  pro- 
portional to  the  load. 

In  addition  to  the  aforementioned  angle  there  is  a 
further  displacement  in  the  angle  between  a  loaded  and 
an  unloaded  set  due  to  the  phase  displacement  between 
the  induced  emf.  and  terminal  emf.  of  the  generator. 
Every  generator  must  have  a  certain  amount  of  resist- 
ance and  inductance  in  its  windings,  and  when  current 
flows  through  these  windings  of  the  generator,  there 
mu.st  be  a  voltage  drop  due  to  this  resistance  and 
inductance.  The  inductive  drop  is  the  principal  factor 
which  causes  the  phase  displacement.  Since  the  induc- 
tance in  a  machine  is  practically  constant,  the  inductive 
drop  is  proportional  to  the  load,  and  hence  the  angular 
displacement  between  the  induced  and  terminal  voltage 
of  the  generator  is  roughly  proportional  to  the  load. 
A  combination  of  these  two  actions  of  phase  displace- 
ment gives  a  total  displacement  (which  is  roughly 
proportional  to  the  load)  between  a  loaded  and  unloaded 
n\achine  which  is  equivalent  to  the  sum  of  the  two 
angles. 

Paralleling  Frequency-Changer  Sets 

Obviously,  on  account  of  this  angular  lag  an  unloaded 
set  can  never  be  exactly  in  phase  with  a  loaded  set, 
and  they  must,  therefore,  be  thro%vn  together  with  this 
angular  displacement  between  them.  Since  the  emf. 
of  the  unloaded  set  is,  therefore,  ahead  of  or  in  advance 
of  that  of  the  loaded  set,  it  will  tend  to  take  the  load 
when  the  sets  are  thrown  together.  However,  when 
some  of  the  load  is  transformed  from  the  loaded  to  the 
unloaded,  the  lag  angle  will  decrease  on  the  loaded 
machine  and  increase  on  the  unloaded  machine  and  the 


two  machines  will  .settle  to  a  staljle  position,  each  hav 
ing  the  same  angular  displacement.  In  some  cases 
where  the  throwing  on  of  a  machine  in  the  manner 
mentioned  cau.ses  too  much  disturbance  on  the  line,  the 
incoming  machine  may  be  loaded  by  water  rheostat  or 
other  convenient  means  .so  as  to  give  it  a  lag  angle 
corresponding  to  that  of  the  loaded  set  in  service.  A 
reactance  may  also  be  used  in  the  circuit  of  the  incom- 
ing machine  to  limit  the  initial  rush  of  current.  The 
reactance  may  be  gradually  cut  out  and  load  trans- 
ferred to  the  incoming  set. 

The  load  division  between  sets  evidently  must  depend 
on  the  phase  angle  in  each.  If  any  set  has  a  ter- 
minal emf.  ahead  of  another  .set,  it  will  tend  to  take 
the  load.  Two  identical  sets  each  having  the  same  field 
excitation  will  divide  the  load  equally,  but  if  either  .set 
has  a  motor  or  a  generator  with  a  better  or  clo.ser 
regulation  than  that  of  the  other  set,  it  will  take  more 
than  its  .share  of  the  load  because  (at  the  same  load) 
its  terminal  emf.  is  ahead  of  the  other  machines.  This 
machine  will  continue  to  take  increased  load  until  the 
increased  current  in  its  windings  causes  its  angular  lag 
to  equal  that  of  the  other  machines.  Some  changes 
in  load  division  may  be  eff"ected  by  field  excitation,  but 
this  method  is  not  advisable  since  it  must  be  done  at 
a  sacrifice  of  high  power  factor,  which  in  many  cases 
defeats  one  of  the  main  advantages  of  a  synchronous 
frequency-changer  set. 

Stator  Set  in  Cradle  Structure 

The  foregoing  discussion  has  been  based  on  the 
assumption  that  the  mechanical  details  were  perfect; 
that  is,  that  the  motor  and  generator  were  lined  up 
exactly.  However,  owing  to  the  liability  of  errors  in 
workmanship  and  machining,  this  is  seldom  if  ever  the 
case,  and  there  may  be  an  initial  phase  displacement 
even  at  no-load  due  to  mechanical  construction.  A 
machine  might  easily  have  such  a  mechanical  error  of 
alignment  that  its  action  might  be  reversed  at  light 
loads.  In  view  of  the  fact  that  such  mechanical  error 
is  likely  to  exist  even  with  the  most  careful  construc- 
tion, the  stators  of  frequency  changers  which  are  to  be 
operated  in  parallel  with  other  sets  are  mounted  in  a 
cradle  construction  (shown  at  A,  Fig.  1)  bolted  to  the 
bedplate  so  that  the  stator  of  one  machine  of  the  set 
may  be  shifted  with  respect  to  the  rotor  and  also  the 
stator  of  the  other  machine  in  the  set.  After  the  cradle 
is  once  set  correctly,  it  is  not  necessary  to  change  its 
position  for  future  parallel  operation  with  most  fre- 
quency-changer sets. 

Special  cradle  construction  may  be  used  to  shift  load 
from  one  set  to  another  by  shifting  the  cradle  so  as 
to  cause  the  terminal  emf.  of  the  one  on  which  the  load 
is  to  be  shifted  to  lead  the  terminal  emf.  of  the  other 
machine.  Such  construction,  however,  is  expensive  and 
undesirable,  and  is  seldom  used.  This  cradle  construc- 
tion is  not  applicable  on  a  single  set  connecting  together 
two  systems,  since  there  is  no  fixed  phase  relation  that 
must  exist  as  between  sets  in  parallel.  The  rocking  of 
this  cradle  cannot  be  used,  as  sometimes  thought,  to 
regulate  the  energy  flow  between  two  systems.  The 
amount  and  direction  of  energy  flow  can  be  controlled 
only  by  the  regulation  of  the  prime  movers.  The 
energy  must  flow  from  the  system  whose  prime  movers 
have  the  greater  driving  torque  to  the  other  system, 
since  the  emf.  on  that  side  will  be  in  angular  advance 
of  that  on  the  other  system. 
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Behavior  of  Ammonia  in  Refrigerating  Plants 


By  JOHN  H.  RYAN 


T 


^HE  amount  of  am- 
monia required  in  a 
new  plant  varies 
greatly  with  the  type  of 
plant.  A  brine-circulating 
refrigerating  plant  in 
which  the  compressoi",  con- 
denser, receiver  and  brine 
cooler  are  close  together, 
with      short      connecting 

pipes,  requires  only  ten  pounds  of  ammonia  per  ton  of 
refrigerating  capacity.  A  plant  in  which  the  cooling  is 
done  by  direct-expansion  ammonia  piping  in  the  rooms 
often  requires  as  much  as  fifty  pounds  per  ton  of  capac- 


How  to  calculate  the  quantity  of  ammonia 
required  in  a  new  plant  is  available  in  most 
handbooks,  but  to  find  the  quantity  necessary 
to  add  to  the  charge  of  a  running  plant  is  quite 
another  matter.  The  author  tells  how  he 
does  it. 


illustrate  the  importance 
of  defrosting  the  coils, 
an  incident  in  a  candy 
factory  is  characteristic. 
The  compressor  was 
hitched  to  a  large  surface 
of  direct-expansion  pip 
ing    and     run     day     ana 

'       night.    New   rooms   were 

piped  and  connected  in. 
There  was  a  gage  glass  on  the  receiver,  and  the  engi- 
neer put  in  ammonia  from  time  to  time  to  keep 
the  liquid  showing  about  one-third  full  in  the  glass. 
The    right-hand    compressor    crankpin    worked    loose, 
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ity,  and  if  the  coils  are  not  defrosted  occasionally,  a 
large  quantity  will  lie  along  on  the  bottoms  of  the 
pipes  and  slowly  boil  out.  A  direct-expansion  ice 
plant  requires  from  twenty  to  seventy  pounds  of 
ammonia  per  ton  of  daily  ice  capacity,  depending  on 
its  type.  An  ice  plant  with  top  expansion  to  the 
tank  coils  and  no  unnecessary  frills  requires  even  less. 

I  know  a  plant  of  fifty  tons  capacity  in  Pennsyl- 
vania that  worked  and  defied  competition  until  its 
owner  died,  and  when  we  got  control  of  it  we  found 
that  seven  hundred  pounds  of  ammonia  gave  it  a  suffi- 
cient working  charge.  It  took  us  a  few  years  to  realize 
how  good  the  old  plant  was,  and  in  the  meantime  we 
had  built  "hyphenated"  plants  with  different  suction 
pressures,  flooded  condensers,  liquid  coolers  and  re- 
generators, flooded  expansion  coils  with  accumulators 
and  traps,  until  we  required  over  two  hundred  pounds 
of  ammonia  per  ton  of  ice  capacity. 

It  is  usually  in  the  smaller  plants  that  trouble  is 
encountered  from  too  much  ammonia  in  the  svstem.  To 


and  when  cool  weather  came  the  machine  was 
shut  down  a  few  days  while  a  new  pin  was  put  in. 
The  engineer  wanted  to  do  some  work  on  the  low 
side  and  pumped  down  while  the  compressor  was  run- 
ning slow,  trying  out  the  new  crankpin.  The  water  was 
running  through  the  condensers  all  right,  so  the  en- 
gineer went  out  in  the  factory  to  pack  some  of  the 
expansion-valve  stuffing  boxes.  He  heard  some  com- 
motion and  soon  found  that  the  ammonia  had  driven 
out  a  number  of  people.  A  fitting  had  burst  on  the 
ammonia  condensers  and  killed  two  horses  hitched  to 
a  coal  wagon  delivering  to  the  plant. 

The  candy  man  made  a  claim  for  damages,  alleging 
defective  material,  and  I  was  sent  to  put  on  the  new 
fitting  and  make  a  report.  This  was  in  Massachusetts. 
The  engineer  was  young,  was  sure  of  his  facts  and 
presented  them  like  a  lawyer.  He  had  a  record  of 
the  water  temperature  for  the  day  and  the  amount  be- 
ing used  per  minute.  The  speed  of  the  machine  was 
slow   and    there   was   evidence   that   the    "king"    valve 
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uti  top  of  the  rocoivor  was  .shut.  The  pressure  was 
eiiual  on  the  high  and  low  sides  at  90  lb.  when  he 
.'tarted  the  eompiessor.  It  had  pumped  down  to  'IT) 
U).  on  the  low  side  in  a  few  minutes.  He  ha«l  no  recol- 
lection of  what  the  high-side  pressure  was  when  he 
went  out,  but  it  must  have  shown  all  right  on  the  gage 
for  he  would  have  noticed  it  if  wrong.  He  had  a 
number  of  valves  to  pack  that  were  ordinarily  under 
high  pressure,  and  as  he  was  going  to  oil  them  only 
•nd  put  another  ring  in  each,  the  low  pressure  on  them 
was  safe.  He  assumed  that  if  the  packing  did  blow 
out  of  one,  it  would  be  only  a  few  minutes  until  the 
compressor  would  pull  the  pressure  down  and  enable 
him  to  get  the  packing  back.   . 

The  broken  fitting  did  not  show  any  flaw;  it  was 
slightly  rusty  from  water  that  had  been  played  on  it 
and  it  was  divided  in  two.  The  engineer  laid  empha- 
sis on  the  poor  weld  of  the  fitting  and  right  then  I 
"got  his  number."  He  still  had  to  get  his  common- 
sense  engineering.  I  got  at  the  cause  of  the  trouble 
when  he  claimed  that  the  fitting  let  go  at  comparatively 
low  pressure,  because  all  the  noise  he  heard  was  what  he 
thought  was  the  fireman  blowing  down  the  boiler. 

Liquid  Ammonia  Being  Discharged 

The  sound  of  a  boiler  blowing  out  water  is  character- 
istic, is  soon  recognized  and  not  likely  to  be  mistaken 
for  any  other  noise.  This  showed  me  that  liquid  am- 
monia was  being  discharged  to  the  atmosphere  at  the 
time  of  the  break.  They  were  positive  that  the  valves 
between  the  condensers  and  receiver  were  open  and  that 
the  anhydrous  show-ed  nearly  a  glass  full  while  the 
machine  was  being  repaired.  I  made  plain  to  him 
how  the  liquid  would  lie  in  the  heavily  frosted  coils, 
*hat  the  frost  melted  off  while  the  machine  was  shut 
down  and  that  when  he  started  it  the  bare  pipe  allowed 
the  ammonia  in  it  to  get  heat  and  boiled  out  rapidly. 
When  the  receiver  was  full,  the  liquid  ammonia  had  to 
store  up  in  the  condenser  until  something  had  to  let 
go.  He  saw  the  point  and  went  to  the  office  with  me, 
where  we  got  an  order  for  a  larger  receiver. 

When  a  Plant  Needs  Ammonia 

To  tell  when  a  plant  needs  ammonia  we  are  informed 
tnat  the  back  pressure  will  fall  and  the  capacity  fall 
off  as  the  charge  runs  out.  A  gage  glass  on  the  receiver 
will  show  the  amount  in  reserve,  but  the  majority  of 
small  plants  do  not  have  gage  glasses  so  placed,  and 
the  engineer  guesses  the  amount.  The  falling  back 
pressure  is  not  quickly  enough  noticed  as  the  wider 
opening  of  the  expansion  valve  will  hold  up  the  back 
pressure  until  the  charge  is  small.  My  method  of  reg- 
ulating the  charge  in  all  plants  is  the  same.  Years  ago 
I  acquired  the  habit  of  firmly  grasping  the  liquid  pipe 
on  the  high  side  of  the  e.xpansion  valve  every  time  I 
passed  by.  I  made  it  just  as  much  a  part  of  the  regular 
routine  as  feeling  the  compressor  rods  for  packing  and 
oil  condition.  If  there  is  enough  ammonia  in  the  sys- 
tem, the  liquid  pipe  will  be  cooler  to  the  touch  than  that 
of  the  condensing  water  leaving  the  ammonia  conden- 
rers.  The  solid  stream  of  ammonia  in  the  liquid  pipe 
has  a  characteristic  "feel"  the  same  as  you  get  from  a 
water  pipe  in  which  the  water  is  in  motion.  If  the 
plant  is  shy  of  ammonia,  the  liquid  pipe  will  be  warm 
to  the  touch  and  the  mixture  of  gas  and  liquid  rushing 
through  will  rattle  the  liquid  pipe  and  the  vibrations 


{•an  be  plainly  felt.  Once  an  operator  gets  Iht-  "feel" 
of  the  thing,  he  never  forgetH  it.  And  instantly,  in 
any  plant,  ho  can  tell  if  it  has  ammonia  charge  enough 
by  looking  at  th»>  gages  and  feeling  of  the  li(iuid 
ammonia  |)ipe. 

I  have  had  .some  odoriferous  experiences  with  am- 
monia gage  gla.sses,  and  now  I  never  use  them.  When  I 
first  got  the  feel  of  the  liquid  going  to  the  expannion 
valves,  I  abandoned  the  use  of  gage  glas.sea  on  the 
high-pressure  side,  but  still  used  them  on  process  coolerH 
on  the  low  side. 

Preventing  Breakage  of  Gage  Glasses 

Once  I  had  a  brine  cooler  of  the  type  shown  in  the 
sketch.  It  was  much  like  a  return-tubular  boiler  with 
2-in.  tubes  set  in  a  head;  the  brine  was  circulated 
through  the  tubes  by  a  pump.  The  expansion  valve 
is  shown  at  A,  the  suction  to  the  compressor  at  B  and  a 
gage  glass  about  as  shown.  With  the  exception  of  the 
i-in,  pipe  connecting  the  top  and  bottom  gage  pipes, 
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the  pipes  from  the  cooler  to  outside  the  brine  tank 
were  two  feet  long  and  "springy,"  so  that  there  was 
trouble  with  glasses  breaking  and  leaking.  In  elevator 
pressure-tank  practice  the  same  kind  of  trouble  is  ex- 
perienced, and  some  bright  fellow  had  the  idea  of  con- 
necting the  top  and  bottom  gage  pipes  together  with 
pipe  and  fittings  to  stiffen  the  gage  cocks  and  glass. 
I  had  operated  elevators  in  which  the  pressure-tank 
glass  for  indicating  the  amount  of  cushion  air  was  ar- 
ranged as  shown.  The  first  chance  we  got  we  stiffened 
the  gage  connections  as  illustrated.  I  was  agreeably 
surprised  to  find  the  frost  line  on  the  pipe  P  kept  at  the 
same  level  as  the  liquid  in  the  glass  G,  and  soon  learned 
to  depend  on  this  frost  line  as  the  means  of  telling  when 
to  open  or  close  the  expansion  valve  A.  We  left  the 
gage  glass  closed  off. 

Connected  as  shown,  a  piece  of  bare  pipe  is  a  reliable 
indicator  of  the  liquid  level  in  coolers,  and  there  is  no 
danger  of  bursting  compressors  with  liquid  as  the  con- 
trast between  the  bare  pipe  and  frost  can  be  seen 
from  a  considerable  distance,  while  it  needs  close  scru- 
tiny on  the  part  of  the  operator  to  see  the  liquid  in  a 
cloudy,  damp  glass. 

When  the  first  feel  of  gas  in  the  liquid  pipe  shows, 
connect  a  drum  of  anhydrous  and  let  it  run  in  until 
all  the  pipes  are  sealed,  and  then  shut  it  off,  as  ammonia 
lying  idle  in  the  system  is  using  the  firm's  money  ahead 
cf  time. 
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A  Diesel-Engined  Municipal  Light  Plant 

In  Marked  Contrast  to  the  History  of  SmaU  Steam-driven  Municipal  Power  Plants, 
the  Miami,  Oklahoma,  Diesel  Station  Shows  Decided  Earnings 


THE  history  of  the  average  municipal  light  and 
water  system  is  not  an  attractive  one.  Even  the 
advocates  of  municipal  ownership  of  public  utili- 
ties base  their  arguments  on  grounds  other  than  low 
cost.  The  town  of  Miami,  Oklahoma,  however,  has  a 
light  and  water  system  that  not  only  is  able  to  meet  all 


condition  forced  the  city  to  issue  additional  bonds  and 
install  a  modern  plant. 

In  the  spring  of  1919  a  concrete  building  was  erected 
and  a  Fulton-Tosi  385-hp.  Diesel  engine  direct-con- 
nected to  a  250-kva.  Westinghouse  alternator  was  in- 
stalled.   The  steam-driven  water-works  pump  was  re- 
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expenses,  but  also  shows  a  substantial  net  earning  each 
month.  Miami  is  one  of  the  newer  towns  in  the  north- 
eastern part  of  Oklahoma  which  came  into  existence  as 
a  result  of  the  discovery  of  lead  and  zinc  deposits  in 
that  section  of  the  state. 

The  plant,  originally  ir  stalled  to  furnish  water  and 
light  to  the  city,  consisted  of  a  Corliss  engine  and  hori- 
zontal-tubular boilers.  The  water  was  handled  by  a 
steam-driven  pump.  Even  though  the  town  is  in  close 
proximity  to  the  Kansas  coal  fields  as  well  as  to  Okla- 
homa oil  and  gas  fields,  the  plant  was  always  a  burden 
to  the  community;  each  year  a  tax  was  levied  to  meet 
the  current  expenses  of  the  system.    This  deplorable 


placed  by  an  airlift  system.  The  air  is  furnished  by  a 
motor-driven  Sullivan  angle  compound  compressor, 
while  a  motor-driven  two-stage  centrifugal  pump  forces 
the  water  into  the  city  mains.  The  power  required  by 
these  motors  is  supplied  by  the  Diesel  set  with  a 
recording  watt-hour  meter,  and  a  bookkeeping  charge 
is  made  against  the  water  department  for  this  power  at 
$0.05  per  kilowatt-hour. 

The  Fulton-Tosi  engine  has  been  in  operation  for 
more  than  a  year,  giving  24-hour  service.  The  unit  is 
shut  down  on  Sunday  mornings,  when  any  necessary 
adjustments  are  made.  The  service  is  extremely  severe, 
since  the  shutdown  period  is  insufficient   to  allow  any 
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consideralilo  amount  of  work  to  l»o  done.  Notwith.stand- 
iiiyr  this  tht'  operation  has  l)pcn  ontiridy  Hiicccssful,  and 
it  is  doubtful  if  any  ono-onginc  plant  can  show  a  better 
record  of  continuity  of  .service. 

The  fuel  u.sed  is  a  28-  to  32-deK.  fuol  oil  and  is  of  a 
character  that  cau.ses  but  little  valve  trouble.    The  ex- 


TAHl.K  I      PDWEK  lM..\Nr  CU.STS  I'KH   KI  LOW  \  rT-IIOl  U. 
M.VY    1-30.    1920 

KiloHiiK-himni  output    178.000 

Kuol  oil,  Rill  14.005 

Furl  cOKl  prr  kilowatt  hour  ($2.55  per  bbl.). . .  SO  004R) 

Labor  lont  prr  kilouiilt-liour 005  18 

LubricBlinK  oil,  pti-           00580 

liisiirnniT  niul  taxcn,  4  per  cent 00170 

Dcpm-intioii,  6  per  eeiit .  00250 

Interest,  6  per  eeni        ^. 00250 

Total  cost  per  kilowatt-hour $0  02251 

haust  valves  are  pround  every  four  months,  while  the 
practice  is  to  pull  the  pistons  every  nine  months.  Dur- 
ing the  year  of  operation  no  serious  trouble  has  oc- 
curred beyond  the  burning  of  one  piston  pin.  The  lubri- 
cating device  for  the  piston  pin  is  fastened  on  an  angle 
iron,  which  in  turn  i.=i  secured  to  the  A-frames.  This 
angle  became  displaced,  and  since  no  oil  reached  the 
pin,  the  latter  was  ruined. 

The  load  caused  by  the  engine  ranges  from  one-third 
load  for  fifteen  hours  to  full  load  for  about  three  hours 


in  the  evening.  The  heavy  load  comes  on  rather  Kud 
denly,  but  the  engine  shows  no  bad  effect  from  it.  There 
is  no  tendency  toward  overheating  of  any  of  the  parts. 
The  cooling  water  is  kept  at  a  low  temperature,  never 
exceeding  1  10  deg.  As  a  result  of  the  succe.ssful  record 
of  the  engine  the  city  has  recently  purchased  a  second 
Fulton  Diesel  of  GOO  horsepower. 

In  the  accompanying  tables  is  shown  the  financial  rec- 
ord of  the  plant  for  the  month  of  May,  1920.   Consider- 

• 

PAHLK  II.     INCOME  AND  K.XPENSK  OK  LKJII  I    SV.STKM 

Total  inventmeiit,  water  and  light $330,080.76 

Depreeiatioii,  5  per  eont       1,375  00 

Interest  on  bonds,  5  per  ecnt 1,375  00 

Labor 923  02 

Maintenanee  30  60 

Lubrieating  oil,  supplies,  etc  1,040  42 

Total  rliarces                                     $4,744  04 

Ineome: 

ComiiiereiftI  lightiiiR                               3,584  47 

Power                                                         484  81 

Water  rollentions                                  2,105  46 

MOStreel  liKhtjfiil  $2  50                  525  00 

89  fire  hvdniiits  at  $4                            356  00 

Cit.v  Hall  liuhts 9  60 

Total  ineome $7,065  34 

Net  earnings  2.321    30 

ing  the  light  plant  alone,  the  cost  of  producing  power 
is  2.2.5c.  per  kilowatt-hour.  This  includes  fixed  as  well 
as  operating  charges.  This  compares  quite  favorably 
with  larger  plants  in  view  of  the  low  load  factor. 


Operation  and  Adjustment  of  Turbine  Machinery 
IX — Assembling  and  Draining  Packing 


By  EUSTIS  H 

Consulting  Enginetr. 

CARBON  packing  and  the  packing  casing  should  be 
carefully  cleaned.  A  sharp  putty  knife  is  the  best 
tool  for  this  purpo.se.  Try  the  packing  in  the 
groove  of  the  casing  to  make  sure  that  it  works  freely. 
Also,  as  a  final  test  before  assembling,  the  entire  ring 
should  be  assembled  around  the  shaft.  It  can  then  be 
seen  immediately  if  the  ring  is  smaller  than  the  shaft, 
and  an  idea  can  be  gained  of  how  much  it  exceeds  the 
shaft  diameter. 

In  using  strings  for  tying  packing  when  assembling, 
be  careful  to  remove  these,  as  they  are  liable  to  slip  out 
of  place  and  become  jammed.  With  garter-spring  pack- 
ing it  is  permissible  to  tie  up  a  ring  with  string  and 
assemble  the  garter  spring  directly  over  the  string 
to  hold  it  in  place.  However,  it  is  never  necessary  to 
leave  strings  inside  the  packing  casing. 

Metallic  labyrinth  packing  rings  sometimes  rub  on 
the  shaft  when  assembled  and  produce  vibration.  It  is 
often  possible  to  wear  these  rings  large  enough  to  clear 
the  shaft  by  bringing  the  turbine  up  to  speed  a  number 
of  times.  Each  time  the  machine  is  brought  up  to  the 
speed  at  which  it  vibrates,  hold  it  there  a  few  minutes 
before  lowering.  Each  time  the  ring  will  be  cut  out 
a  trifle  more,  and  with  only  a  slight  clearance  to  be 
gained  thus,  it  can  be  made  to  operate  satisfactorily 
without  the  necessity  of  dismantling. 

With  some  types  of  packing  it  is  often  noticed  that 
leakage  occurs  after  the  shaft  has  been  moved,  as  would 
oe  required  in  taking  out  a  bearing.  This  leakage  will 
gradually  disappear,  often  requiring  several  days'  time, 
and  is  caused  by  the  rings  not  easily  coming  back  to 
their  proper  position.     They  can  be  made  to  take  their 
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right  position  by  tapping  the  carbon  casing  with  a 
hammer,  which  would  be  better  than  having  them  leak 
for  a  day  or  two. 

The  drains  in  carbon  packing  should  always  be  open 
while  the  machine  is  shut  down.  There  is  often  slight 
leakage  from  the  throttle  valve  or  sealing  steam  line, 
which  causes  water  to  collect  in  the  casing.  When  the 
machine  is  put  in  operation,  it  is  necessary,  of  course, 
in  condensing  turbines,  to  turn  on  the  sealing  steam. 
This  acts  best  when  the  atmospheric  drains  are  closed. 
In  this  case  the  excess  steam  condenses  and  leaks  out 
of  the  casing  a  few  drops  at  a  time.  The  water  con- 
tained in  the  casing  acts  as  a  lubricant  during  operation. 
Sometimes  it  is  good  practice  to  open  these  drains  into 
the  engine  room  itself,  so  that  the  excess  steam  will 
come  out  of  the  drain  and  indicate  that  there  is  sufl!i- 
cient  sealing  steam  present. 

Packing  rings  generally  need  no  lubrication.  If  the 
steam  contains  alkali  or  sticky  sediment,  it  is  advan- 
tageous to  lubricate  with  water  and  powdered  graphite 
at  proper  intervals  in  accordance  with  conditions. 

On  windy  days  it  is  sometimes  noticed  that  carbon 
packing  from  high-pressure  stages  or  those  pressures 
above  atmosphere  leaks  badly.  This  is  often  caused  by 
the  outlet  for  the  packing  drains  being  in  such  a  posi- 
tion outside  the  building  that  the  wind  blows  directly 
into  it,  causing  back  pressure. 

In  starting  a  condensing  turbine,  there  is  usually  a 
quantity  of  water  condensed  in  the  pipe  that  supplies  the 
sealing  steam.  It  is  therefore  necessary  to  be  careful 
in  turning  on  this  steam  when  starting  the  turbine.  It 
should  be  turned  on  slowly  until  the  water  has  drained 
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through  the  rings  so  that  water  hammer  will  be  pre- 
vented and  damage  to  the  delicate  packing  rings  thus 
avoided. 

It  is  not  always  necessary  that  shaft  packing  should 
hold  tight.  When  sealing  against  a  vacuum,  a  slight 
leakage  is  often  desirable  to  insure  a  sufficient  amount 
of  steam  for  sealing  purposes.  On  account  of  the  limited 
space  an  elaborate  arrangement  of  packing  rings  cannot 
always  be  placed,  and  therefore  these  rings  are  made  as 
few  and  as  durable  as  possible. 

The  actual  limits  of  performance  of  shaft  packing  are 
often  determined  by  the  piping  of  the  drains.  These 
should  not  be  led  into  a  sewer  where  back  pressure 
exists,  as  this,  in  nearly  every  case,  will  cause  leakage 
at  the  machine. 

Comparison  of  Power  Flow 

By  Leonard  A.  Doggett* 

In  a  steam-power  plant  raw  material  in  the  form  of 
fuel  is  manufactured  into  either  mechanical  or  electrical 
power.  It  may  occur  to  the  power-plant  engineer  to 
follow  his  product  through  the  manufacturing  process, 
which  may  easily  be  visualized  as  in  Fig.  1.  Energy  is 
stored  in  chemical  form  in  the  coal  pile.  When  the 
coal  is  burned  under  the  boiler,  power  flows  from  the 
boiler  through  the  pipe  to  some  sort  of  prime  mover, 
in  this  case  a  steam  engine,  which  converts  this  thermal 
power  into  a  mechanical  form  at  the  shaft.  Thence  it 
is  transmitted  as  mechanical  torque  at  some  definite 
speed  to  the  receiver  of  power,  which  may  be  mechanical 
load  in  the  shape  of  lineshafting  or  what  not,  or  it 
may  be  an  electrical  generator  as  in  the  figure.  In 
this  latter  case  the  mechanical  power  is  converted  into 
electrical  power  and  as  such  is  transmitted  over  wires 
to  the  various  receivers  of  electrical  power,  which  is 
represented   by  a  motor. 

In  order  to  picture  in  a  more  definite  way  the  "size" 
so  to  speak,  of  the  diflferent  parts  in  various  power- 
generating  equipment.  Fig.  2  and  the  table  have  been 
prepared.  The  interpretation  these  may  be  given  is 
somewhat  as  follows: 

For  example,  in  the  first  case  about  400  kw.  of  power 
flows  along  the  3-in.  steam  pipe,  requiring  the  use  of 
8  lb.  of  material  per  running  foot.  The  next  step  con- 
sists of  the  extraction  by  the  prime  mover  of  some 
55  kw.  of  power,  which  is  passed  along  a  shaft  to 
a  set  of  reduction  gears.  Approximately  53  kw.  reap- 
pears at  the  1,200-r.p.m.  generator  shaft,  which  is 
32  in.  in  diameter  and  weighs  38  lb.  per  running  foot. 
Following  the  power  still  farther  through  the  generator, 
it  will  be  found  that  50  kw.  is  available  and  that 
this  power  is  in  such  a  form  that  it  can  now  be  sup- 
plied by  a  0.7-in.  diameter  wire,  weighing  a  little  less 
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than  2  lb.  per  running  foot.  Electrical  power  differs 
from  the  other  forms  of  power  in  that  it  needs  a  re- 
turn circuit,  .so  that  half  of  the  area  of  the  0.7  in. 
wire  is  to  be  allotted  to  the  outgoing  current  and  the 
other  half  to  the  return  current.  A  similar  analysis 
may  be  applied  to  the  other  cases,  but  in  all  the  con- 
clusion is  the  same — electricity  is  the  most  compact 
form  in  which  power  can  be  transmitted.  Fig.  1  simply 
shows  to  scale  the  size  of  shafts,  steam  pipes  and 
electric  wires,  going  and  return,  for  four  small  steam- 
electric  units.  These  figures  neglect  all  considerations 
of    shaft    bearings,    pipe    lagging    and    supportsl,    and 


Description 
of  Machines 


6ec<recl,50-Kw.  Three 
Wire  125-250  K>/f/,?00 
R.p.m.  Generator. 
Turbine  Speed,  7,200. 
Steam  Pressure, 
125-150  Lb. 


Direct  Connected  125- 
Kva.  Two-Phase  1,100- 
Volt  Turbo -A  I  tern  a  tor. 
Speed  of  Set,  5,600 
If. p.m.  Steam 
Pressure.  125-150  Lb. 


Direct  Connected 
500-Kw.  250-Voit 
Turbo  -  Generator. 
Sppeci  of  Set,  1,600. 
Steam  Pressure, 
125-150. 


Geared,  750-Kw. 
250-Volt,  514  R.p.m. 
Generator. 
Turbine  5 peed, 3,600. 
Steam  Pressure, 
125-130. 


3600 
R.p.m 
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10,000,000 


o 


a  -  Diameter 


FIG.   2.     TABULATION  OF  SIZES  OF  SHAFTS,   STEAM  PIPES 
AND  CONDUCTORS 

electric-wire  insulation  and  spacing.  The  great  number 
of  variables  entering  into  the  design  of  all  three  of 
these  tabulated  figures,  such  as  speed,  steam  pressures, 
superheat,  voltage,  length  of  line,  etc.,  would  inevitably 
lead  to  a  wide  variation  in  the  sizes  of  the  circles. 
However,  one  generalization  from  Fig.  2  is  true  for 
all  ordinary  cases — the  cross-section  representing  the 
electric  wires  is  the  smallest  of  the  three  cases. 


POUNDS  PER  LINEAR  I-'l  )()T  OF 
Size  of  Set 
,....        f  Turbine 

Generator 


TRANS-MI  rriXG  -MATERIAL 

Steam  Pipe      Electric   Wires 


125-kva- 
300-kw 

750-k\v-- 


■  Turbine .  . . 
Generator 


Shafts 
12 
38 
17 
171 
81 
385 


The  electric  wire  sizes  represent  the  area  of  cross-section  of  the 
wires,  going  and  return,  and  have  been  determined  by  the  rules 
laid  down  in  "Current-Carrying  Capacity  of  Electric  Cables,  U.  S. 
Navy,"  by  Lieutenant  Commander  A.  M.  Charlton,  U.  S.  N.,  Vol. 
XXXI,  No.   4,  November,  1919,  A.   S.   N.   E.   Proceedings. 
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Venlilalioii  of  Coal  in  Sloratie 

By  W.  D.  LANGTRY 
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UlERE  seems  to  be  a  threat  difference  of  opinion 
on  the  subject  of  the  ventihition  of  coal  in  storage. 
The  at  company  in^r  views  give  some  idea  of  the 
methods  employed  by  chief  engineers  and  manager.s  of 
industrial  and  municipal  plants.  During  the  war  the 
owners  of  storage  piles  tried  to  protect  them  as  much 


in.serted.  When  this  pile  was  inspected,  the  suggestion 
was  made  to  leave  the  pipes  as  originally  placed  to  see 
if  a  lire  would  star*,  but  there  was  no  evidence  of 
spontaneous  combustion  three  or  four  months  later. 
No  attempt  was  made  at  ventilation  of  the  pile  shown  in 
Fig.  G,   but   the  wooden   anchors   were  the  means  of 


FIGS.    1    TO   6.     SOME   ATTEMPTS  AT  VE2\-TIL.A.TION 
Fig.  1 — Vents  made  out  of  wood.     Fig.  2 — Numerous  gas  pipes  for  ventilating  purposes.     Fig.  3-    Vapor  coming  out  of  ventilator 
pipe.     Fig.  4 — Large  flues  inserted  for  ventilating  purposes.     Fig.  S — Horizontal  ventilation.     Arrows  points  to  end.s  of  wood  vents. 
Fig.  6 — Retail  yard  in  ■nhich  wooden  anchors  admitted  air  to  pile. 


as  possible.  Invariably,  "ventilation"  was  the  one 
method  thought  best,  until  the  pile  started  "to  go  up  in 
smoke."  It  might  be  interesting  to  notice  that  the  coal 
piles  in  Figs.  1,  2,  3  and  5,  all  of  which  show  attempts 
at  ventilation,  caught  on  tire.  Fig.  4  shows  a  pile  of 
sized  coal,  1]  x  i  In.,  ventilated  by  large  pipes.  There 
is  little  doubt  that  this  coal  would  have  stored  just  as 
successfully   without   the   pipes    as    it   did    with    them 


admitting   the   air   into   the   pile,   which   later   caught 
on  fire. 

There  is  no  doubt  that  ventilation  is  a  good  thing 
and  will  make  the  stoi-age  of  coal  safe,  if  sufficient  air 
is  supplied  to  carry  away  the  gases  and  keep  the  coal 
below  the  ignition  temperature.  How  to  determine  the 
degree  of  ventilation  is  the  problem.  Where  air  is 
admitted  into  the  interior  of  a  pile  of  coal  oxygen  comes 
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in  contact  with  the  coal  and  oxidizes  it.  It  is  necessary 
that  there  be  ventilation  sufficient  to  take  away  the  gas 
so  generated,  but  in  many  cases  there  has  been  just 
enough  oxygen  admitted  to  start  trouble. 

A  rather  interesting  incident  happened  at  a  plant  in 
Michigan.  Coal  had  been  placed  under  cover  in  a  bin 
about  25  ft.  wide,  50  ft.  long  and  20  ft.  deep.  As  the 
coal  built  up  two  ventilating  pipes  were  inserted,  one 
extending  about  two  feet  and  the  other  about  four  feet 
above  the  top  of  the  pile.  Smoke  from  a  cigarette  was 
blown  across  the  mouth  of  the  shorter  pipe,  and  strange 


FIG.  7.   CHIMNEY  EFFECT  FROM  VENTILATORS 

as  it  may  seem,  it  was  immediately  drawn  downward. 
Smoke  blown  across  the  top  of  the  longer  pipe  indicated 
an  upward  current.  There  was  a  chimney  effect  pure 
and  simple.  This  storage  pile  had  to  be  moved  to  save 
it  from  conaplete  destruction. 

In  Canada  the  railroads  have  made  a  practice  of 
ventilating  their  coal-storage  piles.  By  observing  rigid 
precautions  they  claim  that  spontaneous  combustion  can 
be  prevented.  It  should  be  kept  in  mind,  however,  that 
the  temperatures  in  Canada  range  somewhat  lower  than 
in  this  country.  Climatic  conditions  may  have  an  impor- 
tant bearing  on  the  success  of  any  method  of  ventila- 
tion, and  what  seems  to  be  satisfactory  in  a  cooler 
climate  might  not  be  so  in  a  locality  where  the  tempera- 
ture is  higher  and  the  humidity  greater. 

This  question  always  presents  itself.  Would  not  the 
pile  that  has  been  ventilated  successfully  have  gone 
through  without  a  fire  if  no  ventilation  had  been 
attempted?  It  is  almost  impossible  to  place  two  piles 
of  coal  in  exactly  the  same  way  and  have  the  same 
percentage  of  fine  and  lump  in  each,  and  then  try  to 
ventilate  one  and  not  the  other  for  comparison.  There 
are  too  many  variables  to  contend  with,  so  conclusions 
or  opinions  can  be  reached  only  from  experience.  In 
this  regard  the  following  quotation  from  Bulletin  No. 
116  from  the  University  of  Illinois,  now  in  the  course 
of  printing,  may  be  of  interest: 

In  16  of  303  storage  piles  reported  on,  an  attempt  had 
been  made  to  ventilate  by  means  of  iron  or  wooden  pipes. 
In  11  of  these  16  piles  fire  occurred.  These  results  do  not 
suggest  that  ventilation  as  carried  on  is  an  efficient  means 
of  preventing  spontaneous  combustion,  and  they  agree  well 
with  the  data  secured  in  the  study  of  the  fires  in  Chicago. 

It  would  seem  from  the  evidence  presented  to  date 
that  ventilation  should  be  looked  upon  as  more  of  a 
danger  than  a  corrective  for  the  successful  storing  of 
coal,  the  reason  being  that  it  is  really  never  known 
when  sufficient  ventilation  actually  takes  place.  It  may 
be  the  means  of  supplying  just  the  ingredient  that  is 
wanted  to  start  combustion. 


Stevens  Suspended  Sprung  Arch 

A  suspended  sprung  arch  designed  to  eliminate  the 
spawling  of  the  flat  arch  and  the  intense  lateral  com- 
pression of  the  sprung  arch,  has  been  recently  developed 
by  E.  P.  Stevens,  now  associated  with  the  James  A. 
Brady  Foundry  Co.  of  Chicago.  The  features  of  the 
new  arch  are  shown  in  the  accompanying  illustrations. 
It  will  be  noticed  that  the  arch  is  formed  of  a  series  of 
rows  of  brick  interlocking  one  with  another,  each  row 
consisting  of  a  series  of  standard  shaped  brick  tapering 
sufficiently  to  give  a  slight  curvature  to  the  arch  and  to 
prevent  any  individual  brick  or  a  piece  that  has  become 
separated  from  falling  out  of  the  arch.  The  bricks  in 
every  other  row  have  extended  heads  perforated  and 
slotted  to  accommodate  cast-iron  hanger  plates  support- 
ing four  adjacent  bricks.  The  hanger  plate  is  suspended 
from  a  transverse  beam  by  a  bolt  having  its  head  between 
two  ribs  of  the  plate  and  extending  through  a  special 
hooked  plate  and  nut  at  the  top,  engaging  with  the  steel 
supporting  beam. 

In  the  alternate  rows  the  bricks  are  shouldered  to 
interlock  with  the  others  and  can  be  removed  by  insert- 
ing a  key  into  a  slot  provided  for  lifting  them  out  of 
place.     Thus  the  arch  is  suspended  in  gi-oups  of  four 
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TWO  VIEWS  OF  THE  STEVENS   ARCH 

brick,  and  the  entire  weight  is  carried  on  the  supporting 
beams,  so  that  it  is  independent  of  any  support  by  the 
side  walls  or  brickwork.  In  the  side  walls  provision  is 
made  for  free  movement  of  the  arch  to  ehminate  the 
side  thrust  or  compression  strain  in  the  arch  itself  that 
might  otherwise  be  imposed,  due  to  expansion  and  the 
curvature  of  the  arch. 

To  supply  the  slight  side  pressure  necessary  to  keep 
the  bricks  together,  the  two  outside  supports  are  con- 
nected by  link  rods  and  a  spring,  which  is  compressed 
as  the  arch  expands.  When  the  arch  cools  and  contracts, 
the  spring  exerts  enough  pressure  to  keep  the  brick  in 
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dose  I'ontait.  Tho  spring  i.s  cariied  in  the  .side  wall, 
where  it  i.s  away  frotn  the  heat  and  laii  ea.sily  be  iii- 
•  jK'ited  or  replaced.  The  n)iiii)re.ssioii  of  the  spring  may 
he  adjusted  from  outside  the  settinj^. 

Owiut?  to  the  method  of  supportiiiK  se|)arately  the 
hrick  in  trroups  of  four  hy  indei)eiident  han^t'rs  which 
are  adjustable  in  all  directions  and  carry  only  the 
weight  of  the  four  bricks,  it  is  an  ea.sy  matter  to  repair 
the  arch,  as  each  prrcup  is  independent  of  the  other  and 
one  may  be  removed  without  disturbinji:  the  balance  of 
the  arch.  The  alternate  rows  can  be  removed  without 
difficulty  even  thoufrh  the  furnace  be  in  u.se  at  the  time. 
As  the  brick  are  slightly  welKi->-shaped.  they  may  be 
lifted  out  readily  through  the  top  of  the  arch  by  means 
of  the  key  provided  for  this  purpose.  As  the  supports 
are  exposed  to  the  c(  o'in/  air  above  the  arch  and  are 
not  buried  in  the  brickwork  itself,  there  is  little  like- 
lihood of  deterioration,  .so  that  the  arch  cannot  fall  ex- 
cept by  the  actual  burnintr  off  or  wearing  away  of  the 
brick. 

It  has  been  stated  that  arches  built  on  this  principle 
have  been  in  constant  service  in  boiler  practice  for  S\ 
years.  The  same  arch  can  be  built  of  silica  brick  at  any 
slope  to  the  horizontal,  -so  that  it  is  particularly  suitable 
for  open-hearth  furnaces  and  other  forms  of  metallurgi- 
cal service  in  addition  to  use  in  the  boiler  plant. 

Water  Power  in  Brazil 

By  J.  B.  Crane 

With  growing  scarcity  of  coal  a  country  that  has 
twenty  million  horsepower  in  undeveloped  w-aterfalls, 
as  well  as  mo.st  of  the  raw  materials  that  have  made  the 
United  States  famou.s,  is  of  interest. 

The  falls  enumerated  in  the  table  are  on  or  near  the 
Atlantic  coast.  Nothing  is  known  of  the  potential 
water  powers  in  the  western  and  northern  parts  of  the 
country  on  the  vast  watershed  that  makes  the  mighty 
Amazon,  but  it  is  quite  probable  that  here  also  are  falls 
that  will  add  many  more  million  horsepower  to  the 
undeveloped  resources  of  Brazil. 

The  table  herewith  has  been  compiled  from  an  article 
by  Dr.  Frontin  in  "A  Hulha  Branca  No  Brazil"  (The 
White  Fuel  in  Brazil),  published  in  Brazil  Ferro-Carril, 
and  from  personal  investigations  conducted  by  the 
writer. 

Height  in               Name  of  Estimated 

Name  <>f  Fall                         Feet                       River  Horsepower 

Paulo  .\fro:is6                                             260                .<an  Franoiseo  1.000,000 

Bannerais                                                                     Paragua.ssu  30.000 

Parauna  60.000 

Carandahy  30,000 

?an  Maurcino.  .                                         520                Nova  18,000 

Sapucaia                                              .  .        90                Parahyba  100,000 

Pombas.                                                      75               Parahyba  80,000 

Piabanha                                                                      Piabanha  78,000 

Lage                                                                                   Pirahy  60,000 

Eourada                                                       190                Paranahyba  400,000 

Marinbonda Rio  Grande  800,000 

Avanhandava.  .                                            ■»5                Tiete  60,000 

Itapure 37               Tiete  50,000 

Uruba-Punga.                                            33               Parana  450,000 

Onea                                                                                   Parana  220,000 

Sete  Quedas 420               Parana  20,000,000 

Iguassu         210               Iguassu  3.000,000 

The  tabulation  gives  a  total  of  over  26,000,000  hp.,  of  which  Lage  (60,000  hp  i 
and  3,000  hp.  at  Maure-no  have  been  developed 

The  table  does  not  include  the  many  small  powers, 
500  to  15,000  hp.,  already  developed  and  supplying 
power  and  light  to  neighboring  towns,  for  there  is 
scarcely  a  town  of  1,000  inhabitants  within  600  miles 
of  the  coast  that  does  not  have  a  modern  electric  light- 
ing system  operated  from  hydro-electric  power  with  a 
"white  way"  that  beats  that  of  any  city  of  a  similar 
size  in  the  United  States. 


There  have  been  .several  references  to  the  falls  of  the 
Iguas.su,  and  even  in  Brazil  the  information  wan  aH 
vague  and  general  as  here.  One  geography  there 
a.scribes  I  1.000,000  hp.  to  this  fall,  and,  until  the  writer 
reached  Paraguay,  he  was  unable  to  obtain  any  reliable 
information  on  the  possibilities  of  this  fall. 

TirK  Parana  and  Its  Triiu)tarik.s 

The  River  Parana  rises  in  the  state  of  Minas  Geraes, 
Brazil,  flows  in  a  southerly  direction  and  is  reinforced 
by  innumerable  other  streams.  P'inally  joined  Vjy  the 
Uruguay  River,  it  forms  the  dividing  line  between 
Argentina  and  Uruguay  and  flows  into  the  Atlantic 
Ocean  as  the  Rio  La  Plata.  It  drains  the  fourth  largest 
territory  in  the  world  and  is  about  as  large  as  the 
Mississippi. 

Approximate  Sf|uare  .Mile. 
River  of  DriiinaKe  Area 

Amazon  2.320.000 

1.620.000 
1,238.642 
1.200.000 


Miiuiouri-Mift(iiM*ippi 
I'arnna-I.a  I'lala 


The  Falls  of  Guayra,  or  Sete  Quedas  (seven  falls), 
are  located  on  the  Parana  River  about  one  hundred  miles 
north  of  Iguassu.  The.se  are  a  series  of  falls  giving  a 
drop  of  420  ft.  in  a  distance  of  six  miles.  Readings 
of  flow  were  made  by  the  Argentine  government  in  1914 
and  show  flows  of  from  180,000  to  400,000  cu.ft.  per 
sec.  during  three  months  of  that  year.  On  this  basis 
there  would  be  capable  of  development  but  7,000,000  hp. 
at  minimum  flow  instead  of  the  20,000,000  hp.  shown  in 
the  table. 

The  Iguassu  River  flows  into  the  Parana  about  one 
hundred  miles  south  of  Guayra  and  forms  the  boundary 
line  between  Brazil  and  Argentina  at  this  point. 
Paraguay  is  on  the  we.st  side  of  the  River  Parana.  The 
falls  are  four  miles  from  the  junction  point,  and  in  the 
Parana  River  just  below  the  junction  is  a  deep  gorge. 
During  periods  of  high  water  this  gorge  chokes  back  the 
water  so  that  the  fall  is  only  70  ft.  instead  of  210  ft. 
This  means  700,000  hp.  instead  of  3,000,000  hp.,  but  it 
is  still  quite  a  respectable  power  and  fully  large  enough 
to  supply  the  needs  of  a  city  like  Buenos  Aires  for 
several  years  to  come. 

Brazil's  Industrial  Development 

Brazil  has  made  a  large  industrial  development  since 
the  war  started,  especially  along  textile  lines,  and  is  now 
importing  cotton  instead  of  exporting  it.  Some  of  the 
large  plants  near  Rio  de  Janeiro  are: 


Company 


Output 


Fiat  Lux  Mateh  Co .Matches 

Brago,  Casta  *  Co Hats 

Bangu  Textile  Mills Cotton  Goods 

Pola  .Shoe  Co .Shoes 

Fabrica  de  Roupas,  Cometas Collars,  cuffs  and  shirts.. .  . 

( ila-ss  Factor>- Tumblers,  lamp  shades,  etc. 


Employees 
400 
200 
3,000 
240 
400 
200 


Most  of  the  factories  are  one  story  with  a  tile  roof, 
as  this  gives  a  temperature  inside  about  ten  degrees 
cooler  than  outside.  One  factory  tried  asbestos  shingles, 
but  the  inside  temperature  was  so  high  it  was  necessary 
to  substitute  tile.  The  operatives  are  intelligent  and 
easily  taught,  but  have  not  yet  begun  to  develop  their 
powers  of  initiative  and  invention.  It  will  be  many 
years  before  the  industries  of  Brazil  will  require  much 
of  the  available  water  power,  but  anyone  who  is  looking 
for  large  quantities  of  hydraulic  power  where  there  is 
an  abundant  supply  of  labor,  easily  taught,  will  find  it 
in  Brazil. 
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Steam-Engiiie  Operation  and  Maintenance 
Piston-Ro(l  Packing 


By   H.   HAMKENS 

Consulting  Engineer.  Ni  uton,  X<\v  Jersey 


\  /I^UCH  time  is  spent  and  money  wasted  in  keeping 
|\/l  piston-rod  and  valve-stem  packings  tight.  Of 
J.  ▼  A  course  nothing  else  can  be  expected  if  engineers 
will  persist  in  using  soft  packings.  There  are  various 
kinds  of  fibrous  packings  manufactured  with  claims 
^.i  superior  qualities.  Thej'  may  have  a  rubber  core 
era  rubber  back  to  give  them  ela.sticity;  metallic  wires 
may  be  inserted  spun  with  asbestos,  flax  or  some  other 
fibrous  material.  Canvas,  cotton,  wool,  soft  metal  and 
any  other  substance  with  a  fiber  are  spun,  woven  or 
!)raided  into  all  shapes  and  forms.  Some  are  round 
others  square,  flat,  triangular,  wedge-shaped,  conical 
cr  any  other  form  that  strikes  the  manufacturer  as 
particularly  useful  and  for  which  a  special  claim  of  long 


The  rings  must  be  self-adjusting  to  accommodate  them- 
selves to  slight  variations  in  the  diameter  of  the  rod 
and  to  take  up  wear. 

In  Fig.  3  two  kinds  of  sectional  rings  are  shown. 
The  one  to  the  right  is  cut  in  such  a  way  that  the 
faces  of  contact  of  the  segments   form  an  equilateral 


SC^.MK  FORMS  OF  .SOFT  i  ACKING  rO.MMONT>Y  TSKO 
IN   .STEAM   ENGINRS 


wear  and  excellent  service  can  be  advanced.     A  few  of 
these  packings  are  shown  in  Fig.  1. 

These  soft  packings  stand  up  satisfactorily  under 
some  conditions.  In  present-day  engine  practice  metal- 
lic packings  are  extensively  used,  for  with  reasonable 
care  they  will  give  excellent  service  for  years  without 
bother  and  loss  of  steam  and  will  keep  the  rods  in  good 
condition.  As  the  name  implies,  these  packings  are 
made  of  metal — soft  m.etal  in  many  cases,  but  also  of 
cast  iron.  They  are  made  to  suit  any  condition,  even 
to  take  the  place  of  soft  packing,  as  shown  in  Fig.  2. 
In  the  former  case  the  packing  is  made  to  fit  into  the 
bore  of  the  old  stuffing  box  and  held  in  place  by  the 
gland,  while  in  the  latter  (right,  Fig.  2)  a  complete 
new  packing  box  takes  the  place  of  the  old  gland.  The 
packing  rings  are  held  against  the  rods  by  means  of 
flat  or  spiral  springs.  Except  for  small  rods  and  valve 
stems  the  cases  should  be  split  to  facilitate  their  removal 
and  to  give  access  to  the  rings.  It  is  of  importance 
that  no  steam  gets  back  of  the  rings,  otherwise  they  will 
wear  rapidly  and  are  likely  to  score  the  rod.  The 
most   careful    design    and    workmanship    are    essential. 


.A.PPLR\ATinNS  OF  METALLIC  PACKING  RINGS 

triangle,  the  center  oi  which  coincides  with  the  center 
of  the  rod;  within  certain  limits,  therefore,  any  slight 
inward  or  outward  motion  of  the  sections  will  not 
disturb  this  relation.  Since  the  rings  are  cut  in  the 
form  of  a  triangle,  it  is  evident  that  there  is  a  limit 
to  the  size  of  the  rods  for  which  this  packing  can  be 


t?in:55  cut  ou  the  lines  of  an 
Ecjuilciferal  Triancjie 

FIG.   3.      TWO  KIND.S   OF   SECTIONAL  RINGS 


used.  The  other  rings  shown  are  split  radially  and  the 
number  of  sections  can  be  arranged  to  suit  the  size  of 
the  rod.  For  smafl  and  medium  diameters  three  sec- 
tions are  mostly  used,  whilt  for  large  rods  the  number 
can  be  increased  to  four,  five  or  six,  whichever  is  the 
most  convenient. 
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A  <^)iirHtioii  of  StTvirr  CohI 

Hy    .ll'I.IAN    (".    SMAI.LWOOD,* 

This  i.s  the  tiile  of  a  three-cornered  fiRhl  Wetween 
jil.  gas  and  elertrii-  current. 

A  certain  small  l)iit  thriving  manufatturinK  com- 
pany in  Baltimore  has  derived  its  power  diiriiiK  the 
la.st  ten  years  from  an  old-fashioned  low-compre.ssion 
fjO-hp.  oil  engine  built  hy  a  prominent  company.  This 
engine  has  a  remarkable  record.  Since  installation  its 
cylinder  head  has  never  heeu  removed,  its  valves  have 
never  been  reground,  and  it  has  required  no  repairs 
save  for  the  renewing  of  a  single  bearing.  In  spite  of 
the  fact  that  its  fuel  has  been  low-grade  kero.sene  ( with 


The  firsl  step  was  to  inve.stigute  general  factory  condi- 
tions attending  Ihe  u.se  of  oil  power.  It  was  found  that 
the  engine  was  operated  by  one  of  the  mechanics,  who 
was  "broken  in"  to  this  work  by  the  foreman,  who  was 
familiar  with  the  engine  and  knew  its  tricks.  In  the 
morning  the  engine  was  started  by  compressed  air,  but 
it  required  three  men  to  turn  its  flywheel  to  starting 
position,  and  these  men  generally  stayed  in  the  engine 
room  for  ten  minutes  or  more  until  the  engine  was  well 
under  way.  The  same  procedure  took  place  when  start- 
ing after  the  lunch  hour. 

The  shops  (on  three  different  floors)  are  plentifully 
equipped  with  light  machine  tools  and  a  few  heavy 
ones,  con.spicuously  a  planer.     Light  operations  are  per- 


60  L_B.  SPRING 


IDLING-MAIN    CLUTCH   OUT 


AVERAGE    SHOP  LOAD.   M.E.R=30.4 
I.H.P.  =25.8 


GO  LB.  SPRING 


MAXIMUM    LOAD,  STALLING    ENGINE 
M-E.P.  =45.2         I.H.P.  =38.5 


'NE:    shaft  LOA.O    ONLY.    M.E.P=23.2 
r.H.P.  =19.7 


INDIC.\TOR   DIAGRAM.^   SHOAVIXG    BEHAVIOR   OF   OIL  EXGIXR   TX  SMALL  PLANT 


water  injection^,  it  has  never  given  trouble  from  car- 
bon, it  has  started  easily  and  plugged  away  faithfully 
nine  hours  a  day  throughout  the  working  week  and, 
were  it  not  for  the  rising  price  of  oil,  would  probably 
continue  to  do  so  up  to  the  bitter  end,  like  the  Deacon's 
one-horse  shay. 

Up  to  the  present  all  proposals  on  the  part  of  the 
local  electric  company  to  displace  this  source  of  power 
have  been  met  by  the  assertion  that  "the  oil  engine 
gives  such  excellent  service  as  it  stands."  But,  lately, 
with  oil  at  fifteen  cents  and  threatening  to  reach 
eighteen,  the  owner  has  given  more  serious  attention  to 
these  proposals.  The  writer,  as  a  result,  worked  out 
the  costs  of  power  to  the  owner  under  old  conditions 
and  compared  them  with  costs,  first,  if  the  engine  were 
converted  to  illuminating  gas,  and  second,  if  electric 
current  were  bought. 


•Associate  professor  of  mechanical  engineering.   Johns  Hopkins 
University. 


formed  for  the  most  par',  but  occasionally  some  he-vj' 
machines  are  thrown  on.  When  this  happens,  the  line- 
shaft  slows  down,  whereupon  the  mechanic  in  charge  of 
the  engine  drops  his  work,  rushes  to  the  engine  room 
and  nurses  the  oil  and  injection  valves  until  normal 
speed  is  reached.  Occasionally,  when  the  planer  goes  on, 
all  machine  operations  of  the  shop  slow  down  because 
of  the  failure  of  the  oil  engine  to  meet  the  demand. 
This  condition  had  become  so  usual  that  it  was  hardly 
noticed  except  by  the  engine  operator,  and  in  con- 
sequence the  owners  felt  that  their  oil  engine  gave 
excellent  service. 

It  is  probably  not  too  much  to  say  that  on  this  item 
alone  the  money  loss  during  the  last  six  years  has  run 
into  the  thousands. 

As  a  next  step  the  engine  was  indicated,  the  resultin:: 
diagrams  being  ;  hown  herewith.  As  the  governor 
action  was  very  irregular,  composite  diagrams  v.cro 
tahen.     The  diagrams  disclose  slow  burning  c.t  all  IcaJs 
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and  ridiculously  low  compression  pressure  (30  lb), 
probably  due  to  leaky  valves.  As  the  engine  would  not 
idle,  measurable  friction  diagrams  could  not  be  obtained. 
The  diagrams  show  about  10  per  cent  of  the  net 
indicated  horsepower  to  be  used  for  pumping.  As.sum- 
ing  6  per  cent  of  the  maximum  rated  capacity  for 
mechanical  friction  gives  three  horsepower  to  be  sub- 
tracted from  the  net  indicated  horsepower  to  reach  an 
estimate  of  the  delivered  horsepower.  It  was  found  that 
on  this  basis  the  maximum  horsepower  that  could  be 
held  without  material  slowing  down  was  only  36  instead 
of  50.  This,  of  course,  was  due  to  the  low  compression 
and  the  late  ignition.  An  average  value  of  the  delivered 
horsepower  when  no  heavy  tools  were  on  was  23.     The 

CO.STS  FOR   HI.A.NK    MFC;     CO— MON'TIII.V    HASIS 
Oil 

Fuel,  1,070  gal.  a  month  at  18c  $192  60 

Lubricant  ($76.23  tor  six  months)  12  35 

Attendance  (say  one  hour  a  day),  at  80c.  for  24  days 19  20 

Water,  at  \  cu.ft.  per  min.  and  65c   u  tliousand 4  23 

Allow  $300  selling  value  of  engine.  6  per  cent  interest,  2  per  cent  taxes 
and  insurance,  and  20  per  cent  depreciation  (depreciation  on  repairs) , 
making  21  per  cent  ijer  month  7  00 

$235  38 

das 

Fuel,  28  cu.ft.  per  hp.-lir.  for  6.510  li))  -hr  hours  at  65c.  per  thousand  $1 18  40 

Lubricant    6  00 

Attendance.  ]  hr.  a  day  at  80c.  for  24  d;iy.s 9  60 

Water,  at  I  cu.ft.  per  hp.-hr                     2  11 

Same  overhead  expense  as  for  oil,  say    7  00 

Extra  investment:  Fittings  for  engine       $1 50  00 
Pipeline 300  00 

$450,  00  at  I  per  cent  per  mo.  4,50 

$147   61 

EUrtrir  (Current 
Average  load  with  group  drive  as  recommened,  1 5  hp.  =  217  hr.  use  per 
month.    Allowing  80  per  cent  efficiency  of  motors  calls  for  14  kw. 
-Monthly  consumption  =    14x217=  3,038  kw.-hr. 
Maximum  demand  =  27  hp.  =  20.25  kw. 

400  kw.-hr.  at  8c  $32  00 

2,638  kw.-hr.  at  3c 79. 14 

$111.14  $111    14 

Investment: 

Motors $1,917  00 

Wiring  and  installation 700  00 

$2,617  00 
Interest,  depreciation,  insurance  and  taxes  on  investment  at  1 3A  per  cent        29 .  44 

Total  monthly  cost  $140  58 

friction  horsepower  of  the  lineshafts  and  belts,  found 
during  the  lunch  hour,  was  17.  It  thus  appears  that 
the  actual  working  load  under  ordinary  conditions  is 
6  hp.  and  that  nearly  three  times  this  value  is  carried 
as  transmission  loss. 

The  fuel  consumption  averaged  over  a  year  gives 
1,070  gal.  per  month  of  217  working  hours.  This  oil 
has  a  heat  value  of  133,000  B.t.u.  per  gallon.  Assuming 
an  average  brake  horsepower  of  25  gives  nearly  0.2  gal. 
per  hp.-hr.,  or  a  thermal  efficiency  of  only  about  9 
per  cent. 

Yet  the  oil  engine  gave  excellent  satisfaction!  When 
analyzed,  the  satisfaction  was  due  to  the  fact  that  it 
had  occasioned  no  trouble. 

The  high  fuel  consumption  is  partly  due  to  too  low 
a  jacket  temperature  for  good  vaporization  of  the  oil. 
It  seems  that,  because  the  operator  was  engaged  in 
other  work,  a  high  jacket  temperature  might  occasion 
unobserved  overheating. 

The  writer  was  anxious  to  convert  this  engine  to  gas, 
raising  its  compression  pressure  to  100  lb.  for  500-B.t.u. 
gas.  But  owing  to  the  fact  that  the  cost  for  current 
with  group  drive  worked  out  less  (due  to  the  big  friction 
loss),  he  was  obliged  to  advise  in  favor  of  central-station 
current.  There  were  other  considerations  also,  princi- 
pally that  of  slowing  of  production  due  to  the  engine, 
even  at  rated  capacity,  being  unequal  to  the  maximum 
demand,  future  requirements,  etc. 


The  accompanying  table  shows  the  reckoning  of 
costs. 

This  story,  of  course,  has  to  do  with  only  a  small 
quantity  of  power,  but  it  has  a  big  les.son  if  you  wish 
to  take  it.  How  many  manufacturers  of  power,  small 
and  large,  really  know  the  costs  of  power?  How  many 
engine  operators  really  know  whether  their  engines  are 
actually  giving  good  service  and  not  merely  occasioning 
no  trouble?  And  finally,  would  the  central  station  in 
this  case  have  won  if  this  particular  engine  had  been 
kept  up  to  maximum  efficiency,  with  full  compression 
pressure  and  proper  timing  of  ignition? 

"Metalpac"  Flexible  Metallic  Packing 

A  flexible  all-metallic  packing  known  as  "Metalpac"  is 
manufactured  by  the  Goodsell  Packing  Co.,  Inc.,  May- 
wood,  111.  It  is  composed  of  continuous  thin  metallic 
sheets  that  are  passed  through  a  lubricant  bath  and 
crinkled  .so  that  the  material  is  as  pliable  and  compres- 
sible at  the  center  as  it  is  at  the  outer  surface,  and  at 


METALLIC    SHEETS.    COPPER    BRAIDING    AND 
FINISHED    PACKING    RING 


the  same  time  it  is  indestructible  against  high  pressure. 
These  metal  sheets  are  covered  with  soft  braids  of 
copper  wire,  which  eliminates  the  possibility  of  flaking. 
This  packing  is  made  for  steam,  air  and  vapor,  also 
hydraulic  pressure  and  all  liquids.  It  comes  on  reels, 
when  desired,  in  a  continuous  length,  thus  avoiding 
waste,  and  is  also  made  in  coils  and  rings. 

English  Railroad  Adopts  Fuel  OU 

Many  of  the  Western  railroads,  after  using  fuel  oil 
on  their  locomotives  for  many  years,  have  returned  to 
coal.  The  meager  oil  supply  and  the  consequent  high 
prices  have  made  its  further  use  uneconomical.  It  is 
somewhat  surprising  to  learn  that  an  English  road,  the 
London  &  North  We.stern,  has  equipped  one  of  the  loco- 
motives with  oil  burners.  Extensive  tests  appear  to 
prove  that  the  operation  is  superior  to  that  of  a  coal 
burner. 

In  view  of  the  cost  of  fuel  oil  it  is  hai'dly  prob- 
able that  it  will  be  used  very  extensively  on  English 
roads,  but  it  will  provide  a  means  of  continuing  opera- 
tion even  though  a  general  strike  of  the  coal  miners 
does  occur. 


There  is  an  increasing  demand  that  all  fuel  entering 
into  interstate  commerce  should  be  inspected  just  as 
grains,  cotton,  and  other  agricultural  products  now  are 
.subject  to  Government  inspection.  There  is  evidence 
that  coal  operators  are  viewing  with  more  favor  the 
proposed  extension  of  this  work. 
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ANEW  type  of  forced-draft  stoker  coii.si.slitijf  of 
traveliiiK  chain-Kiate  olement.s  ulterriatiiig  with 
L  .stationary  tuyeres  has  been  (ieveloj)e(i  by  the  La- 
dede-Christy  (lay  Products  Co.,  of  St.  Louis.  The  entire 
jfrate  surface  is  inclined  at  an  auKle  of  twenty  degrees 
to  the  horizontal  to  facilitate  the  conveying  function  of 
the  chains.  Both  the  moving  and  stationary  parts  of 
the  grate  are  provided  with  air  spaces  of  relatively 
small  area  through  which  air  is  forced  by  a  uniform 
draft  pressure  not  exceeding  two  inches  of  water.  The 
tuyeres  are  made  up  of  short  interchangeable  .sections 
containing  varying  percentages  of  air  space,  so  that 
the  total  passage  of  air,  including  that  through  the 
chains,  through  any  particular  section  of  the  grate,  may 
be  varied  to  suit  the  fuel.  With  high-volatile  fuels  such 
as  the  bituminous  coal  of  the  Middle  West  or  with  the 
caking  coals  of  the  East,  the  air  space  is  made  greatest 
at  the  front  of  the  stoker,  while  with  coke  breeze  or 
other  fuels  containing  little  volatile,  the  tuyere  sections 
containing  the  larger  air  spaces  are  placed  farther  back. 
By  concentrating  the  reflected  heat  at  the  front  of  the 
stoker  the  coking  qualities  of  Eastern  coals  are  destroyed 
so  that  on  the  grate  they  burn  as  any  other  fuel,  admit- 
ting air  freely  through  the  bed.  Because  of  an  even  grate 
surface  and  no  agitation  of  the  fuel  bed,  highly  volatile, 
high-ash  bituminous  coal  is  burned  without  clinkering. 
The  stoker  is  thus  designed  to  consume  a  wide  variety 
of  fuels  at  different  rates  of  combustion  up  to  sixty 
pounds  of  coal  per  square  foot  of  active  grate  surface. 


From  the  accompanying  illustrations  an  idea  may  be 
obtained  of  the  general  arrangement  and  construction 
of  the  stoker.  Fig.  2  shows  the  inclo.sed  front  of  the 
stoker,  and  Fig.  1,  a  sectional  elevation,  indicates  the 
relative  positions  of  the  grates,  feed  gate  and  hopper. 
The  coal  resting  on  the  chains  and  dead  plates  just 
below  the  hopper  forms  an  air  seal  between  the  wind- 
box  and  the  furnace.  As  the  chains  move  forward, 
they  carry  the  fresh  coal  under  the  feed  gate,  where 
it  is  leveled  off  and  the  depth  of  bed  adjusted  by  means 
of  the  handwhecl  A,  Fig.  2.  The  indicator  H  is  to  show 
the  operator  the  thickne.ss  of  the  fuel  bed.  The  initial 
uniformity  is  maintained  as  the  fuel  bed  is  not  dis- 
turbed after  it  leaves  the  gate,  but  is  supported  and 
carried  forward  by  the  conveyor  chains  without  undue 
agitation. 

Fig.  3  shows  the  grate  surface,  consisting  of  the 
convey ing-chain  elements  A,  alternating  with  the  sta- 
tionary tuyeres  B.  The  chains  are  4i^  in.  wide  and 
the  tuyeres  about  2\'A  in.  The  tops  of  the  tuyeres  are 
smooth  and  depressed  slightly  below  the  chains.  From 
the  feed  gate  to  within  a  short  di.stance  of  the  bridge 
wall  the  grate  surface  slopes  downward  at  an  angle 
of  twenty  degrees  to  the  horizontal.  Near  the  bridge 
wall  the  grate  surface  ri.ses  to  form  a  short  section 
which  is  practically  horizontal,  to  hold  back  the  spent 
fuel,  giving  the  remaining  particles  of  combu.stible  an 
opportunity  to  burn  and  also  increasing  somewhat  the 
thickness  of  the  fuel  bed  at  the  rear  of  the  furnace. 


FIG.    1.      SECTIOXAL,    ELEVATION'    OF    STOWE    STOKER    IX    POSITION    lis    t'LTRXACE 
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INCLOSED  FRONT  OF  STOWE  FORCED-DRAFT 
STOKER 


SHOWING    STATIONARY    TUYERES    AND 
TRAVELING   ELEMENTS 


Referring  again  to  the  sectional  view,  Fig.  1,  it  will 
be  seen  that  the  high  arch,  the  large  area  of  the  face 
of  the  bridge  wall  and  the  sharp  incline  of  the  grate, 
all  combine  to  subject  the  fuel  bed  to  intense  reflected 
heat,  so  that  high  fuel-bed  temperatures  must  prevail ; 
but  as  there  are  no  restrictions  to  the  gas  passage,  the 
heat  is  not  "bottled  up"  in  the  furnace.  These  high 
fuel-bed  temperatures  tend  toward  high  rates  of  burn- 
ing and  efficient  operation. 

Reference  to  Fig.  4  will  show  that  the  chains  are  made 
up  of  four  rows  of  links,  which  are  short,  deep  and 
narrow  when  compared  with  the  conventional  chain- 
grate  link.  The  deep  web  and  the  air  veins  give  propor- 
tionately greater  cooling  surface,  and  this  feature, 
combined  with  protection 
afforded  by  the  thick  layer 
of  refuse  and  combustible 
near  the  bridge  wall,  tends 
to  increase  the  life  of  the 
links.  The  chains  are 
fabricated  with  eccentric 
steel  pins  mounted  within 
steel  bushings  that  extend 
through  the  two  inner 
links  only.  As  the  chains 
break  over  the  idlers  and 
sprockets,  the  pins  rotate 
within  the  bushings.  In 
driving  these  chains,  the 
teeth  of  the  sprockets 
press  against  the  bush- 
ings, so  that  wear  is  con- 
fined to  the  steel  parts. 
The  chains  can  be  ad- 
justed for  length  by  turn- 
ing a  few  of  the  eccentric 
pins,  which  are  held  in 
either  of  two  positions  by 
lugs  on  the  sides  of  the 
links  engaging  cotter  keys. 

A  complete  tuyere  unit 
from  the  dead  plate  to  the 
retarding  bar  at  the  rear 
is  shown  in  Fig.  5.  As 
previously     stated,     the 


FIG.    4.      DETAIL    OF    LINK    CONNECTION 


tuyeres  are  cast  in  short  interchangeable  sections 
containing  varying  percentages  of  air  space,  so 
that  they  can  be  placed  at  any  position  in  the 
length  of  the  grate,  depending  upon  the  air  require- 
ments. Each  tuyere  terminates  in  short  vibrating  bars 
that  slowly  rise  above  and  then  drop  below  the  chains. 
In  the  upper  position  they  stop  the  movement  of  the 
fuel  and  hold  it  back  on  the  active  grate,  while  in  the 
lower  position  they  permit  the  chains  to  carry  the  refuse 
to  the  ashpit.  These  rocket  tuyeres,  or  retarding  bars, 
are  actuated  by  eccentrics  D  fastened  to  the  belt-driven 
shaft  E  in  Fig.  1.  Adjustment  of  the  travel  of  the 
rocker  tuyeres  is  effected  by  means  of  the  lever  F.  It 
may  take  place  all  above  the  top  surface  of  the  chain, 

entirely  below,  or  in  vary- 
ing proportions  partly 
above  and  partly  below 
this  level.  Each  eccentric 
and  adjustment  lever  gov- 
erns the  rocker  tuyeres  for 
about  three  feet  of  the 
furnace  width.  This  ar- 
rangement sectionalizes 
the  fuel  bed  so  that  each 
section  of  grate  can  be 
treated  individually  to 
conform  to  any  unusual 
conditions  arising  in  that 
section.  The  thickened 
fuel  bed  makes  possible  the 
use  of  uniform  windbox 
pressure  and,  in  prevent- 
ing holes  in  what  would 
otherwise  be  the  thin  part 
of  the  fire,  increases  the 
percentage  of  CO,  obtain- 
able and  the  over-all  effi- 
ciency of  the  furnace. 

Drippage  through  the 
grate  is  minimized  as  the 
individual  air  openings 
are  comparatively  small  so 
that  the  percentage  of  air 
space  is  reduced  over 
natural-draft  practice,  and 
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the  hijrfK'i"  iiii"  velocity  llMoiiv'li  tiio  spates  prrvcnts  the 
small  pnrtii-los  of  loal  falliiijf  through. 

The  chain  olcnients  are  driven  h.v  .spnK-kels  keyed  to 
a  siiijfle  shaft  extending  acro.ss  the  stoker.  For  nar- 
row stokers  this  shaft  rotates  in  two  hearinj^s  mounted 
in  the  hopper  frames,  while  for  wide  stokers  one  or 
more  additional  bearings  are  supported  on  center 
frames. 

The  shafts  of  the  sprocket  are  driven  by  an  eccentric 
and  ratchet  through  a  nest  of  spur  gears.  The  wider 
stokers  are  equipped  with  pear  nests  on  either  side, 
and  very  wide  units  may  be  driven  by  two  eccentrics 
and  ratchets,  one  on  each  end  of  the  .shaft.  Chain 
tension  is  adjusted  by  the  take-yp  bolts  B,  Fig.  1.  These 
bolts  move  the  bearing  boxes  in  an  arc  about  the  main 
driving  pinion,  so  that  the  driving  gears  remain  in 
mesh. 

As  the  chains  move  down  through  the  furnace,  they 
are  supported  by  cast-iron  .skids  that  bridge  between 
the  transverse  steel  members  of  the  stoker.  These  skids 
also  serve  as  supports  for  the  tuyeres  and  are  provided 
with  ample  openings  for  admission  of  the  necessary 
quantity  of  air  to  the  grates. 

After  the  chains  leave  the  lower  skids,  they  ride  on 
cast-iron  idlers  in  rounding  the  turn.  The  idlers  are 
larger  in  diameter  than  the  sprockets,  they  are  spaced 
by  means  of  spools  and  are  free  to  turn  about  the 
idler  shaft.  After  turning  around  the  idlers,  the  chain 
elements  pass  through  air-sealed  tunnels  and  then  are 
supported  on  pipe  rollers  during  the  remainder  of  the 
travel. 

Double  Seals  Prevent  Leakage 

Air  for  the  stoker  is  admitted  from  a  chamber  extend- 
ing beneath  the  entire  grate  that  serves  as  a  windbox 
and  drippage  pit.  At  the  rear  of  this  chamber  there  is 
a  concrete  wall  on  which  is  mounted  a  series  of  cast- 


FIG.    5.      COMPLETK    TUYEUK    UXIT 

iron  tunnels  through  which  the  returning  chains  pass. 
Each  tunnel  is  made  up  of  two  seals  with  an  opening 
between  that  communicates  to  the  atmosphere  through 
duct  G,  Fig.  1.  The  advantage  of  this  arrangement 
is  apparent,  because  the  pressure  tending  to  force 
diluting  air  into  the  furnace  is  only  the  difference 
between  the  furnace  draft  and  atmospheric  pressure. 
With  a  single  seal  the  full  windbox  pressure  would 
operate  to  cause  leakage.  The  seal  is  completed  by  a 
transverse  channel,  steel  baffle  and  special  design  of  that 
portion  of  the  skids  and  tuyeres  immediately  above  the 
tunnels. 


riir  l*lcii}y  Oil-F^ii^inc  (lonihiistion 

I'l-w  Amencati  or  fore  ign  liuilders  of  seini-Dicsel  (  il 
engines  retain  the  old  form  of  combustion  space.  It 
was  the  prevailing  btlief  for  many  years  that  a  hot, 
uncooled  surface,  such  as  a  bulb  or  plate,  was  necessary 
to  insure  ignition.  The  development  of  the  dry,  or 
water-injectionless,  engine  led  to  the  adoption  of  a  sepa- 
rate cnml  ustion  chamber  located  in  the  cylinder  head. 
The  fretjuency  of  fractures  in  the  head  from  improper 
cooling  compelled  the  water-jacketing  of  the  entire  com- 
bustion space.     The  walls  no  longer  contained  sufficient 
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eat  to  rai.se  the  temperature  of  the  cylinder  charge 
to  the  ignition  point,  and  the  compre.ssion  pressure  was 
then  increased  to  about  250  lb.  per  .square  inch. 

The  cylinder  head  illustrated  is  employed  on  the 
Plenty  semi-Diesel  engine,  manufactured  at  Newbury, 
England.  The  combustion  cavity,  spherical  in  shape, 
is  formed  by  the  two  parts  of  the  cylinder  head.  The 
head  is  entirely  water-jacketed,  the  water  passing  from 
the  cylinder  jacket  at  the  head  joint.  To  insure  positive 
ignition,  a  cast-iron  shell  is  placed  in  the  lower  half  of 
the  combustion  chamber.  Since  this  shell  is  cooled  only 
through  contact  with  the  cylinder  head,  it  attains  a 
fairly  high  temperature. 

To  secure  the  first  explosions  upon  starting,  a  steel 
plug  is  placed  at  the  top  of  the  combustion  space  and 
is  held  in  place  by  a  ring.  Two  injection  nozzles  are 
fitted  into  the  cylinder  head  and  connected  to  the  pump 
discharge.  On  starting,  the  fuel  passes  through  the 
nozzle  at  the  side  of  the  head  and  strikes  the  plug, 
which  has  been  heated  by  a  torch.  After  the  engine 
has  warmed  up,  the  needle  valve  is  closed  and  the  oil 
is  forced  through  the  main  nozzle  at  the  top  of  the 
head.  The  oil  is  sprayed  downward  toward  the  opening 
to  the  cylinder. 

The  starting  plug  remains  quite  hot,  since  it  is  un- 
cooled. On  low  loads,  when  the  ignition  is  somewhat 
faulty,  the  auxiliary  nozzle  can  be  used,  the  fuel  spray- 
ing onto  the  starting  plug.  It  is  a  somewhat  less  cum- 
bersome arrangement  than  is  usually  found  on  semi- 
Diesel  engines. 


Often  the  cylinder  joint  blows  when  a  semi-Diesel 
engine  begins  to  fire.  It  should  not  be  assumed  that 
the  gasket  is  ruined;  tightening  up  the  nuts  will  often 
stop  the  leaks.  It  is  always  advisable  to  retard  the 
pump  plunger  stroke  until  the  engine  comes  up  to  speed. 
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Where  All  Is  Confusion 

FORTUNE  does  not  smile  upon  all  of  us  when  we 
are  born,  and  so  some  start  their  careers  compara- 
tively handicapped.  The  young  man  without  college 
training  or  the  equivalent  entering  power-plant  work 
on  the  operating  side  and  determined  upon  it  as  a 
career,  is  invariably  "stumped"  by  the  overwhelming, 
confusing  variety  of  machines,  endless  piping,  miles  of 
wire,  gages,  instruments  and  apparatus.  If  the  plant 
happens  to  be  one  serving  a  large  office  building  or 
hotel,  the  situation  for  him  is  at  first  seemingly  im- 
possible of  comprehension.  Steam  lines,  water  pipes, 
hot  and  cold  and  of  various  pressures,  vacuum  lines, 
heating  pipes,  brine  pipes,  ammonia  lines — all  in  unend- 
ing confusion,  under,  over  and  through  buildings,  ma- 
chinery and  numerous  apparatus,  each  performing  a 
different  function.  A  three-ring  circus  or  an  income- 
tax  blank  to  be  filled  are  simple  in  comparison. 

The  mind  of  an  ambitious  young  man,  particularly 
here  in  America,  is  somewhat  like  a  jitney  bus — it 
wants  to  get  there  in  a  rush  and  miss  nothing  on  the 
way.  But  this  cannot  be  done.  Nevertheless,  the  young 
fellow  speeds  on  and  eventually  changes  his  method  of 
attack  and  succeeds,  or  throws  up  his  hands  in  despair 
and  finds  a  job  selling  ribbons  or  as  helper  in  a  garage. 

He  has  not  learned  that  while  there  is  an  interde- 
pendence among  the  maze  of  equipment  he  sees,  the 
whole  is  nothing  more  than  a  number  of  individual 
systems,  each  complete  in  itself  and,  after  all,  not  ter- 
ribly complicated.  It.  is  unfortunate  that  such  young 
men  do  not  have  this  pointed  out  to  them  by  some 
of  the  older  engineers  in  the  plant. 

What  Are  You  Doing 
To  Save  Coal? 

A  COUPLE  of  years  ago,  when  the  demand  for  fuel 
was  enhanced  by  the  forced  rate  at  which  all 
industries  were  being  run  and  the  fuel  supply  was 
limited  by  shortage  of  man  power  and  lack  of  trans- 
portation facilities,  strenuous  efforts  were  made  to  save 
fuel.  The  high  price  demanded  for  coal  even  under 
governmental  price  regulation  inspired  such  efforts,  but 
a  more  compelling  force  was  the  intimation  by  the 
agents  of  the  Fuel  Administration  that  the  man  who 
wasted  coal  would  be  the  first  to  have  his  supply  cut  off 
when  apportionment  became  necessary. 

Under  this  spur  and  through  the  suggestions  of 
committees  of  professional  and  practical  engineers  very 
considerable  savings  were  made  by  ordinary  precautions 
and  simple  expedients  within  the  reach  of  the  ordinary 
engineer  or  manager  of  a  power  plant. 

With  the  termination  of  the  stress  of  war  conditions 
and  the  disorganization  of  the  Fuel  Administration 
there  has  been  a  serious  let-up.  The  reins  have  been 
loosened,  effort  has  been  relaxed,  and  many  plants  have 
relapsed  into  their  old  slipshod  methods  of  keeping 
going  at  any  cost  and  without  much  if  any  attention  to 
what  that  cost  may  be. 


The  engineer  who  can  give  an  intelligent  report  of 
what  it  costs  to  run  his  department  is  the  exception. 

And  yet  the  price  of  coal  is  higher  than  ever,  and  the 
threat  of  shortage  in  some  sections  of  the  country  is  so 
serious  as  to  cause  widespread  alarm. 

It  is  as  essential  as  ever  that  the  best  possible  use  be 
made  of  every  pound  of  coal;  essential  to  the  sections 
whose  supply  is  threatened,  essential  to  make  more  diffi- 
cult the  machinations  of  the  pirates  who  profit  by  the 
necessities  of  others. 

What  are  you  doing  to  save  coal? 

Do  you  really  know  how  much  you  are  burning,  what 
you  are  doing  with  it  and  how  your  results  compare 
with  those  of  others  whose  conditions  are  similar  or 
reducible  to  your  own?  Have  you  coal  scales,  water  ' 
meters,  steam-flow  meters,  draft  gages,  pyrometers, 
CO,  recorders,  etc.,  so  that  you  can  tell  how  much  coal 
you  burn,  how  much  steam  it  makes,  what  kind  of 
steam  it  is,  how  much  air  are  you  heating  unneces- 
sarily and  sending  up  the  stack?  Have  you  indicated 
your  engines  and  pumps  and  seen  that  the  valves  and 
pistons  were  tight,  have  you  trapped  discharges  from 
the  system  and  have  you  seen  that  the  traps  were  work- 
ing properly? 

We  should  welcome  contributions  telling  what 
engineers  have  done  to  save  coal  and  to  record  the 
results  of  their  efforts,  and  we  pay  for  those  which  are 
usable  in  our  columns. 

The  Oil-Engined 
Central  Station 

THE  ever-rising  fuel  costs  and  increasing  wages 
have  served  to  make  even  more  pei'plexing  the 
financial  problems  of  all  public  utilities,  both  corporately 
and  municipally  owned.  Few  even  of  the  most  intelli- 
gently managed  central  stations  have  been  able  to  avoid 
deficits  during  1919  and  1920.  The  municipal  light  and 
water  plants  are,  as  a  rule,  deeply  mired.  Fortunate, 
indeed,  is  the  management  that  can  even  meet  operating 
expenses  without  regard  to  overhead  charges,  which  in 
the  main  must  be  taken  care  of  by  tax  levies  in  those 
localities. 

On  page  615  appears  the  record  of  the  Miami,  Okla- 
homa, municipal  light  and  water  department  for  the 
month  of  May,  1920.  This  represents  very  fairly  the 
average  monthly  balance  sheet.  This  plant  meets  not 
only  all  operating  costs,  but  fixed  charges  as  well.  In 
fact,  after  taking  care  of  all  charges  on  an  excessive 
investment  representing  the  cost  of  the  discarded  plant, 
there  is  a  substantial  balance  remaining. 

The  results  obtained  are  not  due  to  any  exceptionally 
favorable  load  conditions  nor  to  unusually  high  rates 
for  current  and  water.  The  plant  is  an  example  of  the 
efl!iciency  that  can  be  secured  by  proper  selection  of 
prime  mover.  The  oil  engine  possesses  certain  char- 
acteristics, such  as  no  stand-by  losses,  high  thermal  effi- 
ciency and  an  excellent  low-load  fuel  consumption,  that 
make  its  selection  for  light  and  water  plants  especially 
advantageous. 
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.SyiirhroiioiiM  Motor-( .rncnilor 
Fr«*qnriir\   (iliaii^rrH 

WIIKN  ;»lttMii;it  iiijr-t  ii'Tcii'  .^v.slom.s  are  to  bo  nper- 
alod  in  parallel,  thi'ie  nui.st  exi.st  between  them  a 
>imilurity  of  voltaKe  phase  and  freriuency.  Voltavre  and 
phase  chanjie  can  be  obtained  Ihrounh  static  trans- 
formers, but  a  chanjre  of  freciuency  can  be  accomplished 
commercially  only  throii^rh  rotating  machinery,  usually 
a  synchronous  niotor-jrenerator  set. 

As  lonp  as  each  locality  or  industry  was  supplied  by 
its  own  power  system,  the  question  of  fre(|uency  was 
not  of  serious  importance  and  a  large  number  of  fre- 
quencies came  into  use,  varying  from  si.xteen  to  one 
hundred  and  thirty-three  cycles.  But  when  the  econ- 
omies to  be  realized  by  interconnecting  power  systems 
began  to  be  appreciated,  the  frequencies  of  the  various 
systems  became  of  vital  consideration,  since  wherever 
a  difference  of  frequency  existed  it  necessitated  the  in- 
stallation of  special  machinery  which  to  a  certain  extent 
nullified  the  benefits  to  be  obtained  from  interconnec- 
tion. This  has  very  forcefully  brought  home  the  neces- 
sity of  a  standard  frequency  and  has  resulted  in  the 
elimination  of  practically  all  frequencies  in  this  country 
except  twenty-five  and  sixty  cycles.  Due  to  the  inter- 
connection of  large  power  systems  frequency  changers 
have  become  an  important  part  of  many  power-plant 
equipments.  Therefore  the  article  on  "Operation  of 
Synchronous  Motor-Generator  Frequency  Changers," 
by  M.  W.  Smith,  in  this  issue,  will  be  of  interest. 

In  the  distribution  of  alternating  current  there  is,  in 
general,  a  prejudice  against  the  use  of  rotating  ma- 
chinery, largely  on  account  of  the  simplicity  of  the 
static  transformer,  which  may  be  operated  for  long 
periods  before  requiring  attention,  while  a  frequency- 
changer  set  requires  an  attendant.  With  the  latter  the 
efficiency  is  also  lower,  being  around  ninety  per  cent, 
compared  to  ninety-eight  or  ninety-nine  per  cent  for 
the  static  transformer.  However,  where  power  is  sup- 
plied from  a  frequency  changer,  the  conditions  existing 
in  the  load  are  not  reflected  back  into  the  main  system 
as  when  static  transformers  are  used.  Where  the  power 
factor  of  the  load  supplied  from  a  frequency-changer 
set  is  low,  the  only  machine  on  the  system  that  is 
affected  is  the  generator  of  the  set;  but  with  static 
transformers,  the  wattless  current  would  be  transmitted 
all  the  way  back  to  the  generating  station  unless  cor- 
rective devices  were  used  out  on  the  system.  Further- 
more, the  motor  of  the  set  will  also  correct  for  power 
factor,  even  if  the  only  adjustment  made  is  to  regulate 
the  field  current  to  give  unity  power  factor  at  full  load. 
Such  a  load  would  improve  the  power  factor  of  the 
system,  and  if  the  load  is  reduced  on  the  motor  it  will 
automatically  begin  to  supply  a  leading  wattless  cur- 
rent to  the  system  to  neutralize  the  effect  of  an  equal 
amount  of  lagging  current. 

\Vhere  large  blocks  of  power  having  low  power  factor 
are  being  supplied  from  a  system  of  fifteen  thousand 
volts  or  less  and  it  is  desired  to  correct  the  power  factor, 
there  are  cases  where  a  synchronous  motor-generator 
set  can  compare  economically  with  the  static  trans- 
former. By  using  the  motor-generator  set,  the  trans- 
formers will  be  eliminated  Cwhich  will  amount  to  a 
large  percentage  of  the  cost  of  the  set),  the  low  power- 
factor  load  will  be  isolated  from  the  main  system,  and 
the  motor  driving  the  set  may  be  capable  of  correcting 
largely  the  lagging  wattless  of  the  main  system. 


Mo  Wr  Wuiil  M 
F'ool-Proof  Maciiiiir? 

IN  a  technical  magazine  there  appeared  recently  an 
advertisement  which  in  large  type  set  forth  a  claim 
of  "a  fool-proof  machine."  Proceeding,  the  adverti.se- 
ment  explained  the  automatic  and  continuous  operation 
of  weighing  and  proportioning  the  materials  to  be 
mixed  in  the  equipment.  All  of  this  rai.ses  a  question 
of  the  extent  to  which  we  can  safely  go  in  this  direction. 

Anything  that  savors  of  ab.solutely  automatic  opera- 
tion is  generally  regarded  as  undesirable.  In  order  to 
off.set  undue  dependence  upon  automatic  features  gages 
or  indicators  of  some  type  are  very  often  put  in  such 
I)ositions  that  the  operator  must  actually  go  near  the 
machine  or  device  in  order  to  read  them  at  the  inter- 
vals required.  This  judicious  placing  of  indicating 
devices  at  what  would  otherwise  be  inconvenient  loca- 
tions should  not  be  overlooked.  The  operator  who  gets 
to  regard  a  machine  as  a  thing  which  will  go  by  itself 
and  which  he  can  forget,  is  reaching  a  dangerous  frame 
of  mind. 

Let  us  oy  al.  means  .save  human  labor  by  making 
our  devices  as  nearly  automatic  as  may  be  prac- 
ticable, but  let  us  not  go  too  far  in  eliminating  the 
intimate  supervision  and  the  vigilance  upon  which  safa 
plant  operation  depends. 

Another  Coal  Dope 

THIS   time   it   comes   from   Denver   and   the   claims 
made  for  it  are  even  more  than  ordinarily  brash. 
Listen ! 

COALSAVER  is  a  powder  which  in  a  moment's  time  is 
dissolved  in  a  little  water  and  sprinkled  over  the  coal.  It  is 
a  wonderful  combination  of  minerals  which  at  a  certain 
heat  produces  oxygen.  This  oxygen  combines  with  the  gas 
in  coal  and  consumes  it  all,  leaving  nothing  but  a  small 
percentage  of  slate  or  ashes. 

It  is  a  well-known  fact  that  when  coal  is  burned  under 
ordinary  conditions  as  much  of  the  heat  stored  in  it  goes 
to  waste  up  the  chimney  or  smokestack  as  remains  to  be 
utilized.  When  COALSAVER  is  used  the  dampers  or 
drafts  are  shut  off  once  the  fire  is  under  way,  thus  keeping 
all  the  gases  in  the  stove.  COALSAVER  gradually  con- 
sumes these  gases,  which  are  the  real  vitality  of  heat-pro- 
ducing energy  in  the  coal,  and  thus  utilizes  the  enormous 
amount  of  heat  which  ordinarily  is  wasted.  Everyone 
knows  that  air  is  required  to  burn  coal,  and  so  quite  natu- 
rally wonders  how  the  fire  can  be  made  to  burn  when  the 
dampers  are  shut  off.  Right  here  is  the  secret  of  COAL- 
SAVER— it  supplies  this  air  in  its  purest  form  and  in 
exactly  the  proper  amount. 

It  would  take  28  tons  of  oxygen  to  burn  a  ton  of  coal 
if  the  coal  were  pure  carbon  and  every  atom  of  the 
oxygen  got  into  combination  with  some  of  it.  It  is 
proposed  to  furnish  this  nearly  three  tons  of  oxygen  or 
its  equivalent  by  dissolving  the  contents  of  a  dollar 
package  of  powder  in  water  and  sprinkling  it  over 
the  coal. 

To  supply  this  2i  tons  of  oxygen  11.520  tons,  or 
285,696  cubic  feet,  of  air  is  required — enough  to  make 
a  cube  about  sixty-six  feet  large,  and  you  get  the 
equivalent  of  all  this  in  a  dollar  package. 

It  will  save  one  quarter  to  one-half  your  coal,  give 
a  hotter,  brighter,  cleaner  and  more  cheerful  fire  and 
do  away  with  clinkers,  soot-shaking  and  dirty  work. 
All  that  is  needed  now  is  to  put  in  a  pinch  of  some  other 
secret  and  mysterious  chemical  to  make  it  shovel  out 
the  ashes  and  put  the  teakettle  on. 

And  a  lot  of  poor  simps  are  falling  for  it. 
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Where  Should  the  Beginner  Start? 

On  page  402  of  the  Sept.  7  issue  of  Poiver,  C.  F. 
Dewey's  article  relates  to  starting  the  beginner  where 
he  can  learn  to  do  his  own  repair  work.  It  would  be 
a  wonderful  help  to  the  young  engineers,  water  tenders 
and  firemen,  but  it  is  not  essential  for  the  fireman  be- 
cause he  is  not  generally  called  upon  to  make  repairs. 
His  job  is  to  produce  the  maximum  volume  of  steam 
with  the  minimum  amount  of  fuel. 

He  does  not  always  do  so,  however,  for  about  nine 
out  of  evei'y  ten  firemen  fire  as  if  the  coal  pile  had 
no  bottom.  These  men  have  never  had  any  supervising 
as  to  how  to  produce  steam  with  economy.  I  have  found 
from  experience  that  it  is  necessary  to  spend  hours 
explaining  the  method  of  proper  firing  and  the  draft 
that  will  meet  the  requirements  of  the  load  with  the 
least  fuel. 

How  many  engineers  know  what  draft  they  carry  or 
what  drafts  they  should  have  for  the  grade  of  fuel 
being  used?  If  they  did  they  would  go  into  the  boiler 
room  and  spend  hours  with  the  firemen  explaining  the 
different  drafts  to  meet  the  different  requirements  of 
the  various  loads.  If  you  were  to  ask  a  man  what  his 
over-all  and  boiler  efficiencies  were  no  doubt  he  would 
put  them  high  enough,  and  if  you  were  to  inquire  as 
to  how  much  excess  air  was  being  admitted  he  would 
doubtless  take  an  oath  that  the  settings  were  abso- 
lutely tight.  The  settings  may  have  been  tight  at  one 
time,  but  the  question  is.  Are  they  tight  at  all  times? 
That  is  what  counts.  If  you  inquired  as  to  the  condi- 
tion of  the  baffles  no  doubt  you  would  be  told  they  were 
in  first-class  shape.  But  I  venture  to  say  if  they  were 
looked  at  while  the  furnace  was  in  operation  plenty  of 
leaks  would  be  in  evidence.  Such  cases  are  too  prevalent. 

The  fireman  is  the  biggest  problem  we  have  to  deal 
with.  He  can  be  wasteful  or  he  can  be  saving.  He 
handles  a  large  sum  of  money  in  the  form  of  coal.  He 
handles  it  with  a  shovel,  getting  all  of  the  dollars 
through  the  furnace  door  that  he  can  and  letting  the 
small  change  mix  with  the  ash  instead  of  sending  it 
to  the  bank  to  be  credited  to  the  company's  account. 

I  would  start  the  beginner  for  the  boiler  room  in  the 
boiler  room  and  with  a  man  who  knew  how  and  could 
produce  high  efficiency.  Then  by  the  time  he  is  well 
broken  in  he  will  understand  all  the  appliances  and  will 
begin  to  like  the  work.  I  have  had  firemen  that  have 
started  in  the  engine  room  and  I  will  admit  that  they 
have  been  failures  in  the  boiler  room,  but  by  re-entering 
the  engine  room  they  have  made  good. 

Latrobe,  Pa.  R.  M.  Jennings. 


Pit  Holes  in  Feed  Pipe 

In  the  issue  of  Sept.  28,  page  514,  W.  A.  Wallace  asks 
for  information  regarding  pit  holes  in  feed  pipes  to 
boilers. 

I  have  had  some  experience  with  pitting  in  pipes  to 
boilers,  which  has  been  traced  to  free  carbonic-acid  gas 
in  the  water.  This  has  caused  brass  pipes  to  disinte- 
grate, but  not  nearly  so  fast  as  steel,  either  galvanized 
or  black.  Wrought-iron  pipe  also  has  given  trouble  in 
similar  locations.  Cast  iron  has  been  more  or  less  free 
from  it,  and  in  one  or  two  cases  we  have  substituted 
cast-iron  pipe  for  steel  with  very  good  results. 

The  best  results,  however,  were  obtained  through  the 
use  of  an  open  feed-water  heater,  which  allows  the  free 
carbonic-acid  gas  to  escape  through  the  vent. 

In  this  case  I  imagine  it  would  probably  be  impossible 
to  replace  the  closed  heater  by  an  open  one,  and  I  would 
suggest  the  placing  of  a  pocket  reasonably  close  to  the 
heater  where  the  gas  can  rise,  and  the  installation  of  an 
air  separating  valve  such  as  is  used  on  forced  circula- 
tion of  hot-water  systems,  to  free  the  line  of  the  car- 
bonic-acid gas  and  therefore  prevent  this  doing  any 
serious  damage. 

I  am  not  positive  that  this  will  eliminate  the  trouble, 
but  I  believe  it  will  go  a  long  way  toward  it. 

Boston,  Mass  Henry  D.  Jackson. 


I  would  advise  J.  A.  Wallace  to  cover  his  feed  pipe 
between  the  feed  pump  and  the  boilers  with  asbestos 
or  magnesia.  This  will  prevent  the  cold  air  coming 
in  contact  with  the  hot  pipe.  Unequal  temperatures 
are  the  chief  cause  of  pit  holes  coming  on  the  pipes. 
Unequal  temperatures  will  shorten  the  life  of  any  pipe, 
whether  it  is  steel  or  iron. 

If  the  pump  is  not  in  good  working  condition  it  will 
either  go  too  fast  and  flood  the  boiler,  or  sometimes 
when  the  fireman  shuts  off  the  steam  to  slow  it  down 
it  will  stick,  and  if  the  check  valve  or  the  pump  dis- 
charge valves  are  not  tight  the  water  at  over  300  deg. 
temperature  will  leak  from  the  boiler  back  through  the 
pump. 

The  best  way  to  maintain  an  equal  temperature  in 
the  boiler-feed  pipes  is  to  run  the  feed  pump  fast 
enough  to  keep  a  steady  water  level,  and  then  the  feed 
water  will  have  a  chance  to  get  heated  to  a  uniform 
temperature  at  all  times.  I  advise  putting  in  two  check 
valves  and  a  new  set  of  pump  valves,  also  a  pump  gov- 
ernor. Then,  if  the  feed  pipe  is  covered,  the  trouble 
will  be  ended.  Patrick  Malloy. 

New  York  City. 
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IVotortiiip  llir  Oil  Hole 

Kvon  on  hiKh-cla.'<.s  niiuhiiuMV  provision  for  oilinK 
many  of  the  bearings  is  by  a  count cr.sunk  hole,  as 
shown  at  A.  A  straight  hole  would  be  bad  enouKh,  but 
the  lounteisinkiiiK  really  nmke.s  it  wor.se  by  providing 
an  enlartjed  loc^'inK  plare  for  dirt,  which  will  con- 
tinually find  it.s  way  ii\to  the  bearin^:.     An  inexpen.sive 


TYPES   OF   BE.VRING    OILERS 

improvement  on  this  is  to  drill  out  the  hole  and  screw 
or  drive  in  a  brass  tube  or  length  of  pipe,  as  at  B. 
There  will  then  be  much  less  liability  of  the  dirt  getting 
into  the  bearing,  and  still  less  if  a  wood  plug  is  fitted 
into  the  end  of  the  tube  as  is  usually  done  as  shown 
by  C.  It  is  easy  to  plug  up  permanently  the  end  of  such 
a  tube,  as  at  D,  and  drill  the  oil  hole  on  the  side, 
giving  still  greater  protection  from  dirt,  at  least  as 
compared  to  the  open  tube,  and  furthermore,  there  is 
no  plug  to  lose. 

The  final  improvement  in  the  improvised  oiler  is  shown 
by  E,  where  a  cap  is  slipped  over  the  tube  and  a  screw 
put  into  the  inner-tube  plug  to  prevent  the  cap  from 
being  taken  off.  A  hole  is  drilled  in  the  cap  lower  than 
the  one  in  the  tube,  so  that  the  latter  must  be  lifted  to 
apply  the  oil  can  spout. 

When  an  open  bearing  is  located  in  an  inaccessible 
place,  with  plenty  of  room  above  it,  it  is  a  good  plan  to 
screw  a  pipe  nipple  into  the  box,  then  a  reducer  and  a 
large  pipe  nipple  and  a  cap,  as  at  F.  The  large  pipe  is 
stuffed  with  waste  and  oil  poured  in,  which  will  slowly 
find  its  way  into  the  bearing. 

A  further  refinement  is  to  plug  up  the  lower  end  of 
the  nipple  with  a  brass  plug  drilled  for  a  felt  wick. 
A  spring  retained  by  a  pin  driven  through  the  upper 
end  of  the  nipple  forces  the  wick  against  the  shaft  (see 
G),  the  action  being  similar  to  the  wick  oiler  found  on 
small  electric  motors.  H.  H.  Parker. 

Oakland,  Cal. 


nections  to  the  boilers.  The  cyclone  that  receiveH  the 
.shaving.s  from  the  mill  is  on  the  boiler-room  roof,  and 
just  below  is  a  .shavings  vault  with  a  bypass  to  run  them 
either  into  the  vault  or  directly  under  the  boilers. 

By  connecting  the  piping  and  feeding  shavings 
directly  under  the  boilers  from  the  cyclone,  more  coal 
was  used  than  when  the  shavings  were  shoveled  by  hand. 
By  feeding  in  this  way,  it  was  thought  to  do  away  with 
opening  the  firedoors  for  long  periods.  The  air  blowing 
under  the  lK)ilcrs  with  the  shavings  made  matters  worse. 
After  two  days'  running  it  was  necessary  to  shut  down 
to  roll  the  leaking  tubes  of  the  horizontal  return- 
tubular   boilers   in   use. 

Can  any  Power  reader  augge.st  a   remedy? 

I  should  be  glad  to  know  how  other  plants  burn  shav- 
ings direct  from  the  cyclone.  Information  from  engi- 
neers who  have  had  experience  in  burning  shavings  will 
be  appreciated.  ERNIE  SCHATZ. 

Racine,  Wis. 

Cabinet  for  Emergency  Gaskets 

There  is  perhaps  not  a  power  plant  in  the  country 
that  has  not  met  with  an  emergency  blowout  where 
everybody  rushes  madly  about  trying  to  get  the  line 


HANDY    EXGIXE-ROOM    CABINET 


How  Can  Shavings  Be  Burned  with  Coal? 

I  have  charge  of  a  power  plant  where  there  is  a  con- 
siderable quantity  of  shavings  to  burn.  The  factory 
mill  makes  enough  shavings  in  a  day  to  run  the  power 
plant  about  five  hours.  When  I  took  charge  of  the 
plant,  the  shavings  were  shoveled  into  the  furnace  by 
hand,  although  there  was  a  shavings  chute  with  con- 


back  into  service.  I  recently  stepped  into  a  plant 
where  they  had  provided  a  large  double  glass-door 
cabinet  wherein  were  hung  in  plain  sight,  with  a 
sign  on  each,  a  new  gasket  for  each  important  steam 
joint  on  the  main  lines  and  feeders.  The  idea  is  shown 
by  the  illustration.  Charles  H.  Willey. 

Concord,  N.  H. 


October  19,  1920 


POWER 


631 


Method  of  Keeping  Wires  Straight  When 

Being  Pulled  Into  Conduit 

Where  a  number  of  conductors  are  being  pulled  into 
a  conduit,  such  as  for  the  connections  between  a  con- 
troller and  its  resistance  or  motor,  from  a  field-rheostat 
dial  and  operating  mechanism  on  the  switchboard  to  the 
resistance  located  some  distance  away,  etc.,  the  problem 
of  keeping  the  wires  straight  and  properly  laid  up  dur- 


ARRAXGEMEXT    OF   COXDt'CTORS    WHEN    BEING    PUI.LED 
INTO  A   CONDUIT 

ing  the  pulling-in  process  is  always  present.  I  have 
found  the  scheme  illustrated  in  the  figure  one  that 
solves  the  problem  very  nicely. 

In  a  piece  of  board  a  number  of  holes  are  bored,  and 
through  these  the  wires  are  passed  and  then  connected  to 
the  pull-in  line.  When  the  wires  are  connected  the 
board  can  be  held  away  from  the  end  of  the  conduit  by 
a  man  while  the  wires  are  being  pulled.  Since  the  holes 
in  the  board  hold  the  conductors  in  a  given  position  on 
entering  the  conduit  they  will  maintain  this  position 
throughout  the  latter's  length.  This  greatly  facilitates 
cabling  up  as  the  wires  occupy  practically  the  same  rela- 
tive position  in  each  end  of  the  conduit.  When  they  are 
tested  out  the  top  conductors  at  one  end  will  be  found 
on  top  at  the  other  and  the  bottom  conductors  at  one  end 
on  the  bottom  at  the  other,  which  is  seldom  the  case  ex- 
cepting where  some  means  is  provided  to  hold  each  wire 
in  a  given  position  in  the  cable.  W.  A.  Harris. 

New  York  City. 


Static  Electricity  in  Belts 

In  our  plant  there  are  a  number  of  belts  that  are 
highly  charged  with  static  electricity.  There  has  been 
considerable  discussion  among  the  members  of  the  oper- 
ating force  as  to  just  what  effect  this  static  will  have 
upon  the  operation  of  the  motors.  I  contend  that, 
outside  of  being  annoying  to  work  around,  these  static 
charges  will  not  affect  the  motors  in  the  least.  Some 
of  the  others  claim  that  static  charges  in  belts  will 
cause  the  insulation  on  the  motor  windings  to  break 
down,  but  cannot  recall  any  specific  case  where  this 
has  occurred. 


I  would  like  to  have  the  opinion  of  some  of  the 
readers  of  Poiver  on  this  matter.  Is  there  an  actual 
case  on  record  where  it  is  known  specifically  that  static 
electricity  in  belts  has  destroyed  the  insulation  on  elec- 
trical machinery,  and  also  what  is  the  best  way  of  over- 
coming the  static  charge?  B.  A.  Briggs. 

New  York  City. 

Repair  of  Diesel  Fuel  Valve 

With  the  closed-nozzle  type  of  fuel  valve  the  needle 
often  scores  the  seat.  Minor  scores  or  cuts  can  be 
removed  by  grinding.  If  the  valve  seat  is  very  rough, 
it  may  be  repaired  by  re-reaming.  Frequently,  the  wear 
is  so  very  rapid  that  constant  reaming  finally  allows 
the  tip  of  the  needle  valve  to  protrude  and  strike  against 
the  flame  plate. 

It  is  impossible  to  fully  determine  what  causes  the 
rapid  cutting.  Some  engineers,  thinking  the  spring 
compression  too  high,  have  slacked  back  the  adjusting 
screw.  The  valve  then  apparently  cuts  as  fast  as  before. 
Evidently,  if  the  spring  resistance  is  not  high,  the 
needle  valve  chatters  on  the  seat  when  closing.  If  the 
spring  compression  is  high,  the  valve  seats  with  a  blow, 
but  does  not  chatter.  There  is,  evidently,  a  point  in 
the  adjustment  of  the  spring  where  the  cutting  effect 
is  at  a  minimum.     This  can  be  determined  by  trial. 

When  the  valve-cage  seat  has  worn  to  such  an  extent 
that  the  needle  valve  tip  protrudes,  some  engineers  dis- 
card the  cage  and  obtain  a  new  one.  At  a  small  ex- 
pense an  engineer  recently  repaired  several  fuel-valve 
cages,  making  them  fully  as  serviceable  as  new  ones. 

In  Fig.  1  appears  the  Mcintosh  &  Seymour  fuel  valve 
and  cage,  showing  where  the  valve  seat  began  to  cut. 


When  the  valve  functioned  no  longer,  the  cage  was  re- 
moved from  the  engine.  The  end  was  cut  off,  bored 
and  threaded.  A  tip  was  turned  out  of  steel  and 
screwed  into  the  cage,  as  shown  in  the  drawing  to  the 
left.  This  repair  enabled  the  operator  to  avoid  the 
purchase  of  a  new  cage.  The  cost  of  repairing  was 
about  five  dollars,  if  the  engineer's  time  be  charged  to 
the  job.  H.  Long. 

Dallas,  Tex. 
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lirinoxiii^  u  Brukcii  \\  (Mlg<>  liolt 

In  11.  Hanikt'ii.s'  article  on  "Steutn-EnKine  Oporation 
and  iMaintenance."  pajje  Dti  of  the  July  20  is.sue  of 
I'oH'tr,  he  mentions  the  trouble  of  removing  wed^e  bolts 
when  broken  off  short  in  the  wedge.  Drilling  the  wedKt' 
bolt  and  baiking  it  out  with  a  reamer  requires  time, 
and  usually  the  housing  has  to  be  removed  first  to  make 
room  for  the  drill,  which  re<iuires  more  time. 

After  the  wedge  bolt  is  maihined  and  threaded,  a 
groove  can  be  cut  crosswise  of  the  threaded  end  of  the 


REMOVING    A    P.ROKEX    WEDGE    BOLT 

bolt  with  a  hacksaw,  or  in  large  wedge  bolts  it  can  be 
done  in  a  shaper,  the  depth  and  width  of  the  groove 
depending  on  the  engineer's  judgment. 

Then  if  the  top  bolt  should  break  off  short  in  the 
wedge,  the  bottom  wedge  bolt  can  be  removed  and  a 
screwdriver  or  a  piece  of  flat  steel,  finished  on  one  end 
to  fit  the  groove  in  the  end  of  the  top  wedge  bolt,  can 
be  passed  up  through  the  hole  in  the  connecting  rod 
and  the  broken  w-edge  bolt  backed  out,  and  vice  versa 
in  case  the  bottom  bolt  breaks. 

Humboldt,  Ariz.  H.  J.  Baker. 


Engineers'  License  Laws 

Discussions  regarding  engineers'  license  laws  are  of 
more  or  less  interest  to  engineers.  Some  believe  that 
such  laws  are  necessary,  and  others  are  of  the  opinion 
that  they  are  useless.  Some  hold  that  a  license  law  is 
mostly  a  means  of  preventing  the  possibility  of  an  over- 
production of  engineers;  others  are  convinced  that  it 
is  the  only  means  of  protecting  the  public  from  the 
results  of  accident. 

As  I  under.stand  it,  the  intent  and  purpose  of  the 
license  law,  as  originally  conceived,  was  to  protect  the 
public  against  boiler  explosions.  That  in  itself  was 
commendable,  because  innocent  workmen  and  others 
passing  by  the  plant  might  be  exposed  to  injury  if  the 
boiler  plant  were  in  charge  of  an  incompetent  man. 

It  stands  to  reason  that  the  boiler  attendant  should 
be  familiar  with  the  operation  of  a  boiler  and  have  a 
general  knowledge  of  its  construction.  Naturally,  too, 
the  engineer  in  charge  of  the  plant  should  understand 
boilers,  their  design,  operation  and  upkeep.  Further 
than  that,  why  should  an  engineer  be  obliged  to  work 
under  a  license? 


Suppose  that  a  man  .seeks  a  position  in  a  steam  plant. 
If  ho  can  T)ass  a  satisfactory  examination  as  to  the 
care  and  management  of  the  boilers,  why  should  he 
be  obliged  to  satisfy  the  examiner  that  he  knows  how  to 
.set  the  valves  on  the  various  kinds  of  engines  that  are 
being  operated?  The  public  i.s  not  concerned,  and  there 
would  be  no  menace  to  them  if  the  valves  were  ho 
faultily  .set  that  the  engine  would  almost  as  soon  run 
backward  as  forward.  In  fact,  it  would  make  no  dif- 
ftrence  to  the  public  if  the  engine  was  loo.se  in  every 
bearing  and  its  thumping  could  be  heard  a  mile  away. 

Then  an  engineer  is  examined  regarding  indicating 
an  engine  and  is  suppo.sed  to  know  all  about  steam 
economics.  But  these  do  not  interest  the  public.  Why, 
then,  the  necessity  of  an  examination?  The  present- 
day  engineer  is  also  suppo.sed  to  know  all  about  motors 
and  generators,  but  the  pul>lic  would  not  be  concerned 
if  an  engineer  burned  one  up  every  hour  of  the  day. 

It  is  true  that  engine  flywheels  explode  and  that  the 
damage  is  carried  outside  of  the  plant,  but  a  license 
won't  prevent  a  flywheel  accident,  and  it  is  safe  to  say 
that  more  flywheels  explode  in  plants  operated  by 
licen.sed  engineers  than  in  non-licensed  plants.  So  the 
licen.se  does  not  protect  the  public  in  this  regard. 

Some  may  say  that  a  licensed  engineer  is  necessary  to 
protect  the  employer  against  incompetent  engineers. 
That  the  plant  owner  is  benefited  is  doubtless  true,  but 
why  should  an  engineer  be  made  to  pay  a  license  fee  .so 
that  the  plant  owner  may  be  benefited?  He  should 
take  the  same  chance  when  hiring  an  engineer  that  he 
does  when  he  engages  an  efficiency  engineer,  and  the 
Lord  knows  that  he  is  taking  a  chance  with  the  latter 
individual. 

If  a  plant  owner  engages  an  incompetent  engineer, 
it  is  his  own  fault  if  he  does  not  find  it  out  and  get 
another  man  in  his  place.  I  do  not  see,  however,  why 
engineers  should  be  taxed  so  as  to  guarantee  that  a 
competent  man  is  applying  for  a  job.  Holding  a  license 
does  not  make  a  competent  engineer  in  any  event,  and 
the  condition  of  many  plants  in  charge  of  licensed 
engineers  proves  that  this  is  so. 

If  we  are  to  have  license  laws  let  us  not  fool  ourselves 
that  they  are  enacted  for  the  benefit  of  the  public, 
because  they  are  not.  Every  engineers'  license  law  that 
I  know  anything  about  has  been  proposed  by  operating 
engineers  under  the  guise  of  protecting  the  public,  but 
in  reality  to  keep  the  supply  of  engineers  as  small  as 
possible. 

Legislatures  have  opposed  such  laws  on  the  ground 
that  they  would  be  expensive  and  a  tax  on  the  public, 
and  so  the  engineers  agree  to  be  fined  in  order  to  make 
the  inspection  department  self-supporting,  so  that  they 
can  protect  the  public,  who  don't  care  a  whoop  one  way 
or  the  other.     It's  a  joke. 

The  employers  in  most  cases  oppose  the  adoption  of  a 
license  law,  but  the  operating  engineers  insist  that  they 
be  licensed  so  as  to  prevent  the  plant  owner  from  putting 
a  $100,000  steam  plant  in  charge  of  an  incompetent 
man.  In  other  words,  they  insist  on  paying  a  license 
fee  in  order  to  act  as  a  guardian  for  the  plant  owner. 

I  hold  a  Massachusetts  license.  Therefore,  I  am  not 
sore  because  I  cannot  get  one,  but  it  is  my  firm  belief 
that  the  only  reason  that  engineers  have  favored  license 
laws  is  in  order  that  they  may  feel  more  secure  in  their 
jobs,  knowing  that  the  harder  the  examination  the 
fewer  engineers  there  will  be  looking  for  their  positions. 

Boston,  Mass.  W.  F.  Lockwood. 
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INQUIRIES 

)F  GENERAL 
INTEREST 


Proportions  of  Corliss  Elngine  Cylinders — Why  are  Corliss 
engines  made  with  cylinders  longer  in  proportion  to  their 
diameters  than  in  most  other  types  of  cutoff  engines  ? 

J.  R.  F. 

The  speed  at  which  an  engine  can  be  run  with  regular 
Corliss  valve  gear  is  limited  to  the  time  required  for  the 
various  parts  of  the  valve  gear  to  adjust  themselves  and 
for  the  dashpot  pistons  to  work  properly;  and  to  obtain 
a  proper  piston  speed  with  the  slow  rate  of  revolution 
required,  the  stroke  of  piston  and  length  of  cylinder  are 
made  long  in  proportion  to  diameter. 


Priming  of  Portable  Boiler — What  would  cause  priming 
of  a  threshing-engine  boiler  after  about  ten  days'  use  with 
the  same  quality  of  fuel  and  of  feed  water  ?  E.  R. 

The  priming  of  the  boiler  may  be  caused  by  sediment 
accumulated  out  of  the  feed  water,  or  carrying  the  water 
level  so  high  as  to  afford  insufficient  steam  room,  or  may 
be  due  to  local  violent  boiling  of  the  water  from  greater 
concentration  of  the  furnace  heat  upon  the  heating  surfaces 
of  the  firebox,  caused  by  dirty  fire  tubes.  Frequent  washing 
out  of  the  boiler  and  cleaning  of  the  tubes  will  result  in 
better  quality  of  steam  and  improvement  of  fuel  economy. 


Advantage  of  Superheated  Steam  for  Reciprocating 
Engine — How  is  advantage  gained  by  the  use  of  super- 
heated steam  for  a  reciprocating  engine?  G.  L. 

The  principal  advantage  is  derived  from  prevention  of 
initial  condensation.  The  higher  the  degree  of  superheat 
the  drier  the  steam  at  cutoff,  and  by  sufficiently  superheating 
the  steam  supplied  to  an  engine,  it  is  possible  to  prevent  any 
cylinder  condensation  and  deliver  dry  or  superheated  steam 
during  the  exhaust.  By  using  superheated  steam,  single- 
cylinder  engines  which  are  subject  to  large  losses  from 
cylinder  condensation  when  supplied  with  saturated  steam, 
may  be  operated  successfully  through  a  greater  range  of 
expansions  and  such  an  engine  may  be  run  economically 
with  either  a  light  or  a  heavy  load. 


Evaporation  for  Stated  Number  of  Boiler  Horsepow..r — 

What  quantity  of  feed  water  must  be  evaporated  per  hour 
for  development  of  200  boiler  horsepower  capacity  with 
steam  generated  at  150  lb.  pressu  e  and  feed  water  at  the 
temperature  of  176  deg.  F.?  C.  M. 

A  standard  boiler  horsepower  is  equivalent  to  the  evapora- 
tion of  34.5  lb.  of  water  from  and  212  deg.  F.,  or  34.5  x 
970.4  B.t.u.,  per  hour.  Each  pound  of  steam  generated  at 
150  lb.  gage,  or  165  lb,  per  sq.in.  absolute,  contains  1,195 
B.t.u.  above  32  deg.  F.,  and  having  the  feed  water  tempera- 
ture at  176  —  32  =  144  deg.  above  32  deg.  F.,  each  pound 
of  the  feed  water  would  receive  1,195  —  144  =  1,051  B.t.u. 
Hence,  under  the  conditions  stated,  evaporation  into  dry 
saturated  steam  of  970.4  x  34.5  ^  1,051  -  31.85  lb.  of 
water  per  hour  would  be  required  per  boiler  hoi'sepower, 
and  200  boiler  horsepower  would  require  evaporation  of 
31.85   X   200  —  6,370  lb.  of  feed  water  per  hour. 


"High-Pressure"  and  "Low-Pressure"  Steam — What  is  the 
difference  between  high-  and  low-pressure  steam  ?       L.  B. 

The  higher  the  pressure  of  steam  the  greater  its  density, 
the  higher  its  temperature  and  the  greater  the  number  of 
heat   units    contained    per    pound    of    heaviness.      In    other 


respects  the  physical  characteristics  of  different  pressures 
are  identical.  The  designations  "high-pressure"  and  "low- 
pressure"  steam  are  purely  empirical  and  vary  in  signifi- 
cance in  different  localities,  establishments  and  operations. 
High-pressure  steam  generally  is  understood  to  apply  to 
steam  received  directly  from  a  boiler  at  high  enough  pres- 
sure for  power  purposes  and  without  having  sustained  a 
reduction  of  pressure  by  passage  through  an  engine, 
pressure-reducing  valve  or  heating  apparatus;  and  "low- 
pressure"  steam  generally  is  applied  to  exhaust  steam  or 
to  steam  that  has  been  used  first-handed  in  an  engine,  or 
steam  whose  pressure  is  not  high  enough  for  use  in  a  non- 
condensing  engine,  or  whose  pressure  has  been  lowered  by 
passage  through  a  reducing  valve  or  in  the  performance  of 
some  useful  operation. 


Current-Capacity  of  No.  18  Copper  Wire — What  is  the 
minimum  length  of  No.  18  B.  &  S.  copper  wire  that  can  be 
connected  across  a  110-volt  circuit  and  have  the  temperature 
of  the  wire  remain  within  a  safe  limit?  A.  F. 

A  safe  temperature  limit  is  rather  indefinite,  since  for  one 
set  of  conditions  it  would  be  one  thing  and  something  else 
for  another.  If  fibrous  insulation  is  used  on  the  wire,  the 
temperature  would  have  to  be  limited  to  about  200  deg.  F., 
while  with  asbestos  it  could  easily  be  double  this  value.  If 
the  wire  were  run  in  open  air,  it  would  carry  a  considerably 
higher  current  without  overheating  than  when  wound  in  a 
coil.  If  insulated  with  cotton  and  wound  into  a  coil,  the 
current  should  be  limited  to  a  value  where  the  watts 
expended  in  the  coil  would  not  exceed  the  coil's  outside  area, 
in  square  inches,  times  0.75.  This  value  will  vary  with  the 
shape  of  the  coil.  If  the  wire  is  run  in  open  air,  it  will 
carry  approximately  10  amperes  continuously  without  over- 
heating and  would  require  a  length  of  about  1,600  ft.  to  limit 
the  current  to  this  value  on  110  volts. 


Polyphase  Wattmeter  Reading — A  switchboard  polyphase 
watt-hour  meter  is  connected  through  two  potential  and 
two  current  transformers  on  a  2,300-volt  three-phase  circuit. 
If  the  potential  transformer  and  current  transformer  con- 
nected to  one  of  the  meter  elements  are  removed  from  the 
circuit,  what  percentage  of  the  load  would  the  other  meter 
element  register?  W.  T.  L. 

When  a  polyphase  watt-hour  meter  is  correctly  calibrated 
and  connected  to  a  balanced  three-phase  circuit  operating  at 
unity  power  factor,  each  element  will  register  50  per  cent 
of  the  power  transmitted.  If  the  power  factor  is  less  than 
unity,  or  the  load  is  unbalanced,  then  one  element  will  record 
more  than  50  per  cent  and  the  other  will  record  less,  but  the 
sum  of  the  two  in  all  cases  will  equal  100  per  cent.  From 
the  foregoing  it  is  evident  that  if  one  of  the  meter  elements 
is  disconnected  and  the  load  is  balanced  at  unity  power 
factor,  the  other  element  will  record  50  per  cent  of  the  power 
transmitted.  But  under  any  other  condition  the  registration 
of  one  element  will  depend  upon  the  circuit  conditions. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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IT  IS  the  purpose  of  thi.s  paper  to  indicate  in  a  nenera! 
manner  some  of  the  important  economic  considerations 
tliat  enter  into  the  desijin  of  a  power  plant  for  a  modern 
steel  mill  with  particular  reference  to  the  utilization  of 
blast-furnace  jras  an<i  the  efficiencies  and  costs  that  may  be 
expected  to  prevail  in  such  an  installation.  It  is  not 
intended  to  discuss  matters  external  to  the  power  plant  any 
more  than  necessary  to  determine  the  fuel  supply  and  power 
demands.  For  this  purpose  certain  assumptions  have  been 
made. 

The  plant  is  to  consist  of  four  500-ton  furnaces  and  mills 
rcquirinK  an  averape  load  of  15,000  kw.  to  be  maintained  20 
hours  per  day  for  310  days  per  year.  Four  hours  per  day 
of  this  same  period  the  load  will  be  9,000  kw.,  while  for  the 
remaininB:  55  days  of  the  year  a  load  of  6,000  kw.  will  be 
required  for  the  continuous  operation  of  the  blast  furnaces, 
cranes  and  repair  work. 

To  take  care  of  these  load  conditions  two  10,000-kw.  units 
will  be  required  a  ^''eater  pai't  of  the  time,  and  a  third  is 
installed  as  a  spare,  so  that  the  power-generating  equip- 
ment will  consist  of  three  12,500-kva.  0.80  power  factor  60- 
cycle  6,600-volt  turbine-generator  units.  With  the  load 
demand  outlined,  the  annual  station  load  factor  will  then  be 
approximately  40  per  cent. 

One  of  the  first  conditions  to  be  determined  is  the  steam 
pressure  and  temperature  satisfactory  for  a  plant  of  the 
type  under  consideration.  The  average  steam  pressure  that 
has  prevailed  in  the  mills  using  reciprocating  engines  is 
about  140  lb.,  while  in  some  large  central  stations  power 
companies  are  satisfactorily  using  pressures  as  high  as  300 
lb.,  and  three  stations  operating  on  350  pounds. 

Trend  Is  Toward  Higher  Pressures 

The  trend  in  steam  practice  is  toward  higher  pressures 
rather  than  extreme  superheat.  There  are  two  reasons  for 
this:  First,  a  practical  consideration  that  with  present-day 
materials  it  is  more  difficult  to  design  equipment  to  with- 
stand continuous  operation  on  high  temperature  than  on 
high  pressure;  second,  a  thermodynamic  fact  that  for  any 
definite  total  temperature  of  steam  the  amount  of  heat 
available  for  conversion  into  work  when  expanding  to  a 
certain  vacuum  is  greater  for  high  pressure  and  moderate 
superheat  than  for  lower  pressure  and  correspondingly 
higher  degree  of  superheat.  For  example,  if  a  total  tem- 
perature of  600  deg.  F.  is  desired  with  150-lb.  pressure, 
there  will  be  required  234  deg.  of  superheat,  and  if  expanded 
adiabatically  to  28.5-in.  vacuum  there  will  be  available  for 
conversion  into  work  388  B.t.u.  With  the  same  total  tem- 
perature of  600  deg.  and  a  pressure  of  350  lb.,  only  164  deg. 
superheat  will  be  required,  and  if  expanded  through  the 
same  range,  there  will  be  426  B.t.u.  available  for  work.  To 
obtain  this  latter  value  of  426  B.t.u.  with  150  lb.  pressure, 
there  would  be  required  386  deg.  of  superheat,  which  is 
equivalent  to  a  total  temperature  of  752  deg.  This  means 
that  to  obtain  the  same  amount  of  energy  available  for 
work,  a  steam  temperature  of  752  deg.  would  have  to  be 
obtained  and  equipment  designed  to  withstand  it  if  150-lb. 
pressure  were  used,  while  if  350  lb.  were  used  a  total  tem- 
perature of  only  600  deg..  with  equipment  to  correspond, 
would  be  required. 

The  quality  and  quantity  of  cooling  water,  pumping  head, 
cost  of  treating  water,  cost  of  maintenance,  as  well  as 
initial  cost  of  equipment,  all  have  some  bearing  on  deter- 
mining the  proper  type  of  condenser  for  a  particular  instal- 
lation. A  summary  of  the  relative  values  used  for  this 
problem  is  given  in  Table  I.  In  evaluating  the  different 
types   a    fixed    charge    of    15    per    cent   on    the    respective 


installations  !.<  u.std,  taking  into  account  only  the  condenser 
equipment  and  necessary  auxiliaries,  assuming  that  the 
remaining  power  e(|uipment  and  building  will  be  identical 
for  all  types.  However,  in  figuring  the  fuel  costs  it  has 
been  necessary  to  use  the  B.t.u.  per  kilowatt-hour  for  the 
complete  installation,  inasmuch  as  the  amount  of  power 
re(iuired  for  air  and  condensate  pumps  varies  with  each 
type,  and  if  turbine-driven  auxiliaries  are  used  the  different 
amounts  of  exhaust  steam  affect  the  temperature  of  feed 
water  and  heat  required  per  kilowatt-hour.  With  the 
surface-condenser  itistallation  the  reciuirement  at  15,000-kw. 
net  station  ouljjut,  charging  the  st-ition  with  power  required 
for  pumping  from  the  river,  auxiliaries  for  the  condenser, 
excitation,  boiler-feed  pumps  and  blowers  for  boilers,  is 
24,100  B.t.u.  per  kilowatt-hour  fo  •  93,000,000  kilowatt-hours 

TAHI.K  I.     CD.MPARATIVK   KCONO.MIC  COSTS  OF  VAKIOU.S  TYPES 
OF  OJ.NDKN'SKUS  OI'KR.XTING  WITH  THKEK   lO.OOO-KV 
TURBINKS 


.let       Hariiiiiftrir 
12.000         12.000 


$112,000      $78,000    $193,000 


133,000 
65.000 

312,000 
46,800 

137,000 
63,000 

280,000 
42,000 

138,000 
12,000 

345,000 
51,800 

17,000 

17,000 

2,300 

2,000 
65,800 

2.000 
61,000 

10.000 

2.100 

66,400 

360,100 
425,900 

364,800 
425,800 

353,300 
419.700 

♦Abstract  from  a  paper  presented  at  the  Fourteenth  Annual 
Convention  of  the  Association  of  Iron  and  Steel  Electrical  Engi- 
neers, held  in  New  York,  Sept.  20  to  24,  1920. 


1 ,  Typ*'  "f  roiidrnHCT     

2.  Water  reiiuired;  gullona per iiiinutv  j«r  unit. 
3    PunipiiiK  head,  in  feet 

4.  Installution  cost  of  condensorH.  including  atr 

und   condensate  pumps  and  exiiaust  con- 
nections    

5.  I'umpliousc  cost,  including  screen  and  motor- 

driven  pumps 

6.  Water-treating  plant,  cost 

7.  Total  installation  cost 

8    Fi,\cd  charges  at  1 5  per  cent 

9.  Operating  charges: 

(A)  ^^'ater-t^cating  plant 

(B)  Tube  maintenance,  including  regular 
cleaning  and  complete  retubing  of  2  units 
in  4  vears  

(C)  Pump  maintenance 

10.  Total  fixed  and  operating  charges 

11.  Fuel  costs  generating  1 12.000,000  kw.-hr.  per 

annum 

1 2    Total  items  1 0  and  II 

per  annum.  The  corresponding  values  for  the  jet  and 
barometric  installations  are  24,600  B.t.u.  and  25,000  B.t.u. 
respectively.  The  last  two  values  are  based  on  obtaining 
water  from  the  condenser  discharge  wells  for  treating  with 
a  loss  of  only  8  deg.  of  temperature.  If  the  condensers 
discharged  back  into  the  river,  the  B.t.u.  values  would  be 
increased.  The  over-all  economy  was  established  at  both 
9,000-kw.  and  6,000-kw.  loads  and  evaluated  for  their  respec- 
tive periods,  and  the  result  is  given  in  Table  I. 

Comparative  Values  of  the  Three  Types 

It  will  be  seen  that  the  final  values  for  these  three  types 
differ  from  one  another  by  only  a  small  amount,  and  while 
the  surface  condenser  is  the  most  economical  investment  for 
the  conditions  assumed,  there  is  not  enough  in  its  favor 
from  the  dollars  and  cents  point  of  view  to  determine  posi- 
tively its  selection  if  any  local  condition  exists  which  makes 
its  installation  undesirable.  However,  in  addition  to  the 
considerations  tabulated  there  is  another  item  in  favor  of 
the  surface  condenser;  that  is,  the  conservation  of  heat  in 
the  condensate.  With  a  jet  or  barometric  condenser  this 
heat  is  generally  lost  in  the  circulating-water  discharge  and, 
if  charged  against  either  of  these  installations,  would 
amount  to  between  $5,000  and  $6,000  per  year.  However,  in 
computing  the  fuel  charges  for  Table  I  it  is  assumed  that 
with  either  a  jet  or  barometric  the  water  for  the  treating 
plant  is  taken  from  the  condenser  discharge  well  and  that 
there  is  only  8  deg.  loss  in  temperature. 

The  charge  for  condenser-tube  maintenance  assumed  is 
much  in  excess  of  any  data  available,  but  is  used  so  that 
there  may  be  no  indication  of  favoring  the  surface  type.  If 
comparative  data  were  available,  there  should  properly  be 
some  charge  against  the  jet  and  barometric  types  for  boiler 
tube  maintenance.  Even  with  water  treatment,  deposit  is 
carried  over  into  the  boilers,  limiting  the  rating  and  increas- 
ing the  heat  loss  due  to  blowdown. 
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Inasmuch  as  there  are  no  local  conditions  prohibiting  the 
use  of  a  surface  condenser  and,  in  addition  to  the  financial 
advantage  already  shown,  the  boiler  operation  will  be  mate- 
rially benefited  by  its  installation,  further  consideration  of 
the  station  is  based  on  the  use  of  this  type  of  condenser. 

In  order  to  maintain  the  vacuum  specified  each  turbine 
exhausts  into  a  17,000-sq.ft.  condenser  circulating  14,000 
gal.  of  water  per  minute. 

Turning  to  the  thermal  economy,  steam  drive  for  the 
auxiliaries  up  to  the  point  where  the  exhaust  can  be 
absorbed  in  the  feed  water  costs  about  3,500  B.t.u.  per 
hp.-hr.  of  auxiliary  power.  However,  such  auxiliary  turbines 
as  exhaust  to  the  atmosphere  may  require  from  35,000  to 
100,000  B.t.u.  per  hp.-hr.,  depending  on  the  economy  of  the 
turbine  used.  Such  auxiliary  power  as  is  developed  by  steam 
that  is  to  be  returned  to  the  feed  is  obtained  in  the  most 
efficient  manner,  while  such  power  as  is  developed  by  steam 
exhausting  into  the  atmosphere  is  obtained  in  the  most 
extravagant  manner.  As  it  is  impossible  to  have  all 
auxiliaries  driven  by  individual  steam  units  and  be  able  to 
utilize  the  exhaust  at  all  station  loads,  it  is  necessary  to 
consider  other  means  of  obtaining  power  for  the  auxiliaries. 

Such  auxiliaries  as  are  driven  by  motors  off  the  station 
bus  operate  on  a  B.t.u.  cost  equal  to  that  of  the  main  gen- 
erating unit  plus  the  losses  in  lines,  transformers  and 
motors.  That  is,  if  the  main  unit  is  generating  power  at  a 
cost  of  24,000  B.t.u.  per  kw.-hr.,  the  cost  of  auxiliary  power 
is  approximately  28,000  B.t.u.  per  kw.-hr.  or  21,000  B.t.u. 
per  horsepower-hour. 

The  Blowing  of  the  Furnace 

While  it  is  desired  to  limit  this  paper  to  a  discussion  of 
power  problems,  the  blowing  of  the  furnaces  is  so  closely 
allied  that  it  will  have  to  be  included.  Turbo  blowers  have 
given  such  satisfactory  service  that  they  undoubtedly  would 
be  considered  in  this  plant,  and  the  blowers  should  be  in  the 
same  operating  room  as  the  generators  and  take  steam  from 
the  same  boiler  room.  Therefore,  in  calculating  the  steam 
consumption  of  this  plant,  four  40,000-cu.ft.  per  minute 
blowers  with  four  5,000-sq.ft.  condensers  are  included. 

Table  II  gives  an  estimate  of  the  steam  consumption  for 
this  station  and  is  based  on  five  1,500-hp.  boilers  operating 
at  170  per  cent  of  rating.     In  calculating  the  boiler-feed 

T.\BLE    II.      ESTIM.\TED    STE.\M    CONSUMPTION    O.N     15,000-KW. 

LOAD  ON  TWO  UNITS  AND  FOUR  40,000-C.F.M.  BLOWERS 

WITH  AUXILIARIES* 

Total    Steam 
per  Hour 

1.  Net  station  output;   1 5,000  kw.  on  turbine  generators — 2  units.  .      186,000 

2.  Turbo-blowers — 4  units 101,000 

3.  Circulating  putnps  serving  condensers  for  generators  and  blow- 

ers   9,700 

4.  Air  and  condensate  pumps  serving  condensers  for  generators 

and  blowers 2,700 

5.  Excitation 1,300 

6.  Induced-draft  fans 30,800 

7.  Forced-draft  fans : 1,400 

8.  Station  lighting  and  for  house-service  pumps 700 

9.  Total  items  I  to  8 333,600 

10.  Makeup;  boiler  blow-off,  leaks,  etc.,  8  per  cent 27,000 

1 1 .  Sum  of  items  9  and  10 360,600 

1 2.  Boiler-feed  pumps 9,000 

13.  Contingencies 1 1,000 

14.  Total  demand  on  boilers 380,600 

15.  B.t.u.  in  auxiliary  exhaust  40,990  X   1,190  = 48,600,000 

16.  B,t,u.  in  condensate,  31  1,900  X  55  = 17.130,000 

17.  B.t.u.  in  make-up,  27,710  X  38  = 1.055.000 

18.  B.t.u.  total  items  15+  16+  17= 66.785,000 

19.  Item  18  ■¥  Item  14  =    175i1ck 

20.  Boiler-feed  temperature  =  1 75  deg.  +  32  deg.  = 207  deg 

*  .\11  auxiliaries  motor-driven,  except  boiler-feed  pumps  and  induced-draft  fans 

pump  requirements,  it  is  assumed  that  two  out  of  four 
500-g.p.m.  pumps  are  operating.  While  it  would  be  possible 
to  carry  this  load  more  economically  on  one  pump  of  larger 
capacity,  it  is  well  to  have  considerable  leeway  in  capacity 
of  pumps  operating  on  a  variable  load.  The  resulting  feed 
temperature  of  207  deg.  is,  of  course,  subject  to  variation  a 
few  degrees  one  way  or  the  other,  and  is  probably  so  high 
that  steam  might  be  lost  on  swinging  load.  In  order  to  have 
this  factor  under  control,  it  is  therefore  recommended  that 
instead  of  putting  in  a  larger  pump  resulting  in  less  steam 
consumption  and  correspondingly  lower  feed  temperature, 
that  with  an  installation  of  four  pumps  there  be  two  steam- 
driven  and  two  motor  driven. 

By  a  computation  similar  to  Table  II  a  feed  temperature 
of  210  deg.  is  obtained  at  a  station  load  of  9,000  kw.  if  two 


steam-driven  feed  pumps  are  operating,  and  at  6,000  kw.  a 
temperature  of  194  deg.  with  one  steam-driven  pump. 

In  order  to  determine  the  amount  of  gas  available,  a  coke 
rate  of  2,000  lb.  is  assumed,  resulting  in  140,000  cu.ft.  of  gas 
per  ton  of  coke,  and  a  heat  value  of  95  B.t.u.  per  cu.ft. 
With  four  500-ton  furnaces  operating,  this  is  equivalent  to 
1,110,000,000  B.t.u.  per  hour.  Allowing  an  availability  factor 
of  80  per  cent  to  take  care  of  loss  of  gas  during  tapping, 
poor  gas  and  irregularities  in  supply,  a  value  of  888,000,000 
B.t.u.  is  obtained.  Allowing  30  per  cent  for  heating  stoves, 
there  is  available  for  blowing  the  furnaces  and  power  pur 
poses  622,000,000  B.t.u.  per  hour.  Four  blowers  and  aux- 
iliaries require  134,000  lb.  steam  per  hour,  which  with  76 
per  cent  boiler  efficiency  and  207  deg.  feed  water,  is  equiv- 
alent   to    196,000,000    B.t.u.    per   hour,    or    22    per    cent    of 

TABLE  III.    ESTI.MATED  COST  OF  POWER  PLANT  FOR  STEEL  .MILL, 

INCLUDING  THREE   10,000-KW.  TURBINE  GENER.^TORS 

AND   FIVE   40,000-C.F..M.   TURBO-BLOWER.S 

1.  Excavations  and  foundations $500,000 

2.  Building  of  structural  steel  and  brick 400,000 

3.  Boilers;   eight  1,500-hp  ,  including  superheaters  and  brickwork.  .  650,000 

4.  Stacks  and  breeching                     100,000 

5.  Gas  cleaners,  piping  and  burners 300,000 

6.  Stokers,  fans,  shafting  and  air  ducts 1 20,000 

7.  Induced-  and  forced-draft  fans 75,000 

8  Coal  storage,  crane,  ash  handling 50.000 

9.  Feed-water  heaters 15,000 

1 0.  FVed  and  water'power-house  .service  pumps 20,000 

1 1.  Water-treating  plant    12,000 

12.  Turbine  generators  and  air  washers 640,000 

13.  Turbo-blowers                                    650,000 

14.  Condensers  for  generating  and  blowing  units,  including  pumps 

and  exhaust  connections                  300,000 

15.  Pump  house,  including  screen  and  pumps 150,000 

1 6.  Piping  and  covering,  .steam  and  water      320.000 

17.  Exciters,  motor-generator  set,  switching,  house  transformers 125,000 

18.  Gages,  flow  meters,  laboratory  equipment,  etc  25,000 

19.  Crane  15,000 

20.  Construction-plant  equipment 20,000 

21.  Total $4,487,000 

22.  Contingencies — 5  per  cent 224,000 


$4,711,000 
471,000 


23.  Total  

24.  Engineering  and  supervision — 10  per  cent 

25.  Total $5,182,000 

26.  Interest  charges  on  portion  of  capital  required  during  construc- 

tion—5  per  cent  259,000 


27.  Grand  total 


$5,441,000 


888,000,000  B.t.u.  This  leaves  426,000,000  B.t.u.  per  hr. 
available  for  power  generation,  which  at  the  rate  of  24,100 
B.t.u.  per  kw.-hr,  is  equivalent  to  17,700  kw.  net  station 
output. 

Looking  at  the  gas  supply  from  another  angle,  assume 
that  at  the  time  of  tapping,  when  gas  from  only  three  fur- 
naces is  available,  there  is  an  availability  factor  of  90  pev 
cent  and  the  stoves  require  30  per  cent,  leaving  523,000,000 
B.t.u.  per  hr.  for  blowing  and  power.  A  power  load  of 
15,000  kw.  will  require  362,000,000  B.t.u.,  and  three  blowers 
under  load,  with  the  fourth  running  light,  will  require 
155,000,000  B.t.u.,  giving  a  total  of  517,000,000  British 
thermal  units. 

Exact  Balance  Between  Gas  Supply  and  Power 
Demand  Impossible 

Of  course  such  an  operating  condition  as  an  exact  balance 
between  gas  supply  and  power  demand  is  a  practical  im- 
possibility, and  it  will  probably  be  necessary  to  burn  coal 
under  one  boiler  a  greater  part  of  the  time.  For  this  station 
it  is  suggested  that  eight  1,500-hp.  boilers  be  installed,  the 
average  load  to  be  handled  by  five  units  at  170  per  cent 
rating,  while  20,000  kw.  load  will  be  carried  on  six  units  at 
the  same  rating.  All  boilers  would  be  equipped  for  burning 
gas  and  four  for  burning  coal.  It  is  not  intended  that  the 
boilers  should  burn  coal  and  gas  simultaneously,  but  that 
four  boilers  would  ordinarily  burn  gas  and  one  burn  coal, 
and  enough  boilers  should  be  equipped  with  stokers  to  carry 
the  load  in  case  of  loss  of  gas. 

In  Table  III  is  given  an  approximate  estimated  cost  of  an 
installation  such  as  has  been  outlined.  It  is  understood  that 
the  various  items  are  intended  to  indicate  the  relative  rather 
than  the  absolute  costs  and  may  be  subject  to  considerable 
variation,  depending  on  the  location  of  the  plant,  the  type  of 
equipment  bought  and  the  method  of  installing  it.  Costs  of 
excavation  and  foundations  may  readily  differ  100  per  cent 
in  various  locations.  The  total  figure,  which  is  the  most 
important,  represents  a  fair  estimating  cost  for  such  a  plant 
under  present-day  conditions. 
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Out  of  llio  total  i-ost  of  $ri. . J  tl .<)()()  iiiiproxiiiuitcly 
$,'!,(Ul(»,lll)(t  is  char^'i'iihli-  to  tho  flfctiic  |n  wcr  plant.  This 
cost  of  $120  i>or  k\v.  rcprrsfiits  a  fair  price  uikIit  pr(':wnt 
oonditions.  Sonu-  ci'iitral  stations  with  n'tincnu-iits  to  obtain 
tho  hijriu'st  t-cononiy.  niai-hinc  shops  for  n-pairs,  and  switch- 
w;  for  opi-ration  on  systems  of  lar^'i-  i-apatity  have  run  us 
hijrh  MS  $ir)0  piT  kilowatt. 

Assuniinjr  IT)  i)i'r  cent  tixi'il  (•har>ros  on  $;{,()()(),00()  anil 
111' ,000 .000  kw.-hr.  por  year,  the  kilowatt-hour  cost  for 
lixfil  ihar^es  is  0.481c.,  or  practically  half  a  cent  per 
kilowatt-hour. 

r-  in^'  the  fuel  charire  of  $;?r):5,:{00  per  annum,  as  Kiven  in 
Table  I,  this  is  e<iuivalent  to  0  :n5c.  per  kw.-hr.  for  fuel 
all  ne.  based  on  charjrin^  blast-furnace  Ka.i  equivalent  to 
coal  at  $;vr)0  per  ton.  If  $5  coal  is  used,  this  fiirure  for  fuel 
becomes  0.l.')c.  })er  kw.-hr.  The  fuel  cost  in  stations  of  this 
type  is  usually  betw  iti  T.')  and  XO  per  cent  of  the  total 
operating'  cost.  1'sin.r  a  factor  of  TTi  per  cent,  th;'  operatin 
costs  per  kilowatt-hour  for  $'MM  and  $5  coal  are  respectively 
0.42c.  and  O.Cc.  .\ddinn  these  fiRurcs  to  the  fixed  charKes 
mentioned  jrives  total  power  costs  of  0  9  and  1.08c.  per 
kilowatt-hour.  That  is,  the  fixed  charjres  and  operating 
costs  are  api)roxiniately  equal  and  power  may  be  expected 
to  cost  about  i)ne  cent  per  kilowatt-hour  when  Renerated  in 
a  station  of  the  type  outlined. 

When  the  paper  was  presented  there  was  considerable 
discussion  on  the  question  of  a  central  power  station 
for  large  steel  mills,  it  being  maintained  by  some 
that  this  was  the  solution  to  the  steel-mill  power  problem. 
However,  others  took  the  view  that  there  was  greater  insur- 
ance of  continuity  of  service  if  the  power  plant  was  divided 
into  two  or  moi-e  units  located  at  advantageous  points  in 
the  works.  One  case  was  referred  to  where  all  the  power 
generating  equipment  was  located  in  one  central  station  and 
that  trouble  with  boiler-feed  pumps,  in  one  instance,  had 
practically  caused  a  shutdown  in  the  station.  Since  that 
time  arrangements  have  been  made  to  install  a  second  plant 
at  another  location  in  the  works. 

It  was  considered  a  good  plan  to  use  waste-heat  boilers 
and  tui'bines  located  at  the  open-hearth  furnace.  Objection 
was  raised  to  long  high-pressure  steam  lines  since  they  gave 
considerable  trouble  and  the  maintenance  costs  were  high. 

Placing  the  fixed  charges  at  15  per  cent  as  in  the  paper, 
caused  considerable  difference  of  opinion.  These  were 
placed  as  high  as  25  per  cent  by  some,  it  being  generally 
conceded  that  probably  20  per  cent  would  be  a  fair  average 
value  at  the  present  time. 

Test  for  Softening  Point  of  Fireclay  Brick 

The  American  Society  for  Testing  Materials  has  adopted 
as  standard  the  following  test  to  determine  the  softening 
point  of  fireclay  brick,  by  comparison  of  test  cones  with 
standard  Orton  pyrometric  cones  heated  in  a  suitable 
furnace : 

A  1-kg.  (2-lb.)  sample  shall  be  taken  by  chipping  off  ap- 
proximately equal  portions  from  the  corners  of  the  brick. 
These  fragments  shall  be  reduced  in  size  by  means  of  rolls 
or  a  jaw  crusher  adjusted  to  pass  a  lump  6  mm.  (1  in.)  in 
diameter.  They  shall  be  mixed  thoroughly  and  the  amount 
of  material  reduced  to  about  250  g.  (5  lb.)  by  quartering. 
A  magnet  shall  be  repeatedly  passed  through  the  crushed 
material  until  all  particles  of  metallic  iron  are  removed. 
This  portion  shall  be  ground  in  a  poi-celain  or  agate  mortar 
to  pass  a  60-mesh  Standard  sieve  In  order  to  avoid  exces- 
sive reduction  of  the  fines,  they  shall  be  removed  frequently 
during  the  process  of  reduction  by  throwing  the  sample  on 
the  sieve  and  continuing  the  grinding  of  the  coarser  par- 
ticles until  all  the  sample  will  pass  through  the  sieve. 

The  sample  thus  prepared  shall  be  thoroughly  mixed  and, 
after  the  addition  of  sufficient  dextrine  or  glue  and  water, 
shall  be  formed  into  test  cones  in  a  metal  mold  in  the  shape 
of  tetrahedrons  measuring  5  mm.  (yr  in.)  on  the  sides  at 
the  base  and  25  mm.   (1  in.)  high. 

When  dry  the  test  cones  may  be  subjected  to  a  prelimi- 
nary burn  at  a  temperature  not  exceeding  1,300  deg.  C. 
'  2.372  deg.  F.)  for  the  purpose  of  sintering  them  into  a  firm 
''"eoi  dition  to  permit  handling. 


Tlu>  test  concB  rthnll  be  mounted  on  pla(|UeK  ol'  refractory 
nuiterial  of  such  a  com))ositi()n  as  will  not  affec-t  the  fusi- 
bility of  the  c(»neH.'  They  shall  be  mounted  with  the  bane 
cnibedded  approximately  1  mm.  (0.04  in.)  in  the  plaque  and 
the  face  of  one  side  inclined  at  an  angle  of  75  deg.  with  the 
horizontal.  The  arrangement  with  respect  to  the  Orton 
cones  .shall  be  substantially  us  shown  in  Fig.  1;  that  itt. 
alternating  with  the  Orton  cones  in  such  a  way  that  Orton 


I'lC.   1.     .\KK.\N(;HMKNT  WITH   KHSPBCT  TO  ORTO.V  ("ONES 

cones  of  successive  numbers  will  be  placed  opposite  each 
other.  The  plaque  may  be  any  convenient  size  and  shape 
and  may  be  biscuited  before  using  if  desired. 

The  heating  shall  be  done  in  a  suitable  furnace  at  a  rate 
not  greater  than  15  deg.  C.  (27  deg.  F.)  per  minute,  nor 
less  than  10  deg.  C.  (18  deg.  F.)  per  minute  after  cone 
No.  1  is  reached,  or  as  nearly  within  these  limits  as  possible. 

That  type  of  furnace  in  which  a  neutral  or  oxidizing 
atmosphere  may  be  maintained  is  to  be  preferred.  Exces- 
sive reducing  conditions  should  !:e  avoided.  Care  should  be 
taken  that  the  flame  does  not  strike  directly  against  the  cone 
or  cone  plaque.  The  furnace  should  be  tested  at  intervals 
for  the  determination  of  the  uniformity  of  the  distribution 
of  the  heat. 

The  softening  of  the  cone  will  be  indicated  by  the  top 
bending  over  and   assuming  the  position  .shown   in   Fig.   2. 


FIG.   2.      INDIC.\TIN(i   .'SOFTENING   OF  THE   CONES 

The  bloating,  squatting  or  unequal  fusion  of  small  constitu- 
ent particles  should  always  be  reported.  The  softening 
point  shall  be  reported  in  terms  of  Orton  cones  and  shall  be 
that  cone  which  most  nearly  corresponds  in  time  of  soften- 
ing with  the  test  cone.  If  the  test  cone  softens  later  than 
one  Orton  cone  but  earlier  than  the  next  Orton  cone  and 
approximately  midway  between,  the  softening  point  shall 
be  reported  thus:  Cone  No.  31-32. 

If  the  test  cone  starts  bending  at  any  early  cone  but  is 
not  down  until  a  later  cone,  the  fact  should  be  reported. 


'A  mixture  of  equal  parts  of  a  highly  refractory  clay,  such  a.s 
a  good  grade  of  china  clay,  and  fused  alumina  which  will  pass  a 
100-mesh  sieve  has  been  found  satisfactory. 


The  construction  of  a  power  plant  capable  of  developing 
350,000  hp.  the  year-round  may  be  a  direct  result  of  thd 
passage  of  the  Federal  water-power  bill.  This  new  plant 
will  be  located  at  Priest  Rapids,  on  the  Columbia  River  in 
eastern  Washington,  and  the  development  of  this  immense 
hydro-electric  power  plant  will  cost  around  $150,000,000, 
including  the  construction  of  manufacturing  industries  and 
of  irrigation  systems  that  will  reclaim  thousands  of  acres 
of  the  surrounding  land. 
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Smoke  Prevention  Association  Holds  Annual 
Convention  in  Chicago 


*FTER  a  lapse  of  two  years  the  Smoke  Prevention  As- 
/-%  sociation  convened  from  Oct.  5  to  8  for  the  fourteenth 
-^  -A-annual  convention  at  Hotel  Sherman,  Chicago.  An 
interesting  program  dealing  with  industrial,  railway  and 
domestic  smoke  had  been  prepared.  The  attendance  was 
exceptionally  good  and  representative  of  the  various 
branches  of  the  field.  Tuesday  morning  was  taken  up  with 
reg'istration  and  the  usual  brief  addi'esses  of  welcome.  At 
the  first  professional  session  on  Tuesday  afternoon,  Na- 
thaniel B.  Wales  spoke  on  "Smoke  Prevention  in  Stationary 
Plants."  He  said  that  very  little  progress  had  been  made 
in  the  design  of  settings  for  fire-tube  boilers.  In  the 
usual  design  of  return-tubular  boiler  three  factors  were  of 
importance  in  getting  the  best  results.  There  must  be 
secondary  air  admission  to  the  zone  back  of  the  bridge 
wall  and  turbulation  to  thoroughly  mix  the  air  and  the 
volatile,  with  sufficient  heat  in  the  refractory  to  maintain 
the  mixture  above  the  critical  ignition  temperature  of  the 
gases.  The  speaker  would  accomplish  this  by  means  of  a 
specially  designed  checkered  bridge  wall,  of  which  no  detail 
was  given. 

In  discussing  the  practical  side  of  smoke  prevention 
L.  R.  Pyle  said  that  the  first  essential  was  an  honest 
interest  and  determination  to  prevent  smoke,  and  that  this 
determination  must  start  at  the  top  of  the  official  family. 
At  least  90  per  cent  of  the  smoke  reduction  should  result 
from  education.  The  men  must  be  taught  how  first,  and 
then  properly  supervised,  with  a  follow-up  system  to  make 
sure  that  they  do  not  slow  up  in  their  work.  The  city 
should  provide  schools  to  educate  the  firemen  and  have  a 
staff  of  experts  to  demonstrate  efficiency  methods.  There 
should  be  very  close  co-operation  between  city  and  railway 
smoke  inspectors.  The  best  results  cannot  be  obtained 
unless  the  equipment  is  maintained  constantly  in  excellent 
condition. 

In  a  paper  on  "Chimneys  and  Chimney  Draft."  Thomas 
F.  Clark  mentioned  more  types  of  stack  than  most  of  the 
listeners  thought  existed.  He  dwelt  briefly  on  the  well- 
known  types  such  as  steel  stacks,  guyed  and  self-supporting, 
concrete  stackr.  with  their  reinforcing  steel,  common  brick 
and  radial  brick  stacks  and  even  wooden  stacks  such  as 
are  used  in  certain  chemical  industries.  The  principal 
requirements  of  good  design  were  reviewed,  and  some  at- 
tention was  given  to  losses  of  draft  in  the  stack,  flue  and 
through  the  boilers.  The  total  drop  determines  the  height 
Df  stack  necessary,  and  the  velocity  of  the  gases,  which 
ihould  be  about  30  ft.  per  second,  as  well  as  the  volume, 
determines  the  area  at  the  top.  Some  interesting  infor- 
mation was  given  relative  to  the  movement  of  high  stacks 
such  as  are  employed  in  smelteries  to  carry  away  the 
icid  fumes,  and  the  necessity  of  keeping  these  gases  at 
i  high  temperature  so  that  the  acids  will  not  condense 
n  the  stack   and   cause  deterioration. 

Industrial  Day 

Wednesday,  Industrial  Day,  brought  out  a  number  of 
nteresting  papers.  Dr.  E.  Vernon  Hill,  chief  sanitary 
nspector  of  Chicago,  suggested  a  solution  of  the  munic- 
pal-smoke  problem.  Reference  was  made  to  burning  coal 
n  the  home  and  the  long  process  from  the  mines  to  the 
>asement  furnace,  accompanied  by  an  increase  in  cost  for 
:he  fuel  of  75  to  100  per  cent.  With  the  arrival  of  the 
;oal  the  trouble  is  only  betcinning.  The  coal  is  dirty  to 
landle,  is  burned  at  an  efficiency  ranging  from  20  to  65 
)er  cent  and  produces  such  quantities  of  smoke  and  soot 
IS  to  cause  impairment  of  public  health  and  deterioration 
if  property.  Fundamentally,  the  whole  method  is  wrong. 
Is  an  improvement  Dr.  Hill  suggested  that  the  City  of 
""hicago  obtain  the  properties  of  the  gas  company  and 
idd  byproduct  ovens  so  that  all  domestic  coal  coming  to 
he  city  could  be  treated  or  distilled  to  recover  the  by- 
•roducts.    The  gas  could  be  turned  into  the  mains  as  usual, 


and  the  semi-coke  that  was  left  distributed  for  smokeless 
domestic  fuel.  Although  years  must  pass  before  such  a 
scheme  could  be  thoroughly  worked  out,  it  is  entirely  feasi- 
ble and  practicable.  The  byproducts  would  much  more 
than  pay  for  the  recovery,  and  the  gas  and  coke  could 
be  sold  cheaper  than  the  pi-esent  supply  of  either. 

To  simplify  the  solution  suggested,  the  smoke  associa- 
tion and  all  other  engineering  organizations  should  father 
a  plan  to  advance  the  block  plan  of  heating.  If  a  central 
plant  was  installed  to  supply  an  entire  block  or  perhaps 
several  blocks,  the  best  equipment  could  be  installed  and  the 
operation  would  be  economical.  Such  an  arrangement  would 
make  the  basement  clean  and  dispose  of  the  unsatisfactory 
janitor  service.  Even  with  the  recovery  plant  in  operation, 
it  still  would  be  necessary  to  distribute  the  coke,  and  the 
latter  problem  would  be  lightened,  owing  to  the  reduced 
number  of  plants  that  would  have  to  be  supplied.  The 
plan  has  been  held  back  by  the  general  apathy  of  the 
public,  but  it  would  be  of  interest  to  state  that  surveys 
are  now  going  on  in  certain  blocks  on  the  north  side,  so 
that  the  coming  winter  may  see  block  plants  in  operation 
in  Chicago.  It  was  the  final  suggestion  of  the  speaker  that 
the  various  engineering  societies  should  first  carry  on  the 
fight  against  a  smoky  city;  second,  foster  and  encourage 
the  block  plan  of  heating;  and  third,  distribute  educational 
propaganda  for  a  city  gas  plant  to  be  operated  as  outlined. 
When  accomplished  this  would  mean  a  smokeless  city,  im- 
provement in  public  health  and  a  saving  of  $2,000,000,000 
in   fuel    throughout   the   United    States. 

Pulverized  Coal  in  Power  Plants 

Perhaps  the  most  interesting  paper  of  the  day  to  power- 
plant  operators  was  a  talk  on  the  use  of  pulverized  coal 
under  power-plant  boilers  from  the  smoke-prevention  stand- 
point, by  Henry  Kreisenger,  formerly  of  the  Bureau  of 
Mines.  He  spoke  of  his  work  at  the  Oneida  Street  Station 
of  the  Milwaukee  Electric  Railway  and  Light  Co.,  for  which 
the  Combustion  Engineering  Corporation  is  furnishing  the 
funds  and  the  Bureau  of  Mines  the  trained  men  and  instru- 
ments necessary.  For  awhile  thirteen  men  were  employed 
and  there  are  now  five  on  the  job.  The  first  question  on 
which  the  testing  force  concentrated  was  the  amount  of 
solids  or  ash  going  up  the  stack.  As  is  well  known,  the 
boilers  are  of  the  Edge-Moor  horizontal  water-tube  type, 
vertically  baffled  for  three  passes.  They  had  found  that 
in  general  about  one-third  of  the  ash  settled  at  the  bottom 
of  the  furnace,  another  third  in  the  combustion  space 
below  the  second  and  third  passes,  and  the  final  third 
found  its  way  to  the  breaching  and  the  stack.  A  con- 
siderable amount  of  this  remaining  third  collected  at  the 
bottom  of  the  smoke  flue  and  at  the  base  of  the  stack,  only 
the  finest  ash  floating  out  at  the  top  of  the  chimney.  By 
sending  the  final  third  of  the  dust  that  ordinarily  reaches 
the  stack  through  a  cyclone  separator,  they  had  been  able 
to  collect  88  per  cent  of  it,  so  that  only  12  per  cent  of 
the  final  third  of  the  ash  floated  out  through  the  stack 
to  the  atmosphere.  The  ash  was  pulled  out  of  the  bottom 
of  the  furnace  every  twelve  hours.  It  had  thus  been 
demonstrated  to  their  satisfaction  that  the  objection  com- 
monly offered  to  burning  powdered  coal  under  boilers,  that 
of  the  ash  going  up  the  stack,  could  be  successfully  met 
without    any    great   expense. 

The  character  of  the  ash  differs  from  that  from  a  stoker 
or  hand-fired  furnace.  The  coal  is  ground  very  finely  and 
when  blown  into  the  furnace  a  large  part  of  the  ash  is 
in  separate  particles.  Owing  to  the  high  temperature  in 
the  furnace,  these  particles  fuse  slightly  and  when  leaving 
the  furnace  look  like  small  molten  beads  of  mineral  matter, 
some  of  them  transparent  likf,  glass,  some  white  and  some 
black.  This  is  what  looks  like  smoke  when  issuing  from 
the  stack,  but  is  of  entirely  different  composition.  If 
a  powdered-coal  furnace  is  operating  properly,  there  is 
no  such  thing  as  soot,  but  unfavorable  conditions  may  cause 
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.tmiill  (;lnbulon  of  coko  to  float  nlonjr  with  the  boad«,  the 
Hinoutit  of  coki>  lii'iM'iuliriK  upon  tho  furnnco  volume  re- 
lative to  the  fuel  burned  and  the  (luantity  of  air  that  is 
supplied. 

To  obtain  tlie  best  combustion,  the  speaker  said  it  had 
been  found  tliat  Ih  lb.  of  bituminous  i-oal  i)er  hour  per 
cubic  foot  of  eombu.stion  space  should  be  burned.  When 
it  came  to  2  lb.  per  cubic  foot  of  furnace,  there  was  difli- 
culty  in  preventinp  coke  fommtion.  In  the  particles  K"inK 
up  the  stack  they  had  found  about  10  per  cent  carbon,  when 
the  excess  air  ranjred  about  10  per  cent.  The  particles 
were  from  0.0002  to  0.0001  in.  in  diameU-r.  The  draft 
in  the  breechintr  ranged  from  0.06  in.  to  0.1  in.,  and  in 
the  first  pass  there  was  practically  atmospheric  pressure. 
That  there  was  little  infiltration  of  air  had  been  demon- 
strated by  the  small  difTorcnte  in  analyses  of  the  flue 
Kases  at  difl'erent  parts  of  the  settinK- 

Questioned  in  the  discussion  as  to  the  respective  merits 
of  coal  distillation  and  recovery  of  byproducts  versus  the 
use  of  powdered  coal,  the  speaker  contended  that  he  favored 
the  former  for  low-ash  coal.  Coke  with  15  per  cent  ash 
was  fairly  pood  fuel  for  domestic  heatinp  and  metallurgical 
purposes,  but  to  secure  coke  of  this  quality  it  was  necessary 
to  use  coal  with  not  more  than  10  per  cent  ash.  Roufjhly, 
all  coal  having  less  than  10  per  cent  ash  was  suitable  for 
byproduct  plants  and  coal  having  a  greater  percentage 
of  ash  should  be  burned  raw  in  stokers  or  pulverized  coal 
plants.  Questioned  as  to  the  highest  percentage  of  ash 
that  would  be  permissible  in  a  pulverized-coal  plant  and 
still  give  satisfactory  commercial  economy,  it  was  the 
speaker's  guess  that  coal  containing  up  to  20  per  cent  ash 
could  be  used.  The  rating  obtained  from  the  boiler  and 
the  quantity  of  coal  burned  depended  entirely  upon  the 
furnace  volume.  At  the  Oneida  Street  Plant  they  had  been 
operating  the  boilers  between  12.5  and  175  per  cent  of  rat- 
ing, to  which  they  had  been  limited  because  of  the  com- 
paratively small  volume  of  the  furnace.  With  Illinois  coal 
containing  about  12,000  B.t.u.  per  pound,  they  were  getting 
an  evaporation  of  8J  lb.  of  water  per  pound  of  coal,  with 
a  steam  pressure  of  175  lb.,  superheat  at  100  deg.  and 
feed-water  temperature  of  100  deg.  The  coal  entered  the 
furnace  at  a  velocity  of  about  60  ft.  per  second  and  passed 
out  at  5  ft.  per  second. 

H.  A.  Savage,  of  the  Combustion  Engineering  Corpora- 
tion, followed  with  an  illustrated  talk  on  several  powdered- 
coal  installations,  mentioning  in  particular  the  Morris  plant 
at  Oklahoma  City,  where  Texas  lignite  containing  11  per 
cent  ash  and  33  per  cent  moisture  had  been  burned  at  an 
efficiency  of  78  per  cent. 

Wednesday  Afternoon  Session 
At  the  afternoon  session  Prof.  A.  C.  Willard  gave  an 
extended  and  interesting  talk  on  "Heating  Boilers  and  Fur- 
naces, Power  Plant  Design  and  Ventilation."  The  speaker 
emphasized  the  importance  of  excess  air.  By  analyzing 
in  detail  the  various  losses  that  take  place  in  the  furnace 
and  the  boiler,  he  showed  that  the  loss  from  excess  air 
was  proportionately  large  and  it  might  easily  amount  to 
10  per  cent  of  the  heat  in  the  coal.  In  the  average  plant, 
depending  of  course  upon  the  fuel  used,  from  15  to  18 
lb.  of  air  per  pound  of  coal  should  be  considered  good 
practice  rather  than  the  24  to  40  lb.  so  often  used.  There 
was  no  doubt  that  a  decided  saving  could  be  made  by 
reducing  the  excess  air.  In  the  first  place  it  lowered  fur- 
nace temperatures,  was  the  cause  of  smoke  and,  as  more 
gas  than  necessary  was  passing  through  the  setting  and 
the  flues,  a  higher  draft  was  needed  to  pull  these  gases 
through.  With  a  greater  differential  between  the  pressure 
inside  the  furnace  and  outside,  more  air  infiltrated  through 
the  setting  and  was  the  cause  of  a  proportionate  drop  in 
efficiency. 

In  conclusion,  the  speaker  discussed  air  leakage  into 
buildings,  the  high  cost  of  ventilation,  and  the  eff'ect  of 
air  in  piping  and  radiators.  The  air  leakage  from  natural 
causes  was  based  on  the  lineal  feet  of  crack  around  and 
between  the  window  sills.  At  a  wind  velocity  of  thirteen 
miles  an  hour,  which  was  taken  as  a  fair  average,  the 
leakage  amounted  to  0.147  cu.ft.  of  air  per  minute  per 
foot  of  crack  per  mile  velocity  of  the  wind.     It  was  im- 


portant to  realize  that  nn  the  wind  incronscd  the  prcKsm 
varied  as  the  nquare  of  the  velocity,  80  that  the  leakn; 
increa.sed  rapidly  with  the  wind  velocity.  Calculatioi 
were  made  on  typical  buildings  to  show  that  this  leakar 
wa.s  a  big  factor,  warranting  inveHtment  in  weather  strips 
or  other  means  of  stopping  the  cracks. 

Thursday,  Railway  Day 

Thursday  was  Railway  Day,  and  a  number  of  intercBtin, 
papers  in  this  field  were  presented.  On  Friday  morning  Si. 
Louis  was  chosen  as  the  next  meeting  place,  the  convention 
to  be  held  early  in  June  of  1921.  The  following  officers 
were  elected: 

President,  Joseph  M.  Lonergan,  of  New  York;  first  vice 
president,  W.  A.  Pittsford,  of  Kewanee,  111.;  second  vice 
president,  .1.  W.  Burrows,  of  St.  Louis,  Mo.;  secretary- 
treasurer,    F.    A.    Chambers,    of    Chicago. 

Throughout  the  convention  entertainment  was  provided 
for  members  and  visiting  ladies  in  the  way  of  automobile 
rides,  theater  parties  and  inspection  trips  to  places  of 
interest,  such  as  the  Municipal  Pier,  the  big  mail-order 
hou.se  of  Sears,  Roebuck  &  Co.,  and  the  Union  Stock  Yards. 
A  trip  through  the  parks,  ending  up  in  a  dinner  at  the 
Marigold  Gardens,  was  particularly  enjoyed. 

Kansas  City  Railways  Plant  Operation 

The  report  of  Robert  P.  Woods,  city  member,  Board  of 
Control,  Kansas  City  Railways,  as  detailed  in  the  Electric 
Railway  Journal  for  Oct.  9,  includes  some  facts  of  interest 
to    readers    of   Potver. 

This  report  shows  that  the  switchboard  cost  in  1920  was 
1.2336c.  per  kilowatt-hour,  compared  with  1.3264c.  in  1919; 
the  average  price  of  coal  per  net  ton  in  1920  was  $3.64, 
compared  with  $3.74  in  1919;  and  the  average  price  of  oil 
in  1920  was  $1.68  per  bbl.,  as  compared  with  $2.56  in 
1919.  The  fuel  cost  per  kilowatt-hour  in  1920  was  8.86 
mills,  while  the  labor  cost  was  1.38  mills. 

Particulars  are  given  of  eff"orts  that  are  being  made 
to  bring  up  the  temperature  of  boiler-feed  water  and  to 
reduce  the  trouble  caused  by  scale.  According  to  the  re- 
port considerable  improvement  has  been  made  in  the  feed 
water  temperatures,  although  the  average  is  probably  under 
170  deg.  F.  Steps  are  being  taken  to  install  a  bleeder  con- 
nection between  the  third  and  fourth  stages  on  the  15,000- 
kw.  turbine  and  the  auxiliary  exhaust  which  passes  close 
by  the  turbine.  It  is  estimated  that  these  connections  will 
cost  approximately  $250.  Check  valves  will  be  installed 
so  that  when  the  turbines  are  shut  down  or  operated  under 
light  loads,  no  steam  will  flow  from  the  auxiliary  exhaust 
to  turbine.  When  the  turbines  are  operated  at  load,  steam 
will  be  bled  from  the  turbines  into  the  auxiliary  exhaust, 
enabling  the  water  to  come  from  the  underfeed  heaters  at 
approximately  210  deg.  instead  of  at  170  deg.  Besides  the 
heat  gained  by  this  arrangement,  it  is  hoped  to  depos[ 
approximately  two-thirds  of  the  scale-forming  compou 
in  the  heaters  instead  of  in  the  boiler  tubes.  This 
be  accomplished  by  raising  the  feed-water  temperature  in 
the  heaters.  Most  of  the  carbonate  scale  will  be  deposited 
if  the  temperature  is  kept  at  about  180  deg.,  and  it  U 
estimated  that  at  least  two-thirds  of  the  scale-forming 
compounds  are  carbonates. 

The  presence  of  scale  and  the  large  amount  of  boila 
cleaning  necessary  have  resulted  in  the  loss  of  a  consider 
able  number  of  boiler  tubes  In  combination  with  thi 
bleeding  scheme,  the  board's  engineer  recommended,  ant 
the  suggestion  is  being  placed  in  effect,  that  six  boilers  b 
used  for  purely  evaporator  service.  Under  this  scheme  ta 
raw  water  will  be  sent  to  a  certain  group  of  boilers  whiol 
will  always  be  operated  at  relatively  low  ratings  on  ae 
count  of  the  bad  water  conditions  in  them;  all  other  boilep 
in  the  plant  will  then  be  fed  from  pure,  condensed  water 

No  scale  whatever  would,  therefore,  exist  in  a  grea' 
majority  of  the  boilers  in  the  plant,  and  a  higher  efficienej 
of  heat  transfer  would  result,  making  it  unnecessary  t 
waste  heat  for  blowing  down  and  avoiding  delay  for  re 
placing  any  tubes.  It  is  proposed  to  feed  all  raw  maken) 
water  to  one  of  the  small  heaters  on  the  north  side  o: 
the  boiler  room.  >      ( 
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Capacity  and  Maintenance* 

By  Charles  A.  CAHiLLt 

The  erroneous  opinion  seems  to  have  spread  ?broad  that 
central  stations,  such  as  serve  the  larger  cities,  must  con- 
sume about  all  the  fuel  that  is  used  in  the  neighborhood. 
This  is  far  from  being  true  as  the  great  coal  consumers 
of  the  country  are  the  industrial  interests  at  large,  although 
none  of  the  individual  plants  will  approach  in  size  and 
electrical  output  that  of  the  public  utility. 

To  illustrate,  the  public  utilities  of  Wisconsin,  electric 
and  gas,  exclusive  of  steam  railroads,  use  in  round  figures, 
10  per  cent  of  the  coal  consumed.  This  percentage  will 
not  hold  good  for  other  states,  but  it  is  safe  to  say  the 
total  fuel  burned  by  these  utilities  is  a  small  percentage 
of  the  whole.  In  the  development  of  these  large  central 
stations  the  design  may  be  described  as  good,  passable  or 
indifferent,  as  is  the  case  with  plants  in  general.  Follow- 
ing our  national  mania  for  "big  things,"  we  have  been  in- 
clined to  turn  to  the  large  central  station  as  a  model  for 
all  plants,  large  or  small,  without  regard  to  the  condi- 
tions of  service  demanded. 

Fixed  Charges  Must  Be  Kept  Low 

In  financing  and  in  the  design  of  the  modern  central 
station  where  the  output  is  electrical  energy  only,  with  un- 
interrupted continuous  service  and  low  load  factor,  it  is 
imperative  to  keep  the  fixed  charges  down  to  the  lowest 
possible  limit.  This  has  been  done  largely  by  working  the 
equipment  to  the  limit  during  the  hours  of  peak  load.  This 
practice  may  be  considered  correct  for  the  central  station 
except  where  it  is  not  carried  to  a  ridiculous  extreme. 
But,  because  this  is  the  best  practice  for  this  type  of  plant, 
it  does  not  follow  that  the  average  industrial  plant  should 
have  the  same  design  or  should  be  operated  in  the  same 
manner. 

The  plan  of  operation  previously  outlined  has  been  copied 
by  some  industrial  establishments  to  their  sorrow  in  main- 
tenance costs,  unreliable  power,  light  and  heat  sei^vice  and, 
worst  of  all,  in  the  general  demoralization  of  the  power 
plant's  operating  crew.  Efficient  service  from  these  men 
is  of  vital  importance  in  producing  first-class  low-cost  ser- 
vice. The  present  chaotic  coal  conditions,  requiring  in 
many  localities  the  use  of  any  quality  of  coal  that  the 
market  affords,  have  complicated  operation,  and  this  is 
intensified  when  the  men  are  handicapped  with  insufficient 
heating  and  grate  surface  for  the  ever-increasing  steam 
demands.  A  400  per  cent  boiler  rating  looks  well  on  paper 
and  can  be  obtained  for  a  few  hours  with  good  coal.  If 
this  state  of  affairs  becomes  a  steady  diet,  demoralization 
begins  with  the  chief  operating  engineer  and  rapidly  ex- 
tends down  the  whole  line.  There  is  nothing  so  fatal  to 
low  power  costs.  As  nothing  "succeeds  like  success,"  so 
on  the  other  hand,  nothing  demoralizes  like  more  trouble 
continually  piling  up.  The  maintenance  costs  usually  go 
up  to  an  excessive  figure  in  the  boiler  plant  where  the 
larger  part  of  the  operating  costs  is  absorbed. 

Sizes  of  Boiler  Units 

It  is  not  possible  to  overload  to  such  a  degree  the  gen- 
erating end  of  the  plant  unless  electrical  burnouts  are  in- 
vited. With  the  overrating  that  is  now  prevalent,  gen- 
erators and  motors  in  a  measure  protect  themselves.  It 
was  the  writer's  belief  that  boilers,  stokers  and  auxiliary 
equipment  should  be  operated  at  the  point  of  their  highest 
efficiency,  and  that  the  boiler  units  should  be  of  such  size 
as  to  give  the  greatest  number  of  boiler  hours  possible  to 
the  plant  as  a  whole.  Large  boiler  units  are  all  right  for 
large  stations,  but  some  industrial  plants  have  become  so 
impregnated  with  this  disease  that  when  a  boiler  is  taken 
out  of  service  50  per  cent  of  the  boiler  capacity  is  elim- 
inated. 

A  close  observer  will  have  noticed  that  things  change 
in  power-plant  equipment  after  the  fashion  of  spring  styles 
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in  ladies'  hats.  Many  of  these  things  are  put  over  by 
much  advertising  and  efficient  sales  organizations  rather 
than  by  sound  engineering  principles.  One  thing  that  has 
not  changed  is  the  fact  that  to  get  the  results  that  the 
best-designed  plants  are  capable  of  giving,  requires  the 
perfect  teamwork  of  a  well-trained  operating  crew  led  by  an 
engineer  who  knows  his  business,  both  in  theory  and  prac- 
tice, and  has  executive  ability  and  tact  to  get  along  with 
the  management.  Best  results  are  impossible  where  operat- 
ing conditions  are  maintained  at  the  breaking  point.  Emer- 
gencies can  be  taken  care  of  now  and  then,  as  occasion 
may  demand,  but  with  continuous  performance  at  high 
pressure,  men  grow  stale  and  good  results  fall  off.  Plant 
records  prove  this. 

More  Attention  Should  Be  Given  to  Maintenance 

Not  enough  attention  is  given  to  maintenance.  A  cer- 
tain amount  of  money  should  be  appropriated  yearly  to 
keep  the  plant  in  strong  operating  condition.  The  tendency 
to  put  things  off  until  a  future  date  is  pernicious  in  its 
results,  yet  the  practice  seems  to  prevail  in  many  plants. 
The  difference  between  a  successful  operating  engineer  and 
a  conspicuous  failure,  is  that  one  keeps  ahead  of  troubles 
in  one  case,  and  in  the  other  the  troubles  keep  ahead  of  the 
engineer.  A  man  who  has  the  foresight  to  anticipate 
what  may  happen  and  promptly  rectifies  a  defect  that 
would  cause  trouble  is  worth  five  times  as  much  as  the 
man  who  can  patch  a  thing  up  after  it  smashes  through 
actual  neglect.  Here  again  is  where  a  plant  that  is  pushed 
to  the  limit  is  at  a  great  disadvantage.  Repairs  cannot 
be  made  thoroughly  and  are  more  or  less  temporary  in  char- 
acter. This  procedure  always  lowers  the  vitality  of  the 
plant.  If  a  certain  sum  of  money  is  annually  provided  for 
maintenance,  it  creates  a  much  better  impression  with  the 
management  than  a  large  lump  sum  required  all  at  once, 
after  a  term  of  years. 

Distinction  is  to  be  made  between  maintenance  and  so- 
called  improvements.  When  it  comes  to  the  latter,  some 
hard  thinking  is  necessary.  Improvements  are  justified, 
first,  to  increase  the  plant's  safety,  second,  to  increase  its 
reliability,  and  third,  to  increase  its  economy.  Many  so- 
called  improvements  do  not  help  in  these  directions,  and 
at  the  end  of  the  fiscal  year  there  are  large  direct  expen- 
ditures embarrassing  to  explain.  When  matters  have  been 
considered  carefully  and  it  is  thought  beyond  any  reason- 
able doubt  that  a  saving  of  6  per  cent  in  operation  can 
be  made,  it  is  better  to  guarantee  the  management  a  saving 
of  4  per  cent.  If  the  improvements  show  a  saving  of  8 
per  cent,  so  much  the  better. 

Present  Conditions  Demand  Careful  Work 

The  present  high  price  of  coal  and  the  demoralization 
of  the  country's  transportation  system  call  for  the  best 
possible  work  in  power  plants.  These  calamities  have 
awakened  a  great  deal  of  interest  in  the  management  of 
power-plant  affairs  that  were  formerly  passed  along  un- 
heeded and  taken  as  a  matter  of  course.  Power-plant  costs 
have  become  a  serious  thing  and  must  be  given  attention. 
The  competent  engineer  can  now  get  a  respectful  hearing, 
which  he  always  could  have  had  in  the  old  days  if  he  had 
been  able  to  express  himself  in  a  plain  straightforward 
manner,  always  granting  that  he  was  sure  of  his  ground. 
That  there  is  a  wide  difference  in  handling  maintenance 
matters  is  evidenced  from  the  following  examples: 

Case  one  is  where  there  is  a  fairly  equipped  repair  shop 
for  handling  all  maintenance  except  the  heavy  work  on  the 
largest  machines.  The  crew  make  most  of  the  renewals 
and  apparently  have  no  heavy  repairs,  as  they  are  contin- 
ually at  work  on  some  plant  equipment.  Everything  is 
going  along  smoothly,  and  the  plant's  record  for  good  ser- 
vice  and   high    economy   is   excellent. 

Case  two  is  where  the  repair  crew  is  on  call  as  is  prac- 
ticed with  a  city  fire  department.  Things  are  supposed  to 
be  done  with  a  rush  and  always  with  a  hurrah  and  a 
great  deal  of  fuss.  Like  the  fire  department,  they  wait 
until  the  fire  starts  before  there  is  anything  done.  The 
operating  records  show  that  in  case  one  the  costs  are  lower 
and  interruptions  in  service  from  power-plant  trouble  are 
almost  unknown. 
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C)iu>  of  thi"  ndviintn^cH  tlic  enKinpcr  has  in  a  stnnll  plant 
la  that  he  is  in  cIo.sit  toiu-h  with  his  I'liuipini-nt  and  tin-ti 
at  all  times  than  out-  who  ha.s  a  larvTt'  plant  and  <>r)rani'/.a- 
fion.  The  niainleiiaiiii'  of  a  jjood  orj^anizalion  in  a  Inrjjc 
plant  is  more  of  a  task  than  to  maintain  the  e(|uipnient. 
What  may  he  expected  with  a  nivcn  pieee  of  eciuipnient  is 
known.  On  the  other  hand,  little  is  known  of  the  possi- 
bilities of  the  complex  human  beinpra  that  look  so  much 
aliko  in  general  but  are  so  widely  variable  in  their  mental 
make-up. 

The  engineer  who  is  anxious  to  make  the  best  possible 
record  must  give  more  attention  to  human  engineerinK  than 
ho  has  in  the  past.  The  only  reason  today  that  makes  all 
engineers  seenj  of  so  little  conseiiuence  in  public  atTairs 
is  because  they  have  been  dealing  with  natural  laws  and 
materials  to  such  an  extent  that  the  ever-important  human 
factor  has  slipped  away  from  them  and  has  been  worked 
to  the  limit  by  others. 

A.  A.  E.  (lonfcreiice  on  Eniploynient 
and  Education 

With  a  largo  attendance  assured,  the  conference  on  em- 
ployment and  education  sponsored  by  the  American  Associ- 
ation of  Engineers,  which  will  be  held  in  the  Congress  Hotel 
in  Chicago  on  Nov.  12,  promises  to  be  an  inspiring  meeting. 
All  free  employment  bureaus  and  agencies  are  being  invited, 
as  well  as  representatives  from  engineering  societies  and 
engineering  colleges.  The  purpose  of  the  meeting  is  to 
consider  the  general  problems  of  employment.  The  follow- 
ing subjects  are  not  all  that  will  be  considered  at  the  con- 
ference, but  are  merely  those  which  have  been  determined 
upon  definitely: 

George  P.  Hambrecht,  chairman  of  the  Industrial  Com- 
mission of  Wisconsin,  will  speak  on  "Employment  Office 
Administration  and  Technique." 

A.  B.  Crawford,  director  of  the  bureau  of  appointments 
■of  Yale  University,  will  deliver  an  address  on  "Placing  the 
Graduate  in  His  First  Position." 

A.  B.  McDaniel,  development  specialist  in  construction 
for  the  War  Department  at  Camp  Dix,  will  speak  on  "Edu- 
cational Work  for  the  Permanent  Army." 

Prof.  Arthur  F.  Payne,  chairman  of  the  trade  and  indus- 
trial department  of  the  college  of  education  in  the  Uni- 
versity of  Minnesota,  has  selected  as  his  subject,  "Vocational 
Analysis  and  the  Engineer." 

James  P.  Munroe,  vice  chairman  of  the  Federal  Board 
for  Vocational  Education  in  Washington,  will  discuss  "Vo- 
cational Advisement  as  a  Prime  Function  of  Educational 
Institutions." 

R.  0.  Kramer,  manager  of  the  mechanical  department  of 
Montgomery,  Ward  &  Co.,  of  Chicago,  will  speak  on  "Engi- 
neering Opportunities  in  Large  Mercantile  and  Mail-Order 
Houses." 

A.  A.  Potter,  dean  of  engineering  in  Purdue  University, 
will  speak  on  "Summer  Employment  for  Men  in  Teaching 
Service." 

The  Coal  Situation  in  Brief 

According  to  the  weekly  report  of  the  Geological  Survey. 
Department  of  the  Interior,  the  production  of  bituminous 
coal  fell  off  sharply  during  the  week  ended  Oct.  2.  The 
total  output  (including  lignite  and  coal  coked)  is  estimated 
at  11,348,000  net  tons,  a  decrease  when  compared  with  the 
preceding  week  of  506,000  tons,  or  4.3  per  cent.  The  cause 
of  the  decrease  is  not  yet  clear.  Up  to  Thursday,  Sept.  30. 
loadings  were  proceeding  at  a  rate  in  excess  of  the  pre- 
vious week,  but  on  Friday  and  Saturday  they  declined 
sharply.  Analysis  of  the  reports  of  the  railroads  shows 
ft-h4t  the  decrease  centered  in  the  fields  north  of  the  Ohio 
and  Potomac. 

Production  during  the  first  234  working  days  of  the  last 
four  years  has  been  as  follows  (in  net  tons):  1917,  417,- 
141,000;  1918,  449,334,000;  1919,  352,794,000;  1920,  404,- 
114,000. 

The  year  1920  is  thus  about  13  million  tons  behind  1917 
and  about  45i  million  tons  behind  1918,  but  is  51i  million 


tons  ahead  of  1919.  In  this  connoctioii  it  Khould  he  re- 
iiicinbercd  that  pro<luction  during  I'.UK  fxcecd<'d  consump- 
tion and  provided  for  a  net  addition  to  consumers'  stocks  by 
the  end  of  the  year  of  approximately  :!0,000,000  tons.  Fn 
I'.U'.t  this  condition  was  reversed;  consutnption  exceeded 
production  and  there  was  a  net  draft  on  stocks  of  p<T- 
haps  40,000,000  tons  for  the  year. 

Expressed  in  net  tons,  the  dumpings  over  tiflewater 
piers  as  reported  to  the  Geological  Survey  by  the  Tide- 
water Bituminous  Coal  .Statistical  Bureau  were  1,280,000, 
almost  exactly  the  same  as  during  the  preceding  week. 
Dumpings  for  New  England  account  declined  sharply, 
amounting  to  203,000  net  tons,  or  at  the  rate  of  870,000  tons 
per  month.  Exports  rose  from  582.000  to  053,000  tons  for 
the   week,  or  at  a   monthly   rate  of  2,800,000   net   tons. 

Comparative  Tests  of  Sulzer  and  Still 
Oil  Engines 

At  the  final  meeting  of  the  Liverpool  Conference  of  the 
Institute  of  Naval  Architects  considerable  attention  was 
given  to  the  results  of  a  series  of  tests  of  a  Sulzer  Diesel 
and  a  Still  steam-oil  engine. 


FIG.  1.     INDICATOR  DIAGR.VII   I'ROM  SILZER  ENGINE 
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FIG.    2,      INDICATOR   DIAGRAMS    FROM    STILL   ENGINE 

The  Sulzer  Diesel  is  well  known,  and  the  Still  engine 
has  been  described  in  numerous  technical  papers.  In  the 
Still  engine  the  oil  combustion  acts  upon  one  side  of  the 
piston  while  steam  acts  on  the  other  side.  A  small  boiler 
is  a  part  of  the  equipment  and  absorbs  the  lieat  trom  tTie 
water  gases  of  the  internal-combustion  side  of  the  engine. 
The  cycle  of  the  steam  portion  of  the  engine  is  quite  along 
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customary  steam  practices,  a  condenser,  boiler-feed  pump, 
etc.,  forming  part  of  the  equipment. 

In  the  tests  a  small  vessel  was  fitted  with  a  set  of  Still 
engines  of  250-hp.  capacity.  Tests  as  to  thermal  efficiency 
on  shaft  horsepower  were  run.  These  units  were  then 
removed  and  a   Sulzer  set  installed.     These  engines  were 
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FIG.    3.      THERMAL   EFFICIENCY    OF    SULZER   AND 
.STILL  ENGINES 

tested   while   all    conditions,    so   far   as   possible,    were   the 
same  as  during  the  Still  tests. 

A  representative  of  each  firm  was  present  at  the  trials 
and  was  satisfied  that  the  tests  had  been  carried  out  in  an 
approved  manner.  The  oil  used  was  shale  of  0.85  gravity. 
— Engineering. 

Water-Power  League  Holds  Convention 

That  water-power  developments  are  being  intensively 
studied  in  many  quarters  was  demonstrated  beyond  ques- 
tion at  the  convention  of  the  Water  Power  League  of 
America,  in  Washington,  Oct.  7  and  8.  The  League  is  a 
new  organization,  and  as  it  was  founded  by  men  who  had 
rot  been  identified  in  the  water-power  movement,  it  lacked 
the  general  appeal  of  an  organization  with  established 
prestige.  Nevertheless,  the  sessions  were  well  attended. 
Each  address  was  followed  by  discussion  which  indicated 
that  a  large  proportion  of  those  in  attendance  were  study- 
ing carefully  the  problems  of  power  development.  Those 
interested  in  the  super-power  survey  being  made  of  the 
Boston-Washington  area  were  particularly  in  evidence. 

The  sessions  were  presided  over  by  Dr.  George  F.  Swain, 
professor  of  civil  engineering  at  Harvard  University.  Just 
prior  to  the  convention  Dr.  Swain  accepted  the  presidency 
of  the  League. 

The  convention,  very  apparently,  gave  the  Water  Power 
League  additional  impetus.  Committees  are  to  be  appointed 
to  make  studies  of  various  problems  connected  with  the 
development  of  water  power.  It  was  announced  that  the 
organization  is  to  be  composed  of  operators  of  water-power 
projects  and  consumers  of  water  power,  in  the  hope  that 
these  interests  may  gather  around  the  table  and  arrive 
at  agreements  that  will  permit  the  stimulation  of  water- 
power  development  and  at  the  same  time  protect  the  con- 
sumers from  excessive  charges.  It  is  the  intention  of 
Edward  Ten-ill  and  Frederick  L.  Long,  the  founders  of  the 
League,  to  open  a  Washington  office  in  the  near  future. 

Addresses  were  made  at  the  sessions  by  Dr.  George  F. 
Swain,  president  of  the  Water  Power  League;  O.  C. 
Merrill,  executive  secretary  of  the  Federal  Power  Com- 
mission; Col.  William  Kelley,  chief  engineer  of  the  Fed- 
eral Power  Commission;  Alexander  T.  Vogelsang,  assistant 
secretary  of  the  Interior;  John  A.  Britton,  vice  president 
and  general  manager  of  the  Pacific  Gas  and  Electric  Co.; 
John  W.  Dorsey,  of  the  University  of  Manitoba;  and  W. 
S.   Murray,   chairman   of   the   Super-Power   Survey. 


The  question  of  the  possibility  of  improved  method  of 
mining  our  coal  does  not  seem  to  be  engaging  the  neces- 
sary attention.  The  late  Sir  William  Ramsay,  it 
will  be  remembered,  maintained  that  it  was  practical  to 
gasify  thin  coal  seams  in  situ,  a  feat  which  would  enor- 
mously increase  our  fuel  reserves  and  might  greatly  reduce 
costs.  His  scheme  did  not  commend  itself  as  practicable 
to  mining  engineers,  but  some  experiments  were  made, 
which,  however,  were  impeded  by  his  ill  health  and  brought 
to  an  end  by  his  death.  In  view  of  present  developments 
it  might  be  well  if  the  committee  would  add  to  the  list  of 
investigations  that  they  have  now  in  hand  a  thorough  in- 
quiry into  the  practicability  of  Sir  William  Ramsay's 
schemes,  forbidding  though  the  attendant  difficulties  appear. 
— Engineering. 


Manufacturers  of  Ontario,  Canada,  who  will  need  electric 
power  this  winter,  are  facing  a  serious  situation.  The 
Ontario  Hydro-Electric  Commission  has  apparently  con- 
tracted to  supply  more  power  than  it  is  at  present  possible 
to  develop,  unless  there  is  an  early  and  abundant  rainfall, 
or  unless  water  is  released  from  storage  in  the  Trent  water- 
shed. This  latter  course,  however,  would  be  a  gamble,  as 
it  would  cause  a  worse  shortage  in  case  no  rain  should  be 
forthcoming.  It  would  also  be  likely  to  cause  litigation 
with  riparian  owners  who  have  an  agreement  as  to  the 
level  at  which  certain  lakes  shall  be  kept.  The  Depart- 
ment of  Railways  and  Canals  is  in  charge  of  the  water 
conservation  of  the  Trent  area,  and  seems  to  have  a  problem 
before  it  which  will  be  difficult  to  solve. 


In  an  address  before  the  National  Safety  Council  re- 
cently, D.  J.  Price  brought  out  some  interesting  facts  about 
dust  explosions.  He  pointed  out  that  dust  explosions  have 
taken  place  recently  in  several  industries  where  the  dust 
produced  had  not  previously  been  regarded  as  dangerous. 
Explosions  of  this  sort  have  occurred  in  starch  factories, 
sugar  refineries,  cocoa  and  chocolate  plants,  spice  works, 
paper  mills,  woodworking  establishments,  shoe  factories 
and  aluminum-ware  polishing  works.  Special  methods  for 
the  prevention  of  these  explosions  are  being  investigated  by 
the  engineers  of  the  Bureau  of  Chemistry  at  Washington. 


That  power  plants  in  the  United  States  are  not  alone 
in  their  fuel-shortage  troubles  is  indicated  by  a  report 
from  South  Africa.  Vice  Consul  Charles  J.  Pisar,  of  Cape 
Town,  reports  that  the  principal  coaling  stations  in  south- 
ern Africa  are  suffering  from  a  coal  shortage  that  is  caus- 
ing considerable  delay  to  vessels  calling  at  these  ports  for 
bunkers.  This  situation  is  entirely  due  to  the  lack  of 
engine  power  and  rolling  stock  on  the  railways,  which 
handicaps  the  transport  of  coal  from  the  mines  to  the  coast. 


The  total  production  of  coal  in  France  during  1919  was 
21,610,000  tons,  as  compared  with  26,322,000  tons  in  1918. 
It  is  estimated  that  the  present  monthly  requirements  are 
5,600,000  tons  and  that  in  1920  it  will  be  necessary  to  im- 
port at  least  45,000,000  tons  from  foreign  countries.  The 
amount  of  coal  imported  into  France  during  1919  and  the 
first  four  months  of  1920  was  as  follows,  according  to  coun- 
try of  orgin:  England,  15,300,000  tons;  Belgium,  1,700,000 
tons;    Germany,  2,000,000  tons;   total,   19,000,000  tons. 


The  international  coal  situation  is  discussed  by  Joseph 
A.  Broderick,  vice-president  of  the  National  Bank  of  Com- 
mence, in  the  October  number  of  the  bank's  magazine,  the 
Commerce  Monthly.  Mr.  Broderick  says  that  French  in- 
dustries are  receiving  but  two-thirds  of  the  coal  they  need 
to  run  at  capacity.  Norway  is  getting  only  half  enough, 
Italy  three-fifths,  and  the  Netherlands  about  one-half  of 
what  is  required. 


The  United  States  Department  of  Commerce  reports  that 
the  export  of  coal  from  Swansea  and  Port  Talbot,  South 
Wales,  has  decreased  from  401,824  tons  in  January  to  249,- 
844  tons  in  August.  This  decline  was  due  to  shortage  in 
output  at  the  mines  and  consequent  limitation  of  export 
under  control  of  the  government. 
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I.  (!.  (!.  Takt's  Mcasiirrs  lo  Kriirvr  .MiW<ll«' 
y  West  an<l  Morlliwosl 

Hy  cnm-clHifr  nil  outst^ln(tin^:  piTiuits  for  tlu-  use  of  opon- 
top  lars  fur  purposes  olhor  than  the  transportation  of  coal 
and  l>y  nioilifyinjr  its  onU-r  jrivinjr  asaiKncd  cars  to  public 
utilities,  the  Interstate  Commerce  Commission  has  taken 
action  which  is  expected  to  make  possible  a  weekly  coal 
production  in  excess  of  twelve  million  tons.  The  cold  wave 
wliich  struck  the  Middle  West  and  Northwest  early  in  Octo- 
ber called  forcible  attention  to  the  fad  that  householders 
had  been  unable  to  lay  in  their  winter's  coal.  This  Rave 
rise  to  such  a  demand  that  it  became  imperative  for  the 
Commission  to  make  possible  the  initiation  of  the  distribu- 
tion of  domestic  coal  in  that  section.  The  minimum  re- 
quirement was  2,000  cars  daily.  When  the  railroads  were 
called  upon  to  divert  that  number  of  cars  from  the  Lake 
coal  movement  they  declared  it  would  be  impossible  under 
conditions  which  then  existed.  The  railroads  called  to 
Washington  representatives  of  the  operators  and  of  others 
interested. 

It  became  quite  clear  after  several  conferences  that 
action  by  the  Interstate  Commerce  Commission  would  be 
necessary.  This  resulted  in  the  Commission  conducting  a 
series  of  executive  hearings,  after  which  they  issued  Serv- 
ice Orders  20  and  21.  There  was  great  protest  from 
the  building  industry  and  from  other  industries  which  were 
making  use  of  open-top  cars,  but  the  Commission  reached 
the  conclusion  that  other  industries  would  have  to  be  with- 
out these  cars,  except  When  en  route  back  to  the  mines, 
until  navigation  closes  on  the  Lakes. 

To  administer  the  public  utilities  order,  a  committee  of 
three  has  been  named,  made  up  as  follows:  W.  L.  Barnes, 
American  Railroad  Association;  D.  B.  Wentz,  president  of 
the  National  Coal  Association,  and  George  W.  Elliott,  chair- 
man of  the  National  Committee  on  Gas  and  Electric  Serv- 
ice.    If  a   public   utility  needs   emergency  coal   application 


.should  be  made  to  thi.s  committee.  The  operators'  repre- 
sentative on  the  committee  will  attempt  to  swurc  delivery 
of  the  necessary  coal  without  invoking  the  Hervicc  order. 
In  case  immediate  delivery  cannot  be  secured  by  that  means 
the  Interstate  Commerce  ('ommission  then  will  provide  that 
particular  utility  with  assigned  curs  which  will  be  set  in 
at  the  most  available  mine. 


The  Oil  Situation 

Henry  L.  Doherty  &  Co.,  in  their  Investment  Bulletin, 
state  that  since  August,  1919,  the  oil  industry  has  been 
facing  an  unprece<iented  demand  for  all  petroleum  products, 
with  consumption  running  ahead  of  domestic  production. 
The  situation  would  be  far  more  critical  than  it  actually 
is  were  it  not  for  the  wide  expansion  that  has  occurred  in 
imports  from  Mexico  in  the  last  eighteen  months.  The  aver- 
age daily  consumption  of  oil  in  the  United  Ctates  since 
August,  1919,  has  been  1,1.'J9,016  bbl.,  against  an  average 
domestic  production  of  1,10.'5,085  bbl.  The  Government  re- 
ports show  that  in  June,  1920,  there  was  on  hand  but  2C 
days'  supply  of  gas  and  fuel  oil,  but  418  days'  supply  ol 
lubricating  oil  and  43  days'  supply  of  gasoline. 

The  average  daily  consumption  of  gasoline  increased  32 
per  cent  in  the  first  half  of  1920  over  the  first  half  of  1919, 
being  at  the  rate  of  11,773,106  gal.  daily.  Consumption  ol 
fuel  and  gas  oil  rose  to  22,013,227  gal.  daily. 


The  "Aquitania,"  the  second  large  liner  to  be  converted 
into  an  oil  burner,  has  been  very  successfully  operated 
with  fuel  oil.  On  her  first  voyage  since  conversion  47,00C 
shaft  horsepower  was  developed.  When  she  used  coal 
approximately  200  firemen  and  coal  passers  were  required 
while  now  only  50  firemen  are  needed.  The  average  ratt 
of  speed  as  an  oil  burner  was  A  of  a  knot  greater  than 
the  vessel  ever  made  as  a  coal  burner,  saving  five  hours 
between    New   York   and   Liverpool. 


New  Publications 


ElIISSIVITY  OF  HRA.T  FROM  VARIOUS 
SURFACES.      By  V.   S.    D.Ty.      Bulletin 
No    117.  issued  by  the  Engineering  Ex- 
periment   Station   of  the    University   of 
Illinois.   Urbana.   111.      No  charge. 
This  bulletin  deals  principally  with  an  in- 
vestigation of  the  value  of  insulating  mate- 
rial  cominonlv  employed    in   warm-air   fur- 
nace installations,  as  affecting  the  economy 
of    the    system.       The    results    of    the    tests 
are    con\-incingly    illustrated    by    diagrams 
and  tables. 

BITUinXOUS     COAL     STORAG-E     PRAC- 
TICE      Bv  Prof.   H.    H.    Stoek.      C.   W. 
Hippard  and  W.   D.  Langtry.     Bulletin 
No    116  issued  bv  the  Engineering  Ex- 
'      periment    Station   of    the    University    of 

Illinois.  Urbana,  111.  No  charge. 
This  bulletin  deals  with  the  prevention 
of  fires  caused  by  spontaneous  combustion 
in  stored  bituminous  coal  and  gives  the  re- 
sults of  actual  experiences  with  fires  in 
storage  piles.  The  safe  storage  of  coal  is 
becoming  more  and  more  necessary  to  re- 
lieve the  congestion  of  transportation  sys- 
tems, which  are  overtaxed  at  one  time  and 
able  to  handle  more  at  other  times. 

THE   LOCOMOTIVE    UP    TO    DATE.      By 
Charles  McShane.     Published  by  Griffin 
&  Winters.   Chicago.    111.      Second    Edi- 
tion.    Cloth.  6  x  9  in.  ;  893  pages;  376 
illustrations.      Price,    $5. 
The  original  work  was  published  twenty 
vears   ago.    and    the    advancement    in    loco- 
motive practice  is  responsible  for  the  many 
changes  that  have  been  made  in  this  second 
edition.      The  text  throughout  has  been  re- 
vised and  much  of  it  has  been  rewritten  in 
order  to  present  certain  subjects  more  fully 
or  in  a  new-  aspect  in  accordance  with  re- 
cent developments  in  locomotive  design  and 
practice.     The  plain,  commonsens  ■  language 
of    the    first    edition    is    maintained    in    the 
second  one,  and  the  book  is  understandable 
to    anyone    who    can    read    Engli.sh.      Over 
three   hundred   pages   are   devoted   to  valve 
gearings,    going   into   the    construction,    ad- 
vantages and  disadvantages  of  one  over  an- 


other and  the  operating  results.  Special  in- 
structions are  given  regarding  the  link  mo- 
tion and  as  to  valve-gear  breakdowns  and 
their  remedies  for  each  type  of  gear  and  the 
procedure  in  case  of  accident  while  on  the 
road.  Other  subjects  treated  are  the  air 
brakes,  superheaters,  feed-water  heating, 
blows  and  pounds  and  methods  of  accurate- 
ly locating  and  remedying  them.  The 
volume  contains  much  practical  information 
that  enginemen  should  know.  The  book 
is  well  illustrated  and  the  text  matter  is 
presented  in  an  interesting  manner. 


Personals 


F.  Van  Bnren  Connell  has  accepted  a 
position  as  sales  engineer  for  the  Automatic 
Fuel  Saving  Company,  of  Philadelphia,  Pa. 

Harry  H.  Bates  has  returned  to  the  em- 
plov  of  "the  Westinghouse  Electric  and  Man- 
ufacturing Company  in  the  Stoker  Engi- 
neering Dept. 

l,froy  P.  Sterling,  formerly  with  the 
Huasteca  Petroleum  Company,  is  now  with 
the  International  Petroleum  Company, 
Tampico,  Mexico. 

Wilford  Y.  Cannon  has  been  promoted 
from  assistant  consulting  engineer  to  chief 
engineer  of  the  Utah-Idaho  Sugar  Co.,  Salt 
Lake  City,  Utah. 

John  S.  Paul,  formerly  mechanical  en- 
gineer, American  Brake  Shoe  &  Foundry 
Co.,  is  now  with  The  McCann-Harrison 
Company  of  Cleveland. 

K.  W.  L^eper,  formerly  with  the  General 
Electric  Co.  in  Cincinnati.  Ohio,  is  now 
with  the  Management  Engineering  and  De- 
velopment  Co..    Dayton,   Ohio. 

Kdward  E.  I.amberson  has  left  the 
JIanila  Electric  Co..  P.  I.,  to  take  a  posi- 
tion with  the  BrookU-n  Edison  Co.  as  as- 
sistant steam  engineer  of  the  entire  system. 

J.  P.  Maloy.  for  about  twenty-five  years 
connected  with  the  Lagonda  Manufacturing 
Co.,  has  recently  formed  the  Chicago  Engi- 
neering  Co.,   of  which   be    is   the   head. 


('.  H.  Vickers  is  now  designer  and  drafts- 
man with  the  Moore  Steam  Turbine  Corp., 
of  Wellsville.  N.  Y.  He  was  formerly  with 
the  Walworth  Manufacturing  Co.,  Kewanee, 
Wis. 

J.  K.  Masferrer  has  resigned  his  position 
with  the  United  States  and  Cuban  Allied 
Works  Engineering  Corporation,  to  enter 
the  Dodwells  (Cuba)  Ltd.,  Havana,  as  a 
sales  engineer. 

M'illiam  S.  Hill,  formerly  superintendent 
of  the  electric  department  of  Springfield 
(Mo.)  Gas  and  Electric  Co.,  is  now  man- 
ager of  the  Arkansas  Light  and  Power  Co., 
Stuttgart,    Ark. 

D.  G.  McMillan,  formerly  with  the  Wil- 
liams Printing  Co..  New  York  City,  as 
maintenance  engineer,  has  been  appointed 
powt-r  superintendent  with  the  Willys  Cor- 
l)oration   at   Elizabeth,   N.   J. 

K.  D.  Koplin  is  now  assistant  mechanical 
engineer  for  the  Lehigh  Valley  Coal  Com- 
pany. Wilkes-Barre.  Pa.,  having  left  the 
engineering  department  of  the  Atlantic  Re- 
fining Company,   Philadelphia  Pa. 

Charlps  H.  Bromley,  as.sociate  editor  of 
Power  for  over  eight  years,  is  giving  up 
this  position  to  take  up  engineering  and 
commercial  executive  duties  with  the 
Richardson-Phenix   Co..   Milwaukee,   Wis. 

Kneeland  A.  Mereness  has  accepted  a  po- 
sition as  instructor  in  the  department  of 
machine  design  at  Cornell  University.  He 
was  formerly  with  the  Remington  Type- 
writer Co..  Smith  Premier  Works,  Syracuse, 
N.  Y. 

George   A.   Evans   is  now  with   the  Gras- 

selli  Chemical  Co..  Grasselli,  N.  J.,  as  head 
of  the  power  department.  He  was  for- 
merly assistant  mechanical  engineer. 
Public  Service  Electric  Company,  Newark, 
N.   J. 

Howard  I.  Holleraan,  formerly  in  the  con- 
struction-engineering department  of  the 
General  Electric  Co.,  Schenectady.  N.  Y., 
is  now  with  the  Bethlehem  Chile  Iron  Mines 
Company,  Mina  Tofo  La  Higuera,  Coquim- 
bo.  Chile. 
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M.  J.  Dempser  has  resigned  his  position 

as  chief  draftsman  with  the  Chase  Metal 
Works,  of  Waterbury,  Conn.,  and  is  now 
connected  with  the  Miamus  Motor  Works, 
of  Stamford.  Conn.,  in  the  capacity  of  pro- 
duction manager. 

F.  M.  Bond,  who  for  the  past  six  months 
has  been  manager  of  the  Corticelli  Silli 
aiills  (Nonotuck  Silk  Company)  at  Leeds 
and  Haydenville,  Mass..  has  been  appointed 
general  manager  in  charge  of  all  the  mills 
of  the  Company,  with  headquarters  at 
Florence,  Mass. 

H,  H.  Couzens,  manager  of  the  Toronto 
Hydro-Electric  Commission,  has  been  ap- 
pointed general  manager  of  the  combined 
Toronto  Railway  Co.  and  Toronto  Civic 
railways,  the  appointment  to  take  effect 
wlien  the  Toronto  System  is  taken  over  as 
a   civic  enterprise   next   year. 

Dr.  Frederick  H.  Newell,  for  the  last  five 
years  head  of  the  department  of  civil  en- 
gineering at  the  University  of  Illinois,  has 
recently  resigned  his  position,  and  Dr.  Ira 
O.  Baker,  professor  of  civil  engineering  and 
for  many  years  head  of  the  department,  has 
again  been  placed  in  charge  of  the  depart- 
ment as  acting  head. 

James  A.  Elliott,  formerly  chief  account- 
ant, Cooley  &  Marvin  Company.  Boston, 
announces  that  a  partnership  under  the 
firm  name  of  Elliott,  Davis  &  Company, 
has  been  formed  between  himself  and  Her- 
bert T.  Davis,  also  of  Cooley  and  Marvin 
Company.  The  new  cnmnany  will  conduct 
a  general  practice  of  public  accounting.  The 
main  office  is  in  Boston  ;  a  branch  office 
is  located  in  New  York. 

Arthur  Cutts  Wlllard,  professor  of  heat- 
ing and  ventilation  in  the  department  of 
mechanical  engineering  at  the  University  of 
Illinois,  has  been  appointed  head  of  the 
department  to  succeed  Dean  C.  R.  Richards, 
who,  since  his  election  as  dean  of  the  Col- 
lege of  Engineering  and  Director  of  the  En- 
gineering Experiment  Station,  has  con- 
tinued to  serve  as  the  acting  head  of  the 
department   of   mechanical    engineering. 


Society  Affairs 
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The    Philadelphia    .Section,    A.    S.    M.    E., 

will  meet  on  Oct.  25  to  hear  an  address 
by  Albert  Kingsbury,  Consultingr  Engineer, 
on    "Bearings." 

Metropoli'tan  Section,  A.  S.  IM.  E.,  wijl 
meet  Oct.  22  to  discuss  the  "Relative  Ad- 
vantages of  Modem  Steam  and  Electric 
Locomotives."  Frank  J.  Snrr.gue.  consult- 
ing engineer,  will  make  the  introductory 
remarks. 

The  Engineers  Society  of  Western  Penn- 
sylvania will  meet  in  the  William  Penn 
Hotel.  Pittsburgh,  on  Oct.  19.  M.  T. 
Montgomery,  of  the  Pittsburgh  Railways 
Co..  will  present  a  paper  on  "Stores  En- 
gineering." 

The  Boston  Section  of  the  A.  S.  M.  E.  is 
to  make  a  visit  of  inspection  of  the  Fore 
River  Plant  of  the  Bethlehem  Shipbuilding 
Corp.,  at  Quinoy.  Mass.  The  trip  will 
start  at  the  plant  promptly  at  2  p.m.,  Day- 
light Time.  Oct.  19. 

The  Chicago  Section  of  the  American 
Welding  Society  has  issued  a  little  booklet, 
the  title  of  which  is  "Keep  the  Gnjess  Work 


Out  of  Welding."  Copies  may  be  had  by 
addressing  the  American  Welding  Society, 
608  South  Dearborn  St.,  Chicago. 

The  American  Association  of  Engineers 
has  granted  club  charters  at  Leavenworth. 
Kan.  ;  Santa  Cruz,  Cal.  ;  Amarillo.  Tex.  ; 
Montreal,  Canada  ;  Wilmette,  111.  ;  Erie,  Pa.  ; 
Warren.  Ohio ;  Conneaut,  Ohio ;  and  Phil- 
lippi.  W.  Va.  A  chapter  charter  has  been 
conferred    in   Cambridge,   Ohio. 

The  Xationul  Executive  Committee  of  the 
American  Association  of  Engineers  has  ap- 
proved the  proposed  bill  for  licensing  en- 
gineers, architects  and  surveyors  in  Ohio, 
as  presented  by  Cecil  L.  Rood,  president  of 
the  Ohio  Engineering  Society  and  the  Ohio 
Association  of  Technical  Societies,  and  ap- 
proved by  the  Ohio  Assembly  of  A.  A.   E. 

The  American  Societ.v  of  Lubrication  En- 
gineers was  organized  recently  in  Chicago. 
The  newly  elected  president  is  Nicholas 
Griffin,  vice  president  of  the  Mack  Inter- 
national Motor  Truck  Corp.  ;  tlie  vice 
presidents  are  Carver  Wood,  chief  tech- 
nician of  the  Wayne  Oil  Tank  and  Pump 
Co..  Fort  Wayne,  and  L.  A.  Stewart,  of  the 
Anderson  &  Gustafson  Co.,  Chicago  ;  the 
treasurer  is  J.  B.  Rathbun.  consulting  en- 
gineer on  Petroleum  Magazine ;  and  the 
secretary  is  C.  B.  O'Hare,  formerly  with 
the  Sinclair  Oil   Co. 

Individual  ^lenibers  of  the  American  As- 
sociation of  Engineers  who  are  interested 
in  furthering  the  interests  of  the  Demo- 
cratic and  Republican  political  parties  are 
organizing  engineering  Republican  and 
Democratic  clubs.  They  are  not  connected 
with  the  association  in  any  way  except 
that  membership  in  the  political  clubs  is 
largely  made  up  of  members  of  A.  A.  E. 
Members  of  the  association  will  be  allowed 
to  belong  to  whichever  one  of  these  two 
clubs  they  wish,  and  if  they  like  may  or- 
ganize  clubs  for   other  political  parties. 

The  Baltimore  Chapter  of  the  American 
Association  of  Engineers  has  secured  an 
option  on  a  four-story  brick  residence  at  16 
West  Chase  St..  to  be  used  as  a  clubhouse 
for  the  chapter.  Stock  subscriptions  are 
being  taken  in  a  corporation  to  purchase 
the  property.  The  purchase  price  is  $40.0no 
in  fee.  Tlie  chapter  plans  to  occupy  the 
second  floor  and  rent  the  third  and  fourth 
floors  to  members  or  others  who  desire 
bachelor  quarters.  The  first  floor  will  be 
occupied  by  offices.  The  St.  Louis  Chapter 
has  had  similar  but  more  comprehensive 
plans  in  mind  for  the  last  six  months,  but 
they  have  not  been  worked  out.  The  St. 
Louis  plan  would  not  only  furnish  living 
quarters  for  the  bachelor  members,  but 
would  utilize  much  of  the  space  in  its 
building  for  a  graduate  school  for  older 
engineers  and  elementary  courses  for 
younger  members.  It  is  planned  to  pur- 
chase a  building  containing  a  library, 
lounging  room,  office,  music  room,  billiard 
room,  assembly  room  and  several  commit- 
tee   and    class    rooms. 


Business  Items 


The  Kr.vpton    (Ky.)   l.ight  and  Power  Co. 

has  been  organized  by  G.  W.  Humphres.  L. 
V.  \\'ooten  and  others  with  a  capital  of 
$25,000. 


Warren  Webster  &  Co.,  of  Camden,  N. 
J.,  have  established  a  branch  office  at  15 
East  Fayette  St.,  Baltimore,  Md.  Louis 
G.  Vance  is  in  charge  of  the  office  as 
Baltimore     district     manager. 

The  American  Engineering  Co.,  of  Phila- 
delphia, has  opened  a  new  office  in  Cin- 
cinnati for  the  purpose  of  extending  Tay- 
lor Stoker  representation  and  service.  M. 
M.  Masson  is  in  charge  of  this  office  at 
207    Neave   Building. 

Westinghuuse  Church  Kerr  and  Co.,  Inc., 
and  Dwight  P.  Robinson  and  Co.,  Inc.,  have 

announced  their  consolidation  under  the 
name  of  Dwight  P.  Robinson  and  Co..  Inc. 
Carl  C.  Thomas  has  been  appointed  West- 
ern representative  of  the  new  organization. 
His  office   is   in   Los   Angeles,   Cal. 


Trade  Catalogs 


Tlie  Smith  Gas  Engineering  Co,  Dayton, 
Ohio,  has  issued  an  advance  bulletin 
describing  the  latest  addition  to  its  line 
of  gas  producers.  The  new  gas  producer  is 
improved  in  design,  and  is  made  in  size; 
to  handle  from  800  to  3,000  lb.  of  coal  pei 
hour. 

The  Sprague  Electric  Works  of  the  Gen- 
eral Electric  Co..  New  York  City,  is  send- 
ing out  bulletins  of  its  electric  hoists, 
which  are  built  with  capacities  of  from  one 
quarter  of  a  ton  to  six  tons.  The  bulletins 
contain  specifications  and  photographs  of 
typical    installations. 

Carbon  Electrode  is  the  title  of  a  new 
18 -page  catalog  just  published  by  the  Na- 
tional Carbon  Co.,  Inc..  New  York.  The 
purpose  of  the  booklet  is  to  place  in  the 
hands  of  tliose  interested  in  electric-furnace 
operation  suggestions  relative  to  the  han- 
dling, storage  and  use  of  carbon  electrodes. 
The  process  of  manufacture  of  electrodes  by 
this  company  is  also  described.  A  copy  of 
this  booklet  can  be  obtained  on  request. 

The  Technical  Products  Co.,  dealer  in 
new  and  u-sed  equipment,  the  latter  com- 
prising large  purchases  from  Government 
munitions  plants,  has  recently  issued  an 
attractive  folder  entitled  "The  A  B  C's  of 
Refrigeration."  describing  under  the  caption 
of  "The  Technical  Way."  the  high-speed 
vertical  single-acting  ring-plate  valve  com- 
pressors which   it   is  handling. 

"Defend  Your  Steam,"  is  the  title  of  an 
attractive  book  by  Austin  Bolam.  pub- 
lished by  the  Magnesia  Association  of 
America.  721  Bulletin  Bldg..  Philadelphia. 
Pa.  This  book  presents  the  results  of  four 
years  of  original  research  work  by  the 
Magnesia  Association  of  America  and  the 
Mellon  Institute  of  Industrial  Research. 
Its  eighty  pages  cover  exhaustively  every 
phase  of  the  sub.iect  of  heat  and  fuel  sav- 
ing and  are  profusely  illustrated  with  in- 
teresting photographs  showing  the  use  of 
85  per  cent  Magnesia  pipe  and  boiler  cover- 
ings in  plants  of  every  kind.  The  results  of 
tests,  experiments  and  actual  experience 
are  given,  and  tables  and  data  are  added 
for  the  use  of  engineers  and  architects  in 
the  preparation  of  specifications  for  heat 
insulation. 


New  Construction 


PROPOSED    WORK 

Mass.,  Everett— The  Boston  Elevated 
Rwy.  Co..  108  Massachusetts  Ave..  Boston, 
is  having  plans  prepared  for  several  car 
repair  shops  including  a  steam  heating  sys- 
tem, here.  About  $3,000,000.  Dwight  P. 
Robinson.  125  East  46th  St.,  New  York 
City,  Archt.  and  Engr. 

Mass.,  Fall  River— H.  K.  Barrows.  Archt. 
and  Engr..  6  Beacon  St..  Boston,  is  prepar- 
ing plans  for  a  35  x  40  ft.  municipal  pump- 
ing station  and  concrete  dam  at  Watuppa 
Pond,  here.     About   $150,000. 

Mass.,  Lynn  —  Goodman  &  Gordan, 
Andrew  St..  plans  to  build  a  theater  build- 
ing at  Andrew  St.  and  Central  Ave.  About 
$500,000.     Architect  not  selected. 

Mass.,  Swampscott  (Lynn  P.  O.) — The 
Sherburne.  Inc.,  1  Beacon  St..  Boston,  will 
soon  award  the  contract  for  a  3  story 
theatre  building,  etc..  including  a  steam 
heating  system,  on  Main  St.  here.  About 
$800,000.  C.  T.  McFarland.  162  Newbury 
St.,  Boston,   Archt. 


R.  I.,  Providence — The  City  will  soon 
award  the  contracts  for  a  3  story,  71  x  183 
ft.  school  on  Arthur  Avenue  and  the  in- 
stallation of  a  steam  heating  system  in 
same.  About  $500,000.  Comnr.  of  Pub. 
Bldgs..   Archt.   and   Engr. 

N.  T..  Buffalo — Wilson  Brauer.  265  Hoyt 
St.,  is  in  the  market  for  one  1-hp..  25-cycle, 
110-120  volt  motor. 

N.  Y.,  New  York — The  Thompson-Star- 
rett  Co..  49  Wall  St.,  is  in  the  market  for 
refrigeration  machinery  for  new  Providence 
Biltmore  Hotel  at  Providence,  R.   I. 

N.  T.,  Rochester  —  Loews'  Enterprises, 
1493  B'way.  New  York  City,  plans  to  build 
a  theater  here,  including  steam  heating 
system.  About  $400,000.  T.  W.  Lamb,  644 
8th  Ave.,  New  York  City,  Archt.  and  Engr. 

N,  J.,  Tre.iton — The  Crescent  Insulated 
Wire  Co.,  Olden  and  Taylor  Sts..  is  having 
plans  prepared  for  a  1  story.  65  x  100  ft. 
boiler  house.  About  $15,000.  J.  O.  Hunt, 
114  North  Montgomery  St.,  Archt. 

Pa.,  Riddlesbnrg — The  Broad  Top  Powers 
Co.  plans  to  build  a  power  house.  F.  R- 
Weller.   Hibbs  Bldg.,  Wash.,  D  C.  Archt. 


Pa.,  Williamsport — The  Williamsport 
Hotel  Co.,  c/o  W.  L.  Stoddart.  Archt.  and 
Engr..  9  East  40th  St..  New  York  City,  is 
having  plans  prepared  for  a  hotel  building 
including  a  steam  heating  system,  here. 
About    ^1  000.000.., 

Md.,  Baltimore — C.  L.  Reeder.  Engr., 
Park  Ave.  and  Saratoga  St..  has  been  en- 
gaged to  prepare  plans  for  a  new  heating 
plant  at  the  City  jail.  Madison  and  Buren 
Sts. 

Md.,  Catonsville  (Baltimore  P.  O.) — The 
General  German  Orphan  Asylum.  224-242 
Aisquith  St.,  Baltimore,  is  having  plans 
prepared  for  several  1  and  2  story  asylum 
buildings  including  a  central  power  and 
heating  plant  on  Bloomsburg  Ave.,  here. 
.\bout  $150,000.  ■W.  M.  Gieske.  65  Gunther 
Bldg.,  Baltimore,  Archt. 

D.  C,  Washington — Tht>  General  Pur. 
Officer  of  the  Panama  Canal,  will  receive 
bids  until  Oct.  26  for  furnishing  at  Cristo- 
bal or  Balboa,  Canal  Zone,  Isthmus  of 
Panama,  centrifugal  and  duplex  pumps, 
motors,   etc. 

D.  C,  Washington — The  United  States 
Engineer.  305  Southern  Bldg..  will  receive 
bids  until  Nov.  10  for  furnishing  and  de- 
livering electrically  driven  centrifugal 
pump.s  motor  generator  sets,  transformers 
and  switchboards. 
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V»..  Aahlnn<l — T)ii»  Afhlnrnl  In-  Co.  In 
In  the  iniirki't  for  n  now  or  u-ii-il  mm  enirino 
iinil  H'ix  |>rii(hif.<r.  Itji()il>\it'iii'  .Ioih-h  pru- 
forri'tl.      C     IIk.hIii'Ii.    I'ui      Aut 

8.  C,  Warr  Hlionlx — Tin-  Wiiro  Rhonln 
Mfff.  Co.  iiliiiiH  to  biillil  Ni>vi<rul  biilldlnKH 
liK-lutllnK  nn  Ico  pliiiil.  rto.  JiickHoii  * 
Mori-liiiul.  387  Wanhlneton  St.,  MohIoii 
MatiM..    KiiKra. 

(ia.,  Atlnntn — n.  S.  Prlncl''.  ArohtH.  nml 
l^iiKr."  .  ICiniilif  lIlilK  .  will  ■.iMiii  awani  Ih. 
•  imtrHc't  for  a  li.ink  liicliiilliiK  a  Hliain 
lifUlInK  ».Vf<ti'ni  for  the  Kiiltoii  NalliMiiil 
llnnk.      Aluiut    )30i).(in(). 

(ia.,  {'iilunibuo — Tlx-  ('onntructUm  l>i- 
vli<loii.  War  Ki'pt.  Wash.  1>.  ('..  plans  to 
liullil  a  rcfrlKcrntlon  plant  nt  Tamp  Ben- 
nlnK!<.  Iiorp. 

AIu.,  Woodward — The  Woodward  Iron 
Co.  Is  ill  tin-  market  for  one  ino-hp  kero- 
senr  ciiKiiK'  or  m'ml-Ilel.si-l  engine  to  drive 
mine  fan  of  230  r.p.m.  (new  or  n.^ed).  J. 
H.    l..«'onard.    Pur    .Aitt. 

O..  Akron-  Peoples'  SavinKS  &  Trust  Co., 
Main  and  Kxehaiiire  Sts  ,  l.s  havnR  plans 
prepared  for  a  hank  and  otllce  luilldinK 
ini'ludlnK  a  steam  heatini;  system.  About 
$500,000.  John  H.  Day.  l^fi.'i  Uway.  New 
York    City.    Archt.    and    Knt;r 

O..  Canton — The  Bd.  lOduc.  received  bid 
for  the  installation  of  a  heatinf?  sy.stem  in 
the  propose<i  3  story.  135  x  IGO  ft.  school 
on  Belden  Ave.  from  the  Witters  Co.,  at 
}42.600. 

O.,  Cleveland — P.  M.  Drew  and  W.  T. 
Campbell.  Euclid  Ave.,  plan  to  build  a  20 
story  theater  and  office  buildinp  includlne 
steam  heatinK  system  at  Kast  18th  St.  and 
Kudid  Ave.     About  $5,000,000. 

O..  Cleveland — The  Glenville  Hospital.  701 
Parkwood  Drive,  is  having  plans  prepared 
for  a  2  story.  40  x  50  ft.  addition  to  the 
boiler  and  laundry  buildinK  including  the 
installation  of  one  loo-hp.  boiler.  .\bout 
$40,000.  Harlen  E.  Shimmer.  2031  Euclid 
.■\vc.,  Archt..  H.  M.  Benson.  701  Parkwood 
Drive.  Engrr. 

O..  Cleveland — The  Andrew  Toller  Co.. 
Leader-News  BIdg.,  plans  to  build  a  10 
story  office  building  includinp:  steam  heat- 
ing system.      .A.bout    $1,000,000. 

O..  Clintonville — The  Bd.  Educ.  Colum- 
bus, is  having  plans  prepared  for  a  2  story. 
100  X  200  ft.  grade  school  including  a  steam 
heating  pl.int  on  North  High  Street,  here. 
D.  Riebel  &  Sons,  New  First  National  Bank 
BIdg..   Columbus.   Archts. 

Ind..  Terre  Haute — Hoggson  Bros..  .A.rchts. 
and  Engrs..  485  5th  Ave..  New  York  City, 
are  preparing  preliminary  plans  for  a  12 
story  bank  :ind  office  building  including 
steam  heating  system,  here,  for  the  Citizen 
Trust  Co.,  612  Wabash  Ave.  About 
$500,000. 

IlL,  ChicafTO — The  Kroeschell  Bros.  Co.. 
460  West  Erie  St.,  is  having  plans  pre- 
pared for  a  1  and  2  story.  220  x  388  ft. 
ice-machine  factory  including  a  steam  heat- 
ing system,  and  a  power  plant  on  Diversey 
St.  About  $800,000.  Davidson  &  Weiss. 
53  West  Jackson  Boulevard.  Archt..  Neiler 
Rich  &  Co..  431  South  Dearborn  St..  Elec- 
trical   Engrs. 

Wis..  JeflTerson — The  St.  Coletta  Convent 
Assn.  will  soon  receive  bids  for  a  3  story. 
60  X  260  ft.  addition  to  convent  and  chapel 
buildings  including  a  steam  heating  plant  on 
Main  St.  About  $260. nnn.  E.  Breilmaier  & 
Sons  Co.,  432  Bway.,  Milwaukee.  Archts. 

Wis.,  Milwaukee — The  Bd.  of  Industrial 
Educ.  62  Mason  St.,  will  soon  award  the 
contract  for  the  foundation  of  a  7  story. 
145  X  268  ft.  school  on  6th  and  Prairie 
Sts.  About  $1,000,000.  Van  Ryn  &  Gel- 
leke,    Caswell   BIk.,   Archts.    and    Engrs. 


WU..  T«mpl«<(an — Tin-  .Miiiniiiolh  ,SpniiKn 
<^aiiiiliig  Co.  c/o  K  A  Kra<-rner.  Uoekdelil. 
will  M.K.n  award  Ih.-  eonlra<-t  for  fiirnlHliliu; 
4    hollers.    nec.MHniy    iiiiiiipN.    pip.-,    belting. 

■  te..    for    new    fnrloi  v.    h<Te 

lown,  4  rdiir  Kitiilil.  The  Hd.  KaIuc  ,  K 
.Mal.Kil.  .Seey  .  will  hooii  receive  I.UIh  for  II 
:i  Mtory,  12  1  \  2o.|  fi  Junior  IiIkIi  hcIiooI 
Including  a  Hteam  huutini;  Byutom.  About 
$4110.000.  ItUKh  St  /.HlcMky,  KM  .S.-eurllleH 
lU.lg,  ArehlH. 

.Minn..  CliUholm— The  Bd.  Educ.  planx 
lo  liullil  a  3  Htory.  l.'.O  x  J25  ft.  vocational 
xehool  iiu-luilliiK  a  slfain  heating  Bystem  at 
:!id  Ave.  and  ('lieHtniit  St  About  $250.0(10 
.\rclit.    not    s.'l.elid. 

Minn..  Currle— The  City  voted  $13,000 
bonds   fur  u,  municipal   light  plant. 

Minn..  Owatiinno — The  City  Council  plans 
nn  electon  soon  to  vole  on  IioikIh  for  a 
llglil,    pow.r,    lu-atiiig   and    gas    plant. 

.Mo.,  8t.  LouiH — The  Syndicate,  c/O  I.  A. 
Hedges.  Cupples  Station,  is  having  tenta- 
tive plans  prepared  for  a  3  story.  130  x  250 
ft.  lllni  exchange  otlico  building  at  olive 
and  Heaumoiii  Sta.  About  $500,000.  Pres- 
ton J.  Bradshaw,  International  Life  Uldg.. 
Archt. 

Tex.,  UuUaH — Arthur  Marshall,  Oklahotna 
City,  Okla.,  is  having  plans  prepared  for  a 
2  story  ice  cream  factory  and  milk  han- 
dling station,  here,  including  a  cold  .storage 
house  and  electrically  driven  equipment 
About   $100,000. 

Tex..  DeniHoii — Eric  E.  Hall.  Archt.,  123 
West,  Madison  St.,  Chicago,  III.,  is  prepar- 
ing pnlimmary  plans  for  a  5  story.  150 
X  150  ft.  hotel  including  a  steam  heating 
system,  at  Woodard  anil  Burnett  Sts..  here. 
About  $400,000.     Owner's  name  withheld. 

Tex.,  Terrell — The  Chmn.  of  the  City 
Commission  will  receive  bids  until  Oct.  25 
for  two  5-in.,  2-slage  centrifugal  pumps 
500,  600,  700.  800  gal.  per  minute  capacity 
against  a  2ii0-ft.  head,  direct  connected  to 
2-  or  3-phase,  Gd-cycle,  2,200-voll  I'Uctric 
motors ;  installation  to  be  made  complete, 
with  all  wiring,  switches  and  transformers 
necessary  to  make  currents  interchangeable 
as  between  2-  or  3-phase.  Also  as 
counter  proposition,  two  5-in.,  3-stage  cen- 
trifugal pumps  500,  600.  700.  800  gal.  per 
minute  capacity  against  a  200-ft.  head, 
belted  to  two  or  three  75-hp.  oil  engines  of 
high  compression,  ignition  type.  Bids  will 
also  be   received    for   3    miles   of  power   line. 

Ore.,  Portland — -Emanuel  Hospital.  212 
Stanton  St.,  is  having  plans  prepared  for 
a  6  story  hospital.  4  story  nurses'  home, 
and  a  power  house  at  Commercial  and 
Stanton  Sts.  .\bout  $300,000.  Ernest 
Kroner,    301    .Spaulding    Bldg..    Archt. 

Que..  Coaticook — The  Corp.  of  Coaticook 
plans  to  build  a  power  house  and  dam  to 
include  one  600-hp.  waterwheel  and  gov- 
ernor. .Xbout  $65,000.  E.  E.  .-Xkhurst, 
Supt. 

Ont.,  London — R.  M.  McElheran,  Secy,  of 
Bd.  Educ  Dundas  St..  will  receive  bids 
early  in  November  for  a  collegiate  institute 
on  Dufferin  -A.ve.  About  $750,000.  L.  E. 
Carrothers,   c  o  Bd.    Educ,   Archt. 

Ont.,  Wardsville — The  Town  Council 
plans  to  build  an  electric  lighting  and 
power  distribution  plant.  About  $15,000. 
Engrs.  from  the  Ontario  Hydro-Power 
Comn.,  University  Ave.,   in  charge  of  work. 

CONTRACTS   AWAKDEI) 

Me..  Lisbon  Falls — The  Worumbo  Mfg. 
Co.  has  awarded  the  contract  for  a  2  storv 
53  X  93  ft.  boiler  house  and  a  50  x  63  ft. 
turbine  house  to  the  Turner  Constr.  Co.. 
178    Tremont    St.,    Boston,    at    $50,000. 


Muni...  Iliialon  Th.-  .Natl  Shuwiiiiil 
PaiiU.  40  Wiili-r  SI  ,  hliH  awiiriled  the  eon 
Iriiei  for  an  8  Htory  bunk  and  odli-i-  build 
lug  addition  Ini-ludlnK  a  Hh-iiin  hi-allnK  mvh 
t.  Ill  on  l).-vonnhlre  St.,  to  I,  p.  Soiile  A  Son 
Co.  HO  lloylNton  SI,  lloHloii,  at  $1000,000 
.M««».,  N<irw<MHl  Till-  MolllHt.r  .Mllli 
I.,(>nox  Ave..  liiiM  awiird<-d  the  contract  for  ;. 
2  Htory.  134  x  2X2  fl  textlh-  factory  and  :, 
■Ox  70  ft  boiler  hoime  lo  C,  A.  HatNon,  2»; 
Arlington  St.  llr.Kktoii  About  $300,000 
.Nol.-d   S.-r>l.-inb.-r   II. 

N.  v.,  nufritlo — The  Amtr.  Car  &  Fdry 
Co..  370  lliibeoek  St  .  Iiiih  awarded  the  r-on 
iract  for  a  I  Htory.  43  x  100  x  43  ft  boiler 
hoUM.-  lo  J  W  Cowper.  Eld.  Illy  HIiJk  at 
$50,000.      Not.d  July   13  ^' 

N.   Y.,    Coney    iNlund    ( Brooklyn    P.    O  ) 

Wm.  Kox  AhhocIuIi-h.  715  Hway..  New  York 
City,  have  awardeil  the  eontract  for  a 
theater  building  and  IkiiIi  Iiouhi-  Incluiling 
a  Hteam  In-atlng  HyHli-m  at  20  Surf  Ave  to 
iM-ed  T.  Uy.  19  West  44th  St.,  New  Vork 
City,    at    $32.'>.000 

I'n..  lliirrUburK  The  Bd.  of  Comnra.  of 
Public  CroundH  anil  Buildings,  T  W 
Templeton.  Supt..  has  awarded  the  con- 
tract for  the  InHtallation  of  a  heating  «yH- 
tem  for  three  temporary  odlco  building.-^ 
for  the  State  to  Eugene  Kogarty  1121 
North    Front    St.,    at    $20,011. 

I'a..  riilladel|>lila — The  Daniels  Motor  Co 
3rd  St.  Reading,  has  awarded  the  con- 
tract for  a  1  and  2  story.  40  x  100  ft,  80 
X  125  ft..  80  X  485  ft.,  olllce.  manufacturing 
and  a.ssembling  plant  at  Westmoreland  St 
and  Huntington  Park,  here,  to  Wm.  Steel.- 
&  Sons  Co.  Ifith  and  Arch  Sts.  A  steam 
heating  system   will  be   in.stallcd   In  same. 

.Md..  Italtiiiiore — The  Hd.  of  Award.s  has 
awarded  contracts  for  repairing  the  heating 
plant  at  Bayvi.-w  Hospital,  at  $14,753  and 
for  running  two  new  heating  lines  from 
Eayview  to  Sydenham  Hospitals,  at  $7  - 
531.25.  to  H.  A.  Kries  &  .Sons  f:o.,  6-8  West 
Lombard    St. 

Mich.,  Detroit — The  Bd.  Educ.  50  Broad- 
way, has  awarded  contracts  both  for  the 
installaton  of  a  hi-ating.  plumbing  and 
ventilating  system  in  the  Thirkell  SlVi  1 
addition,  at  $58,763  and  in  the  Lincoln 
School  addition,  at  $23,745,  to  O'Cqtmor 
HroK..    179    Shelby   St. 

Mo..  Kansas  City — The  Corn  Prod'ic.  i 
Refining  Co.,  17  Battery  Place,  New  Y.  ""k 
City,  will  build  a  plant  including  a  st  .....i 
heating  system,  here.  About  $500,000. 
Work  will  be  done  by  day  labor. 

Tex.,    Gonzales — The    F.    E.    Shuler   Grain 

Co.  will  buiki  a  2  story  grain  elevator  plant 
including  one  40-hp.  steam  engine.  About 
$50,000.     Work  will  l>e   done   by  day  labor. 

Tex..  Wichita  Falls — The  State  Bd.  of 
Control.  .Austin,  has  awarded  the  contract 
for  installing  a  complete  steam  heating 
.'system  in  the  Northwest  Texas  Insane 
Asylum,  here,  to  Kinnison  Bros.,  311-313 
North  Austin  St..  Dallas,  at  $69,860. 
Noted    Sept.    28. 

Ont..  .Midland — The  Copeland  Flour  Mills, 
Midland  Ave.,  has  awarded  the  contract  for 

a  7  story.  lOn  x  170  ft.  flour  mill  Includ- 
ing the  installation  of  a  steam  heating 
plant  to  McFarlane.  Pratt  Hanley  Co., 
Waterfront  St..  at  $365,000. 

Mass.,  Brookline — John  J.  Smith.  Archt., 
line  Old  South  Bldg..  Boston,  will  build 
two  apartment  hotels,  here,  one  an  8 
story,  136  x  254  ft.  building  at  Beacon  and 
Kent  Sts..  about  $1,250,000.  and  the  other 
an  8  story.  120  x  238  ft.  building  at  Prang 
St.  and  Huntington  Ave.,  about  $1,000,000. 
Contracts  for  the  installation  of  steam  heat- 
ing systems  will  be  sub-let.  Owners'  names 
withheld.     Work  will  be  done  by  day  labor. 
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POWER 


New  York,  October  26,  1920 


Number  17 


An  Opportunity  To  Help 
the  Other  Fellow 

EVERY  power  plant  executive  is  keenly  alive  to  the  coal 
situation. 

Although  present  exigencies  prevent  him  from  being  too  discrimi- 
natmg  as  to  quality  and  price,  he  is,  nevertheless,  anxious  to  know^ 
how^  the  other  fellow  is  meeting  the  problem  and  what  he  is  paying 
for  similar  coal. 

Unfortunately,  the  majority  of  these  men  have  no  organization  for 
the  exchange  of  such  information.  Therefore,  Power  offers  its 
services  to  this  end. 

It  is  hoped  that  those  interested  will  fill  in  the  blank  on  the  bottom 
of  page  two  (advertising  section)  stating  the  kind  of  coal,  size,  source 
and  basis  of  purchase  (whether  contract,  open  market  or  spot  buy- 
ing), and  prices  (at  mines  or  delivered),  and  mail  the  blank  to 
Power  at  the  earliest  opportunity. 

If  sufficient  replies  are  received,  the  information  will  be  compiled 
and  printed  in  an  early  issue.  The  source  of  the  information  will 
be  regarded  as  confidential. 

Remember  that  in  doing  this  little  thing,  you  are  rendering  a  service 
to  other  engineers  and  power-plant  executives. 


r.ir. 
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Sleel  Fouiicialioiis  for  3(MMM)-Kil<)\vall  Ilc^rizonlal 

Turho-Gnic^ralors 


1!y  J.   K.  .lAMKS 

KliK>l»'<*i'.    Di'triill    I'MlHun   i 'ui 


Till  iisr  iif  I  umhinatiitn  concrctc-ntvH  foinidation.s 
for  large  units  ha^  been  initiated  at  Detroit. 
Advantayes  claimed  over  an  entire  concrete 
structure  are  greater  accessibility  within  the 
base,  more  light,  a  xaving  of  space,  reduced 
weight,  a  better  disposition  of  structural  strength 
and  wasN,  with  greater  facility  in  correcting  for 
settlements  A  reduction  in  weight  of  about 
500  tons  was  effected,  the-  difference  in  cost  is 
negligible,  a)id  operation  has  shmrn  almost  no 
perceptible   vibration. 


OKDIX  AKILY,  supports  for  horizontal  turbines  are 
"^uch  a  commonplace  detail  that  mention  of  them 
is  not  often  made.  However,  the  steel  founda- 
tions for  the  30,000-kw.  horizontal  turbo-generators  re- 
cently installed  by  the  Detroit  Edison  Co.  present  some 
features  worthy  of  mention. 

At  the  Connors  Creek  power  house  three  20,000-kw. 
machines  and  one  45,000-kw.  unit  have  concrete  founda- 


tions, which  have  not  proved  altogether  satisfactory. 
From  the  design  point  of  view  the  arch  in  the  base  ovei 
the  condenser  has  been  the  weak  point — both  in  com- 
luirison  with  the  strength  of  the  other  parts  of  the  ba.se 
and  in  consideration  of  the  unusual  forces  that  it  has 
to  resist  when  a  unit  "goes  bad."  Take  the  45,000-kw. 
machine,  for  example.  The  rotating  elements  in  the 
turbine  and  generator  weigh  over  100  tons,  so  that  when 
a  bucket  fails  there  is  a  fairly  good  imitation  of  a  100- 
ton  .steam  hammer  making  1,200  blows  per  minute  The 
arch  cannot  conveniently  be  made  large  enough  as  a 
concrete  member  to  resist  such  force.  Burj'ing  a 
steel  grillage  in  the  concrete,  to  encircle  the  turbine 
e.xhau.st,  while  apparently  solving  the  problem,  is  a 
questionable  expedient,  for  it  seems  logical  that  should 
a  small  crack  develop,  due  to  any  one  of  numerous  cau.ses, 
small  particles  of  dust  or  sand  would  act  as  fulcrums  of 
forces,  which,  owing  to  machine  vibrations,  are  always 
working  to  enlarge  the  crack. 

The  concrete  piers  that  support  the  structure  directly 
under  the  machine  base  may  be  looked  upon,  with  re- 
gard to  reducing  horizontal  vibrations  or  movement,  as 


FtG.  1.   STEEL  BASE  FOR  SO.OOO-Km'.  TURBO-GENERATOR  UNDER  ERECTION  AT  CONNORS  CREEK  STATION 


October  26.  1920 


POWER 


647 


cantilevers  with  their 
support  at  the  floor.  The 
great  mass  of  concrete 
at  the  floor  is  therefore 
used  principally  to  resist 
an  unusually  large  bend- 
ing moment  when  sub- 
jected to  the  severe  con- 
ditions previously 
mentioned.  For  purposes 
of  reducing  weight  and 
space,  therefore,  a  steel 
member  at  this  point 
would  be  more  efficient. 
It  was  such  reasoning 
as  this  that  made  a  com- 
bination concrete  -  steel 
structure  appear  the  best 
suited  to  fulfill  the  re- 
quirements; namely, 
greater  accessibility 
within  the  base,  more 
light,  a  saving  of  space, 
disposition    of    structural 
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I'IG.   2.     PROGRESS  VIEW  AT  DRI.RAY,  .SHOWING   BASE 
OF   CONDENSER 


reduced  weight,  a  better 
strength  and  mass,  with 
greater  facility  in  correcting  for  settlements.  The  re- 
duction of  weight  was  a  very  important  item.  For 
instance,  the  vertical  units  in  Delray  power  house  No.  2 
are  to  be  replaced  by  horizontal  units,  and  the  old  mat 
now  supporting  the  vertical  machines  would  not  stand 
up  under  a  concrete  foundation  for  a  30,000-kw.  unit, 
except  with  expensive  and  awkward  alterations.  The 
reductions  of  weight  for  each  of  the  proposed  new 
units  is  about  500  tons  as  between  the  all-concrete 
foundation  and  the  composite  concrete-steel  design. 

With  these  points  in  mind,  therefore,  a  steel  design 
has  been  worked  out  with  a  concrete  slab  directly  under 
the  turbine  and  resting  on  top  of  a  steel  base.  The  top 
of  the  steelwork  is  two  feet  below  the  turbine-room  floor. 
It  was  assumed  that  the  nearer  the  center  of  gravity  of 
the  concrete  mass  to  the  base  of  the  machine,  the  more 
effective  would  be  this  mass  in  reducing  vibration.  The 
concrete  was  spread  out  like  the  top  of  a  table  in  respect 
to  the  steel  foundation  and  separated  one  inch  from  the 
turbine-room  floor  along  its  entire  perimeter.  Its  dimen- 
sions are  28  ft.  wide  by  46  ft.  8  in.  long,  and  the  top  is 
tiled  flush  with  the  turbine  floor  proper.  One  strip  5  ft. 
wide  and  47  ft.  long  on  each  side  of  the  mass  is  4  ft. 
thick,  the  remainder  of  the  mass  being  2  ft.  thick.  The 
total  weight  is  about  350,000  lb.  Such  a  mass  will  absorb 
a  considerable  force  before  actually  getting  in  motion, 
and  at  the  same  time  it  lowers  the  pitch  or  tune  of  the 
structure  as  a  whole  so  that  it  is  not  so  likely  to  vibrate 
in  synchronism  with  the  turbine  itself. 

After  this  concrete  cap  was  poured,  steel  bearings  or 
sole  plates  were  set  at  short  intervals  to  the  intended 
elevation  of  the  bottom  of  the  turbine  base.  These  sole 
plates  are  about  2  in.  thick  and  2  ft.  long  by  about  10  in. 
wide.  Irregularities  in  castings  were  then  made  up  by 
placing  thin  shims  on  these  plates,  and  the  entire  base 
was  finally  grouted  in.  Sole  plates  were  considered 
preferable  to  wedges,  as  they  make  a  neater  job  and 
save  time  for  the  erectors. 

The  problem  of  providing  for  settlements  must  be 
met  whenever  a  plant  is  built  upon  such  subsoil  as  exists 
at  Detroit  The  entire  city  is  underlaid  with  a  clay 
bed  varying  in  thickness  from  about  70  to  180  ft.  and 
quite  soft  ii  proximity  to  the  Detroit  River.  As  both 
the  Connors    Creek  and   Delray  plants  are  along  the 


river,  foundation  types 
are  somewhat  limited.  A 
mat  or  boat  foundation 
was  adopted  in  both 
cases.  With  such  a 
foundation  a  settlement 
is  expected,  and  the  de- 
signer endeavors,  so  far 
as  he  is  able,  to  have  this 
settlement  uniform  over 
the  entire  area.  The  mat 
at  Delray  has  settled  in 
the  shape  of  a  saucer, 
and  as  the  turbines  are 
set  near  one  edge  of  the 
mat,  they  come  on  the 
edge  of  the  saucer  and 
consequently  are  sub- 
ject to  an  uneven  settle- 
ment. Usually,  this  set- 
tlement is  taken  care  of 
in  the  machine  by  shim- 
ming the  main  bearings,  which,  as  one  might  well 
imagine,  is  an  expensive  method — especially  so  if  the 
baseplate  has  to  be  regrouted.  This  means  taking  the 
machine  entirely  apart  and  starting  over  again,  as  with 
a  new  installation. 

With  the  new  steel  foundations,  by  leaving  the  bearing 
plates  of  each  column  and  brace  accessible,  it  will  be  a 
simple  matter  actually  to  raise  the  entire  structure  by 
jacks  and  maintain  the  top  in  a  level  position  should  any 
settlement  develop.  In  case  of  lowering  any  particular 
column  the  shims  can  be  removed  (these  have  been 
slotted  to  avoid  conflict  with  anchor  bolts)  and  vice- 
versa,  shims  can  be  added  where  an  elevation  is  desired. 
In  the  side  elevation  of  the  concrete-steel  foundation 
a  good  idea  is  given  of  the  proportion  of  the  structure 
and  of  the  braces  at  each  end  of  the  machine  as  well  as 
those  at  the  sides.  The  main  columns  of  the  steel  base 
are  about  25  ft.  long  and  made  up  of  two  15-in.  channels 
and  18  x  ^-in.  plate.  They  rest  on  a  grillage  of  six  24-in. 
I-beams  about  24  ft.  long,  which  extend  transversely  to 
the  unit  from  one  colmun  to  the  other.  This  spreads 
the  load  in  a  satisfactory  manner  over  a  large  area  of 
the  mat  foundation  proper,  which  is  4  ft.  6  in.  thick.  The 
largest  beams  used  in  the  structure  are  28-in.,  165-lb. 
I-beams.  Stresses  were  computed  for  16,000  lb.  per 
sq.in.  For  live  loads,  which  are  composed  of  the  weight 
of  the  turbine  and  the  condenser,  50  per  cent  impact 
was  allowed.  No  steel  framing  is  used  smaller  than  a 
section  made  up  of  two  8-in.  channels.  Gusset  plates  are 
of  J-in.  metal  and  amply  large,  as  upon  these  plates  de- 
pends the  rigidity  of  the  structure.  Throughout,  ^-in. 
rivets  are  used.  The  steel  in  the  base  and  grillages 
amounts  to  about  90  tons.  With  regard  to  cost  the 
difference  in  price  between  an  entire  concrete  structure 
and  the  composite  type  is  small;  at  least  that  was  the 
situation  for  this  particular  job. 

At  the  end  and  sides  of  the  structure  the  braces  should 
be  efficient  in  guarding  the  main  part  of  the  steel  base 
against  unusual  shocks  or  jolting,  such  as  are  experi- 
enced when  an  accident  happens  to  a  turbine.  On  the 
other  hand,  there  may  be  danger  of  getting  the  struc- 
ture too  rigid.  However,  with  so  many  riveted  connec- 
tions it  is  to  be  expected  that  there  will  be  some  play 
in  the  joints,  sufficient,  in  combination  with  the  elastic 
deformation  of  the  members  themselves,  to  dissipate  the 
force  of  any  sudden  shock  the  structure  might  meet.    At 
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least  there  is  a  possibility  of  some  "give"  to  the 
structure.  On  the  lower  part  of  the  columns  the  "skirts" 
are  made  up  of  plates  and  angles  which  are  made  use  of 
when  the  structure  is  to  be  elevated.  A  15-in.  I-beam 
is  placed  under  them  and  receives  the  push  from  a  group 
of  jacks. 

The  reason  for  the  two  beams,  one  over  and  one  under 
the  springs  supporting  the  condenser,  is  that  the  con- 
denser heads  were  transposed,  so  that  the  center  of 
gravity  no  longer  would  lie  midway  between  the  feet  of 
the  condenser.  Therefore  the  springs  were  sandwiched 
between  the  two  beams  in  such  a  position  as  to  take  an 
equal  share  of  the  load. 

The  first  of  these  units  has  now  been  operating  several 
months,  and  its  behavior  on  this  foundation  has  been 
considered  very  satisfactoiy.  There  is  a  slight  vibra- 
tion in  the  end  braces  on  the  longitudinal  axis.  This, 
however,  has  not  been  serious  enough  to  warrant  any 
radical  changes.  There  are  several  methods  available 
that  would  probably  correct  this  situation.  Possibly, 
filling  the  brace  with  concrete,  the  additional  weight 
acting  as  a  dampener,  or  even  a  rearrangement  of  the 
stiffener  connecting  with  the  brace,  would  be  the  remedy. 
As  an  example  of  how  small  this  vibration  is,  a  tile  floor 
was  laid  over  the  exposed  concrete  cap  extending  beyond 
the  bedplate  of  the  machine.  This  tile  was  successfully 
laid  on  a  bed  of  grout  1^  in.  thick,  while  the  unit  was 
running  with  a  load  of  28,000  kw. 

For  several  weeks  the  second  installation  of  this  type 
has  been  operating  and  is  entirely  satisfactory.  There 
is  almost  no  perceptible  vibration. 

Putting  the  Units  in  Operation 

To  discuss  the  steel  type  of  foundation  has  been  the 
primary  object  of  this  article,  but  a  few  words  concern- 
ing the  units  themselves,  with  their  auxiliaries,  may  not 
be  out  of  place.  Such  a  description  would  not  be  com- 
plete without  a  few  remarks  about  the  conditions  under 
which  they  were  assembled  and  put  in  operation. 

A  17-stage  impulse  turbine,  developing  40,000  hp.  at 
1,800  r.p.m.,  drives  the  generator,  which  has  a  capacity 
of  33,333  kva.  at  12,200  volts.  The  turbines  are  designed 
for  steam  at  200  lb.  gage  pressure  at  the  throttle  and 
200  deg.  superheat.  The  turbine  exhausts  into  a  42,700- 
sq.ft.  double-pass  surface  condenser  containing  8,490 
1-in.  tubes  18  ft.  long.  Circulating  water  is  supplied 
to  the  condenser  by  two  36-in.  volute  pumps  driven  by 
variable-speed  motors  of  440  to  350  hp.  To  keep  the 
discharge  leg  of  the  condenser  less  than  24  ft.  and  so 
make  the  siphon  effect  reliable,  the  level  of  the  overflow 
canal  was  raised  by  means  of  a  weir. 

Vacuum  is  maintained  in  the  condenser  by  a  two- 
stage  dry-vacuum  pump,  displacing  2,050  cu.ft.  of  air 
per  minute  and  driven  by  a  variable-speed  motor.  Two 
wet-vacuum  pumps  are  capable  of  delivering  1,000  gal. 
per  minute  of  condensate  from  the  hotwell  against  100 
ft.  head. 

Electrically,  the  unit  in  the  Delray  plant  is  remote 
controlled,  the  switchboard  being  some  1,500  ft.  from 
the  power  house.  Control  is  eflfected  by  a  signal  panel 
at  each  building,  safeguarded  by  two  independent  tele- 
phone lines. 

What  has  made  the  30,000-kw.  unit  in  the  Delray 
power  house  and  a  similar  unit  in  the  Connors  Creek 
station  of  more  than  ordianry  interest  to  the  Construc- 
tion Engineering  Bureau  of  the  Detroit  Edison  Co.,  is 
the  fact  that  immediate  installation  was  imperative  for 


power  requirements.  Contrary  to  expectations  after 
the  war,  the  power  load  on  the  system  continued  to  in- 
crease instead  of  diminish,  which  made  it  difficult  to 
overhaul  machinery  that  had  been  pushed  to  the  limit 
for  three  years. 

To  hasten  construction  on  the  Delray  unit,  the  con- 
denser was  erected  first  and  then  the  steel  base  built 
around  it  and  the  concrete  cap  poured.  An  excellent 
spirit  of  co-operation  prevailed  between  the  construction 
men  on  the  job  and  the  erectors,  and  as  a  result  the 
turbine  was  turned  over  37  days  after  the  first  carload 
of  machinery  entered  the  yard. 

At  Connors  Creek  the  unit  was  installed  immediately 
after  the  Delray  machine.  The  race  for  time  was  even 
more  evident  because  of  a  delayed  start,  due  to  the 
breakdown  of  transportation.  The  erectors  broke  their 
previous  record  by  installing  the  unit  in  30  days,  7  days 
better  than  with  the  first  m'achine. 

Fuel  in  Argentina 

By  V.  L,  Havens 

The  writer  lately  returned  from  an  extensive  visit  to 
South  America,  and  it  may  be  that  Power  readers  will 
be  interested  in  the  unusual  difficulties  that  power-house 
operators  have  encountered  there  during  the  last  few 
years. 

The  following  tables  are  not  for  the  purpose  of  indi- 
cating exact  market  values,  as  the  pi'ices  changed  greatly 


HANDLING  COAL  IN  THE  PORT  OF  BUENOS  AIRES 

during  any  of  the  late  years,  but  rather  to  indicate  the 
problem  of  the  power-house  e.xecutive. 


Year 
1913 
1917 
1918 
1919 
1920 


CO.AL  IMPORTS  INTO  ARGENTINA 

Total  From  From 

Imports  U.S..\  Great  Biitain 

4,046,278  56,206  3.977,650 

700,000  400,000  300,000 

821,974  200,000  600.000 

1,000,000  500.000  500.000 


Approximat  ■ 
Price 
»9 
30 
50 
40 
35 


\HPKOXI.MATE    PRICES   PER   TON   OF   SUBSTITUTE    FUELS,   U.    3 
DOLLAR 

1913  19:7  1918 

Quebracho  Colorado  wood $2  50 


(Juebracho  blar 

Charco.^l 

Petroleum 


vood 


2   50 

10   00 


1917 

$10 

10 


1920 


$50 


Quebracho  Colorado  contains  a  very  large  percentage 
of  tanning  extract.  As  the  name  indicates,  this  i.'^  red. 
Quebracho  bianco  is  used  largely  for  construction  pur- 
poses as  it  is  practically  permanent  as  a  building  mate- 
rial. Both  are  highly  valuable  woods  and  difficult  to 
replace,  but  their  use  as  fuel  has  become  very  necessary. 

The  war  has  induced  the  growth  of  local  industry  in 
many  ways,   and  the   demand  for  fuel,   especially  for 
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ruilway  use  to  move  fho  incronsinjj  yearly  crops,  ha.s 
tended  to  miike  the  .sitiuilioii  more  acute.  The  annual 
need.H  of  the  country  may  then  be  assumed  to  be  at 
lea.>*t  5,000.000  ton.s  of  hijrh-Krade  fuel  for  local  use 
and  bunkering. 

The  shortajre  of  three  or  four  million  tons  has  been 
made  up  by  curtailment  of  needed  power  or  heat  or  by 
the  use  of  wood  to  a  considerable  extent,  but  this  has 
not  been  the  only  substitute.  Some  of  the  younger 
power-house  su;)erintendents  in  this  country  may  think 
they  have  troubles,  but  one  fifty-kilowatt  plant  in  central 
Argentine  has  been  running  two  years  on  bran  and 
hay.  I  suppose  many  an  adolescent  calf  has  looked  with 
deep  yearning  on  the  fuel  pile,  but  the  brave  firemen 
guarded  the  bins  with  jealous  zeal. 

In  one  of  the  small  gas  plants  in  the  state  of  Entre 
Rios,  in  northeastern  Argentina,  operations  have  gone 
on  continuously  for  the  last  four  years  with  wood  gas, 
enriched  after  a  fashion  from  such  supplies  as  the  local 
market  permitted 

Some  coal  is  used  in  the  power  houses,  supplemented 
by  wood  in  the  larger  centers  and  by  wood,  com  and 
bran  in  the  smaller  cities,  corn,  bran  and  hay  in  others 
and,  as  already  noted,  bran  and  hay  in  a  few.  The  bran 
is  fed  with  a  blower  and  has  produced  some  extraor- 
dinary results,  such  as  scale  of  glutinous  cinder. 

On  the  railways  25  per  cent  of  the  fuel  was  wood  in 
1913  and  71  per  cent  in  1916.  It  is  probably  higher 
now.  Some  interesting  facts  have  been  brought  out 
regarding  calorific  values. 

About  2.4  by  weight  of  dry  wood,  harder  than  oak, 
is  required  to  replace  the  best  steam  coal.  Corn  or  maize 
has  not  been  used  very  much  on  the  railways,  but  wheat 
has  been  used  occasionally  in  the  power  houses  and  a 
great  deal  of  corn  has  been  consumed  in  this  way. 


CORN  DRIED  WITHOUT  HUSKS 

Shelled  corn: 

Total  calorific  value,  calories       

Available  after  evaporating  moistuie,  calories 

Moisture,  per  cent     

Corncobs : 

Total  calorific  value,  calories 

Net  value,  calories 

Moisture,  per  cent 

Corn  on  cob: 

Total  calorific  value,  calorics 

Net  value,  calories 


3,';2I 
3,55B 
12.6 

3.954 
3.747 
13  7 

3,930 
3,594 


3,755 
3,505 
16.4 

3,594 
3,125 
18  3 


CORN  DRIED  IN  THE  HUSK  IN  CRIBS 

Shelled  corn: 

Total  calorific  value,  calories 

Net  value,  calories 

Moisture,  per  cent   

Corn  cobs: 

Total  calorific  value,  calories 

Net  value,  calories 

Moisture,  per  cent 

The  net  B.t.u.  per  pound  for  corn  dried  without 
husks  are:  Shelled  corn,  6,400;  corncobs,  6,745;  corn 
on  the  cob,  6,470.  When  dried  in  cribs  in  the 
husk,  the  moisture  is  greater  and  the  B.t.u. 
per  pound  6,300;  corncobs,  5,625.  Since  only 
a  high  quality  of  steam  coal  would  be  shipped 
abroad,  if  it  could  be  obtained,  these  figures 
could  be  compared  with  14,000  B.t.u.  for  steam 
coal.  Then  dry  corn  would  have  a  fuel  value 
of  about  0.47  of  coal,  or 
to  substitute  corn  for 
coal  would  mean  handling 
2.2  the  tonnage.  The  cor- 
responding relation  of 
cobs  to  good  steam  coal 
would  be  0.44  heat  value, 
or  2.3  the  tonnage.  Corn 
on  the  cob  is  about  the 
same  as  corn.     This  is  no 


doubt  due  to  the  low  specific  gravity  of  cobs  as  compared 
with  corn,  but  it  would  api)ear  that  one  should  burn  th«' 
corn  on  the  cob  if  the  corn  is  to  be  burned  at  all,  thereby 
.saving  shelling,  getting  a  better  draft  and  avoiding 
the  minor  tentlency  on  the  part  of  the  corn  to  coke. 

There  appears  to  be  no  obvious  advantage  in  think- 
ing of  burning  corn  without  the  cobs,  unless  it  would 
be  to  reduce  the  space  requirements  in  transportation. 
This,  of  course,  might  prove  an  important  item  if  trans- 
portation should  be  at  all  difficult,  and  anyone  consid- 
ering the  use  of  corn  would  no  doubt  consider  the 
details  of  fuel  value  obtained  per  cubic  measure  as 
well  as  weight  if  they  were  shipping  in  barges  or  box 
cars. 

One  Ton  of  Coal  Equivalent  to  Sixty-Four 
Bushels  of  Corn 

One  could  hardly  expect  such  a  high  grade  of  coal 
as  the  export  quality  in  the  average  district,  but  might 
find  a  good  quality.  If  the  coal  normally  available  is  about 
13,000  B.t.u.  quality,  and  air-dried  husked  corn  on  the 
cob  has  6,740  B.t.u.,  and  taking  70  lb.  as  a  bushel 
of  corn  on  the  cob,  then  35  lb.  of  the  coal  would 
be  equal  in  fuel  value  to  a  bushel  of  corn.  Likewise 
a  ton  of  coal  weighing  2,240  lb.  would  have  the  same 
fuel  value  as  64  bushels  of  com,  and  each  dollar  added 
to  the  cost  of  a  ton  of  coal  would  add  1.5625  cents  to 
the  price  of  a  bushel  of  corn. 

It  was  not  so  many  years  ago,  as  time  runs,  that 
45  cents  a  bushel  was  considered  a  pretty  good  price 
for  corn  in  the  farming  regions  of  the  United  States, 
especially  in  the  western  prairie  land.  Even  then  the 
farmers  had  to  raise  cattle  and  hogs  and  raise  the  corn 
in  the  neighborhood  before  they  could  pay  that  price. 
In  Argentina  corn  is  raised  for  export  as  well  as  local 
use.  It  must  be  shipped  twice  as  far  by  sea  as  corn  from 
North  America.  Costs  of  production  must  generally  be 
lower  than  in  this  country.  Their  railways  must  charge 
much  higher  rates  for  various  reasons.  Coal  cost  nine 
dollars  a  ton  as  a  minimum  in  pre-war  days  in  Buenos 
Aires.  At  that  time  it  came  out  in  sailing  vessels  or  as 
ballast  in  steamers.  The  absolute  minimum  freight  was 
$4.  Today  the  rates  are  high  enough,  but  no  one 
expects  them  to  get  much  below  $10  for  years  unless 
it  is  as  ballast,  and  that  does  not  control  general  rates. 
It  is  evident  that  Buenos  Aires  will  not  see 
coal  as  low  as  $20  for  many  moons,  and  to  that 
must  be  added  the  very  high  freight  rates  on 
coal,  hauled  with  the  same  expensive  fuel  or  its 
equivalent,  to  the  interior.  Therefore  in  a  region 
distant    from    the   seaboard,    capable  of   raising    good 

corn  at  a  low  cost  and 
having  nothing  but  im- 
ported coal,  it  is  not  such 
an  extraordinary  thing 
when  they  even  think  of 
raising  corn  to  burn,  al- 
though the  idea  may  at 
first  seem  .strange  to 
people  in  the  states.  The 
calorific  value  of  corn  as 
given  in  the  table  was 
determined  by  the  Com- 
pania  Alemana  Trans- 
atlantica,  of  Buenos 
Aires.  The  values  are 
.shown  in  large  calories 
per  kilogram  of  fuel. 
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Application  of  Induction  Motors — I 

General  Considerations  in  the  Application  of  Induction  Motors  Are  Outlined — Kind 
of  Load  Motor  Is  To  Drive — Motor  Ratings — Required  Torque  for  Starting 
— Starting  Under  Severe  Conditions  —  How  to  Determine 
Length  of  Period  Required  for  Acceleration 

By  FRASER  JEFFREY 

Electrical  Engineer.   Allis-Chalmeis   Manufacturing   Company 


6. 


S  A  general  rule  the  importance  of 
the  correct  application  of  motors  is 
seldom  fully  appreciated.  Outside 
the  lack  of  proper  care  and  atten- 
tion, and  incorrect  installation, 
it  can  broadly  be  stated  that  at 
least  95  per  cent  of  all  the 
troubles  experienced  in  the 
field  can  be  directly  attributed 
'to  the  fact  that  the  question  of 
application  was  not  fully  considered 
at  the  time  the  contracts  were 
awarded.  The  various  points  that  must  be  brought 
out  to  insure  correctness  of  application  are  surpris- 
ingly numerous,  and  the  most  important  of  them  are 
listed  here: 

What  is  the  motor  to  drive? 

Kinds  of  rating. 

Will  the  motor  have  sufficient  torque  to  start  its 

load? 
If  the  starting  conditions  are  severe,  how  much 

actual  torque  is  required  to  start  the  load? 
What  will   be  the  length  of  time  of  period   of 

acceleration  ? 
If  the  motor  is  of  the  squirrel-cage  type,  will 
excessive    line    current    during    the    starting 
period  be  objectionable? 
Is  the  capacity  of  the  system  supplying  the  motor 

sufficient  to  take  care  of  the  starting  period? 
Will  the  motor  operate  at  its  full  rated  load? 
Will  the  motor  be  subject  to  heavy  overloads  and 

severe  mechanical  shocks? 
Will  the  motor  be  "plugged"? 
Location  of  motor:     Floor  mounting  or  ceiling 
suspension;  outdoors  or  indoors;  dry  or  wet 
place;    explosive   gases;   acid   fumes,   clean   or 
dusty;  cool  or  hot;   altitude,  etc.? 
Will   motor  be   direct-connected   or  belted?      If 
direct-connected,   how  connected   to  the   load? 
If  belted,  what  is  the  pulley  size  on  both  the 
motor   and   the   driven   machine   and   the   belt 
centers?    Also  in  what  plane  will  the  belts  run, 
horizontally,  vertically,  etc.? 
If  power  is  to  be  bought,  will  the  power  demand 
meet  the  local  power  company's  requirements? 
Will  the  motor  and  control  meet  the  local  under- 
writers' requirements? 
Will   the  motor  be  supplied  with  adequate  pro- 
tection such  as  overload,  low-voltage  and  the 
necessary  interlocking  devices? 
Would  some  type  of  machine  other  than  an  induc- 
tion motor  or  the  motor  that  is  selected  bt 
more    preferable    to    meet    the    existing    con- 
ditions? 


9. 


n. 


i: 


13. 


14. 


15. 


16. 


There  are  other  features  that  will  naturally  come  up 
relative  to  the  existing  local  conditions,  but  the  main 
points  are  as  enumerated. 

1.    What  Is  the  Motor  to  Drive? 

It  is  generally  understood  that  induction  motors  are 
not  suited  for  individual  drive  of  the  general  line  of 
machine  tools,  printing  presses,  etc.,  and  that  speed  con- 
trol within  close  limits  is  not  possible.  If  speed  control 
is  required,  then  it  is  necessary  to  know  the  exact  speed- 
torque  characteristics  of  the  driven  machine.  A 
squirrel-cage  motor  is  unsuited  to  accelerate  machines 
having  a  large  amount  of  inertia  such  as  f!ywheels. 
cement-  and  ore-grinding  mills,  or  centrifugal  pumps, 
fans,  compressors,  etc.,  which  are  not  unloaded  during 
Xue  starting  period. 

Knowing  what  the  motor  is  to  drive  gives  a  check, 
not  only  on  the  suitability  of  the  type  selected,  but 
also  a  general  idea  as  to  the  possible  load  conditions 
to  be  expected. 

2.    Kinds  of  Ratings 

The  rating  of  the  motor  used  should  correspond  as 
nearly  as  possible  to  the  nature  of  the  service  required. 
Most  induction  motors  can  be  classified  in  respect  to 
the  kind  of  rating  under  the  two  general  headings — 
Continuous  Rating  and  Short-Time  Rating. 

A  continuous-rated  motor  should  be  capable  of  deliv- 
ering its  full  rated  output  continuously  without  exceed- 
ing the  limitations  set  by  temperature,  mechanical 
strength,  dielectric  strength,  etc.  Machines  rated  under 
these  limitations  are  suited  to  conditions  where  the  load 
is  more  or  less  constant  and  such  as  is  found  in 
almost  all  of  the  great  industrial  and  manufacturing 
plants.  Motors  having  short-time  ratings  are  suited  to  a 
service  requiring  full  output  for  limited  periods  includ- 
ing runs  alternating  with  stops  of  sufficient  duration 
to  insure  substantial  cooling  without  exceeding  the 
limitations  as  to  temperature,  mechanical  strength,  etc. 
Motors  of  this  class  are  to  be  found  in  the  operation 
of   elevators,    hoists,    etc. 

3.    Will  the  Motor  Have  Sufficient  Torque 
To  Start  Its  Load? 

Consider  a  squirrel-cage  induction  motor  starting  a 
centrifugal  pump  or  fan.  The  speed-torque  character- 
istics of  the  centrifugal  pump  or  fan  are  similar,  and 
the  horsepower  needed  to  drive  them  varies  as  the  cube 
of  the  speed,  while  the  torque  required  varies  as  the 
square  of  the  speed.  This  latter  is  shown  by  curve  A, 
Fig.  1 ;  the  speed-torque  curve  of  an  induction  motor, 
for  full  impressed  voltage,  is  represented  by  curve  B, 
while  curve  C  shows  the  same  thing  for  50  per  cent 
full  impressed  voltage,  such  as  might  be  used  for  start« 
ing  the  load. 
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.-V  I'i'iitrifiijrnl  iMimji  with  tlu-  v  ilvo  in  the  dischaiKt' 
liiu'  fully  open,  if  staitrd  up  by  a  .sciuirrel-ciiKP  induction 
motor  on  un  intornu'diatj'  tap,  will  usually  not  conu- 
up  to  full  speod  on  the  starting  position,  but  to  some 
MH-h  point  as  I),  F'iK.  1.  If  the  pump  is  sustainint? 
a  hijrh  column  of  water  when  the  motor  is  thrown  from 
the  runninjr  to  the  starting  position,  the  lapse  of  even 
a  few  seconds  of  time  necessary  to  chanjye  over- 
that   is,    temporarily    disconnect    the    motor    from    the 
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.starting  and  connect  to  the  running  position — is  suffi- 
cient to  allow  the  column  of  water  to  start  downward. 
A  tremendous  shock  is  created  when  the  motor  is 
suddenly  thrown  to  the  full  running  position,  thus 
tending  to  change  instantly  the  direction  of  the  water. 
This  shock  is  severe  enough  to  break  the  piping  in 
cases  where  the  volume  of  water  is  large.  It  tends  to 
create  a  severe  water  hammer,  and  not  only  is  this  hard 
on  the  pump  and  on  the  motor  mechanically,  but  the 
electrical  jolt  is  also  severe  and  creates  a  condition 
unfavorable  to  the  motor  and  sometimes  to  the  line. 

If,  on  the  other  hand,  the  valve  in  the  discharge  line 
is  closed,  the  torque  required  at  full  speed  is  approx- 
imately 40  per  cent  of  the  full-load   torque   and  the 

CHAR  ACTERISTirs  OK  SQIIRRKI.-CAGK  TVrF:  INDICTIOX   MOTORS 
All  Motors  440- Volt.  3-Phase,  60-fycle  Si|uirrel-Cage  Typo 


Maximum 

Starting 

Torque  in 

Synchronous 

'■.lll-I.oad 

Full-I 

oad 

Per  Cent 

Hp. 

Poles 

r.  p  m 

Efficiency 

Power  Factor 

of  Norma 

150 

4 

l,80C 

2   5 

93 

180 

ISO 

6 

1.200 

92 

92 

135 

ISO 

8 

900 

01 

91 

125 

ISO 

10 

720 

<»1 

89 

120 

ISO 

12 

600 

90 

88 

115 

ISO 

14 

514 

90 

85 

110 

ISO 

16 

450 

90 

82 

105 

ISO 

18 

400 

89 

79 

100 

ISO 

20 

350 

87 

75 

100 

motor  has  no  trouble  in  bringing  the  pump  up  to  prac- 
tically full  speed  on  the  starting  tap.  This  is  shown 
by  curve  E,  Fig.  1,  it  being  assumed  that  the  torque 
under  these  conditions  also  varies  as  the  square  of  the 
speed.  After  this,  the  discharge  valve  may  be  opened 
gradually  and  the  pump  will  assume  its  full  load.  Under 
these  conditions  of  starting,  the  pump  must  always  be 
filled  with  water,  otherwise  the  clearance  strips  are 
likely  to  be  burned  out. 

Fig.  2  shows  the  same  starting  conditions  with  a  slip- 
ring  type  motor.  Curve  A  is  the  speed-torque  curve  of 
the  pump  under  full  head,  while  curves  B,  C,  D,  etc., 
are  the  speed-torque  curves  of  the  motor  on  the  differ- 
ent positions  of  the  starter.    Such  a  method  of  starting 


fliminates  the  lino  distiirbanco  prevalent  even  with  the 
H(iuirrel-cage  motor  and  unloaded  pump  and  j^ives  a 
smooth,  even  acceleration.  When  the  slip-ring  motor 
cannot  advantageously  he  used,  it  is  essential  except  in 
the  smaller-sized  units,  that  all  driven  machines  such 
as  centrifugal  pumps,  plunger  pumps,  fans,  blowers 
compres.sors,  etc.,  be  unloaded  during  the  starting  period 
when  started  by  scpiirrel-cage  induction  motors. 

By  referring  to  the  table  it  is  seen  that  as  the  num- 
ber of  poles  of  the  motor  increa.ses,  hence  the  speed 
decrea.ses,  the  starting  tonpie  for  full  impressed  voltage 
of  the  s(|uirrel-cage  motor  also  decreases.  This  is  an 
inherent  feature  of  the  induction  motor  and  is  charac- 
teristic of  all  such  machines.  Slow-speed  machines  do 
not  have  as  good  characteristics  as  to  power  factor, 
efficiency,  torque,  etc.,  as  high-speed  machines. 

Fig.  .3  illustrates  the  difference  in  the  speed-torque 
curves  of  two  GO-cycle  scpiirrel-cage  motors  of  ecjual 
output,  voltage,  phase  and  frecjuency,  but  of  different 
speeds,  one  being  a  4-poIe  and  the  other  a  16-pole  motor. 
The.se  curves  .show  that  not  only  the  starting  torque, 
but  also  the  maximum  torque,  is  lower  on  the  slow- 
speed  than  the  high-.speed  motor.  Therefore  great  care 
has  to  be  exercised,  not  alone  in  the  proper  selection 
of  the  type  of  motor,  but  also  as  to  the  nature  of  the 
starting  conditions,  in  order  to  make  certain  that  the 
speed  selected  a.ssures  a  motor  with  the  requisite 
amount  of  torque. 

4.     If  the  Starting  Conditions  Are  Severe,  How 

Much  Actual  Torque  Is  Required  To 

Start  the  Load? 

In  the  correct  application  of  the  induction  motor, 
the  starting-  or  static-torque  features  of  the  load  deter- 
mine to  a  large  extent  the  use  of  the  squirrel-cage  or 
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FIG.    J.      SPKKD-TORQUE  CURVES  OP  CENTRIFUGAL  PUMP 
AND   SLIP-RING   TYPE    INDUCTION    MOTOR 


the  slip-ring  type.  As  a  general  rule  the  running-load 
conditions  of  any  given  load  are  well  known,  usually 
by  direct  measurements  of  power,  but  the  starting-load 
conditions  are  totally  unknown. 

A  good  idea  as  to  the  static  conditions  of  a  load  may 
be  obtained  by  a  spring  balance  used  at  a  known 
radius.  Suppose  it  were  desired  to  learn  the  static 
conditions  of  a  long  length  of  lineshafting  in  a  factory. 
A  spring  balance  attached  to  a  rope  around  a  pulley 
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of  known  diameter  or  a  beam  rigidly  attached  to  the 
shafting  will  show  what  is  desired.  In  cases  such  as 
this  it  is  always  advisable  to  take  a  number  of  readings 
and  under  conditions  known  to  be  the  most  unfavorable. 
For  instance,  static  torque  on  a  lineshaft  should  be 
taken,  preferably,  on  a  Monday  morning  before  starting 
up,  after  the  shafting  has  been  idle  over  Sunday.  The 
readings  should  also  be  feken,  if  possible,  at  a  time 
when  the  lowest  temperature  that  is  likely  to  be  encoun- 
tered exists. 

When  using  the  beam.  Fig.  4,  the  readings  should 
be  taken  when  the  beam  is  in  a  horizontal  position, 
then  the  torque  is 


W 


16       ^  12 


where  T  is  the  torque  in  pounds  at  1  ft.  radius,  L  ic 
the  length  of  beam  in  inches  from  center  of  shaft 
to  point  of  pull  of  the  spring  balance,  w  is  the  weight 
in  ounces  of  the  beam  when  free  to  rotate  about  the 
center  0  (minus  when  the  measurement  is  made  verti- 
cally upward  and  plus  when  made  vertically  downward), 
and  W  is  the  weight  in  ounces  read  on  spring  balance 
for  any  load. 

When  the  static  torque   is  known,   it  can  readily  be 
transferred  into  synchronous  horsepower  by  the  formula 


Hp.= 


T  X  2  TT  X  r.  ;>.  m. 


33,000 


where  T  equals  torque  in  pound  at  1  ft.  radius,  r.p.m. 
equals  revolution  per  minute  and  Hp.  equals  horse- 
power. From  this  the  question  of  one  of  the  important 
points  of  correct  application  is  readily  determined.  As 
the  motor  speed  is  oftentimes  different  from  the  driven- 
machine  speed,  care  should  be  exercised  in  the  use  of 
this  formula.  For  instance,  consider  an  arrangement  as 
in  Fig.  5,  where  a  lineshaft  runs  at  400  r.p.m.  and  the 
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motor  runs  at  1,150  r.p.m.  By  the  use  of  the  beam  on 
the  lineshaft  the  value  of  T  is  readily  found  and  the 
synchronous  horsepower  is  found  by  the  formula  for 
this  factor,  in  which  400  is  used  for  the  r.p.m.  value. 
If,  on  the  other  hand,  the  beam  is  used  on  the  motor 
shaft,  the  value  of  r.p.m.  used  in  the  horsepower  for- 
mula should  be  1,150  and  not  400.  These  two  methods 
should  closely  check  each  other. 


When  using  a  rope  around  a  pulley  as  in  Fig.  6,  the 
lor(]ue  formula,  while  practically  the'  same,  considers 
slightly  different  condition.s  as  follows: 


W 


16 


X 


where  L  equals  length  in  inches  from  <  cuter  line  of 
pulley  to  center  line  of  rope;  w  equals  weight  in  ounces 
of  the  free  length  of  rope  on  spring-balance  side  and 


400RPM. 
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FIGS.   4  TO  6.    METHODS  OF  DETEUMIXI.XG  STATIC  TOUyLK 
FOR   MOTOR   DRIVES 


is  a  plus  quantity  if  the  measurements  are  made  in 
a  vertically  downward  position  (if  the  measurements 
are  made  in  a  vertically  upward  position,  the  sign 
becomes  minus)  ;  and  W  equals  weight  in  ounces  read 
on  spring  balance  for  any  load. 

In  the  case  of  masses  rotated  between  bearings  such 
as  flywheels,  motor-generator  sets,  etc.,  where  the  use 
of  the  spring  balance  is  frequently  not  feasible,  the 
power  to  overcome  the  bearing  friction  at  the  instant 
of    starting    may    be    estimated    from    the    expression. 


Synchronous  hp. 


0  3  V  VF  y  -  X  ^><-^Pi^ 
y).6  X   1^  X  12  ^        33,000 


where  W  is  the  weight  in  pounds  of  rotating  parts, 
r  is  the  radius  in  inches  of  shaft  in  bearings,  and 
r.p.m.  is  the  synchronous  speed. 

In  the  foregoing,  the  coefficient  of  friction  is  taken 
as  0.3,  but  variations  in  conditions  may  make  it  advis- 
able to  change  this  slightly.  The  value  as  given  is 
intended  to  cover  starting  under  average  conditions  and 
not   under    ideal    conditions. 

5.    What  Will  Be  the  Length  of  Time  of 
Period  of  Acceleration? 

The  que.stion  of  static  torque  alone  is  no  criterion  of 
what  type  of  motor  to  use.  A  flywheel  might  have  a 
.static  torque  indicating  the  use  of  a  squirrel-cage 
motor,  but  the  stored  energy  necessary  to  accelerate 
the  wheel  might  be  sufficient  to  prohibit  absolutely  the 
use  of  such  a  driving  machine.  Static  torque  and 
period  of  acceleration  must  be  considered  together.    On 
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shaft iiiK  or  machine.H  on  whirh  the  period  of  arcclfratioii 
is  in  doubt,  it  i.>«  often  possible  to  obtain  the  necessary 
data  by  temporarily  connecting  a  direct-current  motor 
ai\d  tiikiiijr  the  watts  input  and  time  of  acceleration 
Where  such  tests  are  not  available,  certain  data  are 
often  obtainable  from  which  a  knowledge  of  the  accelera- 
tion may  be  had.    Take  the  following  problem: 

Problem :  Kind  the  power  reciuired  to  start  up  a 
shear  havintr  a  lly wheel ;  where  .S  -  .speed  120  r.p.m., 
D  —  outside  diameter  -  11  ft.;  W  --  weight  of  fly- 
wheel rim  =  12.000  lb.;  and  W  -^  weight  of  6  arms 
of   flywheel    =   2,250   lb. 

Assuming  an  inside  diameter  of  8  ft.  G  in.  for  the 
rim  of  the  wheel,  the  moment'  of  inertia, 

/  =  "    X    H(r,)=  +   (ry] 
(Foot-poinid-nccond  system  of  i(7uts) 


12.000 
32.2 


X   M(5.5)'  +  (4.25)M=-'.>,00(!. 


and 

{Radius  of  giirationY 


_   / ^000 

^  —  M~   /12.000\   ^  ^^•^' 

V  32:2  / 


from   which 

Radius  of  gyration  R  =  \/24.1  =  4.90  ft.  (say  5  feet) 

where  r,  =  outside  radius  of  rim  in  feet;  r,  =  inside 
radius  of  rim  in  feet,  and  g  ^-  acceleration  due  to 
crravity,  equals  32.2. 

Therefore,  the  flywheel  effect  or  WR'  of  the  rim  equals 
weight  of  flywheel  rim  times  radius  of  gyration  squared, 
in  this  problem  is 

12,000  X  ^5)'  =:  300,000  pound-feet, 

but  the  rim  \VR'  is  also 

5,870^^X  rX^SO  _  3^^_^^^  ^^^^,_^^^^ 

therefore  the  horsepower-seconds  is 
,^      ^,       (120)=  X  300,000 

If  the  radius  of  gyration  of  the  flywheel  arms  is  2  ft. 
6  in.,  then 

WR'  =  2,250  X    (2.5)'  =  14,050  pound-feet 

and 

1201=  X  14,050 


Hp.  X  t  = 


62.1 


5,870  X  530 

Total  horsepower-seconds  to  bring  the  flywheel  from 
rest  to  120  r.p.m. 

1,34a  +  62.7  =  1,402.7 

Assume  that  the  static  friction  of  the  shear  and  the 
power  required  to  bring  it  up  to  speed  is  squal  to  one- 
half  that  required  for  the  wheel.  Then  the  approximate 
total  accelerating  energy  is 

1,402 


1,402 


=   2,103   horsepoicer-secffnds. 


If  the  time  of  acceleration  is  limited  to  20  sec,  then 
the  horsepower  required  is 

„  2,103       ,.. 

In  the  foregoing,  the  WR'  of  the  arms  i.s  so  small 
that  it  could  be  neglected.     It  is  also  seen  that  a  gen- 


eral assumption  of  power  required  to  bring  the  shear 
without  the  flywheel  up  to  speed  also  has  to  be  made, 
nevertheless  some  i«lea  f)f  the  period  of  acceleration  can 
l)e  obtained.  In  the  case  of  motor-generator  .sets,  fly- 
wheels, etc.,  where  data  are  not  available,  some  Huch 
method  of  calculation  has  to  be  resorted  to. 

For  ordinary  calculations  the  radius  of  gyration  of  a 
rim-type  spoke  flywheel  may  be  taken  as  e(|ual  to  0.4 
X    external    diameter,    or    for    greater    accuracy    use 

0.707 \/fr,)*  -f  \r\y  and  the  weight  of  the  rim  as 
being  approximately  60  per  cent  of  the  total  weight 
of  the  wheel. 

For  solid-disc  flywheels  the  radius  of  gyration  may 
be  taken  as  ecjualing  0.707  y  radius,  and  the  calcula- 
tions for  stored  energy  made  as  stated,  the  total  weight 
of  the  di.sc  having  to  be  considered. 

[This  is  the  first  of  three  articles  on  induction-motor 
applications.  The  next  article  will  deal  with  items  6  to 
10  outlined  in  this  article,  and  the  third  installment  v)ill 
take  up  items  11  to  16  inclusive. — Editor.] 

Starting  an  Old  Diesel 

In  visiting  oil-engine  plants  many  Diesels  ten  to  fif- 
teen years  old  are  often  encountered.  The  majority  of 
these  old  engines  have  never  had  a  reasonable  amount  of 
care.  Usually,  the  pistons  are  so  Vjadly  worn  that  the 
compression  is  seldom  above  300  lb.  per  square  inch. 
On  starting,  the  air  blows  down  past  the  pistons  so 
that  it  is  difficult  to  turn  the  engine  over  fast  enough 
to  secure  ignition. 

Many  engineers,  not  realizing  the  danger,  are  in  the 
habit  of  giving  the  cylinders  a  shot  of  gasoline.  The 
gasoline  is  poured  in  through  the  admission  valves. 
The  engine,  even  though  just  barely  turning  over,  will 
fire  the  gasoline  in  the  firing  cylinder.  There  is  grave 
danger  in  this  procedure.  The  gasoline  will  quite  likely 
explode  early  in  the  compression  stroke.  If  this  occurs, 
something  is  going  to  give  way.  Even  if  relief  valves 
are  fitted  to  the  cylinder  heads,  they  may  fail  to  open. 
Frequently,  admission  valve  cages  are  blown  out,  con- 
necting rods  bent  and,  to  the  writer's  knowledge,  in  two 
instances  crankshafts  were  fractured. 

There  is  no  disputing  the  fact  that  it  is  extremely 
difficult  to  start  a  badly  worn  engine.  The  best  way 
to  do  it  is  to  set  the  air  .starting  valve  to  open  after 
the  piston  has  passed  dead  center.  This  will  save  a  lot 
of  air,  since  the  piston  will  be  moving  outward  when 
the  air  strikes  it  on  the  second  turn.  To  prevent  too 
much  leakage  about  the  pistons  a  pint  of  lubricating 
oil  can  be  poured  in  on  the  top  of  each  piston.  The 
oil  will  effectually  seal  the  clearance  and  will  raise 
the  compression  pressure  high  enough  to  ignite  the  fuel 
when  the  fuel  valve  opens.  There  is  no  danger  of  the 
lubricating  oil  preignitinjr.  The  engine,  even  though 
badly  worn,  will  usuallj^  fire. 

There  are  extreme  cases  of  engine  wear  w-here  even 
the  method  outlined  above  fails  to  secure  results.  It 
is  possible  to  block  open  the  admission  valves  of  the 
firing  cylinders  and  turn  the  engines  over  with  the  start- 
ing cylinder  until  a  fairly  high  angular  velocity  is  at- 
tained. Throwing  the  admission  valve  into  place  at 
this  time  will  invariably  secure  regular  firing.  Of 
course  the  proper  relief  is  the  reboring  of  the  cylinder 
and  the  installation  of  new  pistons.  It  so  happens 
that  occasionally  the  engineer  cannot  induce  the  manage- 
ment to  do  this.  Above  all  else,  no  Diesel  engine  should 
be  dosed  with  gasoline  or  kerosene. 
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Diesel  Engines  in  Cement  Mills 

Oil  Engines  Are  Proving  Economical  Power  Producers  Even  in   Such  Industries  as 

Cement  Mills,  Where  Heretofore  Waste-Heat  Boiler  Plants 

Have  Held  the  Supremacy 


WHEN  the  Lehigh  Portland  Cement  Co.  installed 
Diesel  engines  in  their  Ida,  Kansas,  plant  in 
1916,  the  Mcintosh  &  Seymour  units  purchased 
were  the  first  1,000-hp.  Diesels  to  be  constructed  in  the 
United  States.  These  1,000-hp.  six-cylinder  engines 
were  developed  along  the  same  lines  as  the  smaller 
Diesels  built  by  this  firm  and  so  represented  no  radical 


probably  be  in  operation  by  December  of  this  year.  The 
plant  will  then  be  the  largest  Diesel  station  in  America. 
The  units  are  set  in  line  along  the  length  of  the  build- 
ing: as  shown  in  Fig.  1.  Space  has  been  left  for  the 
fifth  engine,  the  foundation  bolts  of  which  appear  in 
Fig.  2  in  the  foreground.  The  engine  platforms  are 
interconnected,  enabling  the  operators  to  go  from  engine 


FIG.   1.      DIESEL  POWER  PLANT  OF  LEHIGH  PORTLAND  CEMENT  CO..   lOLA.  KANSAS 


ideas  in  Diesel  design.   That  the  design  was  along  sane, 
conservative  lines  is  attested  by  the  uniform  success 
obtained  in  the  operation  of  this  plant.     The  plant  rec 
ord  of  continuity  of  service  is  probably  unequaled  by 
any  other  oil-engine  station. 

Originai'v,  three  1,000-hp.  engines  were  installed 
Each  was  direct-connected  to  a  750-kw.  Westinghouse 
direct-current  generator  delivering  440  volts  to  the 
switchboard.  In  1919  the  fourth  engine-generator  unit 
of  like  capacity  was  installed,  and  a  fifth  engine  will 


to  engine  without  descending  to  the  room  floor.  The 
plant  is  served  by  a  10-ton  Whiting  traveling  crane. 
The  switchboard  is  of  black  slate  and  is  equipped  with 
Westinghouse  instruments  and  switches.  The  board  is 
set  at  the  end  of  the  building,  somewhat  out  of  sight 
of  the  operators  of  all  save  the  adjacent  engine. 

As  has  already  been  mentioned,  the  record  of  the 
plant  operation  is  excellent.  One  of  the  units  was  in 
constant  operation  for  417  days,  23  hours  and  45  min- 
utes with  the  exception  of  a  two-hour  shutdown  at  the 
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end  of  carh  six-month  period  for  the  purpn.sc  of  ( han^ 
injr  vnlve  capes.  Siiuc  the  fourth  Diesel  has  been 
installed,  it  is  the  practice  to  change  exhaust  and  ad- 
mission valves  every  sixty  days.  The  pistons  are  pulled 
after  six  months'  service  althoutfh  the  oil  shows  no 
tendency  toward  rinp  Rumminp.  The  only  serious 
trouble  occurred  when  one  of  the  connecting  rods  was 
bent,  resultinR  in  a  fractured  cylinder  and  liner.    The 

TAHI.K    1    -STATION   COSTS 

Total  kllowdtl-hoiir  output 1,190,11111 

Totiil  futl.  Kill" 112,2(1.'! 

Fuel  oaMt  per  kllowntt-hour  at  $0,032  per  kiiI $ii. 0(130 

Uabor  cost   por   kllowutt-hour k.ikids 

Supplies  and   oil   per  kilowatt-hour...,.  ii.ool.') 

Total    $11. no.-,:! 

Kuol  oil  por  kilowatt-hour,  lb O.BOT 

Fufl  oil  por  brake  horsepower,  lb (I.  IS:' 

TABLE    n— POWKK  roSTS  OF  A    CEMENT    .MIM. 


Diesel 
Plant 

Fuel  cost $3,608.44 

Liabor   coat    1,806.30 

Stores  cost 956.20 


Ga.o 
KiiKltio 
$2,173.25 
622.32 
392.16 


Total  cost    6,370.94  $3,187.73 


Total  power  cost.  .  . 
Total  conient.  bbl.  . 
rowii'  cost  por  bbl. 


$784. 3!i 


$784.39 

$10,343.Ot> 

1,096.86 

$0.09r, 


damage  was  occasioned  either  by  the  air-starting  valve 
wedging  open  or  by  overpriming  of  the  starting  cylin- 
der. If  the  starting  valve  failed  to  seat,  starting  air 
at  800  lb.  pre.ssure  filled  the  cylinder  at  the  beginning 
of  compression ;  the  connecting  rod  was  not  of  sufficient 
strength  to  withstand  the  enormous  pressure  developed 
as  the  piston  moved  upward.  The  more  probable  cause 
was  overpriming  of  the  starting  cylinder.   In  the  event 


FIG.    2.      ilclNTOSH  &  SEYMOUR   l.UOO-HP.    UlESEL 

that  any  great  amount  of  fuel  is  admitted  into  the 
starting  cylinder,  preignition  will  take  place  on  the 
compression  stroke. 

In  the  way  of  replacements  but  few  parts  Have  de- 
veloped faults.  Some  fifty  piston  rings  have  been  re- 
placed in  the  four  years'  operation.  This  would  average 
eight  years  of  life  per  ring.  The  air-compressor  valves 
tend  to  leak  at  frequent  intervals.  This  is  not  difficult 
to  understand  when  consideration  is  given  to  the  loca- 
tion of  the  plant.  The  engine  room  is  within  a  hundred 
feet  of  the  cement  mill.  The  air  foi  blocks  is  filled  with 
minute  cement  particles  which  settle  on  the  building 


like  (lour.  The  cngino  room,  althouKh  of  concrete  con- 
st ruction,  has  many  doors  and  open  windows.  The 
cement  dust  fills  the  air  within  the  engine  room  and 
is  drawn  into  the  air  compressors  and  the  workinjf 
cylinders.     It  is  remarkable  that  more  trouble  is  not 


1-  •   -  II  -. 

•    •     •     '    ♦:     1  • 

1 

^BMi^^i  ^''''11        ,    ^  ^^ 

experienced.  An  engine  room  in  such  a  location  should 
be  sealed  and  all  air  drawn  in  through  an  air  washer 
and  filter. 

The  cost  per  kilowatt-hour  appears  in  Table  I.  This 
covers  the  operating  charges,  no  fixed  charge  being 
tabulated.  On  a  basis  of  an  estimated  investment  of 
$600,000  and  an  overhead  charge  of  12  per  cent,  the 
power  costs  shown  would  be  increased  by  6  mills  per 
kilowatt-hour. 

The  cement  plant  also  has  a  gas  engine  which  drives 
a  portion  of  the  mill  and  a  small  steam  plant  for  the 
heating  and  fire-pump  requirements.  In  Table  II  are 
shown  the  total  operating  costs  of  the  power  plant  for 
January,  1920.  The  heating  and  fire-pump  costs  are 
shown  as  totals 


The  Robertson-Fairfield  Flexible 
Expansion  Coupling 

The  Robertson-Fairfield  coupling  was  designed  pri- 
marily for  use  with  geared  turbines  installed  on  ship- 
board. 

As  reported  in  The  Engineer,  London,  the  coupling 
consists  of  a  casing,  or  shell,  C  made  in  halves,  which  are 
bolted  together  when  the  coupling  is  assembled.  The  in- 
ner surface  of  this  shell  has  two  gaps,  or  slots,  machined 
in  it,  and  in  these  gaps  are  fitted  the  blocks  G,  which 
have  been  named  by  the  designers  "pivot-key  sockets," 
one  of  which  is  represented  separately.  These  pivot-key 
sockets  transmit  the  drive  to  the  casing  by  coming  into 
contact  with  the  ends  of  their  slots,  and  at  the  same 
time  any  relative  axial  motion  between  the  drivers  and 
the  driving  shaft  is  provided  for  by  the  sliding  of 
these  blocks  along  their  slots  in  the  shell  C.  The  drive 
of  the  turbine  shaft  is  transmitted  to  the  two  pivot- 
key  sockets  G  by  means  of  pivot  keys  F,  of  which  one 
is  showm  separately;  others  can  be  seen  in  place  in 
the  illustrations, 

A  pin,  or  boss,  which  is  turned  on  the  convex 
face  of  these  pivot  keys,  fits  into  a  corresponding  hole 
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in  the  pivot-key  sockets.  The  abutting  surfaces  of  the 
pivot  keys  and  the  pivot-key  sockets  are  spherical,  as 
is  also  the  inner  face  of  each  pivot  key.  Each  pivot  key 
fits  into  a  slot  cut  in  a  block  E  secured  to  the  end  of 
the  driving  or  the  driven  shaft.  These  slots  are 
machined  to  fit  the  spherical  face  of  the  inner  surfaces 


Section    A-A 


Pivot  Key  Socket  Pivot  Key 

DETAILS  OF  FLEXIBLE  EXPANSION  COUPLING 

of  the  pivot  keys.  These  keys,  therefore,  can  slide 
over  their  seats  should  the  coupled  shafts  get  out  of 
alignment,  and  an  angular  displacement  at  right  angles 
to  that  thus  secured  is  provided  for  by  a  slight  rota- 
tion of  the  pivot-key  sockets  on  their  pins. 

The  coupling  is  lubricated  by  the  oil  that  flows  from 
the  adjacent  bearings.  The  oil  is  caught  by  the  end- 
plates  shown  and,  after  passing  between  the  moving 
surfaces  of  the  coupling,  escapes  through  small  drain 
holes.  The  coupling  runs  drowned  in  oil,  and  gutters 
are  machined  to  the  internal  parts  of  the  coupling  for 
the  purpose  of  insuring  a  thorough  distribution  of  the 
lubricant. 

The  upper  half  of  the  first  sketch  is  a  bastard  section 
taken  along  the  radius  lettered  A  in  the  second  one. 
The  pressures  on  the  bearing  surface  are  quite  definite, 
being  free  from  the  indeterminateness  that  exists  in 
the  case  of  multiple-claw  couplings;  as  a  consequence 
somewhat  higher  bearing  pressures  are  permissible, 
the  figures  adjusted  being  from  500  to  750  lb.  per 
.square  inch. 

The  coupling  is  already  being  applied  to  geared 
marine  turbines  aggregating  over  300,000  shaft-horse- 
power. The  working  of  the  patent  has  been  taken  over 
by  Michell  Bearings,  Ltd.,  of  3,  Central  Buildings,  Lon- 
don, S.W.  1. 


Ludlum  Water-Tube  Marine  Boiler  for 
Naval  Experimental  Station 

The  boiler  here  illustrated,  built  for  the  Naval 
Experimental  station  at  Annapolis,  Md.,  is  of  special 
interest  because  of  its  large  size  and  the  extremely 
high  pressure  carried.  It  is  15  ft.  high,  17i  ft.  wide 
and  12  ft.  deep,  with  a  furnace  of  approximately  500 
cu.ft.  in  volume.  Its  weight  is  85,000  lb.  complete.  It 
was  built  for  a  working  steam  pressure  of  350  lb.  and 
tested  to  550  lb.  hydraulic  pressure.  The  steam  drum 
is  48  in.  by  12  ft.,  with  a  tube  sheet  Hi?  in.  thick.  The 
water  drums  are  30  in.  by  12  ft.,  with  tube  sheets  Hi 
in.  thick.  All  drums  have  double  butt-strap  and  double- 
riveted  joints. 

The  tubes  are  of  cold-drawn  seamless  steel,  No.  10 
gage,  11  in.  outside  diameter.    The  casing  is  of  No.  10 


gage  steel  plate  backed  with  asbestos  millboard  and  2 
in.  of  high-tempered  special  insulating  material.  The 
combustion  chamber  has  a  9-in.  firebrick  lining  backed 
up  with  the  same  insulating  material.  The  bottom  of 
the  furnace  is  shaped  on  the  arc  of  a  circle  to  allow  for 
the  proper  expansion  of  the  brick  lining. 

The  unit  is  equipped  with  cleaning 
openings  for  each  bank  of  tubes  and 
also  with  Ludlum  automatic  soot 
blowers,  the  latter  being  operated  by 
a  chain  pull.  They  automatically 
dispose  of  water  of  condensation  in 
the  piping  and  also  shut  off  the  steam 
automatically  aicer  cleaning  is  com- 
pleted. 

This   boiler  was   too    large   to   be 
shipped  by  rail,  and  it  was  therefore 
transported   on   a  barge,   completely 
assembled,   as   here   illustrated.     On 
arrival  at  the  Naval  Station  it  was 
necessary  only  to  set  it  on  its  foun- 
dation and  connect  up  the  piping  and 
smokestack.      No     mason     work     or 
boiler  setting  was  required.     This  equipment  was  built 
in  the  shops  of  the  New  York  Engineering  Co.  at  Yonk- 
ers,  New  York.    This  company  is  now  at  work  on  a  bat- 
tery of  boilers  of  this  same  type  for  the  United  States 


View  Looking  on 
Couplinti  Joint 

Oroye 


MARINE  BOILER   DESIGNED  FOR  350  POUNDS  PRESSURE 

Navy,  each  unit  of  which  will  be  much  larger  than  the 
one  here  described.  They  will  be  installed  in  one  of  the 
new  battleships  now  under  construction. 


Pipe  bends  for  taking  up  expansion  and  contraction 
should  be  made  so  that  they  are  shorter  face  to  face 
than  the  cold  dimension  of  piping  and  should  be  pulled 

into  position. 

A  large  receiver  separator  pays  for  itself  by  deliver- 
ing dry  steam  to  the  engine  at  a  constant  pressure, 
independent  of  loads. 
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JMaiiiUMiaiu^e  of  Weldiim  IMachines  and  Selection 

of  I'ypes  To  Be  Used 

(^hirf  I*roI)Irni  of  Maintenance  Is  with    Portahlr-Type   IVIaehines — Careful    InHpection 

of  lM|iii|Hiieiit  lii'fon'  ltein«^  INit  Into  Service  Is  EsHential — In  the  Selecliou 

of  a  Machine,  First  Cost  anil  Reliability,  Electrical  Efficiency, 

Ratin<>;  and  Portability  Should  Be  (Considered 


By  L.  W. 
Master  Electrician,  United  States 

00  little  attention  is  fre- 
quently given  to  the  mainte- 
nance of  welding  machines  and 
equipment,  especially  those  of 
the  portable  type.  For  this 
reason  it  is  believed  that  some 
of  the  following  points  can  be 
noted  to  good  advantage. 

Where  the  machines  are  of 
the  permanently  in.stalled  type 
in  protected  locations  such  as 
shops,  substations,  etc.,  the 
u^•ual  maintenance  procedure 
can  be  followed  as  with  ordi- 
nary types  of  motor-generators,  etc.  This  procedure 
consists  principally  of  seeing  that  the  machine  is  pro- 
tected from  dirt,  dust,  water,  etc.;  that  bearings  do  not 
heat  up,  are  kept  properly  filled  at  all  times,  and  oil 
renewed  or  cleaned  out  systematically;  that  the  com- 
mutator is  watched  and  checked  to  see  that  the  brushes 
are  properly  set,  fitted  and  not  sparking,  and  that  the 
commutator  is  kept  cleaned  at  all  times.  A  periodical 
visit  and  inspection  by  the  maintenance  man  usually 
suffices  to  keep  the  machine  in  good  operating  condition, 
and  its  upkeep  presents  nothing  unusual  and  soon  be- 
comes a  part  of  the  regular  shop  or  plant  routine. 

Inspection  and  Working  Test  of  New  Machine 

With  portable-type  machines  which  are  being  con- 
tinually shifted  from  one  location  to  another  in  all 
conditions  of  weather,  and  for  which  it  is  often  almost 
impossible  to  provide  adequate  protection  against  dust 
and  rain,  the  treatment  usually  received  is  very  severe, 
and  consequently  the  maintenance  and  upkeep  of  these 
present  problems  not  common  with  the  ordinary  run 
of  electrical  equipment,  especially  permanently  installed 
machines.  The  following  points  can  be  applied  to  good 
advantage  in  connection  with  these  machines: 

When  the  equipment  is  purchased,  and  before  being 
put  to  use  and  sent  out  to  work,  a  careful  inspection 
should  be  made  and  the  machine  given  a  thorough 
working  test  in  the  shop  under  normal  conditions  of 
load,  etc.,  and  run  for  a  sufficient  length  of  time  to 
see  that  bearings  do  not  heat  up  or  other  defects  exist. 
If  this  is  a  new-type  machine,  with  which  the  operators 
have  had  no  previous  experience,  it  is  desirable  to 
instruct  each  operator  who  may  be  assigned  to  it  at 
some  future  time  on  its  use  before  it  leaves  the  shop. 
This  will  prevent  delays  at  the  work  which  would 
occur  if  the  operator  were  assigned  with  no  previous 
experience  in  the  machine's  operation. 

When  the  machine  is  sent  out  of  the  shop  to  the  work, 
see  that  all  necessary  auxiliary  equipment,  such  as  weld- 
ing leads,  electrode  holders,  etc.,  goes  along  with  it,  and 
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is  in  good  condition.  This  will  save  any  delay  in  getting 
the  machine  connected  up  and  operating  after  it  reachi^ 
the  work ;  and  if  possible  all  preliminary  arrange- 
ments as  to  connections  should  be  made  before  the 
machine  arrives  at  the  work  point. 

Instructions  for  Regulation  and  Operation 

Be  sure  that  proper  instructions  are  issued  as  to 
regulation  and  operation.  If  possible  these  instructions 
should  be  framed  and  attached  to  the  machine  in  a 
conspicuous  place,  where  they  can  be  easily  read  yet 
will  be  protected  from  damage.  See  that  the  operator 
thoroughly  understands  operation  before  starting  him  to 
work  if  possible  to  do  so,  as  the  extra  time  spent  on 
this  will  usually  be  repaid  by  better  quality  and  more 
work  produced. 

Have  the  machine  at  the  work  point  fully  protected 
against  dust,  rain,  etc.  Make  periodic  inspection  to 
see  that  the  bearings  are  running  cool  and  are  properly 
lubricated. 

When  the  job  is  finished,  and  unless  another  piece 
of  work  is  immediately  available,  it  is  desirable  to 
return  the  machine  and  equipment  to  the  shop  or  cen- 
tral-storage place  for  inspection,  minor  repairs  and 
adjustments  if  necessary,  and  everything  should  then 
be  made  ready  for  the  next  trip.  This  may  look  as 
if  too  much  time  were  being  spent  on  the  machine's 
upkeep,  but  where  there  is  available  a  central-storage 
space,  properly  fitted  up,  only  a  fraction  of  an  hour 
need  be  consumed  in  doing  this  and  the  cost  will  be 
negligible.  Of  course,  unless  there  are  several  welding 
machines  available  it  will  not  be  possible  to  follow  this 
procedure  veiy  efficiently,  but  where  there  are  a  number 
of  machines  such  a  practice  will  prove  a  great  saving. 
The  central  storage  space,  if  possible,  should  be  so 
located  that  the  mechanic  detailed  to  look  after  it  has 
other  routine  duties  to  perform  in  connection  with 
upkeep  and  maintenance  of  other  shop  or  plant  equip- 
ment. With  proper  maintenance  the  machine  is  always 
available  to  send  out  on  a  job  in  first-class  operating 
condition  and  there  is  no  danger  of  finding  out  that 
something  is  wrong  after  arriving  at  the  work  and 
making  all  preparations  to  start  welding. 

Replacement  Parts  Should  Be  Kept  in  Stock 

In  order  to  systematize  the  care  and  maintenance  of 
these  machines  and  at  the  same  time  insure  quick  re- 
pairs or  replacements  of  worn-out  or  defective  parts  it 
is  essential  that  a  complete  stock  of  spare  replacement 
parts  be  kept  on  hand  at  all  times.  To  avoid  needless 
expense  in  this  connection,  all  machines  should  if  possi- 
ble be  of  the  same  type  and  manufacture,  so  that 
the  parts  of  the  different  machines  will  be  interchange- 
able.   On  the  basis  of  two  to  twelve  machines  maximum. 
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the  following  spare  parts  can  be  carried  to  good  ad- 
vantage: One  complete  armature  (motor,  generator  and 
exciter)  ;  one  complete  set  of  brush  holders;  two  com- 
plete sets  of  bearings ;  two  complete  sets  of  brushes ; 
one  field  coil  of  each  kind;  one  set  miscellaneous  parts 
on  starter  and  generator  panels. 

However,  since  the  cost  of  these  parts  approaches 
very  closely  that  of  a  complete  welding  set,  it  is  consid- 
ered more  desirable,  if  possible,  to  carry  an  additional 
machine  as  a  resei*ve  unit  and  thus  always  have  one 
ready  when  trouble  happens  at  the  work  point.  Of 
course  the  tendency  to  use  all  available  equipment  at 
all  times  makes  it  very  hard  to  keep  a  spare  unit 
available  and  ready  when  needed  and  not  at  use  at 
some  other  point.  For  this  reason  spare  parts  are 
often  carried  as  being  a  cheaper  first-cost  proposition, 
as  well  as  an  assurance  of  rapid  repairs  when  all  availa- 
ble equipment  is  being  worked. 

Some  Points  That  Should  Be  Considered  in 
Selecting  a  Machine 

In  the  selection  of  the  type  of  machine  to  be  used  the 
following  points  should  be  considered:  (a)  First  cost 
and  reliability;  (b)  electrical  efficiency;  (c)  rating; 
(d)  portability;  (e)  summary  for  the  ideal  machine. 

(a)  Too  often  machines  are  purchased  because  of  the 
low  first  cost,  and  this  frequently  results  in  finding  out 
later  that  the  extra  maintenance  required  to  keep  them 
in  first-class  working  condition  and  the  time  lost  while 
repairs  are  being  made  make  them  much  more  expen- 
sive in  the  long  run  than  higher  first-cost  machines. 
Selection  on  the  basis  of  lowest  first  cost  is  usually  made 
through  misinformation,  but  sometimes,  unfortunately, 
through  lack  of  finances.  To  illustrate  the  point,  assume 
that  ten  portable  machines  are  to  be  purchased  and 
offers  of  $11,000  and  $10,000  are  made.  Certain  pur- 
chasers would  immediately  accept  the  lower  offer  of 
$10,000  and  congratulate  themselves  upon  the  saving  of 
$1,000,  or  sufficient  to  purchase  an  additional  machine, 
not  even  considering  whether  the  cheaper  machines 
would  in  the  course  of  a  few  years  cost  more  than  this 
amount  and  possibly  require  complete  renewal.  Suppose 
the  higher  offer  was  for  machines  that  could  produce  5 
per  cent  more  work  than  those  of  the  lower  offer  and 
required  very  little  maintenance?  It  can  be  readily 
seen  that  under  such  conditions  the  higher  offer  would  be 
the  more  advantageous  to  accept.  Therefore,  the  first 
cost  of  equipment  should  be  the  last  consideration  in 
the  purchase  of  machines. 

(b)  One  manufacturer  offers  a  machine  of  60  per 
cent  over-all  efficiency  and  another  one  of  50  per  cent. 
On  the  basis  of  electricity  at  5c.  per  kw-hr.,  4  kw.  out- 
put from  each  machine,  we  have  the  cost  per  hour  per 
machine  operation  as  follows,  if  figured  on  normal  con- 
tinuous output  rating  basis : 

,,,       4X5 

0  60    =^33^  cents  per  hour. 

(2)        „  g„     =  40  cents  per  hour. 

However,  the  work-duty  cycle  would  not  be  over  60 
per  cent  of  normal  rating  when  due  allowance  is  made 
for  time  lost  changing  electrodes,  fatigue  of  operator, 
etc.  Then  the  total  cost  per  hour  for  power  on  this 
basis  would  be: 

(1)  334X0.60  =  20  cents. 

(2)  40    X  0.60  =  24  cents. 

This  is  a  difference  of  only  4c.  per  hour.     Figured  on 


the  basis  of  an  eight-hour  day  and  312  workings  days, 
the  yearly  difference  would  be  0.04  X  8  X  312  =  $99.84, 
which  would  be  a  considerable  saving  if  that  alone 
figured  in  the  total  cost  of  operation.  Now  suppose  the 
other  machine,  although  10  per  cent  less  efficient,  could 
produce  5  per  cent  more  work;  then  the  comparison  for 
each  machine  on  yearly  basis  total  cost  (assuming  $1 
per  hour  for  operator)  would  be  cost  of  power,  plus 
operators'  pay  multiplied  by  unit  of  work: 

(1)  (0.20X8X312)  +  (1.00X8X312)X    1  =$2,995.20 

(2)  (0.24X8X312) +  ( 1.00X8X312)  X0.95=$2,845.44 
or  a  difference  of  $149.76,  which  more  than  balances 
the  extra  cost  of  $99.84  for  power,  as  showTi  in  the  fore- 
going. Assuming  the  cost  of  work  produced  to  be  worth 
twice  the  cost  of  power  and  labor,  the  amount  would 
increase  to  $149.76  X  2  =  $299.52,  which  is  a  material 
saving  indeed.  Therefore  it  can  be  seen  the  electrical 
efficiency  should  not  be  given  too  serious  consideration 
in  the  selection  of  a  machine. 

Ratings  Often  Confusing 

(c)  The  rating  of  a  machine  is  often  very  incom- 
pletely understood.  One  manufacturer  offers  a  200- 
ampere  machine  that  will  stand  a  continuous  load  of  200 
amperes  at  25  volts  without  exceeding  safe  allowable 
temperatures.  Another  offers  a  200-ampere  machine 
that  will  stand  a  load  of  200  amperes  at  25  volts  for  one- 
half  hour,  and  another  offers  a  machine  that  is  rated  for 
200  amperes  at  25  volts  on  the  basis  of  current  on  so 
many  minutes  and  off  so  many  minutes,  or  on  a  so-called 
welding-duty  cycle.  The  purchaser  is  often  confused,  as 
each  manufacturer  has  offered  a  machine  rated  at  200 
amperes,  while  in  reality  one  machine  is  capable  of  doing 
more  work  than  the  other. 

The  one  best  to  purchase  under  these  conditions  de- 
pends upon  the  nature  of  the  work  and  whether  the 
full  load  capacity  of  200  amperes  will  be  required  con- 
tinuously or  intermittently. 

(d)  Portable  means  capable  of  being  easily  carried, 
and  portability,  as  applied  to  machines,  means  those 
that  are  easily  transported  from  place  to  place.  The 
fact  that  one  machine  is  more  compact  and  self-contained 
than  another,  and  consequently  more  portable,  does  not 
necessarily  mean  that  it  is  best  adapted  for  the  use  in- 
tended. Value  of  portability  should  be  gaged  by  the 
ability  to  get  the  machine  to  work  points  easily,  and 
machines  satisfying  these  conditions  meet  all  the  essen- 
tial requirements  of  portability. 

(e)  Summing  up  the  foregoing  would  show  that  the 
ideal  machine  should  be  reliable  and  require  very  small 
maintenance  expense  rather  than  low  first-cost  at  the 
expense  of  reliability  and  added  maintenance.  It  should 
have  high  work  efficiency  or  capacity  for  producing 
output  rather  than  high  electrical  efficiency.  It  should 
have  continuous-load-duty  cycle  rating  if  it  will  be  re- 
quired to  produce  work  at  maximum  load  conditions  for 
extended  periods  of  time,  and  should  be  sufficiently  por- 
table so  that  it  can  be  easily  transported  to  any  location 
desired  at  a  reasonable  cost. 


Modern  practice  tends  more  and  more  toward  the 
use  of  centrifugal  pumps  in  place  of  the  reciprocating 
type  where  large  quantities  of  feed  water  have  to  be 
dealt  with.  The  points  in  their  favor  are  low  initial 
cost,  low  running  cost,  small  space  occupied,  light  weight 
and  inexpensive  foundations,  flexibility  in  operation, 
smooth  running,  and  they  can  be  direct-coupled  to  a 
turbine  or  high-speed  motor. 
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TllKRK  are  a  number  of  types  of  ammonia  con- 
(k'liser.s,  rangintf  in  ratio  of  lineal  feet  of  2-in. 
pipe  to  tons  of  refrijreration,  to  from  20  to  65  .ft.; 
that  is,  a  one-ton  condenser  of  one  style  may  have 
20  ft.  of  2-in.  pipe  per  ton.  of  refrijteration,  while 
another  will  have  28  or  30  ft.,  and  still  another  will 
be  made  up  with  50  to  G5  ft.  to  take  care  of  the  same 
one-ton  machine. 

The  temperature  of  the  water  and  the  amount  avail- 
able have  all  to  do  with  the  amount  of  pipe  or  conden.sa- 
tion  surface  necessary  to  furnish  liquid  for  the  reciuired 
tonnage  and  at  the  same  time  hold  the  condensing  pres- 
sure down  to  the  minimum.  The  water  used  for  con- 
densing ammonia  should  be  as  cold  as  it  is  possible  to 
obtain,  but  as  an  ample  supply  is  not  always  available 
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it  is  up  to  the  engineer  or  de.signer  of  the  plant  to  use 
what  he  can  get.  It  may  be  that  to  get  a  suitable  and 
adequate  supply  of  water  would  be  prohibited  by  cost ; 
or,  if  not  this,  it  may  be  that  the  amount  required  is 
not  available,  in  which  case  a  cooling  tower  would  be 
necessary  and  the  amount  of  water  required  would  de- 
pend on  the  style  or  type  of  tower,  locality  and  weather 
conditions. 

One  point  must  be  borne  in  mind  by  the  engineer  with 
respect  to  the  later  types  and  improvements  of  ammonia 
condensers — to  cut  down  on  the  condensation  surface 
the  final  temperature  of  the  water  must  be  raised  or 
the  volume  of  water  increased. 

For  example,  assume  that  a  condenser  having  60  lin.ft. 
of  2-in.  pipe  per  ton  of  refrigeration  requires  2  gal.  of 
water  per  minute  per  ton  of  refrigeration,  with  a  final 
rise  in  temperature  of  10  deg.  F.  Suppose,  now,  that 
this  condenser  was  replaced  with  one  of  the  later  types 
having  only  30  lin.ft.  of  2-in.  pipe  per  ton  of  refrigera- 
tion to  do  the  same  work.  The  same  two  gallons  per 
minute  per  ton  would  he  required  on  the  condenser  hav- 
ing 30  ft.  as  on  the  one  having  60  ft.  if  the  final  tem- 
perature of  10  deg.  F.  is  assumed  in  each  case.  But 
the  volume  of  water  flowing  over  the  surface  in  the 
latter  case  would  be  twice  that  in  the  former,  as  the 


surface   is  but  half  the  former;   also,  the  velocity   of 
gas  in  the  latter  is  twice  that  in  the  former. 

To  reduce  the  water  supply  the  final  temperature 
must  be  raised,  the  initial  temperature  reduced,  or  both, 
as  the  water  supply  to  the  ammonia  condenser  must 
absorb  every  unit  of  heat  taken  out  of  the  products, 
together  with  all  heat  leaks  due  to  opening  and  closing 
of  cooler  doors  and  radiation.  The  condensing  water 
is  the  final  heat  conveyor  which  delivers  the  heat  units 
to  the  final  dump,  and  if  the  supply  is  small,  the  load 
of  heat  units  must  be  heavy,  and  if  the  supply  is  large, 
the  heat  load  will  be  less. 

Thk  Parallel-Flow  Condenser 

The  old-style  "parallel-flow"  atmospheric  ammonia 
condenser  is  made  to  take  the  hot  gas  in  at  the  top 
pipe  and  discharge  the  liquid  at  the  bottom.  The  cool- 
ing water  is  showered  over  the  pipes  from  top  to  bot- 
tom, absorbing  the  heat  as  it  runs  over  them. 

The  objection  to  this  type  of  condenser  is  that  the 
coldest  water  is  in  contact  with  the  hottest  gas,  and  as 
the  water  flows  down  over  the  pipes,  absorbing  heat 
as  it  goes,  the  warmest  water  is  in  contact  with  the 
cool  ammonia  liquid,  which  liquid  is  delivered  to  the 
receiver  at  a  temperature  ranging  from  8  to  10  deg.  F. 
above  the  final  temperature  of  the  water.  Now,  as  this 
liquid  has  to  be  cooled  to  the  temperature  of  the  liquid 
in  the  evaporating  coils  before  it  can  do  effective  work, 
there  is  more  or  less  loss,  depending  on  the  boiling 
point  of  the  liquid  in  the  evaporating  coils.  The  points 
in  favor  of  these  condensers  are  that  the  liquid  flows 
doicn  and  will  deliver  a  steady  flow  of  liquid  with  no 
intermittent  action,  regardless  of  whether  the  system 
is  fully  charged  or  not;  also,  when  this  type  of  con- 
denser is  used  there  will  be  a  decrease  in  condensing 
pressure  when  there  is  a  shortage  of  ammonia,  as  there 
is  a  larger  condensing  surface  than  the  later  types  and 
the  condensation  medium  is  all  on  the  outside  of  the 
pipes.  This  old  type  of  ammonia  condenser  also  has 
the  advantage  of  being  nearer  foolproof  than  any  other 
type  made;  but  it  is  being  rapidly  replaced  with  the 
later  types. 

If  it  were  possible  to  use  this  old-tM)e  condenser 
allowing  the  hot  gas  to  enter  the  top  and,  with  a  current 
of  air  or  otherwise,  pass  a  finely  atomized  quantity  of 
condensing  water  from  the  bottom  coils  up  to  the  top, 
we  would  have  a  condenser  that  would  have  all  the 
advantages  of  the  atmospheric  type,  would  use  less 
water  per  ton  of  refrigeration  and  would  not  require 
any  argument  to  prove  that  the  liquid  ammonia  runs  up 
hill  without  any  additional  cost,  as  is  the  case  with  all 
bottom-inlet  or  so-cafled  flooded  condensers. 

The  Counter-Current  Principle 

The  counter-current  principle  is  to  discharge  the  hot 
gas  into  the  bottom  pipe,  where  it  meets  the  effect  of 
The  warmest  water,  and  as  the  gas  flows  upward,  the 
sensible  and  latent  heat  is  removed,  leaving  the  liquid 
to  be  raised  a  part  of  the  remaining  distance  by  pres- 
sure of  the  incoming  gas  at  the  bottom.     It  is  daimed 
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that,  owing  to  the  coolest  water  being  delivered  at  the 
top  where  the  liquid  is  eaving,  there  is  a  slight  reduc- 
tion of  pressure  which  pulls  or  lifts  the  liquid  to  the 
top.  Some  persons  go  so  far  as  to  say  that,  theoretically, 
there  is  a  difference  in  pressure  of  something  like  40  lb. 
between  the  inlet  and  outlet  end  of  the  ammonia  con- 
denser. 

The  real  counter-current  principle  is  the  double-pipe 
condenser,  where  the  hot  ammonia  gas  enters  the  top 
pipe  and  the  liquid  ammonia  leaves  at  the  bottom,  while 
the  cold  condensing  water  enters  the  bottom  pipe  and 
leaves  at  the  top.  The  objection  to  this  type,  however, 
is  that  the  design  is  necessarily  complicated  and  expen- 
sive; also,  it  has  the  disadvantage  of  not  being  able  to 
bring  the  condensation  surface  in  contact  with  the 
evaporating  effect  of  the  atmosphere. 

The  Semi-Counter-Current  Condenser 

Semi-Counter-Current  condensers  are  designed  to 
take  the  hot  gas  in  the  coils  at  a  point  ranging  from 
one  to  five  pipes  from  the  bottom.  The  illustration 
shows  this  type  of  condenser  taking  the  hot  gas  in  at 
the  third  pipe  from  the  bottom  and  circulating  the 
ammonia  through  these  coils  first,  and  at  the  end  of  the 
coil  opposite  the  hot-gas  inlet  the  ammonia  is  carried 
to  the  top  pipes  through  risers  and  circulated  through 
the  top  portion  of  the  coils ;  this  liquefies  the  gas  and 
discharges  it  into  the  liquid  header,  as  shown.  The  ob- 
ject of  this  type  of  condenser  is  to  take  out  the  sensible 
heat,  or  heat  that  can  be  measured  with  a  thermometer, 
and  also  to  reduce  the  final  temperature  of  the  liquid 
ammonia  leaving  the  condenser.  The  bottom  three  or 
five  pipes  are  intended  to  take  out  the  sensible  heat 
only;  but  in  practice  there  is  an  accumulation  of  liquid, 
which  shows  that  a  part  of  the  latent  heat  is  removed 
also,  although  this  fact  does  not  necessarily  mean  that 
all  the  sensible  heat  is  removed,  as  the  liquid  will  lie 
in  the  bottoms  of  the  pipes,  allowing  the  ammonia  gas  to 
pass  over  the  top,  up  through  the  riser  and  into  the 
upper  part  of  the  condenser  to  complete  the  removal 
of  both  the  remaining  sensible  and  latent  heats. 

ACCUMULATION  OF  LIQUID  IN  BOTTOM   PIPES 

The  trouble  with  this  type  of  condenser,  especially 
if  the  system  is  not  fully  charged,  is  an  accumulation  of 
liquid  in  the  bottom  three  or  five  piges  until  they  are 
filled  or  partly  filled  to  such  an  extent  that  the  flow  of 
gas  is  stopped.  When  enough  of  them  are  filled  to  a 
point  where  the  total  area  is  reduced  to  such  an  extent 
that  there  is  a  rise  in  pressure  sufficient  to  force  the 
liquid  up  through  the  riser  to  the  upper  part  of  the 
condenser,  then  the  same  process  starts  all  over  again  in 
the  same  or  some  other  set  of  coils. 

The  coils  that  are  filling  with  liquid  can  be  detected 
by  inspection  of  the  risers,  which  will  cool  off  con- 
siderably below  the  temperature  of  the  coils  that  are 
working,  all  of  which  can  be  easily  detected  by  touch. 
While  inspection  is  being  made,  a  chalk  mark  is  placed 
on  the  cold  risers.  It  will  be  found  after  an  hour  or  two 
that  all  or  a  part  of  the  marked  risers  will  be  warm  and 
working  well  and  that  another  set  or  other  sets  will  be 
cold,  which  is  caused  by  liquid  filling  in  and  stopping 
the  flow,  as  already  explained. 

This  intermittent  or  irregular  supply  of  liquid 
ammonia  causes  a  "long"  supply  one  minute  and  a  short 
supply  the  next,  which  is  sure  to  make  more  or  less 
trouble  with  temperatures.  The  only  right  and  proper 
thing  to  do  in  this,  or  in  any  any  other  case  for  that 


matter,  is  to  keep  the  system  charged  to  the  limit  so 
that  the  receiver  will  not  run  dry  of  its  irregular  supply 
from  one  charge  to  the  next. 

The  supply  can  be  made  to  flow  through  these  types 
of  condensers  a  little  more  regularly  by  partly  closing 
the  inlet  valves  to  each  coil  on  the  hot  gas  header,  but 
the  writer  would  not  advise  this  being  done  unless  at  a 
time  when  the  suction  pressure  is  at  the  maximum,  and 
then  it  should  be  carefully  watched. 

Ludlum  Dynamobile 

This  new  mobile  power  unit  was  designed  and  built 
by  the  New  York  Engineering  Co.,  2  Rector  St.,  New 
York  City,  for  driving  the  small  portable  conveyors 
used  in  certain  classes  of  mining  in  South  Africa. 

The  dynamobile  consists  of  a  special  type  of  Ludlum 
water-tube  marine  boiler,  a  steam  turbo-generator  unit, 
switchboard,  boiler-feed  pump,  feed-water  heater,  con- 
denser and,  where  the  highest  economy   is  sought,  a 
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superheater- — all  mounted  on  a  steel  frame  carried  on 
wheels.    It  is  simple  in  construction  and  operation. 

The  outfit  can  be  furnished  for  burning  any  kind 
of  fuel.  The  combustion  chamber  is  surrounded  by  the 
water-filled  steam-generating  parts  of  the  boiler,  thus 
doing  away  with  all  firebrick  lining — a  good  feature, 
as  transportation  over  rough  roads  would  break  or 
dislodge  in  firebrick  furnace  lining. 

The  high  efficiency  of  the  boiler  and  turbo-generator 
set  and  its  compactness  and  light  weight  make  the 
Dynamobile  a  most  economical  and  desirable  unit  for 
portable  power  purposes,  as  it  can  be  located  near  its 
source  of  fuel  and  its  power  electrically  transmitted  to 
any  reasonable  distance  with  minimum  loss. 

The  outfit  illustrated  is  of  10-kw.  capacity,  but  larger 
units  up  to  200-kw.  are  furnished. 
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It  is  always  best  to  follow  the  builder.s'  drawings  wlien  in- 
stalling compressors.  The  latest  compressors  use  the  plate 
and  feather  types  of  valves  instead  of  the  Corliss  type  for- 
merly used.  Belted  compressors  are  more  common  than 
gear-driven.  Accumulated  carbon  should  regularly  be 
cleaned  from  the  valves  to  avoid  leakage.  Defective  valves 
are  invariably  hotter  than  sound  valves  when  the  com- 
pressor is  in  operation  and  therefore  easy  to  detect. 


ALTHOUGH  the  fact  i.**  not  always  appreciated,  it 
l\  is  true  that  the  building  of  a  hiirh-Krade  air 
X  JL  compressor  is  just  as  much  of  an  art  as  the 
building  of  a  steam  engine  or  turbine.  In  fact,  the 
compressor  builder  has  a  far  wider  range  of  variables 
than  the  builder  of  engines  and  turbines;  the  latter 
has  but  a  limited  range  of  pressures,  superheats  and 
vacuums,  and  he  usually  aims  to  develop  a  certain  lim- 
ited range  of  mean  effective  pressures,  while  the  com- 
pressor builder's  pressures  alone  range  from  the  highest 
vacuum  obtainable  by  a  dry  vacuum  pump  to  as  high 
as  4,000  lb.  per  sq.in.  Also,  compressors  are  built 
not  only  for  air,  but  for  gases — natural  gas,  city  gas, 
oxygen,  acetylene,  hydrogen,  nitrous  oxide,  carbon 
dioxide,  sulphur  dioxide  and  ammonia — and  there  are 
many  hundreds  of  compressors  used  for  the  purpose  of 
"squeezing"  out  gasoline  from  the  casinghead  gas  of 
oil   wells. 

Just  as  the  builders  of  high-grade  engines  and  tur- 
bines strive  to  turn  out  a  machine  that  will  do  the  most 
work  for  the  least 
expenditure  of 
steam,  so  the  com- 
pressor builder 
aims  to  produce  a 
machine  that  will 
compress  the  most 
air  or  gas  for  the 
least  expenditure 
of  power.  When 
standard  com- 
pressor units  run 
into  the  thousands 
of  horsepower  each, 

it  will  be  appreciated  that  ecomony  is  highly  essential. 
Such  considerations  lead  to  various  refinements  of  valve 
mechanism,  single-stage,  two-stage  and  three-  and  four- 
stage  compression,  with  highly  efficient  cooling  devices 
in  cylinder  walls,  and  especially  between  stages  of  com- 
pression. 

In  cases  of  new  installation  the  foundation  and  piping 
schemes  must,  of  course,  be  planned  ahead  of  time.  The 
builders  furnish  plans  that  show  foundation  and  pipe 
connections  for  steam,  air  and  water,  and  it  is  always 
well  to  follow  these  as  closely  as  possible  because  they 
are  based  upon  thought  and  experience  with  this  class 
of  machinery.  Of  course  the  ground  for  the  founda- 
tion must  be  firm,  or  else  the  foundation  extra  deep. 

Different  Types  of  Steam-Valve  Gear 

In  the  past,  when  rotative  speeds  were  lower  than 
they  are  today,  the  Corliss  steam-valve  gear  was  con- 
sidered the  best  for  highly  economical  steam-driven 
compressors.  This  type  is  so  well-known  and  under- 
stood by  power-plant  engineers  that  it  needs  only  to 
be  mentioned  here.  In  these  machines  the  air-pres- 
sure governor  changes  the  cutoff  to  control  the  speed 
and  air  quantity.  The  governor  may  control  only  the 
high-pressure  side  of  a  compound  engine  or  it  may  con- 
trol both  cylinders.  In  the  former  case  the  steam- 
receiver  pressure  will  change  with  the  cutoff  and  so 
the  proportion  of  load  will  vary  between  the  two  cyl- 


inders. In  the  latter  ca.se  the  .steam-receiver  pressure 
will  remain  constant  and  .so  will  the  division  of  load. 
In  an  air  compressor  the  mean  effective  pressure  in 
the  cylinders  remain;;  .so  nearly  constant  throughout 
a  wide  range  of  speeds  that  there  is  but  slight  differ- 
ence of  cutoff  from  full  speed  to  slow  speed,  .so  that 
the  refinement  of  having  the  governor  control  the  cutoff 
in  both  steam  cylinders  of  a  compound  unit  is  not 
usually  resorted  to.  The  low-pressure  cutoff  is  gen- 
erally adjustable  by  hand  to  secure  a  proper  average 
steam-receiver  pre.ssure  and   distribution   of   load. 

It  .should  be  needless  to  say  that  with  a  Corliss  .steam 
gear  the  throttle  should  be  wide  open  while  running, 
to  secure  economy.  Observation,  however,  reveals  that 
too  often  this  practice  is  not  followed. 

Another  form  of  steam-valve  gear  which  was  quite 
universally  popular  fifteen  years  ago  was  the  Meyer 
cutoff.  As  mentioned,  the  mean  effective  pressure  is 
so  nearly  constant  in  an  air  compressor  that  this  form 
of  cutoff  could  be   used  to  secure  good  economy,   for 

when  the  valve  was 
once  properly  set  it 
needed  little  adjust- 
ment. The  fact 
was,  however,  that 
it  vvas  so  much 
easier  to  start  a 
compressor  with  a 
long  cutoff,  few  op- 
erators took  the 
trouble  to  adjust 
the  valve  to  short 
cutoff.  The  result 
was  that  the  Meyer 
cutoff  was  more  of  a  ".selling  point"  than  one  of  practical 
value. 

Since  the  day  of  the  Meyer  valve  there  have  been 
designed  some  compressors  that  really  do  obtain  the 
high  economy  of  the  short  cutoff.  These  machines  use 
the  well-known  balanced  piston  valve,  and  some  are 
single  valves  controlled  by  a  flywheel  governor,  similar 
to  the  automatic  cutoff,  high-speed  steam  engine,  while 
others  employ  the  Meyer  principle  of  a  concentric 
cutoff  valve  within  the  hollow  main  piston  valve.  The 
cutoff  valve  is  then  under  the  direct  control  of  the  air 
governor  and  the  obtaining  of  the  high  economy  of  the 
short  cutoff  does  not  depend  upon  the  necessity  of 
adjusting  the  rider  valve  by  hand.  The  action  is  then  just 
as  automatic  as  a  Corliss  gear,  with  the  added  advan- 
tage of  higher  speeds  and  ability  to  use  higher  super- 
heats. 

With  the  former  type  a  75-hp.  unit  running  on  100 
lb.  steam  pressure,  non-condensing,  may  have  a  steam 
consumption  one-fourth  less  than  the  ordinary  throttle 
governor  and  fixed  cutoff.  With  the  more  elaborate 
form  having  Meyer  cutoff  controlled  automatically  by 
the  air  pressure,  steam  economies  equal  to  Corliss  steam 
gear  are  attained  and  sometimes  exceeded. 

With  any  of  these  machines  employing  governor- 
controlled  automatic  cutoff,  it  is  essential  to  economy 
that  the  compressor  be  run  with  throttle  wide  open. 
For  electric-driven   small  compressors   the   belted   unit 
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is  most  usual.  Gear  drives  are  not  so  universally 
satisfactory  for  compressors,  no  doubt  because  of  the 
uneven  turning  moment;  as  an  improvement  upon  the 
disadvantages  of  gear  drive  some  compressors  are  reg- 
ularly built  with  a  belt  idler  attachment.  By  this  means 
the  compressor  and  motor  may  be  set  almost  as  close 
together  as  if  they  were  gear-connected  and  yet  not 
have  the  troubles  and  noise  of  gearing.  At  the  same 
time  the  idler  enables  much  greater  belt  contact  sur- 
face to  be  obtained  and  so  makes  it  possible  to  cut 
down  belt  tension,  with  its  attendant  bearing  friction 
and  wear. 

For  larger  electric-driven  units  the  motor  is  usually 
mounted  directly  upon  the  compressor  shaft  in  the  same 
manner  as  engine-generator  units.  With  these  machines 
it  usually  is  customary  to  furnish  a  synchronous 
motor.  Such 
a  device  may 
b  e  adjusted 
by  over-exci- 
tation so  as  to 
improve  the 
power  factor 
of  the  electric 
line,  which  is 
most  desir- 
able. By  add- 
ing a  good- 
sized  syn- 
chronous 
motor  of  this 
type  to  an 
electric  s  y  s- 
tem,  less  gen- 
erator capac- 
ity may  be 
required  than 
with  any 
other  type, 
and  also  a 
cheaper  unit 
rate  for  cur- 
rent often  is 
obtain  able 
from  power 
companies.  In 
p  u  rch  asing 
such  a  unit, 
it    should    be 

determined  in  advance  whether  or  not  it  is  to  act  as  a 
"rotary  condenser"  of  this  sort,  and  the  purchase  should 
be  made  accordingly.  This  is  a  study  for  the  electrical 
meti  of  the  plant.  If,  however,  the  machine  is  simply 
to  run  at  "unity  power  factor,"  the  exciter  rheostat 
is  adjusted  until  the  compressor  motor  draws  the  least 
main-line   current. 

The  synchronous  motors  furni.shed  on  these  direct- 
connected  units  are  of  the  .self-starting  type.  The  wind- 
ings are  so  arranged  that  under  light  torque  the  motor 
will  start  as  an  induction  motor  and  when  at  nearly 
full  speed  the  throwing  of  the  exciter  switch  puts  it 
into  "step"  and  the  motor  then  operates  in  synchronism 
with  the  generators. 

To  start  with  light  torque,  some  form  of  starting 
unloader  must  be  provided.  After  having  turned  on 
the  cooling  water  in  preparing  to  start  the  compressor, 
it  is  important  to  see  that  this  regulator  's  set  in 
the  light-load  position  before  throwing  the  switch.     If 
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this  is  not  done,  either  the  circuit  breaker  will  be  thrown 
open   or  some   injury   may   be  done  to   the   motor. 

In  the  high-economy  compressor  the  type  of  air 
valve  u.sed  plays  a  most  important  part.  A  few  years 
ago  most  air-compressing  cylinders  were  provided  with 
Corliss  or,  rather,  rotary  air  valves  moved  by  eccen- 
trics, and  usually  the  discharge  valves  were  of  the 
poppet   type. 

With  valves  of  this  kind  the  rotative  speed  of  the 
compressor  was  limited,  not  only  on  account  of  the 
excessive  noise  of  the  poppet  valves,  but  the  valves 
being  relatively  heavy,  the  severe  pounding  they 
received  made  them  specially  liable  to  breakage.  Also, 
the  speed  at  which  the  rocking  Corliss  inlet  valves 
could  be  operated  was  limited,  as  the  inertia  of  the  valve 
parts  and  the  consequent  strains  on  the  parts  became 

(luite     severe. 

e  s  p  e  c  i  a  lly 
when  acute 
angles  were 
employed  in 
order  to  get 
quick  opening 
move  ments. 
Since  the 
best  days  of 
p  oppe  t  and 
Corliss  air 
valves  there 
is  a  marked 
pref  e  r  e  n  c  e 
among  practi- 
cally all  com- 
pressor build- 
ers to  use 
some  form  of 
so  -  called 
"plate  valve.'" 
These  are  of 
many  kinds, 
being  made 
out  of  thin 
plates  of  steel. 
Some  are  cir- 
c  u  1  a  r  0  n  e- 
piece  perfor- 
ated plates, 
some  are 
strips,  and 
some  are  in  the  form  of  rings.  All  these  valves  are 
assembled  to  some  form  of  .'^eat  which  is  put  into  the 
cylinder  casting  and  held  there  by  bolts.     . 

The  advantages  of  plate  valves  are  principally  the 
ability  to  run  at  high  rotative  speed,  absence  of  noise 
and  especially  economy  of  power.  The  high  rotative 
speed  not  only  gives  large  capacity  from  a  machine  of 
a  given  size,  but  also  means  a  much  cheaper  motor  for 
a  given  horsepower  when  of  the  direct-connected,  shaft- 
mounted  kind.  Absence  of  noi.se  is  of  secondary  impor- 
tance, but  is  much  appreciated  by  the  operators  in  the 
power  house,  while  the  saving  in  driving  power  per 
cubic  foot  of  actual  air  delivered,  which  is  quite  mate- 
rial, is  a  feature  that  appeals  strongly  to  the  man  who 
is  responsible  for  the  coal  or  power  bill. 

In  these  plate  valves  the  form  of  guide  to  the  mov- 
ing plate  is  an  important  matter  affecting  wear,  and 
with  it,  tightness  again.st  leakage.  To  insure  tight- 
ness,   it    is   es.sential    that   the   side   play   of   the   valve 
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<li<>iild  he  u  miiiimiini,  so  that  it  will  always  seat  in 
tht'  same  place.  The  metal  surfaces  of  the  .seat  and  of 
the  valve  then  hecome  exactly  fitted  to  each  other  by 
the  continued  pounding  in  the  .same  spot.  To  secure 
this  condition  the  plate  valves  furnished  by  the  Inper- 
soll-Kaiid  Co.  are  ^ruided,  not  by  slidint;  on  luRs  or  pins, 
l>ut  by  the  flexibility  of  the  valve  itself,  part  of  the 
llexible  arms  beinjJT  bolted  directly  to  the  seat.  Thus 
the  jrufdinjr  and  absence  of  side  play  cannot  be  affected 
by  the  wear  of  any  sliding  parts. 

Valves  of  the  plate  type  are  also  automatic  in  their 
action,  beinji  operated  only  by  the  air.  Thus  they  are 
free  from  the  possibility  of  wronp  setting,  which  may 
occur  with  a  mechanically  moved  or  Corliss  inlet  valve. 

Thi.s  brings  to  mind  an  erroneous  idea  which  was 
sometimes  taken  to  indicate  high  volumetric  efficiency. 
Every  air  cylinder  must  have  some  clearance  or  waste 
volume  between  the  piston  and  cylinder  head  and  under 
the  valves,  and  at  the  beginning  of  the  suction  stroke 
this  air  must  expand.  If  allowed  to  expand  completely 
before  the  inlet  valve  is  opened,  it  will  do  useful  work 
upon  the  piston  and  assist  in  the  driving.  This  may  be 
shown  by  the  re-expansion  on  curves  of  indicator  dia- 
grams. If,  however,  the  inlet  valves  are  made  to  open 
at  the  beginning  of  the  suction  stroke,  this  air  trapped 
in  the  clearance  space  will  simply  "puff"  out  to  atmos- 
phere and  the  useful  work  that  it  might  have  per- 
formed is  lost. 

Effect  of  Premature  Opening  of  Inlet  Valves 

The  effect  of  this  premature  opening  of  the  inlet 
valves  will  be  to  show  a  perpendicular  drop  in  the  line 
of  the  indicator  diagram,  and  as  this  has  been  some- 
times erroneously  taken  to  show  that  the  clearance  is 
small  and  so  the  quantity  of  air  trapped  therein  small 
also,  it  has  been  claimed  that  it  showed  high  volumetric 
efficiency.  As  a  matter  of  fact,  the  amount  of  air  trapped 
in  the  clearance  space,  instead  of  being  discharged,  is 
exactly  the  same  whether  the  clearance  air  is  allowed  to 
expand  or  not,  so  this  premature  opening  of  the 
inlet  valves  not  only  does  not  truly  show  more  air 
handled,  but  it  also  is  a  direct  waste  of  p6wer  in  not 
giving  up  its  useful  energy  by  being  allowed  to  expand 
behind  and  help  the  piston. 

With  plate  valves  automatically  operated  by  the  air, 
they  cannot  open  until  clearance  expansion  is  com- 
pleted, so  that  the  energy  of  the  air  is  usefully  employed 
in  assisting  the  piston  during,  this  part  of  the  stroke.- 

In  the  care  of  air  valves  it  is  good  practice  to  inspect 
and  clean  off  the  accumulated  carbon  at  regular  inter- 
vals. Carbon  may  cause  leakage,  and  leakage  certainly 
causes  carbon.  A  leaking  valve  becomes  hot  from  the 
passage  of  the  heated  air  back  through  it,  and  this 
heat  forms  carbon  from  the  lubricating  oil.  This  car- 
bon in  turn  may  make  worse  leakage  and  worse  heat, 
resulting  in  an  overheated  and  warped  valve,  which 
becomes  worse  with  continued  use. 

Valve  trouble  may  be  located  in  several  ways.  In 
a  compound  compressor,  if  any  of  the  low-pressure 
valves  are  out  of  order,  the  intercooler  pressure  will 
be  below  normal  because  the  low-pressure  cylinder  will 
not  be  furni-shing  enough  air  to  keep  the  intercooler 
pressure  up  to  what  it  should  be.  Trouble  with  valves 
in  the  high-pressure  cylinder  will  be  indicated  by  a 
rise  in  intercooler  pressure  above  normal.  This  is 
because  the  high-pressure  cylinder  will  not  be  taking 
the  air  away  from  the  intercooler  fast  enough  to  pre- 
vent the  abnormal  building  up  of  the  pressure. 


Work  in  connection  with  the  Aura  power  station,  Nor- 
way, was  begun  in  April,  1914.  Many  difficulties  were 
encountered  during  the  years  of  war,  and  work  was 
finally  stopped,  but  is  now  to  be  resumed,  according  to 
The  Electrical  Review,  London.  It  was  originally  esti- 
mated that  the  whole  of  the  Aura  works  would  involve 
an  expenditure  of  38,000,000  kroner  ($9,500,000).  The 
idea  was  first  to  utilize  the  Lilledal  watercourse  so  as  to 
obtain  90,000  hp.  by  the  end  of  1921,  and  to  increase 
this  power  to  300,000  hp.  by  the  further  use  of  the  Aura 
River.  So  far,  however,  only  one-third  of  the  work  is 
well  under  way  and  this  has  required  20,000,000 
kroner  ($5,000,000).  The  first  installment,  which  is  to 
develop  44,000  hp.,  is  not  yet  completed,  and  additional 
capital  is  required  for  the  purpose.  In  the  case  of  the 
Ranasfoss,  the  work  is  progressing  rapidly  and  is  ex- 
pected to  be  fini.shed  next  autumn.  This  fall  is  to  de- 
velop 72,000  hp.;  15,000,000  kroner  ($3,750,000)  has 
already  been  expended  on  the  development,  which  is  to 
be  completed  at  a  cost  of  41,000,000  ($10,250,000)  as 
contrasted  with  the  original  estimate  of  18,000,000 
kroner  ($4,500,000). 


The  foregoing  statements  a.s  to  the  effect  of  the 
vulves  upon  intercooler  pressure  apply  ecjually  well  to 
inlet  or  discharge  valves.  Any  particular  defective 
valve  may  be  located  by  its  being  hotter  than  the 
others.     This  is  especially  true  of  the  intake  valves. 

Mkasuremknt  of  Compressed  Air 

Mention  should  be  made  that  at  present  it  is  pos- 
sible to  measure  compressed  air  V)y  means  of  a  nozzle. 
The  only  diflicully  is  that  during  the  measurement,  if 
accurate  figures  are  to  be  obtained,  the  air  must  be 
di.scharged  to  atmosphere. 

In  this  measurement  the  compressor  discharges  at 
its  rated  pressure  into  the  main  air  receiver.  From 
here  the  air  is  bled  through  a  globe  valve  into  a  .second 
receiver,  in  which  is  a  nozzle  of  such  size  that  it  will 
pass  all  the  air  from  the  compressor  at  a  pressure 
not  greatly  exceeding  atmospheric.  This  pressure  may 
be  obtained  with  a  water  or  mercury  column,  and 
knowing  the  temperatuie  of  the  flowing  air  and  the 
barometer  reading,  the  flow  may  be  calculated.  By 
using  a  nozzle  with  a  well-rounded  entrance,  the  fric- 
tion and  eddy  losses  are  so  slight  that  the  actual  flow 
is  within  one  or  two  per  cent  of  the  theoretical.  This 
has  been  proved  experimentally  many  times  and  has 
become  a  standard  method  of  measuring  air  flow.  Many 
engineers'  handbooks  give  the  formulas  by  which  the 
air  quantity  may  be  calculated. 

The  old  method  of  estimating  the  volumetric  effi- 
ciency of  a  compressor  by  measuring  the  length  of  the 
intake  line  shown  by  the  indicator  diagram  has  now 
been  discarded  as  inaccurate  and  deceiving.  This 
method  assumes  that  the  air  shown  to  be  in  the  cyl- 
inder is  at  intake  temperature  and  that  there  is  neither 
piston  nor  valve  leakage.  With  some  types  of  machine 
the  incoming  air  is  greatly  heated  before  getting  into 
the  cylinder,  and  this  reduces  the  actual  amount  of  air 
delivered  to  the  work  in  the  same  way  as  described 
under  the  subject  of  "intake  duct."  The  loss  from 
these  sources  may  cause  the  actual  delivery  of  the  com- 
pressor to  be  from  3  to  15  per  cent  less  than  the 
so-called  "indicator-card  volumetric  eflficiency"  would 
show.  This  loss  is  vitally  connected  with  the  design 
of  the  compressor  and  is  therefore  a  most  important 
point. 
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How  Can  the  Maximum  Petroleum  Production  and  Delivery  to  Market  Be  Secured  ?     What 
Substitutes  or  Supplements  in  Liquid-Fuel  Supply  Can  Be  Produced  and  in  What  Quanti- 
ties?   How  Can  the  Available  Supplies  Be  Best  Distributed  Among  the  Various 
Classes  of  Users  When  the  Total  Demand  Exceeds  the  Available  Supplies  ? 

the  total  known  oil  reserves  of  the  world.  These  three 
facts  are  generally  accepted,  and  almost  any  interpreter 
of  them  will  agree  that  we  are  as  prodigal  in  this  line 
as  elsewhere  and  have  rapidly  built  up  so-called  "essen- 
tial" uses  beyond  our  means  of  supply. 

We  can  accept  any  of  the  several  estimates  of  petro- 
leum reserves,  and  then  may  use  any  particular  system 
of  estimating  the  rate  at  which  consumption  is  going 
to  increase,  either  gradually  or  by  continually  progress- 
ing steps  as  in  the  past,  and  we  have  the  same  result. 
The  best  we  can  make  of  the  situation  when  produc- 
tion and  consumption  figures  are  set  side  by  side  is  to 
admit  that  with  petroleum  alone  we  cannot  maintain 
the  present  pace.  David  White  in  a  recent  statement 
summarizes  the  situation  as  follows: 

The  recoverable  oil  in  this  country,  according  to  the  con- 
servative estimate,  would  probably  be  practically  exhausted 
in  17  years  if  the  1919  rate  (nearly  380  million  barrels) 
of  production  could  be  maintained  for  so  long,  while  a  re- 
serve of  seven  billion  barrels,  at  moderately  liberal  esti- 
mates, would  disappear  in  181  years. 

Whether  we  agree  with  this  part  of  his  statement 
exactly  or  not,  we  cannot  deny  his  later  statem.ent  as 
follows : 

The  production  of  natural  petroleum  in  the  United  States 
must  pass  its  peak  at  an  early  date — probably  within  five 
years  and  possibly  within  three  years — though  the  long  sag- 
ging production  curve  may  be  carried  out  beyond  the  cen- 
tury. .  .  The  output  of  oil  in  1919  could  only  with  great 
difficulty  be  made  to  increase  abreast  of  the  increase  of  con- 
sumption in  1919,  and  that  possibly  within  three  years  and 
very  probably  within  seven  years,  the  production  of  this 
country  would  pass  its  climax,  notwithstanding  the  growing 
deficiency  as  compared  with  the  needs  of  the  country. 

Even  the  most  sanguine,  therefore,  will  have  to  agree 
that  we  are  doomed  either  to  reduce  our  liciuid-fuel 
consumption  or  to  seek  new  sources. 


ONE  day  we  read  of  the  curtailment  of  Mexican 
oil  supplies  by  a  new  revolution  and  the  dom- 
ination of  the  world  petroleum  markets  by  Grea*^ 
Britain.  The  next  day  we  read  that  the  petroleum 
interests  in  Mexico  are  to  be  fully  protected  by  the 
provisional  government  and  that  Great  Britain  would 
not  think  of  interfering  with  United  States  petroleum 
development  or  attempt  any  of  the  unreasonable  things 
which  are  charged.  As  a  consequence  there  has  been  a 
most  uncertain  state  of  mind  developed  with  respect 
to  the  imminence  of  the  liquid-fuel  shortages  which 
we  know  must  ultimately  confront  this  country.  It 
is  not  worth  while  to  speculate  as  to  the  merit  of  these 
claims  as  to  Great  Britain,  Mexico,  Persia  or  any  of 
the  rest,  for  at  best  it  would  be  speculation.  It  is 
worth  while,  however,  to  raise  the  more  important  ques- 
tion. What  is  going  to  be  the  policy  of  the  United 
States  with  respect  to  the  future  of  liquid  fuels? 

When  the  need  of  a  national  policy  is  suggested,  it 
is  not  meant  that  the  Government  should  enter  the 
petroleum  business  to  direct  or  interfere.  The  industry 
must  serve  itself,  but  it  must  do  this  along  national 
lines  and  intelligently.  Paternalism  is  not  a  successful 
stimulant;  it  is  rather  a  prop  for  weak  industries. 

Factors  That  Must  Be  Considered 

The  needed  national  policy  must  consider  three 
things:  (1)  How  can  we  secure  the  maximum  petro- 
leum production  and  delivery  to  markets  and  what  will 
this  maximum  be?  (2)  What  substitutes  or  supple- 
ments in  liquid-fuel  supply  can  be  produced,  and  in 
what  quantities?  (3)  How  can  the  available  supplies 
be  best  distributed  among  the  various  classes  of  users, 
when  the  total   demand   exceeds  the  available  supply? 

These  three  questions  would  each  justify  extended 
discussion,  but  here  they  can  be  treated  only  briefly  to 
show  the  need  of  further  consideration  on  a  broad 
basis. 

One  need  not  worry  as  to  details  or  exact  figures 
regarding  petroleum  resources  or  consumption  of  the 
next  few  years.  It  makes  little  difference,  indeed,  as  to 
whose  figures  or  interpretation  of  figures  is  used ;  there 
are  at  least  three  outstanding  facts  that  are  undis- 
puted: (1)  The  United  States  still  produces  more  than 
half  of  the  oil  marketed  in  the  world,  (2)  at  the  same 
time  it  uses  about  80  per  cent  of  the  world's  output, 
and    O"!    it   has   approximately    10   to    15   per   cent   of 


Supplementary  Supplies  and  Substitutes 

The  second  que.stion  in  national  policy  demands  con- 
sideration of  the  substitutes  and  supplementary  sup- 
plies of  liquid  fuel.  Most  discussions  of  this  subject 
have  given  principal  consideration  to  only  one  or  two  of 
the  several  possibilities.  As  a  matter  of  fact  all  means 
for  supplementing  existing  liquid-fuel  supplies  are 
needed.  Even  taken  all  together,  they  are  not  enough 
to  really  satisfy  the  total  liquid-fuel  demands  of  the 
countrv. 
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ihi:  most  olivious  moans  of  miKiiK'ntiiiK  li(|Ui(l-fiu'I 
supplies  is,  of  coiirso.  iiurcHsiiiK  domestic  |)r()(lucti<)ii. 
An  iiu-reasinK  import  of  forei)?n  production,  or  what  is 
equivalent,  a  decreasing  exjjort  would  work  to  the  same 
end.  The  less  olnious  hut  equally  effective  method  of 
increasing  the  etlicieney  of  use,  thereby  decrea.'<ing 
demand,  also  requires  consideration.  These  three  con- 
siderations taken  tojrether  afford  the  major  nuans  of 
supplementinr  the  petroleum   supply. 

The  question  of  substitutes  is,  however,  ((uitc  a  dif- 
ferent one.  Shale  oil  will  in  time  become  available  in 
tremendous  quantities  in  this  country.  It  has  afforded, 
therefore,  a  basis  for  the  most  spectacular  |)rophecy  of 
new  re.>*ources  to  substitute  for  petroleum.  Alcohol  and 
benzol  from  .sources  such  as  fermentation,  cokinjr  of 
coal   and    others   offer   promise   on   a   smaller   scale   as 


18S9       1664       1869       1874       1879       1884       1889       1894      18B9       1«M       1909       1914 
VEAR 
FIG.  1.  PETROLEUM  PRODUCTION  IN'  THE  UNITED  STATES 


substitutes  for  certain  petroleum  fractions,  particularly 
gasoline.  None  of  these  sugge.stions,  however,  rivals 
shale  oil  in  available  quantities  nor  in  general  applic- 
ability. 

A  third  group  of  what  may  be  termed  petroleum  sub- 
stitutes is  found  in  a  field  foreign  to  liquid  fuels. 
Materials  in  this  class  are  powdered  coal,  coal-oil 
mixtures,  byproduct  gas,  and  even  electricity.  These 
sources  of  heat,  light  and  power  would,  of  course,  readily 
lend  themselves  to  many  of  the  purposes  for  which 
petroleum  is  now  applied.  In  any  general  discussion, 
therefore,  the  possibilities  in  these  directions  must  be 
considered  carefully. 

Present  Applications  of  Petroleum 

An  extended  discussion  might  be  developed  of  all 
these  varieties  of  supplementary  or  substitute  mate- 
rials. For  the  present  article,  however,  they  cannot 
be  considered  in  detail.  As  pointed  out  previously,  all 
materials  and  methods  taken  together  are  not  enough 
to  bring  the  present  supply  up  to  the  total  demand. 
For  this  reason  it  is  more  profitable  for  the  present  to 
turn  to  the  third  national  question  as  to  how  the  avail- 
able supplies  can  be  used  to  best  effect  during  such 
period  of  inadequacy. 

It  is  not  practicable  to  give  any  exact  statement  of 
the  present  uses  of  petroleum,  but  an  excellent  idea  of 


the  principal  applirntions  is  obtained  from  the  Bureau 
of  Mines*  figures  of  refinery  output  in  this  country 
during  li)I9.  The  important  points  in  this  summary 
are   as    follows : 

Otltpill. 
Pioilutt  .VIllllonM  of  (iiiUoni- 

(iiittiilino     .T.S.'iS 

KiTom-nr      :;  3  rj 

•  '.an  iind    fiHl  oil    t!627 

l.ubrli  iiniM      KIT 

.MlHri'lllllH'OlIN     1,279 

IG.or,:) 

The  gasoline,  of  coiir.se.  goes  principally  into  auto- 
motive and  other  infernal-engine  u.ses.  The  kerosene 
is  to  .some  extent  u.sed  for  internal-combustion  engines, 
but  primarily  is  an  illuminant.  Lubricating  oils,  of 
course,  have  obvious  application.  The  gas  and  fuel  oils 
go  into  naval  and  marine-engine  and  power-plant 
applications,  to  the  water-gas  and  oil-gas  manufacturer, 
for  a  wide  variety  of  industrial  heating  and  steam 
raising,,  and  to  some  extent  to  indu.strial  chemical 
applications.  The  miscellaneous  output  is  made  up  of 
specialized  products  which  are  applied  in  many  fields, 
partly  as  fuels  but  also  largely  for  other  uses,  such  as 
inks,  medicinal  products,   paints,   road  oils,  etc. 

A  still  more  significant  method  of  classifying  the 
present  distribution  of  petroleum  was  used  by  the 
United  States  Geological  Survey  in  its  study  of  the 
fuel-  and  gas-oil  requirements.  This  bureau  sum- 
marizes some  of  the  major  demands  in  this  field  from 
official    sources    as    follows : 

Barrels 

Shipping  board — for   merchant  marine,   1920 40,000.000 

Shipping  board — for  merchant  marine,   1921 60.000,000 

Navy   requirements,    1918-19 5.500.000 

Xavv  requirements.  i;>20-21 8,000.000 

Railroads.    1918     36,700,000 

Gas   manufacture    25,000,000 

Other  pubhc  utilities    11.000.000 

Crude  oil  used  on   leases 5.700,000 

Total   accounted    for,    1920    (approximate) 150,000.000 

This  tabulation  is  by  no  means  a  complete  representa* 
tion  of  fuel-oil  demands,  but  it  indicates  the  order  of 
magnitude  of  the  requirements  of  some  of  the  principal 
users  that  have  been  conspicuously  in  the  market  dur- 
ing recent  months.  They,  indeed,  represent  over  60 
per  cent  of  the  United  States  fuel-oil  requirements  at 
present,  it  appears.  The  notable  increase  in  the 
requirement  of  the  merchant  marine  and  Navy  i'.  a 
point  that  should  be  particularly  considered  in  this 
connection. 

Not  all  users  of  petroleum  products  are  in  com- 
petition with  each  other  for  their  supply,  because  cer- 
tain of  the  products  are  available  only  for  a  limited 
variety  of  uses.  It  is  undoubtedly  worth  while,  there- 
fore, to  consider  the  relative  importance  of  the  various 
demands  for  these  materials.  As  a  result  we  can  gain 
at  least  some  measure  of  the  economic  justification  of 
these  applications  and  establish  what  might  be  termed 
an   economic  priority   list  for  petroleum. 

A  Petroleum  Priority  List 
During  recent  years  we  have  had  a  variety  of  bases 
for  determining  priorities.  During  the  war  period 
priority  commonly  was  granted  to  a  specific  individual 
or  firm  in  order  that  a  particular  job  on  hand  might 
be  accomplished  expeditiously.  Then,  too,  we  had 
priority  classes  for  fuel  in  which  the  character  of  the 
institution  served  or  the  nature  of  the  work  to  be  done 
by  the  fuel  user  determined  his  position  in  the  list, 
as,  for  example,  the  relatively  high  placing  of  public 
Institutions,  hospitals,  etc.,  the  intermediate  ranking  of 
public  utilities,  and  the  superior  ranking  of  war  indus- 
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tries  over  those  telTned  "non-essential."  Still  more 
recently,  in  the  case  of  coal  transportation,  another  class 
of  priority  has  been  granted  by  the  Interstate  Com- 
merce Commission;  that  is,  according  to  geographical 
subdivision.  This  was  done  to  provide  that  New  Eng- 
land and  the  Northwest  would  not  freeze  or  be  threat- 
ened with  idle  industries  during  the  coming  winter 
season.  However,  none  of  these  priority  systems  serves 
for  the  present  purpose.  What  is  needed  rather  is 
a  scale  by  which  we  may  judge  the  relative  social 
service  performed  and  thereby  establish  the  economic 
justification  for  priority. 

It  is  realized  that  any  effort  to  this  end  cannot  expect 
to  command  general  concurrence  with  every  detail ; 
in  fact,  there  will  perhaps  be  as  many  priority  lists 
established  as  there  are  investigators  in  this  field.  How- 
ever, there  are  certain  principles  to  which  practically 
all  will  agree,  and  these  justify  careful  consideration 
in  the  hope  that  at  least  we  may  establish  some  basis 
to  guide  the  industrial  thought  for  the  immediate 
future. 

In  the  following  discussion  of  such  priority  it  is 
intended  to  take  rather  a  middle  ground  between  what 
can  be  our  everyday  practice  this  year  and  what  might 
be  termed  an  ideal  future  practice  toward  which  to 
work.  As  a  result  the  suggestions  of  the  following  sec- 
tions are  a  recommendation  toward  which  it  is  believed 
we  can  immediately  turn  with  the  expectation  of  realiz- 
ing the  relationships  suggested  within  a  few  years. 
Still  further  development  beyond  that  period  will  also 
be  needed.  However,  it  is  impossible  for  anyone  to 
say  now  just  how  each  of  the  several  interests  that 
must  be  regarded  as  competitive  today  will  develop  or 
to  prejudge  their  proper  rank  for  periods  of  the  more 
distant  future.  This  limited  applicability  over  rela- 
tively few  years  should  be  carefully  borne  in  mind  in 
order  to  avoid  a  misunderstanding  of  the  rather  high 
position  given  to  some  uses  of  petroleum  that  cannot 
be  recognized  as  worthy  of  such  preference  per- 
manently. 

The  Influence  of  Price  in  Determining 
Priority 

In  the  final  analysis  the  laws  of  supply  and  demand, 
if  unrestricted  by  artificial  legislation,  fix  petroleum 
prices  properly  in  reference  to  trade  conditions.  He 
who  can  still  afford  to  pay  the  price  thus  fixed  can 
expect  to  remain  in  the  market  as  a  successful  pur- 
chaser; he  who  can  least  afford  to  pay  the  prices  thus 
established  will  soonest  be  eliminated.  This  perhaps 
is  the  law  of  the  jungle,  but  it  is  almost  inevitable  that 
it  shall  rule.  A  further  consideration  of  some  of  the 
aspects  of  this  principle,  however,  is  worth  while. 

Liquid  fuels  are  for  most  uses  simply  competitors 
of  gas,  coal  and  electricity  as  sources  of  heat,  light 
and  power.  So  long  as  liquid  fuels  afford  to  the  pur- 
chaser an  attraction  superior  to  these  other  energy 
supplies,  the  purchaser  will  continue  to  use  the  liquid 
fuel  if  it  be  available.  Price  is,  to  be  sure,  only  one 
of  the  elements  in  determination  of  the  relative  suit- 
ability of  liquid  and  other  fuel  supplies.  Convenience 
of  use  as  compared  with  solid  fuel,  ease  of  storage 
as  compared  with  gas,  and  other  similar  factors  enter. 
However,  in  the  last  analysis  the  purchaser  buys  the 
one  that  gives  him  for  the  least  expenditure  of  money 
and   effort   the   desired   operating   result. 

Under  these  circumstances  as  soon  as  the  petroleum 
becomes  decidedly  more  expensive  per  unit  of  service 


rendered  than  coal,  let  us  say  for  heating,  then  the  use 
of  liquid  fuel  for  this  purpose  will  promptly  cease. 
It  is  likely  that  price  will  thus  establish  a  more  or 
less  sound  basis  for  determining  industrial  priority 
especially  if  unaffected  by  governmental  restriction. 
Indeed,  one  might  say  that  such  a  priority  list  estab- 
lished by  ability  to  pay  the  price  will  ultimately  be 
identical  with  a  list  established  solely  on  the  basis  of 
the  economic  justification  for  use  of  the  liquid  fuel. 
Nevertheless,  it  is  worth  while  to  consider  these  prob- 
lems from  a  little  broader  point  of  view.  To  this  end 
let  us  consider  a  dozen  of  the  principal  applications 
of  petroleum. 

Lubrication,  Illumination  and  Special  Demands 

Probably  nearly  a  unanimous  opinion  can  be  expected 
with  respect  to  the  first  on  the  priority  list;  for  a  gen- 
eral agreemert  certainly  can  be  looked  for  with  the 
thought  that  lubrication  is  the  most  important  and  most 
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FIG.  2.   PETROLEUM  CONSUMPTION,  IMPORTS  AND 
EXPORTS 

nearly  irreplaceable  application  of  all  petroleum  prod* 
ucts.  One  is  safe,  therefore,  in  placing  this  requirement 
at  the  head  of  an  economic  priority  list. 

Next  in  order  one  must  probably  place  either  illu- 
mination or  the  special  chemical  requirements  for 
miscellaneous  petroleum  fractions.  Of  these  two  uses 
the  former  draws  upon  rather  a  different  group  of  oils 
from  the  latter.  It,  therefore,  makes  little  difference 
which  is  placed  second  and  which  third  in  our  list. 
Kerosene,  as  an  illuminant  for  districts  where  city  gas, 
electric  current  or  acetylene  is  not  available  for  light- 
ing, certainly  serves  a  fundamental  social  function  that 
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is  liaitl  (ii  care  for  ollu'rwise.  Moreover,  thin  u.se  of 
kerosene  calls  for  only  a  portion  of  the  illuminating 
oils  which  can  he  manufactured  from  the  available 
petroleum  resources  that  will  he  handled  if  demands  in 
t)thrr  lines  are  met.  There  seems  some  ground,  there- 
fore, for  placinvr  illumination  as  number  two  in  the 
schedule. 

Numerous  chemical  processes  recpiire  the  use  of  li«iuid 
fuels,  but  these  do  not  draw  very  heavilv  upon  our 
petroleum  supplies.  To  the  extent  that  neither  jjas  nor 
solid  fuel  seems  quite  as  well  adapted  to  the  processes 
in  i|uestion,  so  far  are  we  justified  in  givinjr  di.stinct 
preference  to   this    requirement. 

Within  the  chemical  industry  there  is  also  a  highly 
specialized  re<iuirenient  of  petroleum  fractions  which 
are  used  not  for  fuels,  but  rather  for  other  purposes. 
Ink  oils,  medicinal  oils,  petrolatum,  paint  oils  and  sim- 
ilar petroleum  products  are  conspicuous  examples. 
These  demands  represent  applications  that  certainly 
.iustify  encouragement.  And  fortunately,  this  encour- 
apement  can  be  piven  without  any  particular  burden 
upon  other  uses,  as  the  quantities  needed  are  very  small 
indeed   compared   with   other  requirements. 

Within  the  proup  of  chemical  reiiuirements  there  is, 
also,  a  peculiar  class  that  is  rather  the  result  of  the 
existence  of  products  not  readily  adaptable  to  other 
uses.  To  the  extent  that  these  relatively  inferior  prod- 
ucts can  be  efficiently  applied  in  chemical  industry,  we 
would  give  great  encouragement  to  such  use.  All  these 
so-called  "chemical"  uses  are  grouped  together  and 
placed  as  third  in  the  economic  priority  schedule  pro- 
posed. 

Automotive  Fukl  Requirements 

The  requirement  of  petroleum  fractions  for  automo- 
tive fuels  is  peculiar  in  that  the  fraction  commonly 
needed  is  not  largely  in  demand  for  any  other  use. 
Gasoline  is,  in  fact,  almo.st  synonymous  with  auto- 
motive fuel.  Practically  all  gasoline  can  be  given  to 
automotive  requirements  and  this  use  placed  as  number 
four  in  a  priority  list  without  giving  rise  to  any  serious 
objection. 

The  only  sense  in  which  automotive  requirements  are 
in  conflict  with  other  demands  for  petroleum  is  that 
fuel-oil  fractions  are  now  being  used  to  a  considerable 
extent  for  the  production  of  gasoline  by  cracking.  In 
placing  automotive  requirements  as  number  four,  it 
is  not  intended  to  include  with  them  this  indirect 
production  of  gasoline;  this  rank  of  four  is  confined 
to  the  gasoline  produced  by  the  older  methods  of  dis- 
tillation. 

It  is  well  known  that  all  the  gasoline  that  can  be 
made  by  present-day  plant  practice  is  quickly  absorbed 
by  the  markets.  The  competition  or  priority  with 
respect  to  gasoline,  if  such  were  undertaken,  would 
therefore  require  a  very  different  type  of  classification 
from  that  which  we  are  now  discussing.  It  would 
require,  in  fact,  a  discrimination  between  uses  of 
greater  and  lesser  economic  justification ;  in  other 
words,  a  contrast  between  essential,  desirable  and 
purely  luxury  applications.  To  enter  a  discussion  of  that 
question  is,  for  the  present  purposes,  wholly  unneces- 
sary. 

COMPETITOKS  FOR  GAS  AND  FUEL  OiLS 

After  recording  the  first  four  entries  on  a  priority 
list,  a  more  difficult  problem  is  met,  for  at  this  stage 
one  must  decide  as  between  those  who  require  sub- 
stantially the  same  fractions  of  petroleum.     There  are 


ciphl  groups  of  gas-oil  and  fuel-oil  uses  that  mu.sl  be 
so  judge<l  and  ranked.  These  a|)plicationH  are:  (Jhh 
manufacture,  gasoline  manufacture.  inlernal-combuHtion 
(Die.sel)  engine  use,  navy  fuel,  merchant-marine  fuel, 
locomotive  fuel,  steam  power-plant  fuel,  and  fuel  for 
heating   plants. 

In  this  group  gas  manufacture  is  .set  apart  because 
it  represents  a  distinct  type  of  fuel-oil  application. 
Other  public-utility  fuel  users  would  also  require 
special  treatment  were  it  not  for  the  fact  that  their 
oil  requirements  fall  within  the  scope  of  the  remaining 
groups  mentioned.  P'or  example,  the.se  other  public- 
utility  uses  are  in  Diesel  engine,  power  plant,  or  heat- 
ing plant;  and  for  pre.sent  purpo.ses  these  need  not 
be  distinguished  from  similar  demands  by  other  users. 

Gas  and  Gasoune  Manufacture 

It  is  a  general  principle  in  our  census  of  manufac- 
tures that  a  measure  of  industrial  development  is  the 
value  added  by  manufacture.  For  this  purpo.se  value 
of  raw  materials  compared  with  value  of  products 
and  the  difference  taken  by  the  census  as  of  eco- 
nomic significance.  Proceeding  upon  the  same  theory 
here,  we  'can  place  gas  manufacture  and  gasoline 
manufacture  .somewhat  ahead  of  other  demands  for  fuel 
oil.  In  these  applications  the  oil  is  not  consumed,  but 
rather  is  converted  into  a  material  available  for 
application  in  a  superior  class. 

If  it  were  po.ssible  quickly  to  substitute  coal-gas 
plants  for  existing  oil-gas  and  carburetted  water-gas 
installations,  there  would  be  no  particular  need  to 
regard  the  city-gas  manufacturer  as  entitled  to  serious 
consideration  for  high  place  in  a  priority  list  for  fuel 
oils.  However,  such  quick  change  of  gas-making 
process  is  not  possible.  The  machinery  and  materials 
needed  for  installation  of  coal-gas  or  coke-oven  plants 
cannot  be  made  available  for  a  considerable  period,  nor 
can  the  funds  required  for  so  large  a  change  in  invest- 
ment be  secured  by  utility  companies  at  present.  Gas 
represents  an  essential  of  modern  city  life.  For  the 
present  and  a  considerable  number  of  years  to  come, 
therefore,  preference  must  be  given  to  gas  manufac- 
ture over  other  fuel-oil  requirements  to  such  extent 
as  will  permit  uninterrupted  adequate  gas  supply. 

This  situation  may  continue  longer  than  at  first  seems 
likely,  for  natural-gas  supplies  are  now  continuously 
decreasing  in  quantity,  and  manufactured  gas  must 
inevitably  ultimately  replace  them.  Much  new  construc- 
tion of  coal-gas  and  coke-oven  plants  will  doubtless, 
therefore,  be  directed  to  extension  of  gas-making  facil- 
ities in  such  districts  of  the  country.  Municipal  growth 
and  extension  of  gas  supply  into  suburban  territory 
also  tend  to  limit  gas-works  construction  to  that  which 
can  be  regarded  as  extension  of  present  plants.  Thus, 
for  many  years  to  come  an  important  fuel-oil  demand 
for  water-gas  making  will  be  met. 

Gasoline  production  from  fuel-oil  fractions,  when 
it  can  be  efficiently  practiced,  raises  the  petroleum  pro- 
duction from  a  lesser  to  a  greater  usefulness.  To  the 
extent  that  equipment  is  available  for  this  conversion 
to  gasoline,  preference  will  doubtless  be  given  for  such 
use  by  the  petroleum  refiners.  This  will  be  not  only 
a  matter  of  good  business  judgment  on  their  part,  but 
also,  for  the  reason  cited,  an  economically  justifiable 
procedure.  On  the  other  hand,  Diesel-engine  use  is  so 
much  more  efficient  than  most  gasoline-engine  use  that 
there  is  no  ground  for  encouraging  conversion  of  fuel- 
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oil  to  gasoline  for  work  which  the  Diesel  engine  can 
do.  Therefore,  as  Diesel-engine  demand  develops,  this 
new  factor  will  enter  to  offset  the  present  tendency 
toward  cracking  to  make  "gas." 

Oil  for  Fuel  and  Power 

Having  disposed  of  gas-making  and  gasoline  manu- 
facture, there  remain  only  power  and  fuel  uses  for 
consideration.  Because  of  the  greater  efficiency  of 
petroleum  use  in  internal-combustion  engines  as  con- 
trasted with  boilers  of  any  type,  we  certainly  must  give 
preference  to  this  use.  As  a  matter  of  fact,  this,  for 
the  immediate  present,  is  not  of  large  commercial 
significance  because  the  internal-combustion  engine 
(limiting  ourselves  here  to  the  non-automotive  type) 
does  not  demand  any  large  percentage  of  our  fuel-oil 
supplies.  Nevertheless,  with  increasing  costs  of  liquid 
fuels  we  may  look  forward  to  great  increases  in  this 
more  efficient  method  of  fuel-oil  utilization ;  and  as 
these  uses  develop,  we  probably  shall  continue  to  place 
them  at  this  point  in  any  priority  schedule  that  may 
be  evolved. 

The  remaining  users  of  fuel  oil  burn  it  under  a  boiler 
or  for  direct  heating  purposes.  Of  these  users  the 
naval  requirement  unquestionably  comes  first.  Follow- 
ing this,  most  would  doubtless  agree  that  the  merchant- 
marine  demand  should  be  met  before  other  use  can  be 
justified.  That  this  merchant-marine  demand  is  going 
to  increase  continuously  in  the  next  few  years  cannot 
be  questioned.  Not  only  are  the  estimates  from  the 
United  States  Shipping  Board  good  evidence  of  this, 
but  also  there  is  extensive  development  of  oil-fired 
shipping  by  the  British.  In  fact,  the  "Olympic"  and 
"Aquitania,"  two  great  Cunarders,  only  recently  made 
their  maiden  voyages  as  oil-burning  vessels  with  very 
gratifying  results. 

After  these  marine  uses  we  can  probably  give  the 
locomotive  boiler  next  position.  The  large  advantage 
of  liquid  fuel  for  such  mobile  power  plants  is  well 
recognized.  To  the  extent,  therefore,  that  the  locomo- 
tive cannot  be  electrified,  we  can  justify  oil  burning 
in  preference  to  the  use  of  oil  for  stationary  power  or 
heating-boiler  use.  This  preference  is  also  supported 
by  the  critical  state  of  the  transportation  demands  of 
the   country   at   the   present. 

It  is  to  be  anticipated  that  this  preference  for  loco- 
motive use  will  not  continue  long  except  in  certain 
limited  portions  of  the  country  where  liquid  fuels  are 
much  more  readily  available  than  solid  fuels.  Oil  for 
locomotives  is  rapidly  becoming  prohibitive  in  cost 
or  wholly  unavailable. 

As  a  matter  of  fact,  by  the  time  we  reach  this 
stage  it  makes  little  difference  to  whom  we  give 
priority;  for  if  the  higher  classes  of  use  are  satisfied, 
there  is  no  oil  left  to  distribute.  Nevertheless,  one 
may  as  well  continue  to  theorize  through  to  the  end,  and 
discriminate  between  the  steam-power  plant  and  the 
heating  plant.  It  appears  that  the  former  should  be 
given  preference  over  the  latter,  for  a  greater  increase 
in  efficiency  is  doubtless  generally  obtained  in  power 
production  through  oil  firing  as  compared  with  solid- 
fuel  firing,  than  can  be  found  in  contrasting  liquid-fuel 
and  solid-fuel  use  for  heating  purposes.  Thus  we  would 
place  steam-power-plant  use  ahead  of  heating-plant 
application,  the  latter  being  the  last  of  the  twelve  items 
in  the  schedule. 


As  a  result  of  the  foregoing  discussion  one  obtains  a 

priority  list  for  liquid  fuels 

as  follows: 

Character   of   Use 

Kind  of  Oil  Applied 

1.  Lubrication 

Lubricants   (fuel  oil) 

2.  Illumination 

Kerosene 

3.  Chemical   processes 

Miscellaneous 

4.  Automotive  engines 

Gasoline 

5.  Gas   manufacture 

Fuel  oil 

6.  Gasoline    manufacture 

Fuel  oil 

7.  Internal-combustion 

Fuel  oil 

engmes 

8.  Navy 

Fuel  oil 

9.  Merchant  marine 

Fuel  oil 

10.  Locomotive  firing 

Fuel  oil 

11.  Steam-power  plants 

Fuel  oil 

12.  Heating 

Fuel  oil 

This  schedule  will  doubtless  wholly  meet  the  ideas  of 
few,  but  it  represents  the  application  of  a  relatively 
new  principle  in  national-resource  thought,  and  as  such 
it  should  be  generally  considered.  In  any  event,  whether 
one  agrees  with  it  or  not,  it  represents  a  starting  point 
for  the  consideration  of  a  still  more  important  engineer- 
ing problem,  namely :  What  attention  must  be  given  to 
petroleum  substitutes  in  order  that  all  these  industrial 
needs  for  liquid  fuels  may  most,  effectively  be  met? 
This  latter  question  requires  separate  discussion. 

Diesel  Central-Station  Costs 

In  1916  the  Texas  Power  and  Light  Co.  installed  three 
500-hp.  Mcintosh  &  Seymour  Diesel  engines  in  the 
Paris,  Texas,  station.  These  Diesels  are  direct- 
connected  to  alternators  and  are  delivering  power  into  a 
100-kv.  transmission  line  in  parallel  with  a  steam- 
turbine  plant  at  Waco,  over  one  hundred  miles  away. 
It  is  of  interest  to  engineers  to  learn  that  these  Diesels 
deliver  a  kilowatt-hour  at  a  total  cost  well  under  the 
cost  at  the  Waco  steam-turbine  plant. 

At  the  time  the  plant  was  installed,  very  exhaustive 
tests  were  made  on  the  units.  The  maximum  efficiency 
secured  during  these  tests  was  0.603  lb.  of  fuel  per 
kilowatt-hour.  In  the  report  appearing  here,  the  aver- 
age consumption  is  0.657,  showing  less  than  a  10  per 
cent  increase  over  the  full-load  test  values. 

It  is  more  or  less  a  mooted  question  as  to  the  con- 
tinued efficiency  of  a  Diesel  engine.  Many  engineers 
are  under  the  impression  that  the  low  fuel  consumption 


PRODUCTION  COSTS,  PARIS,  TEXAS,   DIESEL  STATION 


Engine  hours 

Gross  kw.-hr 

Net  liw.-hr 

Station  factor 

Fuel  oil,  lb 

Fuel  oil  per  kw.-hr.,  lb 

B.t.u.  per  kw.-hr 

Labor  per  kw.-hr.,  mills 

Fuel  per  kw.-hr.,  mills 

Water  per  kw.-hr.,  mills 

Lubrication  per  kw.-hr.,  mills. 

Miscellaneous  supplies  per  kw.-hr.,  mills 

Building  repairs  per  kw.-hr  ,  mills 

Kngine  repairs  per  kw.-hr.,  mills 

.Auxiliary  repairs  per  kw.-hr.,  mills 

Electrical  equipment  repairs  per  kw.-hr.,  mills. 
Miscellaneous  station  repairs  per  kw.-hr.,  mills. 

Total  production  cost,  mills 

Overhead,  per  kw.-hr.,  mills 

Total  cost,  per  kw.-hr.,  mills 


1919 

24,047 

',580,130 

',507,940 

93 

1,988,120 

0  657 
12,700 

1  577 

3  130 
0  0503 
0  1748 
0  235 
0  0945 
0   51 

0  0103 
0  0873 
0  0167 
5  99 

4  85 
10  84 


Sept    I— 

Dec.  31, 

1916 


l.565.00fl 

51 

149,072 

0  672 
13,100 

1  44 
3  07 
0.09 
0.04 
0  10 
0.05 
0.04 


CIS 

4  98 
4  85 
9  83 


is  secured  for  only  a  few  months  at  best.  To  the 
contrary,  if  the  oil  engine  is  maintained  in  first-class 
condition,  the  fuel  consumption  remains  practically  con- 
stant over  a  long  period  of  operation.  Pi-obably  no  form 
of  prime  mover  experiences  a  smaller  drop  in  efficiency 
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from  \soar  and  tear  than  ilni's  tho  l>i»'.st>l.  Tho  iiic leased 
i-ost.s  ill  old  eiijriiies  i.>.  due  almowl  entirely  to  hitfhcr 
maintenance  chaiK*"^- 

In  the  table  .shown,  the  pnuluetion  co.st.s  are  jfiven  for 
the  four  months  from  Sept.  1  to  Hec.  31,  1916.  and  for 
the  entire  year  of  IHH).  It  will  be  noticed  that  the 
fuel  consumption  jhm-  kilowatt-honr  has  decrea.sed.  This 
is  due  to  the  increased  station  factor.  The  increase  in 
the  labor  charge  follows  the  rise  in  waKcs  experienced 
during  1919.  All  the  several  maintenance  items  show 
an  increase.  With  the  entire  equipment  re(iuirinjr  more 
repairs,  as  is  but  natural,  and  with  increasing  costs, 
these  items  are  very  low.  The  record  of  24,047  engine 
hours  in  1919  shows  that  the  three  engines  were  in 
operation  for  over  90  per  cent  of  the  time,  which  com- 
pares favorably  with  the  performance  of  a  steam  plant 
of  like  size. 

If  the  overhead  charges  are  assumed  to  remain  at  the 
same  figures  as  were  used  in  estimating  the  total  power 
costs  in  1919 — namely,  4.85  mills — the  present  total 
cost  per  kilowatt-hour  is  10.84  mills,  or  an  increase  of 
one  mill  per  kilowatt-hour  over  the  1916  costs. 

The  operating  procedure  has  had  an  important  influ- 
emce  over  the  fuel  and  repair  costs.  The  engines  are 
usually  run  .slightly  below  the  normal  horsepower 
rating.  On  Sunday  one  unit  is  shut  down  and  necessary 
adjustments  are  made.  At  this  time,  the  valves  from 
one  cylinder  are  removed,  an  extra  set  replacing  them ; 
the  valves  are  cleaned  during  the  week.  Each  set  of 
valves  then,  is  removed  and  cleaned  every  three  months, 
while  bearing  adjustments,  etc.,  are  made  every  three 
weeks.  A  unit  is  out  of  service  from  two  to  ten  hours 
at  this  adjustment  period. 

The  station  force  is  much  smaller  than  for  a  steam 
plant  of  like  capacity.  There  is  a  chief  engineer  in 
charge  of  the  plant,  and  on  each  shift  there  are  one 
watch  engineer,  one  helper  and  a  switchboard  operator, 
or  ten  in  all. 

Jones  Spur-Gear  Speed  Reducers 

The  Jones  spui'-gear  reducer,  manufactured  by  the 
W.  A.  Jones  Foundry  and  Machine  Co.,  of  Chicago,  has 
been  made  in  its  present  form  for  the  last  three  years. 
Its  possible  uses  are  numerous — in  fact,  with  any  ma- 
chine that  it  is  desirable  to  operate  at  a  considerable 
reduction  in  speed  from  that  of  the  driving  motor. 
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FIG.  1.     SINGLE-TYPE  .TONES  REDUCER  FOR  REDUCTIONS 
UP    TO    15    TO    1 


I-K;    L'       DOUBLE-TYPE    REDUCER   USED   FOR   KATI08    OV 
FROM     ^r,    TO    1     TTP    TO    200    TO     1 

The  reducer  is  an  inclosed  spur-gear  drive  with  the 
high-  and  slow-speed  shafts  concentric  and  having  the 
.same  direction  of  rotation.  Connection  to  ^he  ma- 
chine on  either  side  is  made  by  means  of  flexible  coup- 
lings. 

All  reductions  are  accomplished  by  means  of  plain 
spur  gears,  the  tooth  form  employed  being  the  involute 
stub  with  a  20-deg.  pressure  angle. 

Fig.  1  is  a  sectional  view  of  the  single-type  reducer, 
which  is  generally  used  for  reductions  up  to  15  to  1. 
The  double-type  reducer  shown  in  Fig.  2  is  used  for 
ratios  of  from  15  to  1  up  to  200  to  1  or  over  if  desired; 
its  construction  details  do  not  differ  materially  from 
the  single-type,  except  that  a  total  of  four  reductions  is 
accomplished  instead  of  two,  the  housing  being  in- 
creased in  width  to  accommodate  the  necessary  gears. 
Reference  to  the  illustrations  will  show  that  the  pinion 
A  meshes  with  and  drives  the  three  gears  B,  which  are 
mounted  integral  with  the  three  pinions  C,  these  in 
turn  meshing  with  and  driving  the  slow-speed  gear  D. 
The  gears  B  and  pinions  C  are  equally  spaced  around 
the  high-  and  slow-speed  pinion  and  gear  at  angles  of 
120  deg.,  thus  relieving  both  the  high-  and  slow-speed 
shafts  and  bearings  of  transverse  loads  due  to  tooth 
thrust.  The  pinion  A  is  supported  in  correct  alignment 
at  one  end  by  the  bronze-bushed  bearing  in  the  reducer 
housing  and  on  the  other  end  by  the  slow-speed  shaft 
extension,  which  carries  a  bushed  bearing  as  shown 
in  the  illustration. 

In  the  double-type  reducer.  Fig.  2,  the  gear  D  which 
corresponds  to  the  slow-speed  gear  in  the  single-type 
model,  is  keyed  to  a  sleeve  that  is  integral  with  the 
pinion  E.  This  sleeve  is  bronze-bushed  and  rotates  on 
and  in  the  same  direction  as  the  high-speed  shaft.  The 
extreme  end  of  this  high-speed  shaft  journals  in  the 
bronze-bushed  bearing  located  in  the  end  of  the  slow- 
speed  shaft,  the  same  as  in  the  single-type  reducer.  The 
intermediate  pinion  E  meshes  w'ith  and  drives  the  three 
gears  F,  which  are  mounted  integral  with  the  three 
pinions  G,  these  in  turn  meshing  with  and  driving 
the  slow-speed  gear  and  shaft  H.  The  back  gears  and 
pinions  are  equally  spaced  at  120  deg.  as  in  the  single- 
type  reducer,  but  the  set  on  the  slow-speed  end  are 
locf;ted  intermediate,  or  60  deg.  from  those  on  the  high- 
speed end. 

Standard  reducers  suitable  for  all  motor  speeds  are 
made,  ranging  from  1  hp.  up  to  200  hp.  and  almost 
unlimited  reduction  can  be  obtained. 
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Application  of 
Induction  Motors 

THE  problem  in  the  application  of  motors  to  the 
driving  of  any  piece  of  machinery  is  to  select  one 
that  will  have  sufficient  torque  to  start  and  accelerate 
the  lopd  within  the  period  that  may  be  imposed  by  the 
(^  particular  condition  and  do  this  with  a  reasonable  value 
of  current  from  the  line.  It  must  also  have  sufficient 
capacity  to  drive  this  load  for  the  required  period,  as 
well  as  a  reasonable  overload,  without  overheating. 
Where  necessary,  the  motor  must  lend  itself  to  speed 
adjustment  to  meet  the  requirements  of  the  drive. 
With  the  exception  of  applications  requiring  wide 
ranges  of  speed  adjustment,  induction  motors  can  suc- 
cessfully meet  these  requirements.  However,  the  fore- 
going covers  considerably  more  than  might  at  first 
thought  indicate,  and  in  general  the  importance  of  cor- 
rect motor  application  is  not  fully  appreciated. 

Improper  applications  of  motors  in  practically  all 
cases  cause  the  maintenance  costs  to  be  higher,  not 
infrequently  increase  the  power  consumption  of  the 
motor,  and  in  the  case  of  induction  motors  may  create 
conditions  that  will  increase  the  losses  in,  and  reduce 
the  useful  capacity  of,  all  generating,  transforming  and 
transmission  equipment.  To  this  must  also  be  added 
the  losses  due  to  reduced  production  from  the  machine 
the  motor  is  driving  and  not  infrequently  the  loss  due 
to  an  inferior  product.  Once  a  motor  and  controller 
are  incorrectly  applied  to  a  drive,  unless  the  defect  is  too 
serious  it  is  allowed  to  continue  and  the  losses  due  to 
misapplication  pile  up  each  year  without  corrective 
measures  being  taken.  A  frequent  occurrence  in  the 
application  of  motors  is  selecting  one  of  either  too 
great  or  too  small  a  capacity  for  the  load.  Of  the  two 
it  is  better  to  have  the  motor  too  large.  If  the  motor 
is  overloaded,  burnouts  will  be  frequent  and  a  loss  of 
production  from  the  driven  machine  will  result.  With 
an  underloaded  direct-current  motor  about  the  only  ob- 
jection that  can  be  raised  is  the  increased  first  cost  and 
slightly  decreased  efficiency.  However,  with  an  induc- 
tion motor,  in  addition  to  the  foregoing  the  power  factor 
will  be  low,  with  its  many  deleterious  effects  on  the 
whole  power  system.  Besides,  if  power  is  purchased 
^  penalty  in  the  form  of  an  increased  rate  may  be 
imposed  for  poor  power  factor. 

Tc  select  a  motor  of  the  proper  horsepower  rating 
foi  a  given  load  frequently  requires  a  very  careful  .study 
ot  the  characteristics  of  the  load;  especially  is  this  true 
it  the  load  is  intermittent.  If  a  motor  is  selected  with 
e  continuous  honsepower  rating  equal  to  the  maximum 
load,  it  may  be  operating  for  considerable  periods  at 
only  partial  loads.  In  such  applications  it  will  fre- 
quently be  found  that  a  motor  rated  on  a  one-  or  two- 
hcui  basis  will  do  the  work  and  give  better  satisfaction 
al'  around,  at  a  considerable  saving  in  first  cost  and  in 
power  consumption  after  installation.  Or  by  selecting 
F  motor  of  the  proper  characteristics  and  using  a  fly- 
wheel, a  considerable  saving  can  be  made  in  the  size 
ol  the  machine  as  well  as  impi-oving  its  service. 


The  proper  application  of  motors  is  no  longer  a  mat- 
ter of  guesswork,  as  shown  by  Frazer  Jeffrey  in  three 
articles  on  the  "Application  of  Induction  Motors,"  the 
first  of  which  appears  in  this  issue.  In  these  articles 
Mr.  Jeffrey  has  outlined  sixteen  general  features  to  be 
considered  in  the  application  of  motors.  Although  these 
do  not  cover  all  features  of  application,  since  there  are 
points  that  will  naturally  arise  due  to  peculiar  local 
conditions,  nevertheless  if  a  motor  is  selected  for  a 
given  condition  to  meet  the  sixteen  features  outlined, 
it  will  in  a  large  percentage  of  ca.ses  be  highly  satis- 
factory. 

The  British  Coal  Strike 

THE  coal  miners  of  the  British  Isles  have  at  last 
taken  the  grave  step  they  have  for  a  long  time  been 
threatening.  On  the  surface  they  are  striking  for  a 
few  more  shillings  a  day.  Their  real  purpose  is  the 
nationalization  of  the  coal  mines.  What  railroad  brother- 
hoods in  the  United  States  would  do  under  the  Plum 
Plan,  the  British  coal  miners  would  do  for  their  in- 
dustry. 

As  this  is  written,  they  are  storming  Downing  Street 
in  an  effort  to  reach  the  Prime  Minister's  residence. 
They  give  the  police  an  ugly  fight.  And  this  is,  perhaps, 
indicative  of  their  temper  in  this  matter.  Of  course 
these  miners  will  leave  nothing  undone  to  get  the  other 
great  unions  in  the  fundamental  industries  to  join  them 
and  thus  more  completely  disjoint  the  life  of  the 
British  Isles.  It  is  impossible  to  forecast  accurately 
whether  they  will  or  will  not  get  such  co-operation.  Our 
guess  is  that  they  will  not.  It  is  not  so  long  ago  that 
Englishmen  turned  to  and  operated  the  railroads  when 
the  workers  went  out  for  a  cause  not  supported 
by  public  opinion ;  it  has  recently  been  demonstrated 
again  and  again  that  a  strike  not  supported  by  public 
opinion  must  fail.  The  British  coal  .strike  seems,  at 
this  di.stance,  to  be  in  this  class. 

But  the  strike  may  continue  for  some  time,  and  it 
is  this  that  immediately  concerns  us  in  the  United 
S'tates.  A  strike  of  such  magnitude  in  such  a  basic 
product  as  coal,  and  occurring  in  a  country  which  ex- 
ports so  much  of  it,  brings  precipitous  panic  to  the 
coal  markets  of  the  world.  The  first  move  of  the 
British  government  was  to  stop  the  export  of  fuel.  Im- 
mediately there  will  follow  a  great  increase  in  exported 
coal  from  the  United  States.  This  will  in  all  likelihood 
force  up  prices  to  consumers  at  home.  If  the  strike 
continues  for  long,  we  in  America  will  pay  our  share 
of  the  cost. 

It  is  not  a  bit  too  soon  for  the  United  States  Govern- 
ment to  act  to  prevent  a  flood  of  coal  for  export.  Ex- 
porters know  that  if  they  can  deliver  the  coal  they  can 
get  their  price,  whatever  it  may  be.  The  profiteering 
side  of  the  situation  is  not  the  worst  side;  the  abomin- 
able part  of  it  all  is  that  we  at  home,  next  door  to 
the  coal  mines,  the  mines  of  the  United  States,  must  bid 
against  the  panic-striken  buyers  of  Europe,  who  will 
pay  any  price  for  our  coal. 
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The  power-plant  men  of  (he  country,  who  consumo 
al)Out  forty-two  |hm  cent  of  the  coal  mined  will  watch 
with  deep  concern  for  such  action  by  the  (Jovernment 
as  the  conditions  may  warrant  to  insure  the  full  meas- 
ure of  protection  to  consumers  here  at  home. 

Snfrty-N  alv«'  Opt'iiiiipM 

^p^HF,  Holler  Code  of  the  American  Society  of 
±  Mechanical  Kngineers  provides  that  u  boiler  shall 
have  sufVicient  safety-valve  capacity  to  discharge  all  the 
steam  that  it  can  jrenerate  without  allowing  the  pressure 
to  rise  more  than  six  per  cent. 

While  numerous  methods  of  determining  the  ma.xi- 
mum  generating  capacity  of  a  boiler  are  suggested,  it  is 
stipulated  that  the  total  relieving  capacity  for  all  other 
types  of  power  boilers  than  the  water-tube  shall  not  be 
less  than  five  pounds  of  steam  per  hour,  per  .square  foot 
of  heating  surface  for  pressures  above  one  hundred 
pounds. 

When  the  steam  to  be  discharged  e.xceeds  2,000  pounds 
per  hour,  two  or  more  safety  valves  must  be  used.  Each 
safety  valve  must  be  stamped  with  the  maker's  name 
or  trade  mark,  the  pressure  at  which  it  is  set  to  blow, 
the  number  of  pounds  of  .steam  that  it  will  discharge 
per  hour  at  that  pressure,  and  "A.S.M.E.  Std." 

A  boiler  manufacturer  took  an  order  for  some  72-in. 
by  18-ft.  horizontal  return-tubular  boilers  for  one  hun- 
dred and  fifty  pounds  pressure.  Thege  are  listed  by  the 
maker  at  one-hundred-and-fifty  horsepower,  and  said  to 
contain  1,436  square  feet  of  heating  surface,  which,  at 
five  pounds  per  foot,  would  require  a  relieving  capacity 
of  the  safety  valves  of  7,180  pounds  of  steam  per  hour. 

The  order  called  for  "one  four-inch  (or  larger  to  com- 
ply with  the  ratio  for  grate  surface)  reinforcement 
riveted  on  top  of  shell  for  safety  valves." 

The  "ratio  for  grate  surface"  refers  to  a  provision 
of  the  rules  of  the  Industrial  Commission  of  Ohio,  into 
which  state  the  boilers  were  going,  in  which  safety-valve 
area  is  made  dependent  upon  the  grate  surface. 

The  boiler  maker,  in  accepting  the  order,  explained 
that  since  the  capacity  exceeded  two  thousand  pounds 
per  hour,  he  would  be  obliged  to  provide  openings  for 
two  smaller  valves  instead  of  for  the  single  four-inch 
valve  called  for. 

In  this  he  was  right,  in  a  way,  although  if  he  had 
built  the  boilers  with  the  four-inch  nozzles  or  reinforce- 
ments, as  the  customer  wanted  them,  the  customer  could 
have  complied  with  the  Code  by  using  two  valves  on  a 
yoke  or  Y  mounted  upon  that  opening.  The  maker, 
however,  instead  of  providing  nozzles  or  reinforcements 
for  some  such  combination  as  one  three-inch  and  one 
two-and-a-half-inch  valve,  which  would  hardly  pro- 
vide the  required  capacity  with  a  pop  safety  valve  of 
the  usual  design  at  a  medium  lift,  simply  tapped  a  hole 
into  the  shell  for  a  one-and-a-half-inch  valve  and  put  on 
a  reinforcement  pad  for  a  two-inch. 

This  was  pretty  small  for  a  seventy-two-inch  boiler, 
but  there  are  valves  upon  the  market  which,  by  virtue 
of  their  high  lift,  are  guaranteed  to  relieve  over  8,600 
pounds  per  hour  in  these  dimensions  and  at  thi.s-  pres- 
sure. Equipped  with  such  valves,  the  boiler  would  com- 
ply with  the  Code  so  far  as  safety-valve  relieving  ca- 
pacity is  concerned,  and  having  fixed  it  so  that  it  could 
be  equipped  with  such  valves,  the  builder  felt  that  he 
had  built  a  Code  boiler. 

But  the  customer,  knowing  nothing  of  high  lifts  and 
relieving  capacities,  went  out  and  bought  ordinary 
pop  safety  valves  such  as  were  common  in  his  market. 


to  fit  the  holes  that  the  builder  had  nuuic  in  his  boiler, 
just  as  ninety  people  out  of  one  hundred  would  have 
done. 

And  then  comes  the  boiler  inspector,  who  refuses  to 
pass  the  boiler  because  it  has  not  sufTiciently  large 
safety  valves — which,  of  course,  it  has  not. 

Here  is  a  costly  and  disagreeable  situation.  Who  is  at 
fault,  the  Boiler  Code,  the  boiler  builder,  the  customer 
or  the  inspector,  and  what  is  to  be  done  about  it? 

The  Petroleum  Situation 

EVERY  Poircr  subscriber  should  turn  to  page  665  and 
read  R.  S.  McBride's  discussion  on  the  condition  of 
the  petroleum  supply.  The  public  at  large  has  always 
discounted  prophecies  of  exhaustion  of  natural  re- 
sources, and  its  attitude  on  the  liquid-fuel  situation 
will  probably  be  likewi.se.  It  then  becomes  the  duty  of 
the  engineering  world  to  recognize  present-day  condi- 
tions and  attempt  some  solution  of  this  question. 

Usually,  with  diminishing  resources  the  law  of  supply 
and  demand  tends  to  enforce  the  practice  of  economy, 
thereby  les.sening  the  danger  of  total  extinction  of  the 
particular  commodity.  Unfortunately,  conditions  in  the 
petroleum  industry  preclude  the  successful  operation 
of  this  law.  The  greatest  market  for  petroleum  is  the 
automobile  industry,  where  the  actual  consumption  of 
gasoline  per  individual  purchaser  is  comparatively  low. 
A  rise  in  price  would  then  have  but  small  influence 
toward  a  decrease  in  demand  If  the  demand  for  gaso- 
line could  be  reduced,  the  "cracking"  of  heavy  oils 
and  the  mixing  of  kerosene  and  casing-head  gasoline 
would  decrease.  This  would  release  more  heavy  oils 
to  those  users  who  are  practicing  economy. 

Some  procedure  that  will  lessen  the  petroleum  demand 
must  be  instituted.  A  priority  list  is  suggested  by  Mr. 
McBride  as  a  solution.  As  a  further  step,  undoubtedly 
a  method  of  distribution  where  supplies  would  be  avail- 
able to  those  who  extract  the  greatest  possible  percen- 
tage of  the  heat  in  the  fuel  would  be  eminently  fair. 


A  local  chapter  of  one  of  the  engineering  societies 
has  inaugurated  a  move  to  ascertain  and  classify  the 
personal  qualifications  of  its  members  with  a  view  to 
more  intelligent  committee  assignments.  Inquiries  are 
being  addressed  to  the  members,  asking  them  to  name 
those  among  their  associates  who  can  make  a  good 
address  of  welcome,  those  who  have  musical  ability,  are 
able  to  tell  a  good  story,  are  interested  in  athletics, 
etc.  The  idea  is  an  excellent  one.  Every  society  con- 
tains many  men  capable  of  doing  good  work  along  these 
lines,  but  often  they  ai-e  either  overlooked  or  put  on 
work  for  which  they  are  poorly  fitted.  The  more 
active  members  a  society  has  the  healthier  it  will  be 
and  the  more  rapid  its  growth. 


On  several  occasions  during  the  present  political 
campaign  the  American  Association  of  Engineers  has 
.seized  the  opportunity  of  questioning  candidates  on 
matters  directly  concerning  the  engineering  fraternity; 
not  with  a  view  of  committing  the  association  to  any  one 
party,  but  in  order  that  its  members  may  more  intelli- 
gently judge  for  themselves.  This  is  admittedly  a  new 
departure  for  an  engineering  association  and  seems  to 
have  startled  some  of  the  conservative  members  of  the 
profession,  but  if  the  effort  accomplishes  nothing  more 
than  to  help  put  engineers  on  the  map,  it  will  not  have 
been  in  vain. 
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Correct  Height  of  Return-Tubular 
Boiler 

Mr.  Misostow,  in  his  article  on  page  1034  of  the 
June  29  issue  of  Poiver,  I  believe,  has  defined  the 
proper  relation  of  setting  a  horizontal  return-tubular 
boiler  and  hand-fired  grate  in  his  brief  statement,  "We 
must  set  the  boiler  as  close  to  the  source  of  heat,  which 
is  the  fire,  as  possible  and  still  have  a  furnace  which 
will  allow  perfect  commercial  combustion  in  the  presence 
of  the  boiler  at  the  predetermined  distance." 

This  is  a  proper  definition  of  the  correct  setting  of 
any  boiler  and  it  must  be  appreciated,  as  stated  in 
the  article,  with  particular  reference  to  the  horizontal 
return-tubular  boiler,  that  it  is  of  advantage  to  distill 
the  volatile  of  the  coal  at  as  uniform  a  rate  as  prac- 
tical, rather  than  cause  the  distillation  to  approach  the 
flash  or  explosion  phenomenon  by  maintaining  a  furnace 
temperature  that  is  too  high.  When  we  consider  what 
I  believe  to  be  the  basic  principles  of  a  good  and 
complete  combustion,  the  advantages  of  slow  distilla- 
tion are  evident.  For  proper  combustion  there  must 
be  an  intimate  mixture  of  air  and  combustible  gases 
with  siffficient  air  to  supply  combustion,  and  this  mix- 
ture must  be  maintained  at  a  temperature  high  enough 
to  cause  the  ignition  of  the  combustible  gases  while 
they  are  mixing  or  being  mixed  with  the  air. 

The  particular  advantage  that  we  see  in  the  removal 
of  the  arches  and  brickwork,  referred  to  in  Mr. 
Misostow's  article,  is  in  allowing  the  absorption  of  heat 
by  the  boiler  through  radiation  from  the  fire  and  flame 
and  the  great  reduction  in  furnace-temperature  result- 
ing, with  correspondingly  slower  distillation  of  the 
volatiles  and  lower  flue-gas  temperature,  and  also  in  a 
majority  of  cases  the  formation  of  less  clinker. 

I  do  not  believe  that  the  reduction  in  the  height 
of  the  setting,  referred  to  by  Mr.  Misostow,  would 
have  any  appreciable  effect  on  the  heat  transfer  by 
radiation.  My  analysis  of  the  improvements  resulting 
from  the  furnace  changes  described  in  the  article  would 
be  to  attribute  them  entirely  to  the  removal  of  the 
brickwork  under  the  boiler  shell,  and  I  would  not  credit 
any  improvement  to  lowering  the  boiler.  The  removal 
of  this  brickwork  allows  the  absorption  of  more  heat 
by  radiation  and  also  increases  the  amount  of  combus- 
tion space.  The  installation,  in  the  final  setting,  of 
deflecting  pier  and  wing  walls  in  the  combustion  cham- 
ber acknowledges  the  necessity  of  thoroughly  mixing 
the  combustion  gases  with  the  air  and  at  the  .same 
time  keeping  them  at  as  high  a  temperature  as  is 
practical,  this  being  accomplished  through  the  heat  in 
the  brickwork  of  the  wing  walls  and  deflecting  pier. 


I  would  take  exception  to  the  statement  that  the 
temperature  in  a  hand-fired  furnace  seldom  exceeds 
1,800  deg.  F.  However,  at  such  a  temperature  I  am  not 
able  to  check  the  figure  of  52  cu.ft.  of  gas  to  the  pound 
of  coal.  Rough  calculations  of  the  volume  of  gas  at 
1,800  deg.  F.  per  pound  of  coal,  with  a  combustion 
producing  20  lb.  of  gas  per  pound  of  coal,  give  approx- 
imately 1,050  cu.ft.  of  gas  for  every  pound  of  coal 
burned.  Using  the  velocity  of  20  ft.  per  second  for 
gases  over  the  bridge  wall,  as  given  by  Mr.  Misostow, 
and  the  correct  volume  of  these  gases,  I  calculate  an 
area  of  43.8  sq.ft.,  as  compared  to  2.17  sq.ft.  given  in 
the  article.     Following  the  method  used  in  the  article 


BOILER   .SET  FOUR  FEET  ABOVE  GRATE.S 

to  determine  the  setting  height,  there  results  the  height 
of  44  ft.  9  2  in.  from  grate  to  boiler  shell.  Evidently, 
therefore,  the  stated  velocity  is  in  great  error. 

Just  what  velocity  -should  be  used  is  a  question,  but 
it  appears  that  since  experience  has  proved  wing  walls 
and  deflecting  piers  in  the  combustion  chamber  to  be 
unsatisfactory  from  the  maintenance  standpoint,  it  is 
well  to  increase  the  velocity  of  gas  passing  over  the 
bridge  wall  to  such  a  point  as  to  pass  through  the 
critical  velocity — that  velocity  where  the  stream-line 
flow  ceases  and  eddying  begins — and  proportion  the 
combustion  chamber  beyond  the  bridge  wall,  so  as  to 
permit  a  slowing  down  of  the  gases.  This  will  produce 
the  mixing  effects  desired  under  temperature  condi- 
tions  supporting   combustion. 

This  idea  is  expressed  in  the  .setting  shown,  wherein 
the  dimension  1  ft.  4  in.  from  top  of  the  bridge  wall 
to  the  boiler  shell  is  considered  a  minimum  and  is 
subject  to  variation  in  individual  installations.  Analyses 
of  many  existing  installations  show  that  the  old  prac- 
tice of  low  setting  is  not  so  advantageous  as  a  di.stance 
of  4  to  41  ft.  from  the  grates  to  the  boiler  shell. 

Cleveland,  Ohio.  M.  K.  Bryan. 
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()|H'raliu«;   Tlirrr-Phasr  IMotor  on 
Siii^h'-IMuiHc  C  jrciiil 

One  of  our  lustoniors  had  a  three-phase  110-volt 
induction  motor,  that  he  desired  to  use  on  premises 
where  the  only  lurreiit  avaihil)lo  was  a  four-wire  service 
of  110-220  volt  sinjfle-phase  and  Ihree-phase  220-v()lts, 
as  at  .4  in  the  fijjure. 

The  motor  was  examined  and  found  to  he  single- 
series  star-connected,  which  made  it  impossible  to  adjust 
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OOXNEOTIONR   FOR   STARTING    A   THREE-PHASE   MOTOR 
AS   A  SINOI.K-PHASR   MACHINE 


the  connections  for  running  it  on  220  volts  without  re- 
winding. It  was  decided  to  try  ruiming  it  as  a  single- 
phase  machine  if  the  load  to  be  carried  was  not  too 
heavy.  As  is  well  known,  a  three-phase  induction  motor 
will  operate  satisfactorily,  once  started,  if  the  load  to  be 
carried  as  a  single-phase  machine  does  not  exceed  40 
per  cent  of  the  three-phase  output.  The  motor  was 
installed,  .'started  by  hand  and  tried  out  on  the  load  to 
be  carried,  and  found  to  be  satisfactory. 

No  phase-splitting  devices  being  immediately  avail- 
able, it  was  decided  to  use  the  other  leg  of  the  three- 
phase  220-volt  supply  for  starting,  simply  inserting  a 
resistance  in  the  circuit  with  the  third  wire  to  cut  down 
the  impressed  voltage.  The  motor  was  one  horsepower 
rating,  therefore  the  three-phase  starting  current  was 
assumed  to  be  about  nine  amperes.  After  starting,  the 
current  would  drop  to  about  three  amperes  as  the  speed 
came  up  to  normal.  To  use  a  resistance  just  the  right 
size  for  the  starting  current  would  endanger  the  motor 
from  overvoltage  when  the  current  decreased,  as  the 
drop  in  the  resistance  would  be  reduced  as  the  current 
decreased.  Resistance  enough  to  maintain  balanced 
voltage  at  three  amperes  would  necessarily  cut  down  the 
starting  torque,  but  this  was  considered  preferable  to 
endangering  the  motor.  This  gave  the  resistance  equal 
volts  divided  by  amperes,  or  110  ^-  3  =:  37  ohms.  Heat- 
ing elements  from  two  550-watt  110-volt  flatirons  were 
mounted  on  an  asbestos  base  and  connected  in  series. 
This  gave  44  ohms,  and  after  shunting  one-half  of  one 
element,  33  ohms  was  obtained,  which  was  clo.se  enough. 
Connections  as  used  are  shown  at  B.  Two  of  the  motor 
leads  are  connected  across  the  110-volt  supply  and  the 
other,  in  series  with  the  single-pole  switch  and  the 
resistance,  to  the  other  phase  of  the  supply. 

The  motor  is  started  by  closing  both  switches,  and 
when   full   .speed    is   reached   the   single-pole   switch    is 


opened,  leaving  the  machine  running  as  a  single-phase 
machine.  The  device  is  giving  perfect  satisfaction,  cost 
less  than  a  standard  phase-splitter,  and  saved  time  by 
not  causing  delay  while  a  standard  starter  was  obtained. 
Kddyville,  Iowa.  HENRY  H.  Brunnkr. 

Hrliavior  of  a  S<'ini-I)i«'H«'I  Oil  F^ii^ine 

I  am  operating  two  100-hp.  vertical  semi-Die.sels  of 
the  dry  type  direct-connected  to  alternators.  The  load 
conditions  are  bad;  for  fourteen  hours  there  isn't  enough 
load  to  show  on  the  meters,  and  then  it  jumps  to  H! 
amperes  per  phase. 

One  night  my  operator  called  me  on  account  of  the 
engine  stopping.  I  tried  to  start  it,  but  found  one  of 
the  pistons  was  seized.  When  I  finally  got  the  engine 
up  to  speed,  it  would  start  to  slow  down  and  finally  stop. 
I  had  to  repeat  the  starting  two  or  three  times.  When 
it  finally  did  start,  everything  was  all  right  and  no  more 
trouble  occurred  for  .some  time.  I  carry  the  cooling 
water  at  155  deg.  F.  on  light  load  and  at  120  deg.  on 
full  load.    What  causes  this  sticking  of  the  pi.ston? 

The  engine  has  a  pound  which  I  cannot  locate.  When 
I  start  it  up  there  is  no  noi.se,  but  after  about  fifteen 
minutes  the  pounding  begins  and  keeps  up.  I  have  all 
the  bearings  very  snug.  Where  does  the  pound  come 
from?  Four  cylinders  have  cracked  at  the  exhaust  end 
air  port  bridges.     What  causes  this? 

Bracketsville,  Tex.  John  M.  Toney. 

[  Possibly  some  of  Pnicer's  readers  who  have  operated 
similar  engines  can  answer  Mr.  Toney's  questions. — 
Editor.] 

Easily  Made  Expansion  Bolt 

When  expansion  bolts  are  required,  it  pays  to  buy 
the  factory-made  article.  However,  very  often  a  bolt 
is  wanted  in  a  hurry,  and  the  plant  may  be  situated 
at  considerable  distance  from  any  source  of  supply. 

Different  emergency  bolts  have  been  described,*more 
or  less   difficult   to   make.     The  one  shown   is  easy  to 
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make  by  taking  an  ordinary  bolt  and  filing  the  head 
tapered  as  shown  at  .4.  Then  take  a  short  piece  of 
lead  pipe  and  with  an  ordinary  handsaw  cut  several 
slots  in  one  end  as  shown  at  B.  Place  the  pipe  over  the 
bolt  and  as  the  nut  is  tightened  on  the  bolt,  the  tapered 
head  is  drawn  into  the  lead  pipe,  thus  expanding  it. 
Portsmouth.  Out.  James  E.  Noble. 
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Faulty  Valve  Adjustment  Caused  Loss 

The  diagrams  shown  in  Fig.  1  were  taken  from  a  144 
X  30-in.  slide-valve  engine.  Diagram  A  shows  the  con- 
dition of  the  valve  adjustments  as  found.  Diagram  B 
shows  the  condition  after  advancing  the  eccentric  22 
deg.  The  average  steam  consumption  per  horsepower- 
hour  calculated  from  diagram  A  is  75.3  lb.;  that  from 
diagram  B  is  40.7  lb.,  a  decrease  of  34.6  lb.  of  steam 
per  horsepower  hour.     For  one  year  this  would  mean  a 


FIO.    1.      BEFORE   AND    AFTER   iFOVINC    EPCENTRIC 


FIG.    2.      ANOTHER   CASE  OF   MOVING    THE   ECCENTRIC 

saving  of  about  225  tons  of  coal,  which  at  $14  per  ton, 
the  present  price,  would  amount  to  $3,150. 

The  diagrams  shown  in  Fig.  2  were  taken  from  a  14 
X  16-in.  center-crank  engine  fitted  with  an  automatic 
flywheel  governor.  The  engine  had  for  some  time  been 
giving  trouble  and  was  gradually  getting  worse. 
Diagram  A  shows  the  condition  of  the  valve  adjustment 
as  I  found  it  upon  first  indicating.  The  crank  end 
showed  a  negative  m.e.p.  of  2  lb.,  caused  by  a  slide- 
valve  not  opening  during  any  period  of  the  stroke. 
The  head  end  was  doing  all  the  work,  admission  occur- 
ring when  the  crank  end  had  completed  63  per  cent  of 
its  stroke.  The  trouble  was  caused  by  the  valve  being 
screwed  too  far  into  the  valve  slides. 

The  steam  consumption  per  horsepower-hour  calcu- 
lated from  diagram  A  is  38.64  lb.,  and  that  calculated 
from  diagram  B  is  20.09  lb.,  a  decrease  of  18.5  lb.  per 
horsepower-hour,  which  made  a  saving  of  123  tons  of 
coal  per  year,  which  at  $14  per  ton  would  mean  a  saving 
of  $1,722  per  year.  C.  J.  Halloran. 

Avoca,  Pa. 

Boiler  Drum  Pitted 

I  recently  made  an  examination  of  a  water-tube  boiler 
consisting  of  six  drums,  three  below  and  three  above. 
The  feed  water  enters  the  rear  lower  drum  through  the 
side,  and  I  found  that  this  drum  was  pitted  and  corroded 
to  a  depth  of  from  J  to  i  in.  In  the  other  drums 
there  was  not  even  a  sign  of  pitting. 

My  theory  is  that,  as  the  feed  water  entered  the  rear 
drum  and  as  it  was  not  passed  through  a  feed-water 
heater,  there  was  more  chemical  action  taking  place  in 
the  rear  lower  drum  than  in  the  others.  If  I  am  not 
right,  I  should  be  glad  to  have  someone  give  me  his 
opinion. 

I  also  found  that  the  short  circulation  tubes  extend- 
ing from  one  drum  to  another  were  only  about  halfway 
through  the  sheet.  I  considered  that  these  tubes  should 
have  been  properly  flared  or  belled,  which  would  have 
prevented  this  condition. 


I  had  quite  a  lengthy  discussion  regarding  the  pres- 
sure in  the  different  drums,  with  an  inspector  who  had 
had  over  twenty  years'  experience.  We  could  not  agree, 
and  we  would  like  to  have  the  opinions  of  Pmver  readers. 
In  the  boiler  mentioned  this  inspector  claimed  that  the 
rear  lower  drum  was  not  subjected  to  the  same  pres- 
sure as  the  others,  and  I  contended  that  inasmuch  as 
the  pressure  parts  are  all  one  unit,  there  is  ju.st  as 
much  pressure  on  the  rear  drum  as  on  any  of  the 
others.  CHARLES  W.  Carter,  Jr. 

Olean,  N.  Y. 

Spontaneous   Combustion   of   Coal 
in  Storage  ^ 

In  the  Sept.  14  issue,  page  428,  there  is  an  article 
headed,  "Spontaneous  Combustion  of  Coal  in  Silo 
Bunkers."  Coal  is  entirely  too  scarce  to  have  such 
losses.  One  of  my  neighbors,  several  years  ago,  had 
trouble  with  spontaneous  combustion  of  coal  stocked  in 
the  open  in  a  pile  about  fifteen  feet  in  depth.  It  was 
necessary  to  remove  it  at  great  expense,  as  the  fire 
could  not  be  put  out,  although  vast  amounts  of  water 
were  directed  on  it  by  the  local  fire  department. 

He  avoided  the  trouble  the  following  year  bv  laying 
square  wooden  troughs  on  the  ground  with  frequent 
hollow    wooden    columns    connected    vertically.      These 
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column  had  holes  chipped  in  the  corners  every  few  feet. 
In  this  way  free  circulation  of  air  was  had  through  the 
coal  and  this 'prevented  spontaneous  combustion. 

If  the  silo  bunker  under  discussion  were  equipped 
with  6-in.  iron  pipe  headers  acro.ss  the  bottom  and  pro- 
truding through  the  sides  to  the  atmosphere  with  a 
number  of  4  in.  vertical  pipes,  8  ft.  center  to  center  con- 
nections with  the  header,  with  sufficiently  large  holes 
-cut  in  them  at  frequent  intervals  and  wire-shielded 
to  prevent  filling. and, obstructing  a  free  circulation  of 
air  spontaneous  combustion  should  be  prevented.  There 
snould  be  a  constant  draft  from  the  outside  .atmosphere 
through  the  pipinp  R.  L.   Beare 

Jackson,  Tcnn. 
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l*otiiuliii<;  in  Snni-nieM'l  Oil  Kn«;inrs 

In  tho  Sept.  28  issue  of  Power  A.  S.  Cahler  (le.scribcs 
tne  action  of  his  25-hp.  oil  enfrine.  I  had  the  .same 
trouble  with  a  100-hp.  and  a  TH-hp.  semi-Diesel  oil 
enjrine,  both  in  a  lijrht  plant.  I  am  unable  to  answer 
all  his  questions,  but  can  tell  him  how  I  pot  around 
the  difficulty. 

The  builders  of  the  enpine  advocate  a  temperature  of 
120  to  160  dep.  for  the  coolinp  water.  The  temperature 
inside  the  cylinder  is  much  hipher.  On  a  heavy  load 
the  heat  produced  by  the  combustion  of  the  fuel  is  not 
carried  away  fast  enough.  We  lowered  the  temperature 
to  100  to  110  dep.  durinp  peak  load  and  used  a  medium- 
heavy  prade  of  Die.sel  lubricating  oil.  This  ended  the 
trouble.  A.  \V.  Gratke. 

Strawberry    Point,    Iowa. 

Mr.  Gabler's  engine  trouble  is  largely  due  to  over- 
load. However,  it  is  probable  that  the  exhaust  ports 
and  possible  that  the  air  ports  in  the  cylinder  have  filled 
up  with  carbon,  due  to  excessive  amounts  of  lubricating 
oil  used  in  the  cylinder. 

It  is  not  likely  that  the  fuel  pump  is  causing  trouble, 
unless  from  the  governor.  If  the  governor  "slams,"  or 
pounds  against  its  stop,  the  pump  will  take  a  full  stroke 
several  times  and  then  cut  out  for  a  few  revolutions 
of  the  flywheel,  causing  the  engine  to  run  very  irregu- 
larly. This  can  be  remedied  by  tightening  up  on  the 
governor  friction,  which  makes  the  governor  less  sen- 
sitive. 

The  air  intake  valve  into  the  crankcase  may  be 
clogged,  especially  if  the  air  is  piped  in  from  outside 
the  building. 

As  a  last  resort,  and  not  at  all  to  be  recommended,  a 
hole  can  be  tapped  into  the  air  passage,  between  the 
crankcase  and  the  cylinder,  a  check  valve  and  small  pipe 
line  run  from  the  water  supply  to  this  tapped  opening 
and  a  small  amount  of  water  fed  into  the  cylinder. 
This  water,  mixing  with  the  scavenging  air,  will  pre- 
vent preignition  on  heavy  loads.  The  use  of  water  is 
not  advisable  in  this  engine,  but  neither  is  an  overload 
advisable.  Nevertheless,  in  a  pinch  the  water  is  useful 
and  will  do  no  harm  other  than  increasing  cylinder  wear. 

Versailles,  Mo.  R.  Moser. 


In  reference  to  the  letter  of  A.  S.  Gabler  I  have  this 
to  say  for  his  information  and  assistance; 

It  is  characteristic  of  the  dry  type  of  engine  to  pound 
when  loaded  at  or  near  its  capacity  and  to  "die  down" 
when  overloaded.  The  pounding  is  due  to  two  condi- 
tions as  a  rule.  One  is  early  injection  of  the  fuel,  par- 
ticularly with  a  light  fuel,  and  the  other  is  the  fact 
that  this  is  a  dry  engine — that  is,  one  having  no  spray 
water  injected  into  the  cylinder  to  ab.sorb  the  excess 
heat  and  consequently  soften  the  pounding  due  to  the 
first  condition.  As  the  engine  approaches  its  load 
capacity,  it  is  unable  to  get  rid  of  the  excess  heat 
through  the  exhaust  and  the  cylinder  jacket  wa,ter  with 
the  result  that  the  piston  becomes  overheated  and 
expands  to  the  point  where  it  binds  the  walls  of  the 
cylinder,  resulting  in  additional  pounding,  in  the  wrist- 
pin  and  crankpin  bearings.  The  engine  then  slows 
down,  the  governor  opens  up  the  pump  stroke  to  care  for 
this  and  makes  matters  worse  by  injecting  an  excess 
of  fuel  just  when  it  is  not  wanted,  creating  more  heat; 
Then,  as  something  has  to  happen,  the  engine  "dies 
down." 


While  the  operator  is  getting  his  torch  ready,  this 
excess  heat  is  being  radiated  through  the  jackets  and 
to  the  air  from  the  piston.  This  docs  not  take  very 
long;  the  piston  is  soon  free  again  and  easy  to  move, 
and  the  engine  goex  on  as  if  nothing  were  out  of  the 
way. 

The  only  real  and  lasting  solution  of  Mr.  Gabler's 
problem  is  to  stop  overloading  the  engine,  but  since  I 
am  going  through  with  the  .same  condition,  I  know  that 
is  a  practical  impossibility  unless  he  can  get  another 
engine  for  his  plant.  The  next  sugge.stion  is  that  he 
shorten  his  fuel-pump  stroke  to  the  point  where  his 
engine  will  just  maintain  full  speed  under  normal  load 
and  then  allow  the  load  to  govern  it  when  overloaded. 
Of  course,  this  will  cause  the  lights  to  be  dim,  but 
that  cannot  be  avoided  with  an  overloaded  engine  of 
this  type,  and  I  find  that  the  public  would  rather  have 
dim  lights  continuously  than  intermittent  lights. 

He  will  find  that  this  adjustment  will  cut  down  some 
of  the  excess  heat  and  carbon  deposits  and  lessen  the 
frequency  of  his  exhau.st-pot  burnouts.  It  will  also 
help  if  he  will  clean  out  the  exhaust  ports  frequently. 

The  extra  lubrication  .seems  to  help  the  engine 
because  it  serves  to  carry  off  some  of  the  excess  heat 
from  the  piston  and  consequently  delays  the  expansion 
of  the  piston  to  the  binding  point.         F.  C.  WILLIAMS. 

Ranger,  Texas. 


Having  experienced  "grief"  similar  to  that  of  Mr. 
Gabler,  I  am  sure  his  trouble  with  the  25-hp.  semi- 
Diesel  engine  lies  in  overheating.  While  overheating 
may  be  caused  in  this  engine  by  late  fuel  injection,  the 
.symptoms  described  by  Mr.  Gabler  would  rather 
indicate  insufficient  circulation  of  the  cooling  water  or 
scale-coated  cooling  surface.  Smoky  exhaust  will  result 
from  overcharge  of  fuel,  but  the  pounding  and  dying 
down  seem  to  indicate  overheating. 

It  will  be  readily  understood  that  when  the  cylinder 
is  very  hot  the  first  part  of  the  air  charge  expands  and 
fills  the  combustion  chamber  with  a  very  light  charge  of 
thin  air,  which  does  not  contain  enough  oxygen  for 
complete  combustion  of  a  full  charge  of  fuel;  therefore 
the  unburned  fuel  leaves  the  exhaust  in  the  form  of 
.smoke  rather  than  in  the  form  of  the  products  of  good 
combustion. 

The  pounding  is  caused  by  the  charge  being  exploded 
by  the  excessive  heat,  whereas  under  a  normal  ignition 
temperature  a  more  gradual  and  more  complete  com- 
bustion takes  place. 

I  would  suggest  that  the  water  jacket  be  thoroughly 
scaled  and  the  lubricator  slowed  down  to  normal,  for 
over-lubrication  will  cause  a  carbon  deposit  and  aggra- 
vate the  overheating,  although  a  copious  supply  of  lubri- 
cant will  temporarily  help  by  forming  a  seal  between 
c  .e  piston  and  the  cylinder  wall,  especially  if  the 
cylinder  be  worn  or  the  rings  "set"  by  a  carbon  deposit. 

Olden,  Tex.  George  B.  McClellen. 


Coal  for  power  generation  will  be  replaced  so  far  as 
possible  by  the  use  of  peat  in  the  electrification  of  rail- 
roads in  the  vicinity  of  the  large  German  cities,  accord- 
ing to  Electric  Traction,  Great  hopes  are  being  placed 
on  the  new  Theissen  10,000  hp.  vertical  gas  turbine, 
two  of  which  have  been  ordered  for  use  on  the  German 
railways.  It  is  hoped  that  they  will  be  able  to  replace 
the  coal-burning  locomotives.  The  peat  bogs  at  Osna- 
bruck  will  furnish  the  fuel. 
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INQUIRIES   (fl 
OF  GENERAL 
INTEREST 


Water  in  Crankcase  of  Semi-Diesel  Engine — What  causes 
water  in  the  crankcase  of  a  vertical  semi-Diesel  oil  engine? 

B.  R. 

If  the  water  enters  the  air  passage,  some  will  drip  down 
into  the  crankcase.  Often  on  vertical  engines,  heavy  charges 
of  water  will,  in  this  manner,  flow  down  along  the  piston. 


Inclination    for    Horizontal    Return-Tubular    Boiler — How 

much  should  a  horizontal  return-tubular  boiler  be  set  lower 
at  the  rear  than  the  front  end  ?  W.  L. 

To  facilitate  drainage  to  the  blowoff  and  insure  submerg- 
ence of  the  tubes  at  the  rear  end,  the  boiler  should  be  set 
with  a  pitch  of  about  A  in.  per  foot  toward  the  rear  end. 


Benefit  cf  Heavy  Flywheel — What  effect  has  the  weight 
of  a  flywheel  on  the  speed  regulation  of  an  engine?     R.  M. 

The  main  purpose  of  a  flywheel  is  to  regulate  the  speed 
of  an  engine  during  one  cycle  by  controlling  the  minor 
fluctuations  due  to  uneven  effort  or  resistance,  and  a  heavy 
flywheel  materially  assists  the  governor  in  speed  regulation 
by  retarding  the  fluctuations  in  mean  speed  and  giving  the 
governor  time  to  act. 


Disadvantage  cf  High  Vacuum  for  Reciprocating  Engine — 

Why  is  it  not  economical  to  t.y  to  maintain  a  high  vacuum, 
say  29  in.,  for  operation  of  a  reciprocating  engine? 

J.  H.  V. 
In  addition  to  the  increased  cost  of  operation,  particularly 
from  leakage  due  to  greater  difference  of  pressure  on  oppo- 
site sides  of  valves  and  piston,  and  increase  of  air  leaks  in 
the  condenser  connections,  a  very  high  vacuum  is  objection- 
able, as  it  increases  cylinder  cooling,  causing  greater  lo2S 
from  condensation  that  must  be  made  up  by  supplying  the 
engine  with  additional  steam.  The  increase  in  operat'ng 
cost  becomes  greater  than  the  benefit  obtained  by  reduc- 
tion of  back  pressure. 


Us-e  of  Double-Ported  Valves — What  is  the  object  of  a 
double-ported  valve?  C.  D.  F. 

A  double-ported  valve  is  employed  for  the  purpose  of  ob- 
taining the  desired  area  of  port  opening  with  small  move- 
ment of  the  valve.  Cylinders  of  large  size  require  ports  of 
considerable  width,  and  with  single  port  openings,  the  nec- 
essary travel  of  the  valve  becomes  excessive.  Other  things 
being  equal,  the  work  required  to  actuate  the  valve  va:ic3 
directly  as  the  travel.  The  double-ported  valve  gives  twice 
the  steam  opening  of  an  ordinary  valve  with  the  same 
travel  and  therefore  is  much  used  for  large  cylinders.  For 
Corliss  engines,  large  and  quick  port  openings  are  needed 
where  the  engines  are  operated  at  the  highest  speeds,  par- 
ticularly for  long  range  of  cutoff,  and  to  meet  the  require- 
ments double-ported  valves  are  used. 


Economy  of  Direct-Acting  Steam  Pump — Why  are  direct- 
acting  steam  pumps,  such  as  used  for  boiler  feeding,  so 
much  less  economical  of  steam  required  per  horsepower-hour 
than  most  types  of  steam  engines?  L.  K. 

In  pumps  of  this  kind  the  load  is  constant  during  the 
whole  st:oke  and  it  is  impracticable  to  obtain  the  benefit 
of  expansion  of  the  steam  by  cutting  off.  With  cutoff  there 
is  an  excess  of  ener^  during  the  first  half  of  the  stroke 
and  a  deficiency  during  the  latter  half  of  the  stroke,  requir- 


ing storage  and  redistribution  of  the  energy,  as  by  employ- 
ment of  a  flywheel.  The  piston  cf  a  d.rect-acting  purnp 
without  any  such  device  would  stop  the  moment  the  steam 
was  cut  off,  except,  perhaps,  in  fast-running  pumps  with 
heavy  reciprocating  parts,  where  it  may  be  possible  to  opar- 
ate  with  cutoff  a  short  distance  from  the  end  of  the  stroke, 
depending  on  the  momentum  of  the  reciprocating  parts  to 
carry  the  piston  to  the  end.  But  in  ordinary  pumps  for 
general  service,  this  is  not  practical,  and  steam  must  be 
admitted  the  full  length  of  the  stroke  and  exhausted  into 
the  atmosphere  or  condenser  at  high  pressure  with  great 
waste  of  steam. 


Steam  Discharged  to  Atmosphere  Through  Three-eighths- 
inch  Orifice— What  quantity  of  steam  at  90  lb.  gage  would 
be  discharged  to  the  atmosphere,  per  hour,  through  an  ori.ics 
i  in.  diameter?  P.  G. 

Vv'hen  the  final  absolute  pressure  is  less  than  0.58  of  the 
initial,  the  discharge  given  by  Napier's  formula  is  accurate 
enough  for  most  calculations;  namely: 
p  X  a 

where  w  =  flow  in  pounds  per  second;  p  —  initial  absolute 

pressure  of  the  steam,  pounds  per  sq.  in.,  and  a  =  area   cf 

the  smallest  section  of  the  nozzle  or  orifice  in  square  inches. 

Having  an  initial  pressure  of  90  lb.  gage,  or  90  -|-  14.7  = 

104.7  lb.  per  sq.in.   absolute,   and   ai-ea   of  orifice  equal   to 

2  X  i  X  0.7854  =  0.11045'  sq.in.,  by  substitution  the  formula 

becomes, 

104.7  X  0.11045       „  ,„.,  ,, 

=  0.1651  (0.  per  sec. 


70 

or  a  discharge  of  0.1651   x   60   x   60 
per  hour. 


594.36  lb.  of  steam 


Relative  Steam  for  In-Stroke  and  Out-Stroke — Which 
stroke  of  an  engine  should  be  supplied  with  more  steam  ? 

F.  S.  B. 

In  an  engine  without  a  tail  rod,  the  volume  of  piston  dis- 
placement and  the  effective  area  of  the  crank  side  of  the 
piston  are  less  than  for  the  other  side  on  account  of  the 
presence  of  the  piston  rod.  For  the  same  work  a  higher 
mean  effective  pressure  will  be  required  for  the  stroke 
from  the  crank  end,  requiring  somewhat  longer  period  cf 
admission,  although  with  other  conditions  equal,  for  the 
.same  work,  each  end  will  require  practically  the  same  quan- 
tity of  steam.  But  on  account  of  the  angularity  of  the  con- 
necting rod,  more  degrees  of  rotation  of  the  shaft  are  ac- 
complished while  the  piston  is  in  the  crank-end  half  of  th3 
cylinder,  and  the  work  in  performance  of  rotation  will  be 
more  uniformly  distributed  by  admission  of  more  steam 
for  the  stroke  from  the  crank  end  than  from  the  head  end 
of  the  cylinder.  With  a  vertical  engine,  more  steam  should 
be  admitted  on  the  up-stroke  to  compensate  for  lifting  the 
weight  of  the  piston  and  attached  reciprocating  parts,  in 
addition  to  the  quantity  admitted  for  more  uniform  distri- 
bution of  the  rotative  effect. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Low-Trinpcratiire  Dislillalion  of  Coal  in 


llolalinjj  Coke  Oven 

By  DIRRKTOR  DR.  ING.  E.  ROSER 


IN  PRODUCER-GAS  plants  pnsifyinfc  coal,  the  tempera- 
tures in  the  iliflFcrent  zones  do  not  remain  constant. 
The  producer  frequently  has  to  be  stol<ed,  unequal  size 
of  coal  causes  rim  firing,  parts  of  undistilled  coals  enter 
the  gasification  and  even  combustion  zones,  before  being: 
distilled  or  p^Jsified.  All  these  (Circumstances  make  it  im- 
possible to  produce  li^ht  carbureted  hydropens  in  producer- 
pras  plants,  even  if  they  are  run  slow  and  cold.  The  great 
increase  in  the  output  of  tar  at  low-distillation  tempera- 
tures points  also  to  the  fact  that,  when  distillinij  in  a  pas 
producer,  the  yield  of  tar  depends  to  a  jireat  extent  on  the 
temperatures  prevailing  in  the  distillation  zone.  The  out- 
put of  tar  is  much  lower  when  distilling  the  coal  in  a  gas 
producer  than  when  treating  it  in  the  rotary  oven  at  low 
temperatures. 

To  make  almost  entirely  available  the  bitumen  contained 
in  the  coal  in  its  primary  condition,  the  author  of  this 
report  started  to  commerci- 
ally develop  the  process  of 
separated  distillation  and 
gasification  in  two  separate 
apparatus.  After  a  number 
of  trials  a  distillation  oven 
in  form  of  a  rotating  oven, 
such  as  shown  and  used  for 
the  manufacture  of  cement, 
was  designed,  constructed 
and  installed  by  Thyssen  & 
Co.,  A.  G.  Maschinenfabrik. 
The  rotating  oven  was  chosen 
on  account  of  the  favorable 
experiences  with  the  produced 
half-coke,  which  proved  well 
suited  for  the  gasification  in 
gas  producers.  This  first  trial  plant  with  an  output  of  50 
tons  has  been  continuously  working  since  the  middle  of 
1919.  The  simplicity  of  the  rotating  coke  oven  in  design, 
construction  and  running  conditions  has  proved  to  be  the 
best  solution  in  every  respect.  The  use  of  the  rotating 
coke  oven  for  the  distilling  of  carboniferous  materials  is  in 
principle  well  known. 

Results  Obtained  in  a  Rotating  Coke  Oven 

When  distilling  one  ton  of  raw  gas  coal  of  the  Gewerk- 
schaft  Friedrich  Thyssen,  Lohberg,  in  the  rotating  coke 
oven,  the  output  was  on  an  average: 

Tar  free  from  water    (10  per  cent),   100  kg.    (220  lb.). 

Uncleaned  light  oils  extracted  from  the  distillation  gases 
evaporating  up  to  200  deg.  C.  (392  deg.  F.),  (3.0  per  cent), 
30  kg.   (66  lb.). 

Distillation  gases  np  to  9,()00  cal. 

Lower  heating  value,  in  the  average  about  7,000  cal.*  of 
the  following  composition: 


After  deducting  the  amount  of  heat  necessary  for  the 
healing  of  the  oven,  the  following  amounts  of  heat,  chem- 
ically bound,  are  carried  away  with: 

150,11  Ml    (5.290  5  .11  fl  )  ..f  ilihtillation  B0«  (7,000  ral    (27.- 

720K  t  11  I  pirOdiK  Milioul                                       1,050.000kg  pirrkl. 

100  kg.  (  },53l  111  ft  I  <if  li)w-tcniprrotiir<-  tiir  (8,600  cal.  per 

kg  l.(}l.()80lt  t  II  ),al.oiit  860.000  kg  p.r.al 

650  kR  (1,430  111  ■  balf-<-ok.(6,000.al.  |«rkBl,ttt)Out 3,900,000  kit  p<r  .■»! 

30  kg  (66  111  )  liKht  oil  (to, 000  cal.  per  kg  ),  about 300,000  kg  |i<r  ral 

Total  (ulciniH  of  Iwal  cliiiniially  bound,  about    6,110,000  kg.  per  cal 

riiiTiiial  cfrnii'my  of  a  iDwIrinprraturcgan  plant — 

''.nnono      ,„„     „„  .        . 

6  600  000  -^  '"^  "  90  Pf^f  "!"<■  approximately 


The  coal  is  distilled  in  a  rotating  oven  similar  to 
those  used  in  cement  mills  The  low-temperature 
tar  is  reported  to  yield  90  per  cent  of  the  bitumens 
in  the  coal  as  against  50  per  cent  under  present 
methods.  The  "half-coke"  residue  is  said  to  be 
suitable  for  use  on  mechanical  stokers.  Experi- 
ments shotv  that  so  far  about  8.5  per  cent  more  elec- 
trical energy  mxty  be  obtained  by  using  gas  engines 
or  gas  turbines  as  well  as  oil  engines  and  by 
thoroughly  using  the  byproducts,  than  is  obtained 
by    direct    coal    firing    and    steam-turbine    service. 


Per  cent  Per  cent 

63  10  6 


<'i  CO  Hj  CH4  Ns 

Per  cent     Per  cent      Per  cent      Per  cent       Per  cent 

20  46  0  64  5  119 


about  =  150  cu.m.  Half-coke,  after  deducting  the  amount 
of  heat  necessary  for  heating  and  rotating  coke  oven, 
about  650  kg.  (1,430  lb.). 

HEAT    B.^LAN'CE    OF    THE  LOW-TEMPERATURE  DISTILLATION  IN 
THE  ROTATING  OVEN 

I  ton  of  raw  gas  coal  of  the  Gewerkschaft  Friedrich  Thvsisen 

contains  about 6,800.000  kg.  perca!    '26,928,000  B.tu  ) 

•Abstract  of  a  paper  by  the  author  in  Stahl  und  Eiscn, 
DUsseldorf,   Germany. 

iThe  B.t.u.  equivalent  of  the  kilogram-centigrade  calorie  is  S.96. 
The  large  or  kilogram-centigrade  calorie  is  the  heat  necessary  to 
raise  1  kg.  of  water  1  deg.  C.  The  kilogram  equals  2.2  lb.  and 
one  degree  centigrade  equals  1.8  dog.  F.,  therefore  1  X  2.2  X  1.8 
=    S.96. 


The  half-coke  can  be  gasified  in  gas  producers  as  well 
as  burned  on  stepped  grates  under  boilers.  The  briquets 
made  from  the  half-coke  will  be  welcomed  in  households. 
The  half-coke  can  well  be  briquetted.  Pitch  needs  much 
less  to  be  added  than  is  required  for  briquetting  slack  coal. 

Dr.  Wittfield  proposed  to 
gasify  all  coal  required  by 
the  state  railway  in  Prussia. 
which  in  1913  amounted  to 
11,000,000  tons,  in  the  whole 
of  Germany  to  17,000,000  tons. 
The  briquetted  half-coke 
could  be  burned  in  locomo- 
tives and  the  oil  utilized  in 
oil  engines.  By  doing  this 
the  heat  and  coal  efficiency 
in  the  railway  service  would 
be  a  much  better  one,  the 
supply  of  illuminating  gas  to 
the  cities  and  towns  more 
reliable  than  up  to  now. 
The  railways  are  bound  to 
have  their  coals,  as  the  traffic  has  to  be'  carried  on.  If 
the  whole  amount  of  coal  used  by  the  railways  should  be 
distilled  in  this  way,  illuminating  gas  for  about  25,000,000 
people  would  be  obtained,  and  in  consequence,  the  consump- 
tion of  coal  by  the  gas  works  would  be  correspondingly 
less. 

When  distilling  fuel  of  less  value,  coal  dust,  etc.,  the 
rotating  coke  oven  would  be  a  suitable  apparatus  on  account 
of  its  simplicity  and  reliability. 

Half-Coke  and  Distilled  Gas  for  Power  Purposes 

Even  more  than  in  1918  the  sentence  is  still  valid  thaf 
"power  engines  without  being  connected  to  a  byproduct 
recovery  plant,  cannot  any  more  be  considered,  according  to 
the  actual  state  of  the  technique,  as  being  the  most  advan- 
tageously and  economically  working  power  machines."  In 
addition  to  this  there  is  to  be  considered  the  fact  that 
the  price  of  coal  will  again  be  raised  shortly. 

The  cost  of  production  of  a  kilowatt-hour  will  be  con- 
siderably less  when  distilling  the  coal  in  the  rotating  coke 
oven  and  afterward  burning  or  gasifying  the  half-coke  or 
burning  the  briquets  made  in  gas  producers  or  under 
boilers,  as  compared  with  gasifying  the  coal  or  burning  it 
directly.  It  is  also  of  importance  that  even  the  small 
manufacturer  will  be  able  to  distill  in  a  rotating  coke  oven 
the  coal  required  and  so  recover  the  tar  before  burning  the 
coal  under  boilers. 

The  following  tabulation  shows  that  there  is  no  higher 
consumption  of  coal  when  recovering  the  byproducts,  gasi- 
fying the  half-coke  and  using  the  gas  in  gas-engine  or 
turbine  power  plants.  In  the  power  service  of  large  indus- 
trials, owing  to  the  use  of  gas  engines  or  gas  turbines  as 
well  as  oil  engines,  and  through  entirely  utilizing  the 
byproducts,  1,392  kw.  against  1,280  kw,  are  obtained  by 
direct  coal  firing  and  steam-turbine  service;  that  is  to  say, 
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about  8.5  per  cent  more  kilowatt-hours  can   be  generated 
from  one  ton  of  coal. 

When  in  steam  power  work  the  steam  boilers  are  fired 
by  gas  from  gas  producers,  and  when  the  distillation  gas, 
free  from  tar,  is  added  to  the  producer  gas,  then,  out  of 
one  ton  of  coal  about  25  per  cent  less  kw.-hr.  will  be 
produced  than  by  direct  coal  firing.  The  exploitation  of 
such  products  as  grease,  paraffin  and  pitch  when  making 
use  of  the  rotating  coke-oven  process,  is  not  here  considered. 

Utilization  of  Coal  in  Power  Works 

Steam-power  installation :  Out  of  one  ton  of  gas  coal  of 
the  Friedrich  Thyssen-Gewerkschaft  can  be  produced  in 
modern  power  plants  with  steam  turbines  at  full  load: 

By  direct  firing  of  the  coal  under  the  boiler: 

1000       7000 

=    1.280   kw-hr. 

5450 

Value  r!  byproduc  s        0 

By  gas  firing  after  distillation  and  gasification  of  the 
coal  and  firing  of  the  recovered  half-coke  gas  and  the  dis- 
tillation gas  under  the  boiler: 

650  kg.  (1.430  lb.)  half-coke  3,300,000  cal.    (13,058,000  Bt.u  )  in  the 

half-coke  gas. 
<  50  cu.m.  (5,290  cu.ft.)  distillation  gas     1 .050,000  cal.  in  the  distillation  gas 

4,350,000 
4,350.000 

=    820  kw-hr 

5,300 
.Available  from  the  waste  heat  of  the  gasificator  35    kw.-hr. 

Besides  this  the  following  valuable  byproducts  are 
recovered : 

About  30  kg.  (66  lb.)  of  light  oil  in  oil  engines 75    kw.-hr. 

About  30  kw.  of  driving  oil  in  oil  engines 67     kw.-hr. 

About  20  kg.  (44  lb.)  of  lubrication  oil  and  paraffin. 
About  35  kg.  (77  lb.)  of  pitch  and  coal  dust. 

Gas  Poiver  Works:  Out  of  one  ton  of  gas  coal  of  7,000 
cal.    (12,500   B.t.u.   per  lb.)    after   deducting  the   heat   re- 


quired by  the  rotating  coke  oven,  the  following  products  are 
available: 

650  kg.  (1,430  lb.)  half-coke  6,000  cal.  These  give:  3.9  X  650  = 
2,540  cu.  m.  gas  of  1,300  X  2,540=3,300,000  cal.  in  gas  power 
engines    3,300,000 

=      920  kw.-hr. 

3.570 

Waste  heat  of  the  gasificator 35  kw.-hr 

.\bout  150  cu  m.  (5,295  eu.ft.)  distillation  gas  of  about  7.000  cal. 
( 12,500  Bt.uner  lb.)  = 1,050,000 

Cal.  in  gas  power  engines 1,050.000 

3,570  °^  ^^^  Kw.-hr. 

About  30  kg.  (66  lb.)  light  oil  evaporating  up  to  200  deg.  in  mobil 
light  oil  power  engines  30,000 

— —  =    75   kw-hr. 

400 
About  30  kg.  (56  lb.)   driving  oil  evaporating  above  200  deg.  in 
heavy  oil  power  engines    30,000 

=    .         67  kw.-hr. 

450 
Total  1,392  kw.-hr. 

Besides  this  the  following  products  are  recovered: 

About  20  kg.  (44  Ib.l  lubricating  oil  and  parafEn;   about  35  kg.  (77  lb  )  pitch  and 
coal  dust. 

The  low-temperature  tars  and,  in  consequence,  the  still 
richer  rotating  coke-oven  tars  have  become  valuable,  since 
our  demand  for  oil  depends  to  a  great  extent  upon  the  pro- 
duction of  tar.  The  want  of  coal  and  the  difficulties  of 
traffic  have,  in  connection  with  the  low  value  of  the  mark 
contributed  much  to  the  increase  of  the  tar  value.  Ameri- 
can coals  imported  into  Germany  cost  at  present  3,000 
marks  per  ton.  American  engine  oil  is  not  to  be  had  under 
1,000  marks  per  100  kg.  The  recovery  of  the  byproducts 
from  a  ton  of  coal  gasified  by  the  new  process  is  much 
higher  than  by  the  processes  known  up  to  the  present. 
Ammoniac  is  not  sought  in  the  rotary  oven  process. 

[The  men  engaged  in  the  development  of  the  low-tem- 
perature distillation  referred  to  in  this  abstract  are,  besides 
Dr.  Roser,  Hans  Holzwarth  and  Dr.  Heckel,  all  well  known 
in  America. — Editor.] 
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A  Typical  Low-Water  Boiler  Explosion 

At  6:57  n.m.  Oct.  H,  n  boilor  exiilodcd  at  the  plant  of  thi- 
VVoUinfrton  Mnchini'  Co.,  WcUinjrton,  Ohio,  killing  two  and 
injurinp  one,  four  others  having  a  narrow  escape.  The 
propiTty  loss  was  from  seven  to  ten  thousand  dollars. 

The  boiler  was  a  three-rinn:  horizontal  return-tubular 
type  of  lap-joint  construction,  72  in.  in  diameter  by  16  ft. 
lonjr,  having  80  four-inch  tubes.  It  was  built  in  1904.  On 
Jan.  25,  11*20,  when  the  last  internal  inspection  was  made 
by  a  qualified  inspector,  the  boiler  was  found  in  (food  con- 
dition and  K>nnted  a  certificate  for  100  lb.  working  steam 
pressure. 

About  5:20  on  the  morninp;  of  the  explosion  the  enRineer, 
Fred  Burton,  who  had  carried  a  tliird-class  Ohio  license 
since  11'05,  arrived  at  the  plant  and  broke  down  his  fire, 
which  had  been  banked  from  the  nipht  before.  Toprether 
with  several  other  employees,  he  fired  the  boiler  for  some 
thii-ty  minutes  without  any  apparent  results  toward  getting 
up  steam,  the  nape  repisterinp  only  a  few  pounds.  He, 
then,  as  the  result  of  an  afterthought,  looked  at  his  water 
plass  and  discovered  that  his  water  was  gone.  He  next 
attempted  to  start  the  boiler-feed  i')ump,  but  owing  to  the 


BOIT.ER  ROOM   SHORTI.Y   AFTER  EXPLOSION 

low  pressure  in  the  boiler,  it  was  very  sluggish.  He  then 
returned  to  the  front  of  the  boiler  and  started  to  get  his 
scraper  to  pull  the  fire.  At  this  moment  one  of  the  factory 
employees  who  was  in  the  boiler  room  noticed  the  pointer 
on  the  steam  gage  rise  to  about  80  lb.  and  started  to  remark 
that  everything  was  all  right,  he  now  had  plenty  of  steam; 
but  as  he  started  to  say  "steam,"  the  explosion  occurred, 
the  result  of  which  tore  down  the  boiler  setting  and  moved 
the  rear  of  the  boiler  about  four  feet  and  the  front  six  feet 
to  the  right,  tore  out  a  brick  wall  between  the  boiler  room 
and  the  factory  and  generally  wrecked  the  adjoining  brick 
walls.  The  rest  of  the  factory  was  not  injured  to  any  great 
extent. 

At  the  time  of  the  explosion  there  were  seven  men  in  the 
room,  which  was  not  very  large  and  contained  not  only 
the  boiler,  but  also  the  engine,  pump  and  heater.  The 
engineer  was  buried  under  the  boiler  front  and  some  brick 
work  and  although  still  alive  when  removed,  died  on  the 
way  to  the  hospital.  George  Whitney,  was  standing  in  the 
passage  way  between  the  engine  and  boiler  wall  and  was 
buried  beneath  the  boiler  and  brickwork  and  literally  roasted 
alive  by  the  brickwork  and  hot  boiler.  Frank  Rowell  re- 
ceived a  fractured  leg,  and  the  others  escaped  with  a  few 
slight  scratches  and  bruises,  and  were  able  to  be  art  work 
the  next  day. 

Fred  Edwards,  master  mechanic  of  the  Wellington  Ma- 
chine Co.,  made  the  statement  that  upon  arriving  at  the 
plant  about  twenty  minutes  after  the  explosion,  he  found 
the  boiler  and  boiler  tubes  still  red-hot. 

All  the  information  herein  was  gathered  from  records 
and  interviews  with  the  survivors. 

As  the  result  of  an  inspection  of  the  exploded  boiler,  the 
following  facts  were  gathered:  The  entire  shell  exposed 
to  the  fire  and  all  the  tubes  showed  that  they  had  been 


red-hot,  all  soot  and  other  matter  having:  been  burned  from 
them,  (fiving  the  metal  the  well-known  appearance  which 
results  from  overheating.  The  initial  rupture  was  about 
s  X  feet  long,  extending  the  length  of  the  middle  course  • 
little  to  the  left  of  the  bottom.  The  edges  of  the  sheet 
were  reduced  to  almost  a  knife  edge,  due  to  the  pulling 
apart  of  the  metal,  which  had  been  heated  until  quite  soft. 
The  girth  joint  between  the  first  and  second  courses  was 
onened  up  about  three  feet,  but  no  rivets  had  been  sheared, 
the  sheet  having  pulled  away  from  rivet  shanks.  There 
was  also  a  little  to  the  right  of  the  large  rupture  another 
opening  in  the  shell  about  four  inches  long,  and  extending 
for  several  feet  to  each  end  of  this  the  sheet  was  drawn 
almost  in  two,  indicating  that  if  the  boiler  had  not  opened 
up  where  it  did,  it  would  have  opened  at  this  point. 

An  inspection  of  the  wreckage  confirms  the  belief  that 
the  explosion  was  the  result  of  the  fallibility  of  man.  Had 
the  engineer  learned  and  applied  the  first  duty  of  an  en- 
gineer upon  entering  a  boiler  room  (ascertain  the  condi 
tion  of  the  water  in  the  boiler),  this  accident  would  not  have 
occurred.  Another  fact  was  brought  out  by  this  accident, 
and  that  is  that  had  the  boiler  been  provided  with  a  fus- 
ible plug  as  is  always  recommended  by  the  Ohio  Boiler 
Inspection  Department,  but  not  required  on  boilers  installed 
previous  to  the  enactment  of  the  boiler  inspection  law,  the 
accident  would  not  have  occurred,  for  in  that  case  the 
melting  of  the  fusible  plug  would  have  given  warning  to 
the  engineer  and  would  have  relieved  the  pressure  to  such 
an  extent  that  the  pump  would  not  have  responded  at  all. 

The  object  of  this  report  is  not  to  criticize  the  engineer 
or  any  other  person  concerned  either  directly  or  indirectly, 
but  to  put  forth  the  facts  which  may  at  some  future  time 
save  the  destruction  of  life  and  property. 

The  Inspiring  Outlook  for  American 
Engineering* 

By  Morris  Llewellyn  Cooke 

The  hour  of  opportunity  for  the  engineering  profession 
leally  seems  to  have  arrived.  All  the  problems  of  our 
common  life  have  come  to  be  recognized  as  of  a  size  and 
complexity  requiring  basic  solution.  On  the  one  hand  we 
sse  indications  that  the  public  is  beginning  to  lose  faith  in 
short  cuts  and  political  expediency  and  will  more  and  more 
demand  social  and  economic  readjustments  based  on  a  full 
understanding  of  all  the  facts  and  a  thorough-going  orienta- 
tion of  all  the  elements  in  any  given  situation.  On  the  ■ 
other  hand,  there  is  clearly  discernible  throughout  our  pro- 
fession a  growing  sense  that  somehow  the  engineering 
approach  is  what  is  needed  if  ordered  progress  is  to  be  the 
watchword  for  a  civilization  in  the  agonizing  process  of 
seeking  new  levels.  Every  day  sees  us  ready  to  broaden  our 
definition  of  engineering.  'To  the  fields  of  design  and  con- 
struction we  are  adding  operation  with  ever-increasing 
emphasis.  No  one  has  stated  this  expansion  in  the  scope  of 
the  field  of  our  profession  in  a  more  illuminating  fashion 
than  Herbert  Hoover,  when,  in  speaking  of  the  engineer, 
he  said: 

Unlike  the  doctor,  his  is  not  the  struggle  to  save  the 
weak.  Unlike  the  soldier,  destruction  is  not  his  prime 
function.  Unlike  the  lawyer,  quarrels  are  not  his  daily 
bread.  Engineering  is  the  profession  of  creation  and  of 
construction,  of  stimulation  of  human  effort  and  accom- 
plishment. 

Such  a  job  is  certainly  there  to  be  done.  Even  if  we 
have  not  been  officially  tagged  or  designated  to  do  it,  we 
must  admit  that  there  is  no  other  agency  or  division  of 
society  competing  with  us  for  the  opportunity  to  do  it.  It 
therefore  comes  down  to  the  question  of  our  capacity  to 
embrace  an  opportunity  as  splendid  as  it  is  obvious.  Are  we 
ready  for  it?  And  what  must  we  do  further  to  prepare 
for  it? 

In  the  first  place,  our  efforts  must  be  coordinated,  first 
into  societies,  then  into  a  national  unit,  and  ultimately 
throughout  the  world.     We  have  long  had  our  engineering 
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societies,  and  we  have  been  revamping  them  and  developing 
them  in  recent  years.  We  are  now  organizing  our  Feder- 
ated American  Engineering  Societies,  which  form  the 
national  unit.  The  international  aspect  of  the  case  is  part 
of  our  future  problem.  The  development  of  engineering 
solidarity  will  be  impossible,  however,  except  as  we  break 
down  the  distinctions  between  men  practicing  in  different 
branches  of  the  profession.  This  will  require  a  high  spirit 
of  broadmindedness  and  co-operation. 

Our  current  schemes  of  oi-ganization  of  engineering 
bodies — our  management,  administrative  and  directive 
methods — are  all  very  crude,  permit  much  duplication  of 
effort  and  anxiety  over  non-essentials.  In  the  light  of 
historical  development  perhaps  it  could  not  be  otherwise. 
But  in  view  of  the  fact  that  management  and  its  allied 
activities  are  now  a  recognized  part  of  engineering,  it 
behooves  us  to  study  the  problems  of  our  own  organization. 
We  should  be  a  model  in  this  respect  for  other  social 
agencies. 

Cultivation  of  Imagination 

Perhaps  the  highest  attribute  of  an  engineer  is  imagina- 
tion; and  yet  you  will  look  in  vain  for  a  course  in  engineer- 
ing where  a  conscious  effort  is  made  to  cultivate  the 
imagination  of  the  student.  Fortunately,  however,  those  in 
charge  of  technical  and  engineering  education  have  come  to 
understand  this,  and  the  trend  of  the  times  is  to  devote  a 
little  moi-e  attention  to  humanistics  and  the  engineering 
of  men. 

In  a  world  where  nothing  but  moral  values  really  count, 
we  must  introduce  something  akin  to  spiritual  values  into 
engineering.  Any  possible  difficulty  in  the  way  of  working 
out  a  satisfactory  code  of  ethics  for  engineers  is  removed 
when  as  in  the  new  draft  of  the  American  Society  of 
Mechanical  Engineers  and  in  the  constitution  of  the  Feder- 
ated American  Engineering  Societies  the  public  interest  is 
recognized  as  the  supreme  test  of  professional  conduct.  If 
a  given  act  is  not,  broadly  speaking,  conducive  to  the  public 
welfare,  it  is  no  longer  good  engineering.  Thus  the  master 
step  has  already  been  taken. 

Nothing  can  be  truly  great  unless  it  is  beautiful.  The 
cultivation  of  esthetics  as  a  feature  in  every  branch  of 
engineering  must  be  insisted  upon.  Sometimes  we  associate 
noise  and  ugliness  and  even  filth  with  accomplishment — 
with  "getting  things  done,"  as  we  say.  This  is  wrong. 
Largely  because  we  need  the  influence  of  their  love  of  the 
beautiful,  we  should  try  to  get  closer  and  closer  to  the 
architects  so  that  ultimately  we  may  find  ourselves  one 
profession. 

Spirit  of  Democracy  Must  Be  Developed 

Last  but  most  important  of  our  needs  is  the  development 
of  the  spirit  of  democracy  in  every  nook  and  cranny  of 
our  organization.  We  must  not  discriminate  against  the 
young  man  simply  because  he  is  young.  We  must  adjust 
ourselves  to  the  entrance  of  women  into  full  participation  in 
public  affairs.  We  must  further  develop  the  idea  of  engi- 
neering home-rule;  even  the  national  organization  will  profit 
by  strong,  even  self-assertive  local  units.  Finally,  nothing 
promotes  genuine  democracy  so  effectively  as  publicity. 
Hence  we  should  be  grateful  to  the  sponsors  of  the  new 
Federation  who  provided  in  Article  X  of  its  Constitution: 
"This  organization  shall  stand  for  the  principle  of  publicity 
and  open  meetings."  This  puts  our  profession  clearly  in 
advance  of  all  others  on  this  very  important  point.  It  is 
significant  that,  recently,  two  engineering  organizations 
numbering  over  30,000  members  published  at  the  head  of 
the  correspondence  columns  in  their  official  publication  a 
pledge  to  publish  in  whole  or  in  abstract  any  communication 
contributed  by  a  member.  Let  us  study  the  technique  of 
reaching  the  people  through  non-technical  publications,  and 
throw  open  our  engineering  laboratories,  libraries  and  halls 
to  the  widest  possible  public  use.  Let  us  seek  to  have  engi- 
neering grow  up,  as  it  were,  out  of  the  necessities  and 
desires  and  life  of  the  people. 

These  are  the  steps  by  which  alone  we  shall  be  able  to 
fulfill  our  obligations  to  science  and  to  humanity.  In  Mr. 
Cooke's  ovra  words,  "It  is  to  the  largest  possible  fulfillment 
of  this  inspiring  task  that  we  dedicate  our  lives." 


Hartford  Section  of  A.  S.  M.  E.  Discusses 
the  Superstatioii 

The  Hartford  Section  of  the  American  Society  of  Me- 
chanical Engineers  held  its  first  meeting  of  the  season  on 
Monday,  Oct.  18,  the  subject  being  The  Superstation,  and 
the  speaker  being  John  A.  Stevens,  of  Lowell,  Mass.  Mr. 
Stevens  in  his  opening  remarks  complimented  Hartford  as 
being  the  first  American  city  in  which  a  steam  turbine  of 
any  considerable  size  was  installed,  the  city  in  which  the 
first  boiler-insurance  company  was  organized,  the  city  in 
which  group  insurance  was  conceived,  the  city  in  which 
the  first  turbine  to  be  driven  by  mercury  vapor  is  be- 
ing installed,  and  the  first  city  to  call  a  meeting  for  the 
specific  purpose  of  discussing  the  superpower  station.  He 
reviewed  the  advantages  of  a  system  of  inter-connected 
stations,  such  as  is  in  contemplation  for  New  England  and 
the  Middle  States,  and  predicted  the  time  when  the  power 
of  New  England  would  be  concentrated  in  five  great  sta- 
tions. He  pleaded  the  bigger  view  and  larger  vision  which 
would  lead  to  the  consideration  of  the  power  problem  as  a 
whole,  and  the  avoidance  of  the  many  diversities  of  practice 
as  to  voltages,  frequencies,  etc.,  which  led  away  from  uni- 
fication. A  lai-ge  part  of  his  address  was  devoted  to  a 
description  of  the  superstation  designed  in  panels  of  30,000 
kw.  capacity  by  himself  and  his  associates,  and  described 
in  recent  issues  of  Power. 

Mr.  Stevens'  remarks  were  listened  to  with  evident  in- 
terest by  an  audience  which  completely  filled  the  audito- 
rium of  the  City  Club,  and  his  pressing  invitation  to  dis- 
cuss the  merits  of  the  plan  proposed,  and  beat  it  if  possible, 
led  to  an  interesting  discussion  which  took,  however,  rather 
the  nature  of  a  quest  for  further  information  than  of  spe- 
cific criticisms  of  the  plan  advanced.  Without  attempting 
to  particularize  the  individual  speakers,  the  discussion 
brought  out  that  the  feeling  of  insecurity  which  purchasers 
of  power  had  had  when  depending  upon  a  distant  source  of 
power  was  being  dispelled  by  the  generally  satisfactory 
character  of  the  service.  Mr.  Stevens  said  that  one  of  his 
own  plants  takes  power  from  a  source  75  miles  away.  Asked 
about  auxiliaries,  Mr.  Stevens  said  that  he  preferred  such 
a  combination  of  electrical  and  turbine-driven  auxiliaries 
as  would  permit  enough  of  the  steam-driven  units  to  be 
operated  to  preserve  the  heat  balance.  Another  inquiry 
brought  forth  that  the  estimated  coal  consumption  of  the 
proposed  superstation  was  1.11  lb.  of  coal  having  a  thermal 
value  of  14,000  B.t.u.  per  kw.-hr.,  which  could  be  reduced 
to  1.085  by  preheating  the  air  and  other  modifications. 
This  with  a  power  factor  of  80  per  cent.  In  reply  to  an 
inquiry  as  to  whether  preheating  the  air  was  likely  to 
work  an  injury  to  the  stokers,  the  speaker  replied  that  it 
was  contemplated  to  raise  the  temperature  of  the  air  to  only 
about  170  deg.  instead  of  to  the  high  temperatures  in  use 
abroad  with  the  Howden  and  other  systems.  The  .smaller 
amount  of  heating  would  produce  an  additional  economy  of 
2.35  per  cent. 

As  regards  the  use  of  steam-driven  stations  as  standbys, 
or  as  major  sources  of  power,  in  connection  with  hydro- 
electric developments,  Mr.  Stevens  believed  that  all  th^ 
water  available  should  be  used  all  the  time.  It  is  essential 
that  every  possible  pound  of  coal  should  be  saved.  Bleede; 
turbines  should  be  used  in  the  central  station  only  for 
heating  feed  water,  but  it  had  a  wide  use  in  industrial  plants 
in  furnishing  steam  for  heating  and  manufacturing  processes. 
One  should  not,  however,  go  crazy  on  that  score  and  put  a 
power  plant  into  a  chui-ch  for  the  purpose  of  getting  ex- 
haust steam  to  heat  it  once  a  week. 

The  question  of  tying  existing  isolated  plants  into  central 
station  distributing  lines  was  discussed,  and  Mr.  Stevens 
said  that  this  was  done  successfully  in  some  places.  In 
St.  Louis  65  or  70  such  plants  were  tied  into  the  central 
station  system,  which  furnished  such  plants  with  power  in 
the  summer  when  there  was  no  use  for  exhaust  steam, 
while  in  the  winter  they  were  operated  at  capacity,  supply- 
ing exhaust  steam  for  heating  and  surplus  power  to  the 
system. 

Hiram  P.  Maxim,  of  Silencer  fame,  who  had  been  indus- 
triously figuring  during  the  discussion,  said  that  he  had 
produced  some  figures  that  astonished  him.     A   station  of 


682 


J'  O  \\  E  R 


Vol.  52,  No.    17 


USO.OOO  k\v.  capacity  would  use,  cvi-n  at  the  rate  of  1  lb. 
of  coal  I'lT  kw  -hr.,  \\l'i  tons  of  coal  jut  lir.,  or  ;{,()IK)  tons 
por  ilay.  This  would  amount  to  1,095,000  tons  u  yi'ar,  or 
Dl.'jriO  tons  of  coal  a  month,  and  the  five  stations,  if  run  at 
capacity,  and  at  this  rate  of  consumption,  would  require 
4.'>C>.L.'r>0  tons  of  coal  a  month,  which  would  require  the  brinjr 
in'.r  into  New  Envrlaiid  for  this  purpose  alone  of  22,812 
loaded  coal  cars,  assuniinvr  each  car  to  carry  20  tons.  A 
member  pointed  out,  however,  that  the  jrondola  cars  now 
in  u.<!e  ca  ry  T);)  tons.  Mr.  Maxim  asked  Mr.  Stevens  if  this 
was  what  he  thought  we  were  cominjf  to,  and  Mr.  Stevens 
rerlied,  "Not  next  year,  but  in  the  future." 

Mr.  Maxim  wanted  to  know  if  it  were  possible  to  get 
away  from  the  transportation  of  all  this  coal  by  the  use 
of  Diesel  engines,  anil  Mr.  Stevens  said  that  this  was  one 
of  the  "ifs,"  but  that  the  oil  .fuel  should  be  reserved  for 
marine  purposes.  There  are  300,000  kw.  installed  capacity 
within  a  radius  of  50  miles  of  Ncwburyport.  A  jrreat  deal  of 
coal  is  used  by  the  railroads  themselves  in  transporting  the 
coal  and  other  freijrht.  He  had  been  told  within  a  day  or 
two  by  an  eminent  railroad  enirineer  that  the  railroads  will 
be  electrified  in  and  near  the  cities  within  a  short  time,  but 
that  he  doubted  if  it  would  ever  come  for  trans-continental 
traffic.  In  seventeen  years  all  the  oil  will  be  exhausted. 
For  power  generation   it   is   coal. 

Mr.  Jeter,  of  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Co.,  always  with  an  eye  to  accident  prevention, 
said  that  it  was  a  good  thing  to  get  away  from  the  use 
of  oil.  Only  a  few  years  ago  t'le  papers  we  e  full  of  acci- 
dents from  the  explosion  of  kerosene  lamps.  Today  one 
never  hears  of  them. 

A  member  inquired  whether  this  wasteful  transportation 
of  coal  could  not  be  avoided  by  locating  the  superpower 
plants  at  the  coal  mines  and  using  cooling  ponds  or  towers 
for  condensing  water.  Mr.  Stevens  replied  that  for  work 
of  this  magnitude  it  was  out  of  the  question.  The  sacrifics 
of  the  high  vacuum,  unattainable  by  artificial  cooling,  and 
the  cost  of  pumping  and  maintenance,  is  prohibitive.  One 
case  w'.iich  he  had  investigated  would  have  required  a  cool- 
ing pond  2,600  ft.  long  and  180  ft.  wide.  It  would  have 
fogged  the  country  for  miles  around,  and  have  required  a 
good-sized  brook  for  makeup  water.  Samuel  Ferguson, 
president  of  the  Hartford  Electric  L=ght  Co.,  said  that  the 
station  in  Hartford  requires  at  the  present  time  four  times 
as  much  water  as  is  used  by  the  city  itself. 

At  the  next  meeting  of  the  Section  on  Nov.  5  Prof. 
Aithur  M.  Greene,  Jr.,  of  Rensselaer  Polytechnic  Institute, 
will  lecture  en  The  Development  cf  ths  Pumping  Engine. 

Sespe  River  Project  to  be  Financed 

The  Sespe  Power  Corporation,  which  plans  the  construc- 
tion cf  five  hydro-electric  power  units  on  the  Sespe  River, 
Ventura  County,  Cal.,  has  been  authorized  by  the  railroad 
commission  to  issue  $2,000,000  of  bonds  and  $1,000,000  of 
its  common  stock  to  secure  funds  with  which  to  carry  out 
its  development  program.  The  company  asked  for  a 
S3,000,000  bond  issue.  None  of  the  money  raised  by  the 
stock  and  bond  issue  is  to  be  expended,  howeve  %  until 
there  are  sufficient  funds  on  hand  to  construct  the  plant 
expeditiously. 

In  the  event  that  the  company  is  unable  to  finance  the 
project,  the  money  is  to  be  returned  to  the  stockholders,  less 
such  an  amount  as  may  be  allowed  by  the  commission  for 
expenses. 

Among  the  restrictions  governing  the  financing  of  the 
pro-osed  nsw  utility  is  one  requiring  that  for  evei-y  $1,000 
tond  sold  the  company  must  sell  concurrently  at  least  $1,000 
of  stock  at  par. 

The  Sespe  company's  estimate  of  construction  costs 
totaled  $3,722,748.  The  commission's  engineers  say  this 
figure  is  entirely  too  low.  Their  estimate  is  $5,500,000.  The 
corporation's  estimate  of  output,  197,926,017  kw.-hr.,  is  not 
concurred  in  by  the  commission's  engineers,  who  hold  that 
only  an  average  annual  output  of  75,000,000  kw.-hr.  can  be 
depended  upon. 

The  company  is  authorized  to  enter  into  an  agreement 
\vith  the  Southern  California  Edison  Cc.  to  sell  to  the  South- 
ern company  the  output  cf  the  hydro-electric  plants. 


To  Supply  Oil  to  Sliippiii^-Bounl 
VewHelH  on  I*a<"inc 

Ah  a  reHult  of  bids  received,  award  ha8  been  made  ti 
the  Standard  Oil  Company  of  California,  under  date  (,f 
Sept.  23,  for  supplying  lubricating  oil  requirements  of  all 
Shipping  Board  vessels  at  Pacific  Coast  port.s  and  Hcmolulu 
Deliveries  are  to  begin  under  this  award  Oct.  24  and  to  can 
tinue  for  a  period  of  one  year  from  that  date.  All  bid* 
received  for  supplying  lubricating  oils  at  Atlantic  and  Gul" 
domestic  ports  were  rejected,  and  tenders  will  shortly  b.- 
reinvited. 

The  prices  per  gallon  in  wooden  barrels  ranged  frum  52  ti 
56  cents  for  steam-cylnder  and  for  superheat-cylinder  oil; 
from  31  to  35c  for  ice-machine  cylinder  oil;  from  CI  to  65c'. 
for  marine-engine  oil  for  all  wick-  and  sight-feed  systems; 
from  33  to  37c.  for  light  oil  for  forced  feed;  from  33  to  37c 
for  medium,  oil  for  fo  ced  feed  and  turbine-reduction  gears, 
and  from  4G  to  50c.  for  heavy  oil  for  turbine-reduction  gears. 
The  prices  on  marine-engine  oil  for  wick-  and  sight-feed 
systems,  as  given,  were  approved  with  the  option  of  sub- 
stituting Polar  marine-engine  oil  at  six  cents  per  gallon 
less.  If  wooden  barrels  are  returned,  allowance  of  one 
dollar  each  is  given.  If  delivered  in  five-gallon  cans  in 
wooden  cases,  prices  are  five  cents  higher  on  all  items.  If 
delivered  in  iron  barrels  to  be  immediately  returned,  prices 
are  five  cents  lower  on  all  items.  The  total  requirements 
are  estimated  to  be  371,716  gal.,  to  cost  $195,808.30. 

Coal  Association  Predicts  Early  Relief 

The  Executive  Committee  of  the  American  Wholesale 
Coal  Association,  at  a  recent  meeting  in  Washington,  made 
a  thorough  canvass  of  the  present  coal  situation.  As  a 
result  it  feels  justified  in  advis'ng  members  of  the  Associa- 
tion and  the  public  generally  on  the  following  points: 

1.  The  American  people  some  months  ago  were  of  the 
opinion  that  there  was  danger  cf  an  impending  shortage 
of  bituminous  coal.  The  satisfactoi-y  production  since 
July  1  has  proved  this  momentary  alarm  to  have  been 
unfounded. 

2.  Abnormally  high  prices  were  paid  by  the  consumers 
while  they  were  animated  by  the  fear  of  possibly  impend- 
ing famine.  These  prices  are  now  placed  wholly  out  of 
line  by  the  quite  safsfactory  production. 

3.  For  a  while  many  restraints  were  put  upon  distribution 
of  bituminous  coal,  with  the  result  that  retail  dealers  were 
unable  to  fill  urgent  orders.  Since  the  supply  promises  to 
be  abundant,  there  is  no  reason  for  continuing  any  such 
restrictions.  Due  allowance  should  be  made  by  the  pubic 
for  the  fact  that  this  statement  relates  only  to  soft  coal 
and  for  the  further  fact  that  retailers  cannot  do  all  of  their 
normal  winter  business  in  a  month  or  two.  They  have  not 
and  cannot  get  the  equipment  necessary  to  such  a  feat  even 
if  they  could  get  the  coal. 

It  is  the  opinion  of  the  committee  that  a  great  change  in 
the  whole  market  situation  is  imminent.  Therefore,  it  sug- 
gests to  buyers  of  bituminous  coal  who  have  a  month's 
supply  in  storage  that  they  confine  purchases  to  imme- 
diate needs. 

Petroleum  Data  for  August 

The  Geological  Survey  figures  show  that  for  August, 
1920,  the  total  consumption,  including  exports,  of  domestic 
and  imported  petroleum  was  47,814,000  bbl.,  while  the 
production  of  domestic  oil  fields  was  39,144,000  bbl.  Im 
ports  in  the  same  month  reached  a  new  high  record,  10,790,- 
686  bbl.,  making  a  total  of  domestic  production  and  impo 
of  49,934686  bbl. 

It  will  be  seen  from  these  figures  that  the  domestic  pr 
duction  of  crude  oil  in  August  was  more  than  8,000,000  bbl 
below  the  actual  consumption.  The  imports,  however,  wer( 
so  great  that  stocks  of  imported  oil  held  in  the  United 
States  increased  in  this  month  by  about  1,250,000  bbl.  It 
should  be  borne  in  mind  that  all  this  imported  oil  is  of 
very  low  gasoline  content  and  does  not,  to  any  great 
extent,  increase  the  available  marketable  supply  of  gasoline. 
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Plans  Are  Completed  For  New  Cedar 
Falls  Power  House 

The  completion  by  the  city  architect  on  Aug.  25  of  plans 
and  :jpeciftcations  for  the  new  Cedar  Falls  power  house 
designed  to  accommodate  the  necessary  machinery  to 
develop  20,000  hp.  additional  marks  the  last  step  prepara- 
tory to  begrinninf;  actual  construction  work  on  this  much 
needed  unit,  which  is  to  cost  $1,000,000. 

The  new  concrete  and  steel  structure  will  adjoin  the 
present  power  house  below  the  falls  and  is  to  house  a  Pelton 


overhung  turbine  connected  to  a  Westinghouse  generator 
and  to  Allis-Chalmers  transformers,  which  will  bring  the 
current  up  to  60,000  volts.  This  is  the  first  generatmg  unit 
of  large  size  to  be  installed  under  the  new  system  designed 
by  Superintendent  of  Lighting  J.  D.  Ross,  by  which  the 
generating  unit  and  transformers  are  considered  as  an 
inseparable  unit  without  intermediate  switches  and  busbars 
as  is  found  in  all  other  plants.  The  same  system  will  be 
used  at  the  Lake  Union  steam  plant  and  is  to  be  used  by 
the  Detroit-Edison  Co.,  of  Detroit,  one  of  the  largest 
electrical  engineering  firms  in  the  world,  in  its  future 
installations. 


Personals 


Harry  B.  Joyce,  formerly  jmwer  eiiRineer 
of  the  Uniti'd  Electric  Light  and  Power 
Co..  Xew  York,  has  joined  forces  with 
Johnson  &  Benham,  Inc..  Kngineers,  1!J<> 
Nassau  St.,  New  York. 

A.  K.  KUiott,  formerly  chief  electrician 
in  the  Coal  Mining  Department  of  the 
Tennessee  Coal,  Iron  and  Foundry  Co.,  has 
been  appointed  general  master  mechanic 
for  the  Sloss-Sheffield  Steel  and  Iron  Co., 
of   Birmingham,    Ala. 

J.   C.   Stevens  and  K.  E.  Koon,  consulting 

engineers,  have  consolidated  under  the  firm 
name  of  Stevens  &  Koon.  with  offices  in 
the   Spalding   Building,    Portland,    Oregon, 

D.  Tarshes,  formerly  with  the  AValworth 
Manufacturing  Co.,  Boston,  and  the  Best 
Manufacturing  Co..  Pittsburgli,  is  now  the 
New  York.  New  England  and  Eastern  Can- 
adian rejiresentative  of  the  -M.  J.  Dougherty 
Co,,  piping  fabricators  and  erectors,  of 
Philadeli)hia.  Mr.  Tarshes  is  located  at  23 
West   4:ird   St..  New  York   City. 


Society  Affairs 


The  Cleveland  Kngrineerin;;  Society  will 
hold  open  house  for  all  members  and  their 
friends,  election  night.  Nov.  2,  and  will 
have  the  latest  Election  Returns. 

Tile  Detroit  Engineerinn  Society  is  to 
bear  a  talk  Nov.  5  on  •'Conditions  in  Eur- 
ope from  a  Political.  Social  and  Engineer- 
ing Standpoint,"  by  E,  J,  Mehren.  editor 
of  Engineering  News-Record,  who  recently 
returned  from  an  extensive  trip  through 
Europe, 

The  Buifalo  Section  of  the  A,  S,  M,  B, 
will  meet  on  Oct,  26.  at  the  University 
Club.  S.  T.  Dodd,  of  the  General  Electric 
Co..  will  speak  on  "Steam  Railroad  Elec- 
trification." Preceding  the  meeting,  which 
will  be  at  8  p.m,.  an  informal  dinner  will 
be   served   at    6.30, 


Tlie  Philadelphia  Section  of  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers 
will  meet  Nov,  6  to  liear  addresses  on 
"lOlectric  Heat  Treatment,  Present  Prac- 
tices and  Future  Possibilities,"  The  speak- 
ers will  be;  George  P.  Mills,  of  the  Elec- 
tric Furnace  Construction  Co.,  Philadel- 
phia, Pa,,  J,  R.  Bower,  of  the  American 
Car  and  Foundry  Co.,  Berwick,  Pa,,  and 
,James  E,  Wilson,  of  the  Treadwell  Engi- 
neering Co.,  Easton,  Pa. 

The  American  Society  of  Mechanical  En- 
grineers  has  recently  organized  two  new 
sections.  One,  the  Aerunaittic  Scrtion,  was 
started  with  the  purpose  of  promoting  in 
a  large  way  the  broad  engineering  devel- 
opment of  aerial  navigation  regarded  as 
an  essentially  international  science,  art  and 
business.  Among  those  who  have  regis- 
tered in  this  section  are  Howard  E,  Coffin, 
Jesse  G,  Vincent,  Orville  Wright,  C,  F. 
Kettering,  Elmer  A.  Sperry,  James  Hart- 
ness,  John  R,  Cautley,  Lionel  S.  Marks, 
Miller  R,  Hutchison.  Charles  E.  Lucke  and 
Joseph  A,  Steinmetz,  The  other  one,  the 
Matrrials  Hdudling  Section,  will  devote  it- 
self to  a  solution  of  the  various  local  and 
national  problems  of  handling  and  distrib- 
uting materials  and  products.  The  aim  of 
its  400  members  will  be  to  build  up  a  com- 
prehensive fund  of  information  by  holding 
special  meetings  on  particular  subjects  and 
by  co-operation  with  other  sections  and 
organizations. 

The  American  Institute  of  Electrical  En- 
grineers  at  a  meeting  of  the  Board  of  Direc- 
tors held  in  Philadelphia,  Oct.  8,  decided 
to  hold  the  1921  annual  convention  jointly 
with  the  Pacific  Coast  convention,  at  Salt 
Lake  City.  Lftah.  during  the  week  beginning 
Monday,  June  20,  At  the  same  meeting 
the  following  twelve  members  were  ap- 
pointed as  the  official  representatives  of 
the  Institute  upon  the  .American  Engineer- 
ing Council,  which  is  the  governing  body 
of  the  Federated  American  Engineering 
Societies :  Comfort  A.  Adams.  Cambridge. 
Mass.,  A.  W.  Berresford,  Milwaukee,  Wis., 
H,  W.  Buck.  New  York,  N.  Y.,  F,  L,  Huch- 
inson.  New  York,  N.  Y.,  W.  A.  Lay- 
man, St.  Louis.  Mo.,  William  McClellan, 
Philadelphia,  Pa.,  L.  F.  Morehouse,  New 
York,  N.  Y.,  L,  T.  Robinson,  Schenectady. 
N.  Y..  Charles  S.  Ruffner,  New  Y^ork,  N.  Y., 
Charles  F.  Scott,  New  Haven,  Conn,,  L.  B, 
Stillwell,  New  York,  N,  Y.,  Calvert  Town- 
ley,   New   York,    N.    Y. 


Business  Items 


The  Frederick  Engineering  Co.,  of  Fred- 
erick, Md.,  has  opened  a  district  office  at 
Chicago,  1247  Marquette  Bldg,,  to  place 
the  company's  automatic  underfeed  stoker 
and  steam  jet  ash  conveyor  in  this  terri- 
tory. Ralph  W.  Gillette  will  be  the  district 
sales  manager. 


Trade  Catalogs 


The   Fuel  Engineering   Co.,  of  New  York. 

has  brought  out  a  booklet  entitled  "How 
Successful  Manufacturers  are  Making 
Mechanical  Power  Produce  More  and  Cost 
Less."  This  booklet  describes  in  consider- 
able detail  the  company's  thirteen  years'  ex- 
perience in  raising  the  efficiency  of  various 
power  plants. 

The  Bastian-Blessing  Co.,  Austin  Ave. 
at  La  Salle  St.,  Chicago,  claims  to  have 
developed  a  new  principle  in  ox.vacetylene 
welding  and  cutting,  which  is  described  in 
their  catalog  of  Rego  apparatus.  This  new 
equipment  is  said  to  be  absolutely  free 
from  the  usual  flashback  difficulty  and  to 
be  economical  in   the  use  of  o.xygen. 

Nonpariel  Insulating  Brick  is  described 
in  a  new  72-page  book  put  out  bv  the  Arm- 
strong Cork  Co.,  Pittsburgh,  Pa.  The 
book  is  well  gotten  up  and  goes  into  great 
detail  regarding  the  character  of  "Non- 
pariel" brick,  tests  that  have  been  made 
upon  it,  various  methods  of  using  it  and 
examples  of  actual  use.  It  is  illustrated 
with  photographs,  diagrams  and  a  great 
many  tables  of  interesting  data. 

The  Dravo  Co.  of  Milwaukee  has  issued 
a  short  bulletin  containing  photographs 
and  diagrams  which  show  the  general  con- 
struction and  application  of  the  Dravo 
superheater. 

"The  Petroleum  Outlook"  is  the  title  of 
a  short  but  comprehensive  book  just  put 
out  by  Arthur  D.  Little,  Inc..  chemical 
engineers.  30  Charles  River  Road.  Cam- 
bridge, Mass.  It  deals  with  the  degree  of 
exhaustion  of  our  oil  fields  and  the  future 
outlook  for  them.  The  book  will  be  sent 
free  of  charge  to  bankers,  brokers,  manufac- 
turers and  investors  upon  application. 


New  Construction 


PROPOSED    WORK 

Mass.,  Hyde  Park  (Boston  P.  O.) — The 
(-ity.  Public  Bldgs,  Dept,,  is  having  plans 
prepared  for  a  3  story,  ITt  x  16.")  ft.  building 
including  a  steam  heating  svstem  on  Ever- 
ett Sq.  About  $350,000.  Desmond  &  Lord, 
l.'j     Beacon    St.,     Boston,     .\rchts, 

Mass..  Springfield — The  Bd.  Educ.  will 
receive  bids  until  November  3  for  a  3  story 
junior  high  school  including  a  steam  heat- 
ing system  on  State  St.  About  $800.00". 
Henry    L.    Sprague.    310    Main    St.    Archt. 

N.  y.,  Brooklyn — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D,  C.  received 
bids  for  an  underground  electric  light  and 
l)ower  distribution  system  at  the  Naval 
Hospital  here  frcmi  the  General  Electric 
Co.,  22  Leight  St  ,  $26,43.5  ;  Harry  Alexan- 
der, 20  West  34th  St.,  $31„'i3n  ;  l^ord  Elec- 
tric Co.,  105  West  40th  St.,  $31,760,  All 
of  New   York   City.      Noted   Oct,    5, 

N.  Y.,  Brooklyn — The  New  York  State 
lIosKital  Comn.  will  receive  bids  until  De- 
cember in  for  several  hospital  buildings 
here,  including  a  steam  heating  system. 
About  $3,(Hi(i,n00.  L.  F.  Pilpher,  Hall  of 
Records,  Ni'\i-   York   Cit>-,   Archt,  and   Engr. 


N,  Y..  Buffalo — The  Delaware  Vacuum 
House  Cleaning  Co.,  150  Chenango  St,,  is 
in   the   marl^et   for  one  5-hp,   gas   engine, 

X.  Y.,  BufTalo — ^The  Hub  Dry  Cleaning 
Co.,  110  Grant  St,,  is  in  the  market  for  one 
2-  or  3-hp.  vertical  boiler. 

X.  Y.,  Central  Islip — The  State  Hospital 
Comn.,  Capitol,  Albany,  will  receive  bids 
about  February  5  for  2  asylum  buildings 
here,  including  a  steam  healing  system. 
,\bout  $350,000,  L,  F,  Pilcher  Hall  of 
Records.  New  York  City,  Archt.  and  Engr. 

X.  v.,  Cortland — The  State  Bd,  Educ. 
Capitol,  Albany,  will  receive  bids  about 
January  2  for  several  Imildings  for  the  nor- 
mal school  incluiling  a  steam  heating  sys- 
tem. About  $1,750,000.  L.  P,  Pilrher,  Hall 
of  Records.  .Vew  York  City,  .\rcht.  anil 
Engr. 

X.  V.  Ki..«s  Park — The  New  York  State 
Hospital  Comn..  Capitol.  Albany,  will  re- 
ceive bids  about  February  5  for  2  asvlum 
buildings  including  a  steam  heating  sv.stem 
About  $350,000.  L.  F,  Pilcher  Hall  of 
Records.  New  York  City,   Archt.  and  Engr. 

N.  Y.,  New  York — The  Bd.  Educ,  500 
Park  Ave,,  is  having  plans  prepared  for  a 
5  story  school  including  a  steam  heating 
system  on  St,  Pauls  Ave,  near  Washington 
Ave,  About  $400,000,  C,  B.  J,  Snyder 
Municipal    Bldg,.   Archt.   and   Engr 


N.  Y.,  New  York — The  Chelsea  Methodist 
Episcopal  Church,  c/o  Polhemus  McKenzie 
&  Coffin,  Archts,  and  Engrs.,  15  East  40th 
St.,  plans  to  build  a  church  including  a 
steam  heating  system  on  178th  St  About 
$400,000. 

N.  Y.,  New  York — The  Lincoln  School  for 
Teachers,  c/o  Starrett  &  Van  Vleck,  Archts 
and  Engrs.,  8  West  40th  St.,  is  having  plans 
prepared  for  a  5  story,  100  x  150  ft,  school 
including  a  steam  heating  svstem  on  ,-ith 
Ave.   and   102nd   St.      About   $1,000, Odd, 

N.  v.,  X'ew  York  —  The  Peoples  Home 
Methodist  Episcopal  Church,  c-o  Polhemus 
McKenzie  &  Coffin,  .\rchts.  and  Engrs  15 
East  40th  St..  plans  to  build  a  church'  in- 
cluding a  steam  heating  svstem  at  5  42  East 
nth  St. 

X.  Y.,  New  York  —  The  State  Hospital 
Comn,.  received  l)ids  for  soot  blowers  and 
repairs  to  the  heating  system  in  the  Man- 
hattan State  Plospital.  from  the  Payer 
Steam  Soot  Blower  Co..  11  John  St.,  $5,700  • 
Diamond  Power  Specialty  Co.,  30  Church 
St.,    $7,955. 

N.  Y.,  Penn  Van — J.  T.  Andrews  &  Co. 
plans  to  install  3  hydraulic  turbines  to  re- 
place present  ones,  C,  R.  Andrews  Oper- 
ating   Engr, 

X.  Y„  Rochester — The  Chocolate  Shoppe 
llj  Clinton  Ave,,  North,  is  in  the  market 
for  a  12-in,.  110-volt,  alternating-current 
electrically  driven  blower 
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N.  v..  Korhntfr — Tallock  rtroa.  !■  In  tin- 
marki't   fur  unc  Su-hp.   murlnv  ty|ic  boUcr. 

r».  IIHIilf-lirin — Thi.  TniviiliT  RuIiImt 
e'o .  114  North  .MonlKiiiniTy  St.,  plntiN  to 
buliil  H  1  Hlory.  J.'.  \  :ir.  ft.  inini|ilnK  hniiHi- 
and  u  20  x  .'tii  ft.  cctiii'iU  houae.  About 
110,000.     J.  O.  Hunt.  Trenton.  N.  J.,  Archl. 

Pa..  Chriatrr — Tli.'  .^Iiilluiii  Mi-lulu  Corp. 
of  Ani.rl.-a.  Jjr.  l.^.fay.tl.'  UMk.  Phlla.l.'l- 
phla.  plant)  to  I. nil. I  a  plant  including:  a.v- 
erul  l>ullillnt;><  f"r  I'u'  iiianiifaclurc  of  atul- 
lunv  .\  dti'ani  h.  atlnt;  Bystoni  will  b.'  In- 
■tnlli'd  In  sain.'  .Mioul  {500,(100.  R.  Hoanl. 
2349  North  Wooiltiluck,  Phlludclphia,  Arclit. 

Pn..  LunrnHtrr — Tlir  FillHon  RliTf rlc  Co. 
of  LancaatiT  nn.!  the  iiarrisburfr  LlRht  & 
Pow.'r  Co  of  llarrl.sburt;  art-  planntnK  to 
bulkl  a  hyHro-i-lc>ctrlc  plant  hpro.  on  the 
Susqiii'haniia  IMvit,  to  generate  an  ultimate 
capacity  of  lOii.ooo  k\v. 

Pa..  LunNdalr — Tho  BorouKh  Council  ha.s 
arraiiK.nl  lo  s.^11  $.''iO.(iiin  bonds  foe  the  In- 
stallation of  additional  «'niiliimont  at  the 
municipal    oloctrlc    light    plant. 

Pa..  Pbllndplpblu — The  EnRinoorlnK  Gear 
Co..  i^D  Walnut  St.  is  in  the  market  for 
one  Olo.ason  Kcnorator. 

Pa..  Warren  —  The  Struthers  Wells  Co., 
lOO.t  P.'im.  Ave..  \V..  will  soon  award  the 
contract  for  a  1}  story,  68  x  HO  ft.  forge 
shop  and  a  40  x  86  ft.  boiler  bouse.  About 
J100,000. 

D.  C.  WanhlnRton — The  Methodist  Epis- 
copal Bil.  of  Temperance  Prohibition  and 
Public  Morals.  204  Pennsylvania  .\ve..  has 
had  plans  pretiared  for  a  6  story  ofTlce  and 
apartment  buildinp.  About  $500,000.  Ball- 
inger  &  Perrot,  :iL'S  .South  Broad  St.,  Phila., 
Pa.,   .\rcbts.   and   Kngrs, 

N.  C,  Southern  Plneg — S.  B.  Richardson 
and  A.  S.  Newcoinb  plan  to  build  a  resort 
hotel.     About   $275,000. 

O..  Canton — The  Bd.  Educ.  recei\ed  bids 
for  a  S  story,  irio  x  160  ft.  school,  including 
steam  heating  system  on  Grnce  Ave.  from 
Oeo.  WTiiker  &  Son.  $296,500.  and  Mel- 
bourne Bros..  Eagle  Hlk.,  Tuscarawas, 
West,   $311,680. 

O.,  Maple  Helithts  ^Bedford  P.  O.)— The 
Bd.  Educ.  c/o  W.  N.  BHnchard,  Pres.. 
will  vote  on  $300,000  bonds  Nov.  2  for  a 
2  story  school  including  a  steam  heating 
system,  at  Stop  Hi.     .\rchitect  not  selected. 

O.,  ZanesvUle — ^The  Baltimore  &  Ohio  R.R., 
Market  and  2d  Streets,  is  having  prelimi- 
nary plans  prepared  for  an  electrical  plant 
and  a  new  heating  plant  at  the  railroad 
shops  on  Lee  St.  About  $300,000.  H.  A. 
Lane.    Baltimore.    Md..    Engr. 

Ind..  Fort  Wayne — The  Fort  Wayne  Stor- 
age Co..  Harrison  and  Grand  Sts.,  jilans  to 
build  a  6  story.  95  x  194  ft.  storage  ware- 
house at  Francis  and  Havden  Sts  About 
$500,000.  Moore  &  Dunf'ord.  First  Natl. 
Bank   Bldg..  Chicago,   111.,   Engr. 

Mich.,  Detroit — Kassler  &  Sons  c/o  S.  E. 
Remey,  Archt..  \Miitney  Bldg.,  plans  to 
build  a  2  story,  30  x  150  ft.  garage  in- 
cluding steam  heating  system  on  Dix  Ave. 
About   $10,000. 

Wis.,  DePere — St.  Norberts  College,  Boyle 
Hall,  is  having  plans  prepared  for  a  3  story, 
SO  X  260  ft.  science  hall  including  a  steam 
heating  system.  About  $400,000.  W.  E. 
Reynolds.  113  South  Roosevelt  St.,  Green 
Bay,   Archt. 

Wis..  Fond  da  l.a«  —  The  Sheboygan 
Dairy  Products  Co..  c/o  M.  G.  Douma.  MgT.. 
936  North  Water  St.,  Sheboygan,  is  having 
plans  prepared  for  a  2  story.  120  x  300  ft. 
dairy  products  factory  including  a  steam 
heating  system  and  elpctric  power  on  West 
Division  St.,  here.  About  $100,000.  B.  E. 
Mehner,   6   East   Division   St.,   Archt. 


Win.,  Nr»-  l.onilun  —  The  Mhcyboyunn 
I'alry  I'ro.lu.iH  f<.  ,  i-o  M.  (J.  Iioiinm.  »:in 
Norib  Wnl.T  St  .  Sh.'lMiyKun.  pIuhh  lo  in- 
Htiill  .■i|iiiiirni'nl  Incluilinu  Ico  muchlno,  mo- 
torn,  punu'H.  nilx.Tn,  etc ,  In  ItH  Ice  cr.'iim 
and  dairy  productH  fuclory,  lierc.  About 
125.000. 

la.,  Hloux  nty-.The  Bd.  Educ,  City 
HldK.,  plans  to  build  a  3  Htnry,  130  x  130 
ft.  Hcliool,  IncluilliiK  a  Ht.'atn  hi'iiliuK  hvb- 
tfin,  on  7th  ami  .l.nkHon  StH.  About  $250,- 
"00.  II.  C.  ItoburtH,  Secy.  IJuutllor  &  Ar- 
nold,  235  Grain   Exch.,   Archts. 

Iitwa,  Tamo — Th..  J.  G,  Cherry  Co.,  E. 
T.  Cherry.  Vice  Pr.-s.,  had  plans  prep.ired 
for  canal  work  and  dam  for  a  llRhtinR 
Hystem.  Power  Eng.  Co..  M-tropolltan  Life 
Bldg.,  Minneapolis,  Minn.,   Engrs. 

.Minn.,  Allkin — Th.  Bd.  Educ  Is  having 
plana  i)repared  for  a  3  story  high  Hchool. 
including  a  steam  heating  Byatom.  Cost  to 
exceed  $400,000.  A.  Casey,  Clk.  K.  T. 
Snyder.  738  Plymouth  Uldg.,  Minneapolis, 
and  H.  S.  Swanson,  Crosby,  Archts. 

Minn.,  ClilRholm — Tlie  Bd.  Educ,  c/o 
Brn  St  Itrew.  elk.,  plans  to  >ulld  a  vo- 
cational  school   Including  a   steam   heating 

system.      About   $250,000. 

Kan.,  Portes — J.  E.  Kissel.  City  Clerk, 
will  receive  bids  until  Oct.  26  for  water- 
works improvements,  including  a  motor  dis- 
tribution system,  etc  About  $32,000.  Noted 
Oct.   5. 

S.  n.  Huron — Beadle  Co.  will  receive  bids 
until  Nov.  16  for  a  3  story,  92  x  108  ft 
courthouse,  and  a  2  story,  31  x  53  ft.  jail 
including  a  steam  heating  system.  About 
$400,000.  W.  E.  Hulse  &  Co..  320  Grain 
Exch.,  Sioux  City,   la.,  Archt. 

Tex..  Kennedy — The  Kennedy  Oil  Mill  Co. 
■has  been  granted  a  franchise  for  electric 
lights  and  power  here,  and  will  install  ma- 
chinery in  connection  with  its  oil  mill. 

Tex„  La  Porte — The  La  Forte  Light. 
\Vater  &  Ice  Co.  plans  to  rebuild  its  plant 
recently  destroyed  by  fire,  causing  a  loss  of 

$20,000. 

Col.,  Sterlinir — The   Great  Western   Sugar 
Co..  University  Park  Siding,  is  having  plans 
prepared    for   a    factory    near   here.      About 
$2,000,000.      Edwin    Morrison,    Sugar    Bldg 
Denver.  Engr. 

N.  B.,  Grand  Falls — The  International 
Paper  Co..  Three  Rivers.  Que.,  plans  to  de- 
velop water  power  here. 

Ont.,  Almonte — A.  F.  Macallum.  Engr., 
City  Hall,  has  prepared  report,  estimate 
and  preliminary  survey  for  a  water-works 
system,  including  pnmphouse,  etc  About 
$263,695. 

Ont.,  Tororto — Cudland  &  Sons.  1450 
Gerrard  St..  East,  plan  to  build  a  2  story 
meat  packing  factory,  including  refrigera- 
tion equipment.  About  $40,000.  Archt.  not 
yet   appointed. 

Ont..  Windsor — Colthurst.  Trace  &  Nich- 
ols. Archts  .  16  Sandwich  St ,  West,  are 
preparing  plans  for  a  2  story.  120  x  400  ft. 
cold  storage  plant.  About  $600,000.  Own- 
er's  name  withheld. 

B.  C,  Vancouver  —  The  6ri9ge  River 
Power  Co..  c/o  R.  W.  Bonnycastle.  Engr., 
606  Bank  of  Nova  Scotia  Bldg,  plans  to 
build  a  dam  and  a  power  house  to  d  velop 
a  total  of  400,000  kw.,  initial  construction 
from  50,000  to  15,000  kw.,  and  units  of 
25.000  kw.  to  be  developed  under  a  600  to 
700  ft.   head. 

CONTRACTS   AWARDED 

V.  H.  rincolp' — The  Parker-Toung  Co.. 
Lisbon,  has  awarded  the  contract  for  a  1 
storv  power  house  here  to  the  Osgood 
Constr.  Co.,  25  East  Hollis  St.,  Nashua, 
at   $20,000. 


Mil-..  I'llrlihurK — Thi-  I'll.-lil.urK  G.iM  A. 
El.-.'trlc  Light  Co.,  .^37  .Main  .si  .  huM 
iiwaril.'d  tin-  contract  for  .i  2  niid  3  otory 
5S  X  152  ft  .  addition  to  |>lant.  In.lurllnic  a 
boiler  liouM.-  at  Suwy.-r'H  I'aHnaK.  way.  lo 
Wiley  &   FoBB,  Central  St..  ul  $125,000. 

.Moon.,  Lynn — The  General  Electric  Co 
haa  awanled  tlii.  contract  for  a  1  alory 
35  X  40  ft.  boiler  houae,  to  C.  W.  Wrlijht 
2.3  Central  Ave.     Coat  between   $25,000  ami 

MniiH.,  Praltody— The  City  School  Comti 
has  awarded  the  roiilr.'ict  for  llie  Inatalla- 
llon  of  .1  Ht.am  luMtlng  Hyatem  In  the  pro 
pOBcd  2  Htory  high  hcIiooI  on  Central  81  to 
Stone  I'ndirlilll  ll.;itlMg  &  Ventilating  Co 
139  Pearl  St..   lioslon      .Voted  Sept.   28. 

-N.  v..  BiiirMla — The  Central  Park  Mefho 
dlst  Episcopal  Church  has  awarded  the  con 
tract  for  a  3  story,,  15)  x  180  ft.  church  oti 
MorrlH  and  Wesl.y  Sta.,  to  Robert  B.  Will 
lams,  IroQUoia  Bldg.,  at  $360,000. 

>■•  V-.  »w  York — The  Tlvoll  Amuse- 
ment Co.,  c/o  Arena  Theatre.  40lh  St.  and 
8th  Ave.,  will  build  a  theatre  and  offlce 
bulldlnr.  including  a  steam  heating  ayatem 
on  50th  St.  and  8th  Ave.  About  $500,000 
Work  will  be  done  by  day  labor 

Md..    niiltimorr — The    American    Ice    Co 
Calvert  BUlg.,  has  awarded  the  contract  for 
a   33   X   99   X   82   ft.   i-e  storage  building,   on 
Montford  Ave.  near  Chase  St.,  to  the  G    A 
Fuller   Co.,    American    Bldg..   at   $200,000. 

C,  Cleveland — The  Fisher  Body  Co.  Oak- 
land and  Pi(|uette  Sta.,  has  awarded  the 
contract  for  a  1  story.  95  x  114  ft.  power 
house,  on  Ea.st  14  0th  St.  and  Colt  Rd.,  to 
the  Thompson  Starrett  Co.,  Perry  Pavne 
Bldg.,  at  $200,000. 

Ind.,  IndianapoliH  —  The  Westinghouse 
Lamp  Co..  165  Bway,  New  York  City,  has 
awarded  the  contract  for  a  manufacturing 
plant,  including  a  steam  heating  system, 
here,  to  D.  P.  Robinson.  125  East  46th  St 
New  York  City,  at  $500,000.   Noted  Aug.  31. 

ni..  C'"arlng — T^e  Hamler  Boiler  &  Tank 
Co,  3906  South  Hilsfd  St.,  Chicago,  has 
awarded  the  contract  for  a  1  and  2  story. 
100  X  300  ft.  factory,  including  a  steam 
heating  system,  on  6'ith  St.  and  60th  Ave., 
to  W.  J  .Velson,  1537  West  63d  St.  Chi- 
cago, at  $500,000. 

la.,  Wapello — F.  G.  Wright.  Co.  Aud..  has 
awarded  the  contract  for  a  drainage  pump- 
ing plant,  including  2  centrifugal  pumps  of 
equal  capacity  driven  by  oil  engines,  to 
Layton  Constr.  Co.,  Muscatine,  at  $76,085. 
Noted   Sept.    14. 

Minn.,  Minneapolis  —  The  Bd.  Educ,  c/o 
G.  F.  Womrath.  Supt..  City  Hall,  has 
awarded  the  contract  for  a  heating  and 
ventilating  system  in  the  Clinton  School 
addition  to  Bjorkman  Bros..  712  South  10th 
St.,  at  $41,399.     Noted  Oct.  5. 

Minn..  St.  Paul — The  city  has  awarded 
the  contract  for  the  installation  of  a  verti- 
cal triplex  motor  driven  pump  to  have  a  350 
gal.  capacity  per  minute  against  a  total 
150  ft.  head,  single  acting,  belt  for  150  lb. 
pressure,  to  the  Robinson,  Cary  &  Sands 
Co.,  4th  and  Wacouta  Sts.,  at  $3,510. 

•S.  D.,  SlruT  Fa'.Is — The  city  has  awarded 
the  contrac  tor  a  mo'or  house  and  well  to 
Fauenust  Bros,   at  $16,600. 

Mo..  Kansas  City — J.  A.  Wetmore.  Su- 
pervising Archt..  Treasury  Dept.,  Wash., 
D.  C.,  has  awarded  the  contract  for  the 
complete  installation  of  outside  steam  serv- 
ice here  to  the  MacMahon  Plumbing  & 
Heating  Co.,  1329  Oak  St.,  at  $10,476. 

Ont.,  Ottawa/— Dey  Bros.,  Laurier  Ave.. 
W.,  have  awarded  the  contract  to  the 
Dominion  Bridge  Co.,  Imperial  Life  Bldg.. 
Toronto,  for  steel  work  in  connection  with 
their  new  artificial  ice  rink.  A  plant  for 
manufacturing  and  maintaining  artificial 
ice  surface  and  a  steam  heating  system 
will   be   installed. 
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Horse  Power  per  Man  Power 
a  Measure  of  Modernism 

SINCE  the  maximum  number  of  producers  in  the  world 
is  always  less  than  the  maximum  number  of  con- 
sumers, we  have  the  economic  law,  as  inevitable  as  any 
other  law  of  nature,  that  only  by  increased  productivity 
per  worker  may  we  increase  the  average  standard  of 
living. 

Mechanical  devices,  so-called  "labor-saving"  ma- 
chinery, and  above  all  the  substitution  of  mechanical 
power  for  human  effort,  all  increase  human  productivity. 
It  is  evident,  therefore,  that  the  greater  application  of 
power  is  almost  invariably  an  indication  of  advance  in 
industry.  As  a  unit  by  which  we  may  measure  this 
advance,  we  can  well  take  the  relationship  between  the 
horse  power  of  generating  equipment  used  to  the  man 
power  employed.  In  other  words  we  may  well  say  that 
every  increase  in  horse  power  per  man  power  represents 
a  modernizing  tendency  of  industry.  Unfortunately, 
data  are  not  available  by  which  we  can  measure  each 
industry  accurately  with  respect  to  this  unit.  But  each 
establishment  within  any  industry  may  well  take  this 
unit  into  account.  It  affords  the  best  measure  of  prog- 
ress which  industrial  management  can  have  of  this 
important  relationship. 
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Simple  Mrlhods  of  Deleriiiiiiinjj;  Dissolved  Gas 
Content  in  Boiler-Feed  Water 

Hy.I.  K.  M(i)p:KMKT    AND  DANIKL  WKKTIIKIMER  + 


THK  laboratory  of  the  Elliott  Co.  has  developed  to 
a  high  .stage  of  technique,  method.^  for  the 
determination  of  dissolved  gas  content  of  boiler- 
feed  water.  Dissolved  gases,  and  in  particular  oxygen, 
have  become  of  significance  with  the  advent  of  high 
steam  pressures  and  superheats  as  dangerous  accelera- 
tors of  corrosion  in  boilers  and  economizers.  Control  of 
this  corrosion  depends  primarily  on  knowledge  of  dis- 
solved gas  content.  The 
following  methods  seem  to 
the  writers  the  simplest 
and  easiest  to  apply. 
Photographs  of  the  actual 
apparatus  are  shown,  so 
that  the  reader  may 
cheaply  assemble  the  nec- 
essary parts  with  the  aid 
of   a   chemical   glassware 

catalog.  Fig.  1  illustrates  the  set-up  for  Reichardt's 
method  of  boiling  out  and  measuring  the  dissolved  gases 
directly.  At  the  beginning  bottles  A  and  B  and 
adapter  C  are  filled  with  water  and  the  water  boiled 
free  from  air  by  gentle  heating  with  flames  under  the 
bottles.  Bottle  A  contains  a  definite  volume  to  the 
lower  line  of  the  stopper,  below  which  the  glass  delivery 
tube  does  not  extend.  The  dissolved  gases  are  expelled 
from  C  by  steam  from  ^4  and  withdrawn  through  the 
pinch  cock.  Bottle  B  is  included  to  compensate  with  air- 
free  water  for  changes  in  the  volume  of  the  contents 
of  A  and  C  in  the  boiling  process.  The  delivery  tube  in 
B  extends  completely  to  the  bottom.  Another  tube 
extending  through  the 
stopper  of  B  is  provided 
to  vent  steam  from  B. 
Where  several  determina- 
tions are  to  be  run  con- 
secutively, it  is  useful  also 
in  refilling  B,  by  siphon 
action  on  cooling,  with 
water  that  has  been  made 
partly  air-free  by  boiling 
over  a  flame.  At  the  con- 
clusion of  the  boiling-out 
process  the  flame  is  re- 
moved from  A,  and  bottle 
and  delivery  tube  are  al- 
lowed to  fill  with  water 
from  B.  The  pinch  cock 
in  the  delivery  tube  is 
then  closed  so  that  the 
tube  will  remain  full  of 
water  when  bottle  A  is 
subsequently  removed. 
Bottle  A  is  then  removed 
refilled  with  water  to  be 
tested,  and  the  stopper 
replaced    to    the    definite 


By  the  methods  described  no  special 
laboratory  glassware  is  necessary;  the  oper- 
ator neea  not  be  a  chemist  or  have  had 
laboratory  experience. 


tChemlst.  ETliott  Conipan> 
•Research  engineer.  Elliott 
""".ompany. 


|-IG.   1.     APPABATUS  USED  IN   REICHARUT  ^S   .UETHOU   u. 
BOILIXG  OUT  DISSOLVED  GASES  IN  WATER  DIRECTLY 


volume  mark,  care  being  taken  that  no  air  bubbles  are 
retained  in  the  top  of  the  bottle.  The  pinch  cock  in  the 
delivery  tube  is  then  opened  and  the  boiling  continued 
until  all  the  dis.solvcd  gases  in  the  sample  collect  in  C. 
This  usually  reciuires  about  thirty  minutes. 

When  all  the  ga.ses  are  collected  in  C,  it  is  connected 
to  the  water-jacketed  gas  burette  D  and  the  gases  are 
withdrawn.     Burette   I)  and   its   leveling   bulb   may  be 

filled  either  with  mercury 
covered  over  its  meniscus 
surface  with  non-volatile 
oil  or  with  a  saturated 
salt  solution.  It  is  impos- 
sible to  prevent  .some 
water  being  drawn  over 
from  C,  and  unless  such 
precautions  are  taken  in 
selecting  the  confining 
liquid  in  D,  considerable  reabsorption  will  take  place 
when  this  water  cools  to  the  temperature  of  the  jacket 
water.  At  the  end  of  about  fifteen  minutes  the  gas  will 
have  attained  the  temperature  of  the  jacket  water,  and 
its  volume  may  then  be  read  directly  from  the  burette 
scale  by  bringing  the  level  of  the  liquid  in  the  leveling 
bulb  to  the  precise  height  of  the  liquid  in  the  burette. 
This  burette  volume  may  be  calculated  into  standard 
volume  from  the  temperature  of  the  burette  jacket  water 
and  the  barometric  pressure. 

Some  steam  is  always  drawn  into  the  burette  along 
with  the  dis.solved  gases.  This  condenses  in  a  film  on 
the  surface  of  the  burette  inclosing  the  gases,  and  for 

precise  work  it  is  neces- 
sary to  correct  the  baro- 
metric reading  for  the 
aqueous  tension  at  the 
temperature  of  the  jacket 
water.  The  vapor  pres- 
sure of  the  concentrated 
salt  solution,  when  it  is 
used,  may  ordinarily  be 
neglected.  With  such 
waters  it  is  necessary  to 
employ  Lenossier's 
method,  which  also  is  a 
chemical  means  of  deter- 
mining dissolved  oxygen. 
The  phenosafranine  indi- 
cator employed  in  this 
method  is  not  so  decisive 
in  its  color  change  (red 
to  straw  color)  and  has  an 
appreciable  lag  in  its  in- 
dications, but  from  the 
standpoint  of  apparatus 
and  manipulation  the 
method  is  indeed  attrac- 
tive. Separatory  funnel 
A,  Fig.  2,  of  about  500  c.c. 
capacity  is  filled  with 
about  400  c.c.  of  mercury 
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and  the  balance  with  water  to  which  has  been  added  20 
c.c.  of  sodium-hydroxide  solution  (36  deg.  Be.),  20  c.c. 
of  rochelle  salt  (20  per  cent),  and  a  few  drops  of  an 
alcoholic  solution  of  phenosafranine  (1  in  2,000).  The 
two-hole  stopper  is  then  replaced,  the  burette  B  filled 
with  a  standard  solution  of  ferrous  sulphate  (02N)  and 
sufficient  sample  poured  into  the  125-c.c.  graduated  sep- 
aratory  funnel  C.  After  the  apparatus  is  found  airtight, 
ferrous  sulphate  is  added  to  the  water  in  A  to  absorb 
all  the  oxygen.  This  is  accomplished  by  opening  the 
stop  cock  of  burette  B. 
permitting  the  mercury  in 
funnel  A  to  run  out  drop 
by  drop.  After  additions 
of  every  few  drops  of  fer- 
rous sulphate  all  stop 
cocks  are  closed  and  the 
solution  well  shaken  to 
cause  diffusion  of  the  fer- 
rous sulphate.  The  whole 
apparatus  is  arranged  on 
a  stand  to  facilitate  this 
shaking,  and  the  mercury 
is  put  in  solely  for  this 
purpose.  When  neutrali- 
zation is  established,  the 
stop  cock  of  B  is  closed, 
stop  cock  of  C  opened, 
and  a  measured  volume 
of  the  water  sample  run 
in,  the  volume  being  read 
from  the  graduations  on 
funnel  C.  With  the  addi- 
tion of  the  oxygen  the 
mixture  in  A  turns  red 
again,  and  neutralization 
with  ferrous  sulphate  is 
accomplished  as  before. 
In  this  case  the  volume  of 
ferrous  sulphate,  as  given 
by  the  burette  readings 
before  and  after  the  addi- 
tion, is  a  measure  of  the 
amount  of  oxygen  in  the 
volume  of  the  sample 
added.  The  process  of  al- 
ternate additions  and 
titrations  may  be  repeated 
indefinitely  as  long  as 
there  is  sufficient  mercury 
in  A  to  accomplish  the 
mixings.  It  is  possible  to 
calculate  oxygen  directly 
from  the  volume  and  nor- 
mality of  the  ferrous  sul- 
phate, but  it  is  desirable 

to  calibrate  it  from  determinations  made  by  the 
Winkler  method  on  a  sample  free  from  nitrates  and 
nitrites.  Experimentally,  the  results  from  Lenossier's 
method  are  strictly  consistent  and  fairly  accurate,  but 
the  results  calculated  from  normality,  etc.,  of  the 
ferrous  sulphate  are  likely  to  be  high.  The  method  is  to 
be  regarded  as  useful  only  where  the  Winkler  method 
is  inapplicable. 

In  the  application  of  any  of  these  methods  to  samples 
from  which  air  has  been  partly  removed,  it  is  necessary 
to  emphasize  that  preliminary  to  testing,  the  greatest 
precautions  must  be  taken  to  avoid  contact  with  air 


FIG.    2. 


and  particularly  agitation.  This  method  is  desirable 
only  because  of  its  simplicity.  It  is  the  least  accurate 
of  the  three  and  calls  for  constant  and  painstaking  at- 
tention in  its  performance,  but  it  requires  no  special 
knowledge  of  chemistry  or  high  degree  of  laboratory 
technique. 

The  Winkler  chemical  titration  method  for  the 
determination  of  dis.solved  oxygen  is  considered  by  the 
writers  as  the  best  of  the  three  methods  discus.sed.  Its 
advantages  lie  in  the  following: 

1.  Minute  traces  of  oxy- 
gen may  be  determined 
with  the  highest  degree 
of  accuracy  and  rapidity, 
by  an  operator  having 
had  only  a  few  hours'  ex- 
perience. 

2.  The  method  gives 
the  determination  directly 
in  terms  of  dissolved  oxy- 
gen, which  is  the  signifi- 
cant factor  in  corrosion 
due  to  dissolved  gases. 

3.  No  special  pieces  of 
glass  apparatus  are  re- 
quired, and  the  apparatus 
may  be  readily  assembled 
in  kit  form  for  field  use. 
The  field  kit  is  shown  in 
Fig.  3. 

The  solutions  required 
are:  (a)  Manganous  chlo- 
ride (400  parts  in  1,000 
parts  water)  ;  (b)  alkaline 
iodide  solution  (700  parts 
sodium  hydroxide  and  150 
parts  potassium  iodide 
in  1,000  parts  water)  ;  (c) 
sulphuric  acid  (equal 
volumes  cone,  acid  and 
water)  ;  (d)  starch  indi- 
cator ( 1  part  starch  paste 
in  400  parts  boiling 
water)  ;  (e)  sodium  thio- 
sulphate  solution,  approx- 
imately 0.025  normal.  This 
solution  should  be  pre- 
pared and  standardized  by 
a  competent  chemist  or 
bought  already  prepared 
from  a  chemical-supply 
house.  It  is  unstable  if 
kept  for  long  periods,  so 
purchases  .should  be  lim- 
ited to  about  two  months' 
supply. 
The  method  is  briefly  as  follows:  To  a  500-c.c.  sample 
of  water  4  c.c.  each  of  manganese-chloride  solution, 
alkaline  iodide  solution  and  sulphuric  acid  are  added  in 
the  order  mentioned.  To  permit  diffusion  of  the 
reagents,  the  additions  are  made  at  two-minute 
intervals.  This  procedure  results  in  the  liberation  of 
iodine  in  the  sample  in  exact  proportion  to  the  original 
amount  of  dissolved  oxygen  present  in  the  water.  The 
solutions  are  most  easily  added  by  means  of  4-c.c. 
suction  pipettes  which  are  filled  to  the  calibration  mark 
on  the  stem  by  suction  applied  with  the  lips.  The  last 
two   solutions   are,   respectively,   caustic   and   acid,   and 
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therefore  care  should  l)e  taken  thut  none  of  these 
liquid.s  come.s  into  the  mouth.  Speciul  precuution 
mu.st  Ik"  taken  not  to  ili.sturb  the  water  until  after  the 
addition  of  .sulphuric  acid. 

A  250-C.I-.  .sample  of  thi.s  treated  water  is  then  taken 
and  a  few  drops  of  starch  indicator  added.  Thi.s  colors 
the  solution  a  beautiful  blue.  The  liberated  iodine  is 
then  titrated  with  .sodium-thiosulphate  solution  by 
addinp  it  drop  by  drop  from  a  calibrated  burette  until 
the  blue  color  disappears.  The  difference  of  burette 
volume  readinjr.s  before  and  after  the  addition  of  the 
thiosulphate  is  the  measure  of  dis.solved  oxyjfen.  In 
samples  heavily  .saturated  with  o.xyjren  the  iodine  color 
of  the  sample  should  be  partly  di.scharped  by  the  addi- 
tion of  the  thiosulphate  before  the  starch  indicator  is 
added.  The  color  chanjje  of  the  indicator  is  both 
sensitive  and  decisive. 

The  chemistry  of  the  method  is  based  upon  the  fact 
that  iodine  is  liberated  in  the  .sample  in  exact  proportion 
to  the  amount  of  oxyjren  dissolved.  A  standardized 
solution  of  sodium  thiosulphate  is  merely  a  solution  con- 
taining a  definite  calibrated  amount  of  sodium  thio- 
sulphate per  unit  volume.  Each  volume  then  has  a 
definite  capacity   for  dissolving  iodine,  and  it   is  pos- 
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FIG.  3.     FIELD  KIT  USED  FOR  WINKLER  METHOD  OF 
TITRATION  FOR   DKSSOLVED  OXYGEN  IN  WATER 


sible  to  eliminate  consideration  of  intermediate  reac- 
tions and  calculate  oxygen  directly  from  volume  of 
thiosulphate  solution. 

n  ,  r.     N  139.5NXA 

Oxygen   (c.c.  per  liter)   =      T^^2T~ 

in  which  N  =  number  of  cubic  centimeters  of  thiosul- 
phate used  in  titration ;  V  =  volume  of  .solution  titrated; 
and  A  =  normality  of  thiosulphate  solution. 

If  it  is  desired  to  know  the  volume  of  air  dissolved, 
it  is  possible  to  determine  it  from  the  oxygen  content 
by  comparisons  with  a  solubility  table.  —  -..• 


Unfortunately,  the  Winkler  method  is  inaccurate  for  \ 
waters  containing  either  organic  nitrates  or  organic  and 
inorganic  nitrites. 

Water  has  the  greatest  avidity  for  redis.solving  air, 
and  therefore  methods  of  collecting  samples  represent  in 
many  ca.ses  more  of  a  problem  than  the  actual  deter- 
mination of  dissolved  gas  content. 

!\li<lw<'sl  Piiinpin^  Set 

Of  late  years  water-works  engineers,  to  insure  a 
constant  service,  have  installed  many  ga.soline-engine- 
driven  centrifugal  pumps.     The  pumping  .set  here  rep- 


.MIKWKST    IT.MIM.NG    SKT 

resented  consists  of  an  electric  motor  direct-connected 
to  a  four-stage  Midwest  centrifugal  pump  manufac- 
tured by  the  Midwest  Engine  Co.,  Indianapolis,  Ind. 
To  the  other  side  of  the  pump  is  fitted  a  40-hp.  Midwest 
four-cylinder  gasoline  engine.  The  pump  is  ordinarily 
driven  by  the  electric  motor.  In  event  of  failure  of  the 
electric  power,  the  engine  is  started  and  clutched  to  the 
pump.  In  this  manner  con.stant  service  at  the  water 
station  is  assured.  In  many  localities  this  combustion 
will  allow  a  lower  insurance  rate.  The  engine  is  of  th« 
four-cylinder  valve-in-the-head  type,  having  a  bore  of 
4i-in.  and  a  6-in.  stroke. 

Diesel-Engine   Pointers 

In  aligning  the  bottom  shells  of  oil-engine  main  bear- 
ings, the  thickness  of  each  shell  should  be  measured 
at  the  ends  and  center.  If  one  bearing  has  worn  thin- 
ner than  the  others,  it  should  be  shimmed  up  or  the 
others  scraped  down. 

Most  oil  engines  run  best  with  0.004  to  0.006  in. 
clearance  between  the  .shaft  and  the  top  bearing.  To 
secure  this,  lead  wires  can  be  used  to  check  the  clear- 
ance. 

If  the  crankshaft  has  an  endwise  movement,  the  ends 
of  the  bearing  .should  have  babbitt  rings  run  on  them; 
steel  washers  placed  between  the  crank  throws  and 
bearings  are  equally  good.  If  not  corrected,  the  side- 
wise  movement  will  bell  the  crankpin  bearings. 

If  a  main  journal  or  crankpin  gets  roughened  the 
scores  can  be  removed  by  careful  filing  and  lapping  with 
emery  compound. 

If  a  babbitt  lining  shows  evidences  of  being  cracked, 
it  should  be  removed  and  rebabbitted  at  once. 

After  rebabbitting  a  bearing,  it  should  be  bored  true, 
before  scraping,  in  order  to  preserve  the  alignment 
of  the  shaft  and  bearing. 
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Protective  Relays— Reverse-Power  Type 

By  victor  H.  TODD 

Test   Engineer,    Westinghouse    Electiit-   and    .Manufacturing   Company 


Conditions  produced  in  a  system  of  parallel 
feeders  ivhen  a  short-circuit  occurs  are  dis- 
cussed and  then  types  of  reverse-power  relays 
that  icill  operate  under  these  conditions  are  con- 
sidered. Both  single-phase  and  polyphase  relays 
are  treated  of. 


A  REVERSE-POWER  relay's  function  is  to  isolate 
trouble  on  a  system  of  parallel  alternating-cur- 
rent feeders.  The  most  common  use  of  the 
reverse-power  relay  is  shown  in  Fig.  1,  where  alternator 
A  is  connected  to  a  bus  B  which  supplies  a  sub-bus  C 
over  the  parallel  feeders  D  and  E.  If  a  short-circuit 
occurs  at  X  on  feeder  D,  power  will  not  only  flow  from 
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FIG.    1.      PARALLEL    P'EEDERS    CONNECTED    BETWEEN    A 
MAIN  AND  A  SUB-BUS 


B  over  D  into  the  defect,  but  it  will  also  flow  from  B 
over  E  to  sub-bus  C  and  back  to  the  fault  X.  Therefore 
to  isolate  the  fault  it  will  not  only  be  necessary  to  open 
switch  5  at  bus  B,  but  also  switch  S'  at  the  sub-bus. 
Switch  S  can  be  tripped  with  a  i-elay,  having  a  definite- 
time  setting;  however,  in  order  to  open  switch  S' 
before  switch  R  can  open  a  reverse-power  relay  is 
required  that  is  set 
for  a  shorter 
period  than  the 
time-limit  relay  at 
R.  To  develop  a 
satisfactory 
reverse  -  power  re- 
lay for  the  protec- 
tion of  parallel 
alternating-current 
feeders  has  always 
been  one  of  the 
most  difficult  pro- 
tection problems. 
It  might  appear, 
at  first  thought,  a 
very  easy  matter  to 
place  contacts  or  a 
wattmeter  which 
would  hold  open 
on  normal  direc- 
tion but  close  on 
reversal  ct  power.  pj^  ^,  single-element  type 
However,  should  reverse-power  relay 


the  short  be  near  the  substation  the  voltage  will  be 
very  low,  although  the  current  may  be  high,  and  the 
power  actuating  the  wattmeter  will  be  extremely  low 
in  this  case.  In  fact,  some  tests  made,  in  which  the 
line  was  actually  shorted  intentionally,  show  that  the 
voltage  may  drop  as  low  as  1  per  cent  of  normal. 
Furthermore,  we  are  dealing  with  three-pha.se  current, 
and  phase  distortions  must  be  considered,  particularly 
in  the  case  of  .short-circuits  from  one  line  to  the 
ground,  or  on  one  phase  only.  These  short-circuits 
maj'  so  distort  the  relation  of  current  to  voltage  as  to 
cause  the  angle  between  them  to  be  almost  90  deg.,  thus 
producing  the  worst  condition  for  low  torque  in  the 
wattmeter  element ;  namely,  very  low  power  factor  and 
voltage. 

One  of  the  first  relays  used  for  reverse-power  trip- 
ping had  a  wattmeter  element  which  closed  contacts.  In 
this  form  the  movement  was  the  same  as  the  induction 
wattmeter.  There  was  a  movable  arm  and  contact  and 
two  stationary  contacts,  one  on  each  side  of  the  movable 
contact,  with  separate  adjustments  -provided  to  allow 
different  setting  for  tripping  points  in  normal  and  re- 
verse directions.  The  movement  was  controlled  by  a 
strong  spring  to  allow  setting  to  two  or  three  times 
full  load.  No  attempt  was  made  to  introduce  time  lag 
or  damping,  the  relays  acting  instantly.  These  relays 
were  found  to  be  entirely  inadequate  on  account  of 
insufficient  torque  when  short-circuits  cause  the  voltage 
and  povv'er  factor  to  drop  to  low  values.  They  proved 
conclusively  that  a  pure  "wattmeter"  relay  was  not 
satisfactory. 

A  practical  reverse-power  relay  should  fulfill  the  fol- 
lowing conditions: 

1.  It  should  close  its  contacts  positively  when  the 
direction  of  power  flow  is  I'eversed,  under  all  possible 
conditions  of  voltage,  power  factor  and  current. 

2.  It  should  never,  under  any  circumstances,  close  its 
contacts  when  the  direction  of  power  flow  is  normal. 

These  are  the  fundamental  requirements.  In  addi- 
tion it  is  desirable 
to  have  a  time  ele- 
ment that  can  be 
accurately  pre- 
determined and 
quickly  adjusted  to 
any  desired  value. 
It  is  assumed  as  a 
matter  of  course 
that  the  relays  are 
reliable  and  rigid 
in  their  mechanism 
and  have  the 
necessary  current- 
carrying  capacity 
both  in  windings 
and  contacts.  A 
most  important 
step  toward  ful- 
filling these  condi- 
tions was  in  adding 
a  separate  watt- 
1.  .;.  the  sa.me  a.s  Fic.  :;.  meter  element  with 
with  cover  removed  contacts    in    series 
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wifh  those  of  the  oxccss-cmiont  rolaj".  The  wattmeter 
eienioiit  was  very  eaiefiilly  eonstnuted.  with  a  weak 
spiinjr  and  quick-time  element,  so  that  the  least  l!ow  of 
luirent  in  the  normal  direetion  would  hold  the  coiitacls 
open  and  prevent  the  excess-iurreiit  relay  from  trippioR 
the  breaker,  even  in  the  event  of  overload.  Should  the 
power  reverse  the  wattmeter  element  ijuiikly  close  its 
contacts,  but  since  they  were  in  series  with  the  exce.s.s- 
current  relay  contacts  the  breaker  could  not  trip  until 
both  closed;  that  is,  an  exce.ss  current  in  the  reversed 
direction.  This  combination  clearly  .selected  between 
an  overload  in  the  normal  and  rever.se  direction  even  if 
the  voltage  dropped  to  2  per  cent  of  normal  and  the 
power  factor  to  10  per  cent.  This  reverse-power  relay 
as  tinally  developed  contained  two  .separate  elements;  a 
plain  excess-current  relay,  and  a  sensitive  reverse-watts 
relay  v.'ith  their  contacts  in  series.  This  allows  the 
current  to  be  set  high  enough  so  that  it  will  not  operate 
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e.xcept  on  excess  current  in  either  direction,  but  still 
the  reverse-watt  element  insures  that  the  breaker  can 
never  trip  except  when  the  excess  current  is  in  the 
direction  of  reverse  power. 

In  Figs.  2  and  3  is  shown  a  reverse-power  relay  of 
the  foregoing  type.  This  relay  combines  all  the  points 
heretofore  mentioned.  It  will  be  noticed  that  the  single 
case  contains  two  separate  induction  elements,  each 
with  its  windings,  disc,  magnets,  contacts,  etc.  There 
is  no  mechanical  connection  whatever  between  the  two 
moving  elements.  The  top  element  is  the  quick-acting, 
sensitive  watt  element  with  a  contact  switch  W  con- 
trolling the  contactor  S.  The  lower  element  is  a  stand- 
ard "excess-current"  (overload)  relay,  provided  with  an 
adjustable  time  lever  L,  current-adjusting  plate  A,  ex- 
cess-current contacts  E  in  series  with  the  watt-element 
contacts  W ,  torque  compensator  T,  etc.  The  wiring 
diagram.  Fig.  4,  gives  the  internal  connections,  the  cur- 
rent winding  being  shown  by  the  heav\'  lines. 

Owing  to  the  flow  of  heavy  currents  the  vibration  of 
the  discs  prevented  the  making  of  good  contacts  at  the 
watt  element  and  the  excessive  torque  also  caused  the 
discs  to  slip  on  the  shafts.  The  fluttering  contact  was 
changed  into  a  positive  one  by  means  of  the  contactor 
switch  ?hov.-n  at  S,  Fig.  3.     This  consists  of  an  electro- 


magnet .1,  Fig.  T),  capable  of  attracting  an  iron  arma- 
ture H,  which  is  pivoted  at  C  and  carr'es  a  silver  (con- 
tact I).  The  contacts  K  are  those  on  the  lower-element 
relay  contacts  shown  in  Fig.  \.  When  contacts  K  close 
and  are  vibrating  or  chattering  owing  to  the  heavy  in- 
duced currents  in  the  dj.sc  to  which  they  are  attached, 


' -Battery 
FIG.  5.      DIAGRAM   OF  RELAY  TRIP  CIRCUITS 

their  partial  touching  allows  a  small  current  to  flow  in 
the  solenoid  A,  Fig.  5.  This  weak  current  cau.ses  the 
solenoid  to  attract  the  armature  B,  and  causes  D  to 
short-circuit  the  two  contacts  F  and  G,  thus  positively 
energizing  the  trip  coil  and  tripping  the  breaker.  It  is 
evident  that  should  contacts  E  still  flutter  there  will  be 
no  spark.  In  fact,  the  first  touch  is  enough  to  close  D 
and  trip  the  breaker.  The  trip  circuit  will  stay  ener- 
gized and  contact  D  closed  until  the  circuit  is  opened  by 
the  auxiliary  pilot  switch  on  the  breaker,  which  is  ar- 
ranged for  this  purpose.  The  contactor  switch  not  only 
assures  positive  contact,  but  increases  the  tripping-cir- 
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FIG.  6.  CONNECTIOX.S  OF  RELAT.S  TO  CAUSE  THE 

CURRENT  TO  LEAD  THE  VOLTAGE  ON 

NON-INDUCTION  LOADS 


cuit  capacity  from  two  to  ten  amperes,  thus  avoiding 
the  use  of  an  auxiliary  relay  switch  except  in  the  case 
of  very  heavy  trip  currents. 

Excessive  torque  is  overcome  by  means  of  the  "torque 
compensator,"  which  is  a  small  transformer.  Fig.  4, 
with  the  primary  winding  carrying  the  main  current, 


November  2,  1920 


POWER' 


691 


the  secondary  supplying  the  relay  windings.  The  com- 
pensator is  so  proportioned  that  the  iron  becomes  sat- 
urated at  heavj-  overloads,  thus  preventing  excessive 
flow  of  current  in  the  relay. 

In  view  of  the  fact  that  the  heavy  overload  currents 
produce  such  strong  field.s  it  might  be  suspected  that  this 
alternating  field  would  weaken  the  permanent  magnets 
and  change  the  time  setting.  This,  however,  is  not 
the  case,  as  the  magnets  are  placed  on  the  diametrically 
opposite  side  of  the  disc  from  the  driving  coils,  and 
thoroughly  shielded  by  the  framework,  exactly  as  in  an 
integrating  wattmeter.  Moreover,  in  testing,  the  relays 
are  subjected  to  many  times  more  current  than  they 
would  ever  get  in  actual  practice,  so  any  demagnetiz- 
ing effect  would  make  a  permanent  change  the  first 
time  the  relay  was  tested  and  following  excess  current 
could  not  change  its  action. 

The  most  important  requirements  of  a  reverse-power 
relay  is  that  it  should  operate  when  the  potential  at  its 
terminals  is  between  1  and  2  per  cent  of  normal.  If 
we  assume  the  case  of  a  No.  0000  cable  normally  carry- 
ing 300  amperes  at  12,000  volts  connected  to  a  generat- 
ing station  having  a  short-circuit  current  of  3,000 
amperes,  the  loss  which  would  occur  between  the  bus- 
bars and  a  metallic  short-circuit  100  ft.  from  them 
would  be  45  kw.  per  phase,  or  less  than  three-quarters 
of  one  per  cent  of  the  relay  setting. 

The  statement  has  frequently  been  made  that  a  re- 
verse-power relay  cannot  operate  when  there  is  no 
voltage,  but  neither  can  there  be  a  flow  of  current  un- 
less there  is  a  difference  of  potential.  The  problem  is, 
therefore,  nothing  more  than  a  question  of  securing  a 


FIG.  7.     RELAY  HAVING  THREE  REVERSE-POWER 
ELEMENTS 


contact-making  wattmeter  which  is  sensitive  to  operate 
on  the  small  potential  that  is  always  present  when  a 
short-circuit  occurs.  Numerous  tests  have  been  made 
that  show  that  when  a  cable  breaks  down  the  arc 
through  the  insulating  space  between  conductors  will 
maintain  a  voltage  of  between  1  and  2  per  cent,  and  it 
has  been  found  that  a  higher  voltage  is  maintained 
when  the  current  is  small  than  when  it  is  excessive — 
a  fact  that  materially  assists  reverse-power  relays.  It 
should  be  pointed  out  that  on  large  systems  it  is  prac- 


tically impossible  to  obtain  a  metallic  short-circuit,  be- 
cause any  small  object  that  could  be  brought  into  con- 
tact with  the  busbars  would  be  immediately  destroyed. 
In  the  past  the  operation  of  revei'se-power  relays  has 
been  somewhat  unsatisfactory  because  means  were  not 
taken  to  insure  correct  operation  at  times  when  the 
power  factor  of  the  system  was  bad  owing  to  unbal- 
anced short-circuits.  As  a  result  of  several  years'  in- 
vestigation it  has  been  found  that  the  method  of  con- 
necting reverse-power  relays  with  their  potential  coils 


FIG.  8.     tjAME  AS  FIG.   7  WITH  COVER  REMOVED 

in  star,  as  has  been  the  usual  custom,  is  theoretically 
incorrect,  and  the  relays  will  fail  to  operate  upon  the 
occurrence  of  the  most  common  form  of  short-circuit. 
When  unbalanced  short-circuits  occur  a  large  number 
of  combinations  of  circumstances  are  possible,  but  it 
has  been  found  that  the  most  severe  condition  is  when 
only  two  conductors  of  a  three-phase  line  are  short- 
circuited,  and  if  relays  will  operate  properly  under  this 
condition  they  will  satisfy  practically  all  other. 

One  method  of  taking  care  of  the  distorted  condition 
in  the  system  due  to  a  single-phase  being  short-cir- 
cuited is  to  connect  the  relay's  voltage  coils  across  the 
same  conductors  that  are  causing  the  short-circuit.  In 
other  words,  the  voltage  coils  are  connected  in  delta  in 
accordance  with  Fig.  6.  Because  the  current  will  lag 
behind  the  voltage  when  a  short-cirucit  occurs  by  prac- 
tically 90  deg.,  the  connection  should  be  so  made  that 
at  unity  power  factor  the  current  in  the  current  coils 
of  the  relays  will  lead  the  voltage  by  30  deg.  This  con- 
nection not  only  overcomes  the  trouble  from  distortion, 
but  it  allows  the  relays  at  all  time  to  operate  under  a 
higher  power  factor.  In  order  to  make  this  connection 
satisfactory  it  is  riecessary  to  take  into  account  the 
direction  of  the  rotation  of  phases. 

There  are  two  very  simple  methods  of  determining 
the  correct  connection.  One  is  to  connect  the  current 
coils  of  a  single-phase  power-factor  meter  in  series  with 
the  relay-current  circuit  and  then,  with  100  per  cent 
power  factor  load  on  the  line,  select  the  pair  of  voltage 
leads  that  give  about  86  per  cent  power-factor  lead  on 
the  meter.  The  second  method  is  to  use  a  single-phase 
indicating  wattmeter  and,  with  a  lagging  power  factor 
load  on  the  line,  select  the  pair  of  voltage  leads  that 
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Kive  the  hiRhest  loiuliiijr.  .lust  after  miikiiiK  this  test 
is  the  propel*  time  to  see  that  the  {ontacts  an-  heUi  open. 
If  they  clo.se  the  voltuKe  leads  must  be  rever.se<l.  The 
forejroinjr  discussion  is  not  based  solely  upon  the  muth- 


finatical    .study    of   the    piol)lem, 
actual  tests   made  on  a  number 
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IXTEK.N'AI.    CIRCUITS    OF 
RELAY.    FIG.    7 


but  is  the  result  of 
of  systems  where  the 
rever.se-enerKy  re- 
lays connected  ac- 
lordinjr  to  the  old 
method  have  not 
Kiven  satisfactory 
.service.  Experiments 
have  shown  that  this 
method  of  connec- 
tion should  also  be 
used  on  systems 
having  a  grounded 
neutral.  This  con- 
nection (with  the 
current  30  deg-. 
ahead  of  the  volt- 
age) must  be  used 
with  care  on  an  un- 
grrounded  -  neutfial. 
system  having  a 
heavy  charging  cur- 
rent to  ground.  Dif- 
ficulty may  also  be 
encountered  on  some 
systems  where  the 
load  current  is  lead- 
ing. But  in  both  these  cases  the  lagging  short-circuit 
currents  will  be  much  greater  than  any  possible  lead- 
ing current  and  no  difficulty  due  to  incorrect  operation 
of  the  reverse-power  relays  will  be  experienced  if  the 
excess-current  elements  operate  on  short-circuits  only. 
To  insure  satisfactory  protection  on  a  grounded-neu- 
tral  system  current  transformers  should  be  placed  in 
each  wire,  and  it  is  advisable  to  do  the  same  on  an  un- 
grounded-neutral .system.  This  is  because  two  con- 
ductors in  different  pha.se  of  different  sections  of  line 
are  likely  to  be  grounded  simultaneously,  thus  resulting 
in  a  short-circuit  which  involves  two  lines.  For  in- 
stance, suppose  that  phase  -4  in  one  section  of  line  be- 
comes grounded  and  the  resulting  surge  in  voltage 
causes  a  breakdown  in  phase  B  in  another  line.  If  both 
of  these  wires  should  happen  to  be  without  current 
transformers  the  short-circuit  could  not  be  cleared. 
,  Two  voltage  transformers  connected  in  open  delta  are 
sufficient  to  operate  three  reverse-power  relays.  On 
high-voltage  systems  it  is  sometimes  inconvenient  to 
connect  voltage  transformers  on  the  line  side  of  the 
power  transformers,  in  which  case  they  may  be  con- 
nected to  the  low-tension  bus,  but  if  the  high-tension 
transformers  are  connected  star-delta  then  the  voltage 
transformers  must  be  connected  the  same  way  to  pre- 
serve the  correct  phase  relations. 

Instead  of  combining  a  watt-element  and  an  overload 
relay  in  one  case  and  using  three  combination  instru- 
ments on  each  three-phase  line  some  engineers  prefer 
to  house  the  three  watt-elements  in  one  case  and  use 
this  relay  in  conjunction  with  two  or  three  overload 
relays,  of  either  the  plunger  or  the  induction  type.  Such 
a  relay  is  shown  in  Figs.  7  and  8,  and  the  internal  wir- 
ing diagram  in  Fig.  9. 

From  Fig.  9  it  will  be  seen  that  there  ai'e  three  sepa- 
rate current  coils  and  three  potential  coils,  and  since 
the  relay  operates  on  the  induction  principle  there  is 


no   mutual    iiKitictanco   between   coHh;   conHCquently,   ii<i 
induced    voltage    in    the    potential   coil    from    the   hoa\  . 
current  flowing  in  the  series  coil.     Two  discs  are  used 
the  upi)er  one  of  which  is  driven  by  one  element.     Tli 
lower  di.sc  is  driven  by  two  elements,  one  in  the  fron 
shown  in   Fig.  8,  and  one  in  the  rear.     Under  norm: 
direction  of  power  the  discs  tend  to  rotate  to  the  rigl 
and   keep   the  contacts  open.     Reversal  of   power   flo 
cau.ses  the  di.scs  to  rotate  to  the  left,  thus  dosing  tli 
contacts;  no  attempt  is  made  to  dampen  the  movement 
and  the  arc  of  disc  travel  is  very  small. 

Fluttering  trip  currents  such  as  might  be  due  to  vi- 
bration of  the  disc,  bouncing  of  contacts,  etc.,  are  over- 
come by  means  of  the  auxiliary  switch  at  the  top  of 
the  figure.  When  the  main  relay  contacts  A  first  make 
contact  the  .solenoid  B  is  energized,  which  quickly 
forces  E  against  contacts  C,  thus  relieving  the  current 
from  switch  A.  Once  clo.sed,  however,  they  stay  closed 
until  the  trip  circuit  is  broken  by  an  auxiliary  switch 
which  operates  when  the  circuit  breaker  opens. 

This  rcvcr.se-power  relay  must  be  used  in  conjunction 
with  a  three-phase  on  three  single-phase  overload  re- 
lays, such  as  the  induction  type  of  .solenoid-bellows  type, 
to  secure  proper  protection.  Each  overload  relay's  coil 
is  connected  in  series  with  a  current  coil  of  the  reverse- 
power  relay.  Complete  connections  for  a  three-pha.se 
circuit  are  given  in  Fig.  10.  The  main  three-phase 
line  is  protected  by  a  circuit  breaker  and  supplied  with 
three  current  and  three  voltage  transformers.  Each 
current   transformer  supplies   one  current   coil   in   the 


FIG.   10.     CONXECTIOX  FOR  PROTECTING  A  THREE-PHASE 
CIRCflT  WHEX  THE   RELAY,   FIG.    7.  I.S  FSED 

reverse-power  relay  and  one  overload  relay.  The  trip 
of  the  reverse-power  relay  is  connected  in  series  with 
the  overload  relays  and  operates  the  breaker. 

There  have  been  a  number  of  other  types  of  relays 
developed  to  operate  on  reverse  power,  but  in  most 
cases  they  can  be  regarded  only  as  a  modification  of 
"overload"  (excess-current)  relays,  which,  with  given 
conditions  of  superimposed  voltages  as  regards  value 
and  direction,  will  trip  at  different  values  of  current. 
They  become  practically  "current"  relays  w-hen  the 
voltage  drops  very  low. 
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The  Storage  of  Coal 


The  Relation  the  Method  of  Piling  Coal  Bears  to  the  Numher  of  Fires- 
Data  Collected  and  Here  Presented,  Shows  That  Hand 
Shoveling  Reduced  the  Fire  Hazard 

By  W.  D.  LANGTRY 

President,  Commercial  Tpsting  and  KngineerinK  Company.  Chicago 


WHEN  placing  his  storage,  it  would  seem  that  the 
average  consumer  of  coal  thinks  only  of  how 
to  unload  it  in  the  cheapest  manner  possible. 
He  seldom  takes  into  consideration  the  expense 
attached  to  removing  a  pile  of  coal  should  it  catch  on 


properly  at  the  start,  but  the  old  saying  of  "an  ounce 
of  prevention  is  worth  a  pound  of  cure"  applies  in  this 
case.  The  cure  at  one  yard  in  Chicago  was  to  pick  up 
several  thousand  tons  of  coal,  haul  it  a  mile  to  a  vacant 
lot  and  spread  it  out  to  allow  it  to  cool  off. 


MKTllOi:)S    OF    PILING    COAL 

Fig.  1 — Screenings  unloaded  by  clani.shell.  Fig.  2 — Coal  imloaded  bv  wheelbarrows. 
— Coal  being  removed  after  firing.  Fig.  5 — Coal  unloaded  by  conv.vor  and  chute, 
on  a  trestle. 


Fig.  3 — Coal  unloaded  by  clanisliell.    Fig.  4 
Fig.   6 — Coal   unloaded   fiom   side-dump  cars 


fire,  or  using  some  other  means  of  quenching  it.  The 
one  thought  is  to  get  it  on  the  ground  and  then  trust 
to  luck  that  spontaneous  combustion  will  not  occur. 

Proper  piling  of  coal  is  probably  the  greatest  factor 
in  reducing  spontaneous  combustion  to  a  minimum.  It 
may  seem  to  be  a  little  more  expensive  to  pile  the  coal 


Some  interesting  data  were  gathered,  and  are  now 
being  printed  by  the  Illinois  Engineering  Experiment 
Station  in  Bulletin  No.  116,  on  different  methods  of  un- 
loading coal  and  the  number  of  fires  that  started.  The 
accompanying  table  was  taken  from  this  source.  It  indi- 
cates that  coal  shoveled  by  hand  shows  the  least  percent- 
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iiKO  »l  lii'cs.  The  reason  for  this  may  In*  that  when  the 
hami  nu'thod  is  used,  tho  piles  will  ho  small  and  low. 
No  doubt  one  of  the  prentcst  contrilniliiiK  factors  to 
spontaneous  combustion  is  the  sejs're>jation  of  the  sizes. 
No  matter  what  the  device  is  for  unloadinj?,  it  should 
not  have  the  tendency  to  separate  the  fine  coal  from  the 
large.  The  (iner  the  coal  the  more  raj)id  will  be  the 
oxidation. 

In  every  one  of  the  accompanying  pictures  fire  started 
and  it  could  be  attril)uted  in  each  case  either  to 
pyramiding  of  the  coal  or  to  the  inflammable  material 
around  which  it  was  piled.  When  coal  is  placed  in 
a  conical  pile,  the  finer  pieces  naturally  will  be  found  in 
the  center  of  the  pile,  while  the  larger  lumps  will  oe 
at  the  outside  and  toward  the'  bottom.  This  arrange- 
ment gives  a  free  piissage  of  air  between  the  lumps  to 
the  finer  coal,  where  spontaneous  combustion  is  most 
likely  to  be  found.  The  finer  coal  obstructs  the  free 
passage  of  the  air  so  that  it  is  not  cooled  by  ventilation, 
and  when  the  fire  once  starts,  plenty  of  air  comes 
through  the  coarser  coal  to  accelerate  combustion. 

Figs.  3  and  4  give  an  idea  of  the  height  of  some  of  the 
piles.     In  the  background  of  the  latter  view  a  portable 


(  raric  and  clamshell  is  at   work.     In  subsequent  articles 

more  will  be  said  on  proper  methods  of  piling  coal. 

lilHaroN'  HI'OMANl.dl  HC'O.MHI  SI  ION  <)l   .MK IIUJI)  OK 
I'll.INd  CIIAI. 

(itirniioriiinin-   \         (Jiii,*itiorinnirr  M 

M.iI.ikI  Ictul          Kir<-.l          T'Hiil           Kir-<l 

SIk.v.W  l,v  liiiml  li;                 SI            201                 li 

Dnniixilfriiiri  MiiKon  I                     I 

Wl Ilmrr.m  1                                      4                  2 

l>iiiri|H-fl  friiiii  triif'k  4 

\Vl,..l.,|h.Tll|HT  2                        2 

l)ri>|>|ii'ilfr<iri>nir  0                   ) 

(  ruiM' I  k»-< Iiv.'i  M                  7 

Coiiviyor  i                  4 

l)r')f>p*fl  fromciiroh  trfhfli-  I                  I 

i;i.vut(.r  7                   1 

Itri.lR.-  2 

llv.lrnwlir  ,                   ; 

InhopiHT  I                   I 

.\ot  i>lal<Hl  58                2 1 

Cliiiiinlii'll  I.                7; 

Criinr                     .       .  15;               17; 

DcxlKinlnragOHyRU-ni  I                  I 

Holt  roiivcyor  '                  I 

ICIrvutor I 

HriclK<-        2                  2 

Uuit^inp  trark  on  con)  7                   ) 

I'lulor  water I 

Not  ataU-d  2                 2 

Totola  78                45              103                75 

Two  previous  articles  on  coal   storage  by  the  same 

author  appeared   in  the  Oct.   5  and  Oct.    19   issues  of 
Power. 


The  Oil  Sitviation — ^The  Effect  on  the 
Oil-Engine  Industry 


By  E.  T.  ADAMS 


THE  production  of  oil  within  the  United  States  is 
now  believed  to  be  practically  at  its  maximum. 
New  development  may  hold  our  output  for  a  few 
years  at  the  present  figure  or  even  make  a  small 
increase,  but  very  soon  we  must  face  a  constantly 
diminishing  supply  of  crude  oil.  At  the  same  time,  the 
production  of  motor  cars,  trucks,  tractors  and  oil 
engines  is  increasing  at  a  rate  never  before  equaled  in 
our  history. 

There  are  those  who  discount  heavily  all  tales  of 
oil  shortage.  They  point  to  our  reserve  of  oil-bearing 
shales;  they  expect  the  chemist  to  make  good  when  the 
oil  prospector  fails.  But  no  one  denies  that  demand  is 
now  increasing  much  faster  than  supply,  nor  longer 
ignores  the  fact  that  soon  there  will  not  be  enough  oil 
to  go  around.  This  is  not  a  matter  of  opinion;  it  is  a 
matter  of  statistics,  available  to  anyone  who  has  the 
interest  to  look  them  up. 

Economy  Nex;essaky 

Before  we  abandon  ourselves  to  utter  despair  it  may 
be  well  to  consider  the  grounds  upon  which  these  pre- 
dictions are  based,  and  when  we  do  so  we  at  once  find 
a  100  per  cent  ray  of  hope.  All  predictions  as  to  the 
future  of  our  oil  supply  are  based  on  three  things: 
The  present  rate  of  supply,  which  we  admit  to  be  near 
its  maximum;  the  present  demand,  which  we  admit  will 
increase  at  a  rapid  rate;  and  present  methods  of  use, 
which  are  wasteful,  extravagant  and  foolishly  short- 
sighted. By  economy  we  can,  in  effect,  double  our 
present  oil  supply,  and  we  will  speedily  practice  that 
economy  because  rapidly  advancing  prices  of  the 
higher  grades  of  oil  and  preferential  selection  in  its 
use  will  speedily  drive  us  to  it. 

A  statement  that  half  of  our  oil  supply  is  wasted  by 
the  user  is  a  sweeping  assertion,  difficult  to  prove,  but 


no  one  who  knows  the  fapts  doubts  its  substantial 
accuracy.  I  shall  not  attempt  a  proof,  but  here  sub- 
mit some  of  the  ba.ses  for  this  belief.  First,  the  motor 
car.  In  so  far  as  power  is  concerned,  cars  are  sold  on 
the  basis  of  speed  and  acceleration.  The  motor  and 
the  carburetor  are  designed  solely  on  that  basis.  There 
is  probably  no  motor  salesman  who  knows  the  fuel  con- 
sumption of  his  motor  in  terms  of  fuel  per  horse- 
power-hour at  any  load.  It  is  his  business  to  sell  cars, 
and  in  order  to  do  so  he  talks  economy  and  demon- 
strates speed  and  acceleration.  He  boasts  openly  of 
speeds  double  that  which  are  allowed  by  any  law,  and 
he  shows  you  all  the  acceleration  that  he  can  attain. 
Since  it  is  the  demand  of  the  buyer,  every  car  has  a 
motor  designed  to  give  speed  and  acceleration,  normally 
operating  with  very  poor  economy  because  the  motor 
is  underloaded  and  the  carburetor  is  set  with  a  mix- 
ture far  too  rich  for  economy.  Carburetor  manufac- 
turers build  carburetors  to  sell  to  car  manufacturers, 
who,  in  turn,  insist  on  the  speed  and  the  acceleration 
that  you  and  I  demand.  When  you  and  I  demand 
economy  we  will  have  cars  with  smaller  motors,  and 
carburetors  designed  for  economy.  This,  even  in  our 
present  large  and  therefore  wasteful  motor,  would 
give  an  increase  of  50  per  cent  in  economy.  Such  a 
carburetor  would  be  very  different  from  present  types. 
It  would  actually  put  into  the  cylinder  a  true  vapor  or, 
at  worst,  a  very  near  approximation  to  it.  Our  pres- 
ent-day speed  and  acceleration  carburetors  do  not  by 
any  means  put  into  the  cylinder  either  of  the.se  things, 
as  inspection  thi-ough  a  glass  manifold  will  speedily 
show. 

The  truck  and  the  tractor  should  use  kerosene  either 
in  a  carburetor  which  actually  vaporizes  the  oil,  or 
under  a  boiler,  or  in  a  high-compression  engine  which 
burns  the  oil  practically  with  Diesel  economy. 
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We  have  a  merchant  marine,  designed  seemingly  by 
that  fond  generation  who  believed  that  all  our  natural 
resources  were  "boundless"  and  "inexhaustible,"  a 
new  but  antiquated  oil-burning  mechant  marine  which 
demands  three  times  as  much  oil  per  ton-mile  as  would 
be  required  if  the  oil  were  burned  in  modern  marine 
oil  engines.  When  oil  was  "cheap"  and  the  supply  was 
plentiful,  the  railroads  were  cultivated  as  potential 
users  of  large  quantities  of  oil,  and  today  oil-burning 
locomotives  haul  freight  and  passengers  parallel  to 
streams  that  might  furnish  hydro-electric  power,  or 
past  mines  the  waste  from  which  would  generate  at  the 
mine  electric  current  which  would  save  the  oil  burned 
in  many  locomotives. 

Illuminating  Gas  Demands 

Then  there  is  gas  oil,  a  rich  oil  of  about  34  gravity, 
high  in  illuminants,  supplied  to  our  public  utilities ;  this 
is  a  preferential  use,  ahead  of  your  demand  and  mine, 
because  the  good  of  the  community  is  of  higher  impor- 
tance than  the  good  of  the  individual.  But  why  do  we 
use  gas  oil?  We  use  gas  oil  to  enrich  gas,  to  supply 
illuminants  to  a  gas  already  high  enough  in  heat  value ; 
we  furnish  gas  oil  to  comply  with  laws  regulating  the 
candlepower  of  gas  sold  to  communities,  and  candlepower 
relates  to  the  illuminating  power  of  gas  when  burned  in 
an  open  burner.  Very  little  gas  is  now  burned  in  an 
open  burner  since  a  mantle-type  burner  gives  far 
better  light  and  uses  much  less  gas  than  that  con- 
sumed by  the  open  burner.  Furthermore,  electric  light 
has  largely  supplanted  gas  light  and  gas  is  now  chiefly 
used  in  stoves.  It  is  a  means  of  heat  rather  than  light, 
and  illuminants  have  no  special  value  in  a  heating  gas 
or  in  a  gas  burned  in  a  mantle.  Our  lawmakers  are 
not  supposed  to  know  this,  but  if  we  could  make  them 
know  it,  it  would  cost  less  money  to  make  gas,  to  the 
potential  benefit  of  the  user.  This  would  at  once 
eliminte  another  serious  waste  of  oil. 

If  the  reader  is  not  prepared  to  admit  that  we  use  a 
half  and  waste  a  half  of  our  oil  supply  he  must  at 
least  admit  an  astounding  waste  and  therefore  be  pre- 
pared for  the  changes  which  wasteful  use  is  bringing 
about;  for  it  is  no  longer  entirely  a  matter  of  price, 
although  the  price  naturally  will  be  higher.  It  is  a 
question  of  preferential  use,  a  question  as  to  who  shall 
have  oil  and  who  shall  do  without.  Preferential  use  of 
oil  has  been  with  us  for  a  long  time;  it  began  years  ago, 
when  the  familiar  red  28-gravity  "fuel  oil"  disappeared 
from  the  Eastern  market.  One  recalls  the  consternation 
and  despair  with  which  one  received  the  announcement 
that  "fuel  oil"  would  no  longer  be  supplied,  yet  today 
the  gas  producer  has  entirely  supplanted  the  fuel-oil 
tank,  and  this  fuel  oil  is  now  converted  into  a  large 
percentage  of  gas  and  a  small  percentage  of  heavy 
residuum. 

Future  Grades  of  Fuel 

This  is  the  new  condition  that  now  confronts  us.  The 
majority  of  the  old  familiar  grades  are  no  longer  on  the 
market,  but  by  modern  processes  are  being  converted 
into  four  products — gasoline,  kerosene,  a  heavy  Diesel 
oil  and  an  extremely  heavy  residuum  which  can  be  burned 
under  a  boiler  only  by  the  use  of  special  appliances.  Of 
these  products  two  may  be  further  broken  down  to 
furnish  gasoline  and  a  heavy  residuum — kerosene  which 
furnishes  a  large  percentage  of  gasoline  and  a  small  per- 
centage of  residuum,  and  Diesel  oil,  which  is  already 
largely  residuum  and,  when  "cracked,"  furnishes  but  a 


small  amount  of  gas.  Because  of  the  lamp  trade  and 
the  stove  trade,  and  because  of  a  system  of  tankage  of 
unappreciated  magnitude,  wonderful  even  in  this  day  of 
wonder.s — because  of  these  things,  kerosene  will  be  a 
permanent  product,  as  will  be  the  heavy  residual  oils. 
We  may  therefore  safely  adjust  our  lives  and  our  indus- 
tries to  the  four  oils — gasoline,  kero.sene,  Diesel  oil  and 
residuum ;  these  are  the  oils  from  which  presently  we 
shall  be  compelled  to  choose.  Of  the  others — gas  oils, 
distillates,  engine  oils  of  26,  28  and  24  gravity,  and  the 
surplus  stocks  of  kerosene — all  are  passing,  and  higher 
prices  will  come,  especially  for  the  lighter  oils. 

We  may  expect  that  the  motor  car  and  the  truck  will 
react  to  this  condition  but  slowly ;  each  has  its  special 
problems,  aside  from  mere  economy  in  the  use  of  oil. 
But  the  tractor  manufacturer  has  no  excuse  to  offer; 
a  tractor  must  operate  long  hours  at  full  power,  its 
operating  cost  is  a  tax  on  a  nation's  bread.  The  tractor 
engine  should  get  entirely  away  from  the  carburetor; 
it  should  use  higher  compression  and  give  an  approach 
to  Diesel  economy.  Such  an  engine  is  as  simple  to 
manufacture  as  a  gasoline  engine  of  the  carburetor  type. 
Here  at  least  is  an  economy  that  is  near  at  hand. 

New  Engine  Design 

The  most  sweeping  result  of  these  new  oil  conditions  is 
the  effect  to  be  expected  on  the  engines  designed  to  use 
the  intermediate  grades  of  oil,  such  as  distillate,  gas  oil 
and  28-gravity  fuel  oil.  "Semi-Diesel  engines"  one  might 
call  them  from  the  frequency  with  which  the  term  ap- 
pears in  their  literature.  All  these  will  change,  the 
smaller  engines  to  kerosene  burners  and  the  larger  en- 
gines to  the  high-compression  type,  not  necessarily  to  the 
full  Diesel  with  air  injection,  but  changed  to  an  engine 
that  will  burn  any  oil  that  a  full  Diesel  will  burn,  to  an 
engine  which  will  produce  a  brake  horsepower  from 
one-half  pound  of  Diesel  oil  and  which  is  simple,  solid 
and  easily  operated  and  cared  for.  This  is  the  small- 
power  type  of  the  immediate  future,  and  nowhere  is 
oil  economy  more  closely  associated  with  the  cost  of  our 
daily  bread,  nowhere  an  economy  more  important. 
There  are  thousands  of  acres  of  lands  not  accessible  to 
gravity  water  and  beyond  the  reach  of  electric  power, 
which  are  dependent  on  the  use  of  an  economical  oil- 
engine operated  pump  to  keep  them  in  intensive  cultiva- 
tion. To  these  farmers,  to  the  manufacturer,  and  the 
multitudinous  user  of  small  power  this  newer  type  of 
oil-burning  motor  is  a  momentous  advance.  I  do  not 
know  by  what  name  motors  of  this  tjije  will  be  called, 
but  I  believe  that  they  will  be  called  Diesel  engines. 
They  will  lack  the  panoply  which  we  have  come  to 
associate  with  the  name  Diesel — there  will  be  no  air 
injection.  The  type  will  be  simple,  dustproof  and  fool- 
proof; they  will  burn  Diesel  oils,  on  approximately  the 
Diesel  cycle,  and  will  give  approximately  Diesel  economy. 
They  will  be  in  truth  highly  simplified  Diesel  engines 
of  moderate  power. 

We  have  reached  the  peak  of  our  oil  production 
through  a  period  of  reckle.ss  waste  by  user  and  by  manu- 
facturer. From  now  on  we  will  conserve  our  diminish- 
ing stock  of  natural  oils  by  the  use  of  motors  of  the 
most  economical  type  and  by  refusal  to  supply  oils  for 
unnecessary  use.  The  next  generation  will  approach 
our  untouched  shales  with  appreciation  of  their  value 
and  economy  in  their  use,  and  they  will  recall  with 
proper  horror  the  criminal  waste  and  foolish  extrava- 
gance that  characterized  the  attitute  of  us,  their  fathers, 
toward  the  oil  supply  which  was  our  heritage. 
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M»'clianirally  I)ri>rii  Gravily-l'Cril 
Lubricator 

By  n.  H.  Parkto 

If  an  eiipi!\o  or  machine  bearinpr  i.><  to  be  supplied  with 
oil  !)>•  pravity  feed,  it  is  in  .«oine  ca.ses  an  advantage  to 
have  the  oil  fed  into  the  lubricator  pipe  by  positive 
mechanical  means,  so  that  when  the  machine  stops  the 
oil  will  also  stop  feeding  (the  lubricator  he'iUi^  driven 
from  the  machine  itself")  without  the  operator  having 
to  shut  down  and  open  it  up;  furthermore,  as  the 
machine  slows  down  or  speeds  up,  the  oil  supply  will 
be  correspondingly  affected. 

The  illustration  shows  a  lubricator  of  this  type  that 
can  be  built  from  an  old  glass-body  gravity-feed  oiler 
with  but  little  machine  work,  the  construction  being 
chiefly  drilling,  cutting,  bending  and  soldering  sheet 
brass.  It  has  the  advantage  that,  owing  to  the  glass 
body,  everything  is  always  in  plain  sight.     The  lubri- 
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cator  body  is  turned  on  its  side  and  a  shaft  litted  into 
one  end.  Usually,  the  regular  brass  heads  may  be  used 
by  cutting  away  the  central  column  and  plugging  and 
soldering  up  openings  and  cutting  new  ones  where 
required.  Instead  of  the  usual  center  support  for  the 
heads,  three  small  steel  through  bolts  are  used  with 
brass  spacing  sleeves  slipped  over  them  to  which  the 
various   parts  are   soldered. 

As  the  shaft  is  under  no  working  strain,  it  can  be 
of  small  diameter,  and  two  brass  discs  are  soldered  to 
it,  one  as  large  as  %vill  swing  inside  of  the  sleeves  and 
the  other  smaller.  These  discs  must  run  as  true  as 
possible  on  the  shaft.  The  outer  shaft  bearing  is 
soldered  or  screwed  into  one  of  the  lubricator  heads, 
while  the  other  is  soldered  to  a  sheet-brass  support 
plate,  which  in  turn  is  held  to  two  of  the  sleeves. 

Near  one  end  of  the  lubricator  body,  opposite  the 
drive-pulley  end,  is  attached  a  sheet-brass  oil  pan  into 
which  the  small  disc  will  dip;  the  top  of  this  pan 
reaches  nearly  to  the  shaft,  though  the  depth  of  oil  in 


it  is  regulated  by  a  notch  cut  in  the  side,  should  this 
prove  necessary.  A  sheet-brass  triangular-shaped  oil 
sump  is  riveted  and  soldered  to  the  inside  of  the  head 
next  to  the  oil  pan;  a  brass  pipe  screwed  into  the  head 
leads  into  the  sump  pan  and  furnishes  an  outlet  for 
the  oil  running  to  thu  bearings  to  be  lubricated.  Another 
pipe  from  the  oil  tank,  if  one  is  used,  forms  the  oil 
inlet.  Two  spring  brass  or  copper  brushes  bear  against 
the  revolving  di.scs  and  .scrape  off  the  oil;  small  troughs 
bent  around  the  collector  brushes  guide  the  oil  into  the 
pans.  The  brush  bearing  against  the  smaller  disc 
should  be  the  narrower. 

In  operation  the  lower  part  of  the  lubricator  body 
is  filled  with  oil,  preferably  from  a  large  .separate  tank 
who.se  oil  level  will  be  the  same  as  the  level  of  that  in 
the  lubricator.  The  large  revolving  disc  carries  the 
oil  around  until  it  is  scraped  off  by  the  collector  brush 
and  runs  into  the  con.stant-level  oil  pan  ("the  oil  level 
in  the  lubricator  will  not  stay  constant),  from  which 
a  smaller  quantity  is  taken 
off  the  other  disc  and  led 
into  the  sump  and  thence  by 
gravity  to  the  bearings.  The 
amount  of  oil  finally  deliv- 
ered is  determined  by  the 
level  in  the  pan,  the  size  and 
.speed  of  the  disc,  the  width 
of  the  collector  brush  and 
the  position  of  this  brush  on 
the  face  of  the  disc.  This 
latter  may  be  changed  dur- 
ing operation  by  a  sheet- 
brass  bell-crank  lever  and  an 
eccentric  actuated  by  a 
milled  knob  on  the  lubricator 
head,  which  will  shift  the 
brush  back  and  forth  over 
the  face  of  the  small  disc,  and 
thus  regulate  the  amount  of 
oil  delivered.  The  excess 
which  runs  into  the  constant- 
level  pan  overflows  and  joins 
the  main  oil  supply  in  the 
bottom.  The  speed  of  the 
shaft  must  be  slow  enough 
so  that  the  oil  will  not  be 
thrown  from  the  edges  of 
the  discs;  this,  as  well  as  the  proper  dimensions  of  the 
discs,  height  of  oil  level,  etc.,  is  best  found  by  trial. 

A  bracket  screwed  to  one  or  both  heads  secures  the 
lubricator  to  the  engine  or  machine  frame,  from  the 
.shaft  of  which  it  is  driven  by  flat  or  round  belt,  chain, 
gears  or  even  a  ratchet  wheel.  No  dimensions  have 
been  given,  as  these  would  depend  entirely  upon  the  size 
of  lubricator  used  and  the  amount  of  oil  feed  desired. 
The  separate  oil  tank  may  be  placed  at  a  point  distant 
from  the  lubricator,  but  at  the  same  level,  and  piped 
to  it;  without  the  tank  the  lubricator  would  require 
frequent  refilling  unless  but  a  small  amount  of  oil  was 
required. 
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Upon  taking  charge  of  a  new  plant,  do  not  begin  mak- 
ing promiscuous  adjustments.  It  is  better  to  wait  until 
the  equipment  is  thoroughly  understood.  Neither  does 
it  pay  to  criticize  the  departing  engineer  until  you  fully 
understand  the  plant's  condition. 
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Two  Views  of  the  Pacific  Gas  and  Electric  Company's  Pi-operties,  San  Francisco,  Cal. 


TOT':   LAKK  Sl'Al.DINC  ;   A   27r.-FT.  DAM  CLOSES  A  NAliROW  CAP  AT  KAK  END  OF  THE  LAKE    rSKI)    FOR    WATI'.R 
STORAr.R.      BOTTOM:   COLGATE  POWER  HOUSE   ON  YUBA  RIVER,    20,000    HP.    CAPACITY 
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0|HM-ali<)ii  and   Adjustnu^nt   of  TiirlHiic  Macliinrry 
X — Lubrication  Troubles 


By  EUSTIS  H.  THOMPSON 

ConNUltlnK    KriKlni'i-r.    IloUlmorc,    Md. 


OIL  troubles  may  be  classified  under  two  headings: 
First,  those  caused  by  the  mechanical  condition 
of  the  machine  which  results  in  overheating  or 
vibration;  second,  those  due  to  composition  of  the  oil 
itself  and  its  behavior  in  the  machine.  Fortunately, 
mechanical  troubles,  while  few  in  number,  arise  from 
a  variety  of  causes  and  are  diagnosed  by  different 
characteristics. 

Mechanical  Oil  Troubles 

1.  Vibration  in  starting;  no  heating.  Cause:  Low 
oil  pressure,  generally  caused  by  the  strainer  being 
stopped  up;  sometimes  caused  by  trouble  with  the  oil 
relief  valve  or  pipe  stoppage.  This  is  seldom  experi- 
enced in  small  machines. 

2.  Vibration  in  starting  up,  heating  at  one  bearing. 
Causes:  Bearing  too  small  for  the  shaft;  high  spots  in 
the  liner;  lack  of  proper  clearance  in  the  thrust  bear- 
ing; misplaced  shim  or  other  element  of  the  thrust 
bearing;  rubbing  between  moving  and  stationary  ele- 
ments at  point  of  heating. 

3.  Vibration  appearing  suddenly  with  hot  bearing 
while  machine  is  in  normal  operation.  This  is  caused 
by  failure  of  the  oil  supply,  such  as  a  break  in  the 
pump,  stoppage  in  the  oil  system,  and  improper  assem- 
bling of  the  liner  so  that  oil  holes  or  grooves  do  not 
properly  function. 

4.  Vibration  occurring  with  heavy  loads.  Some- 
times slight  heating  of  one  or  more  bearings.  Vibra- 
tion disappears  when  load  is  removed.  This  is  caused 
by  bad  alignment  of  the  bearing  pillow  blocks  or  bear- 
ings bored  out  of  true. 

5.  Vibration  occurring  when  machine  has  reached  a 
good  hot  running  temperature  and  especially  in  chang- 
ing over  from  condensing  to  non-condensing.  Sometimes 
slight  heating  in  one  bearing.  Cause:  Self-aligning 
bearing  having  too  tight  a  fit,  so  that  it  does  not  change 
its  position  when  expansion  changes  the  position  of  the 
shaft. 

6.  Continual  vibration  noticed  in  one  bearing,  prin- 
cipally with  a  slight  pounding  noise.  This  may  be 
due  to  a  self-aligning  bearing  fitted  too  closely  in  its 
ball  seat. 

7.  Heating  of  bearing  without  vibration  in  starting 
or  running.  Causes:  Liner  too  tight  for  the  shaft; 
high  spots  in  the  bearing;  thrust-bearing  troubles  as 
mentioned  in  No.  2;   failure   of  the  oil  supply. 

8.  Slight  heating  of  one  bearing.  No  vibration.  This 
is  caused  sometimes  by  extra  weight  due  to  being  lined 
too  high. 

9.  Failure  of  the  oil  supply.  Causes :  Strainer  becom- 
ing stopped ;  water  finding  its  way  into  the  oil  system ; 
stoppage  in  piping;  excessive  clearance  in  the  pump; 
bad  oil  leak  in  the  system;  lack  of  oil. 

10.  Oil  leaks.  Causes:  Pipe  joints;  vibration  of  pip- 
ing; strains  in  piping  due  to  improper  support  or 
alignment;  porous  metal. 

11.  Oil  throwing.  Cau.sed  in  general  by  air  currents 
carrying  minute  particles  of  oil  from  the  bearings  or 
from  leakage  oil. 


The  following  information  was  prepared  for  the 
author  by  Robert  .J.  Stringer,  chief  of  .sales  and  engi- 
neering, Pittsburgh  Oil  Refining  Corporation,  Balti- 
more, Md. 

Systkm  OP'  Lubrication 

Steam  turbines  employ  two  systems— Circulation  oil, 
and  ring-oiled  bearings. 

Large  steam  turbines  have  a  pressure  or  gravity  oil 
feed,  where  the  oil  is  circulated  through  bearings, 
drains  into  the  sump  and  is  returned  by  a  pump  which 
again  delivers  oil  to  the  bearings  directly  or  through 
a  gravity  head  tank.  Only  the  largest  installations 
are  equipped  with  an  elevated  oil  gravity  tank.  Inas- 
much as  the  oil  usually  passes  from  an  oil  cooler  direct 
to  the  distributing  pipes,  it  is  necessary  to  provide  a 
spring-loaded  relief  valve  in  the  delivery  pipe  near  the 
bottom  pipe  to  maintain  a  correct  oil  supply  at  a  proper 
and  steady  pressure. 

It  is  good  practice  to  install  sight  feeds  in  the  return 
oil  pipes  by  means  of  which  the  flow  of  oil  from  each 
bearing  may  be  observed.  Test  cocks  are  often  fitted 
to  the  top  of  the  bearing  housing,  which,  if  opened, 
show  the  flow  of  oil  reaching  the  bearings.  Both  the 
elevated  oil  gravity  tank  and  the  bottom  tank  (sump) 
are  equipped  with  drain  cocks  to  permit  draining  off 
sludge  and  water  should  these  collect. 

The  oil  pressure  for  bearings  varies  from  3  lb.  to 
35  lb.  per  sq.in.  In  cases,  however,  where  oil  is  used 
to  operate  the  governor  gear  it  may  be  introduced 
under  a  pressure  from  25  lb.  to  80  lb.  per  square  inch. 

Two  Oil  Pumps  Are  Sometimes  Used 

Two  pumps  are  occasionally  used  in  the  oil-circula- 
tion system — one  for  bearing  lubrication  and  one  for 
supplying  oil  under  high  pressure  to  the  governor.  In 
a  direct-pressure  feed  system  one  pump  only  is  used, 
and  this  pump  must  deliver  all  the  oil  at  a  pressure 
sufficiently  high  to  work  the  governor. 

When  starting  up  turbines  not  equipped  with  over- 
head tanks,  the  oil  supplied  to  the  bearings  is  not 
sufficient  until  the  turbine  is  running  at  about  25  per 
cent  normal  speed.  Therefore  it  is  necessary  when 
starting  up  a  small  turbine,  to  feed  the  bearings  by  hand 
pump.  Large  turbines  are  supplied  by  means  of  aux- 
iliary steam-driven  or  electrically  driven  pumps  for 
this  purpose.  As  soon  as  the  turbine  reaches  normal 
speed  the  auxiliary  oil  supply  should  be  discontinued, 
as  the  pump  operated  by  the  turbine  will  now  supply 
the   right  amount. 

Small  steam  turbines  are  lubricated  by  means  of  ring- 
oiled  bearings — a  metallic  ring  suspended  on  a  shaft 
and  partly  submerged  in  an  oil  reservoir  within  the 
bearing  housing.  As  the  shaft  revolves,  the  ring  auto- 
matically carries  oil  to  the  top  of  the  shaft,  where  it 
is  distributed  over  the  bearing  surface.  Many  tur- 
bine bearings  have  two  or  sometimes  three  metallic 
rings. 

Water,  unfortunately,  does  find  its  way  occasionally 
into  the  oil  system  through  steam  leakage  of  the  gland 
packings   and   from   water   leakage   of   the   oil-cooling 
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apparatus.  If  a  large  quantity  of  water  works  into  the 
oiling  system,  it  is  usually  due  to  leakage  of  water 
from  the  cooling  apparatus.  A  large  accumulation  of 
water  is  harmful,  and  steps  should  be  taken  immediately 
to  drain  off  the  water.  If  the  conditions  of  leakage 
cannot  be  corrected,  a  water  trap  should  be  installed 
in  the  bottom  tank  or  sump.  Excessive  water  cir- 
culating with  the  oil  will,  by  this  means,  enter  the  trap, 
from  which  it  can  be  easily  drained  off. 

Water  in  a  circulating  system  is  objectionable.  It 
is  therefore  considered  good  practice  to  remove  a  cer- 
tain quantity  of  oil  from  the  bottom  tank  each  day. 
Three  to  six  gallons  should  be  withdrawn  daily  in  large 
turbine  installations  and  put  through  a  steam  separator 
and  filtered.  An  amount  of  oil  should  be  added  equal 
to  the  quantity  withdrawn,  plus  any  necessary  "makeup" 
oil  required. 

Large  oil-circulation  systems  are  an  important  fac- 
tor in  correct  lubrication  as  they  afford  time  for  the 
impurities  to  settle  from  the  oil.  If  only  a  small  quan- 
tity of  oil  is  in  the  oil  system,  circulation  is  too  fast 
and  the  impurities  have  not  time  to  separate  readily 
from  the  oil. 

A  dual,  or  double,  oiling  system  is  ideal.  By  such 
a  system  the  life  ..of  the  oil  is  maintained  almost 
indefinitely. 

Broken-Down  Oil 

Broken-down  oil  is  the  result  of  the  steady  circula- 
tion plus  the  action  of  heat,  air  and  moisture.  An 
analysis  of  broken-down  oil  will  generally  reveal  an 
increase  in  viscosity  and  gravity,  sludgy  deposits  and 
strong  acidity. 

The  life  of  an  oil  is  dependent  upon  its  quality  and 
suitability.  Incorrect  oils  will  not  stand  up  for  any 
considerable  time,  and  their  breakdown  is  sure,  quick 
and  complete.  A  drawn-off  sample  of  broken-down  oil 
shows  that  it  contains  three  distinct  substances.  The 
top  section  represents  clear  oil,  the  next  layer  is  a 
slimy  mixture  composed  of  sludge,  and  the  bottom  is 
discolored  water.  Broken-down  oil  in  the  middle  of  the 
three  sections  may  be  due  to  inferior  oil  or  to  an  elec- 
trical or  mechanical  action  upon  the  oil. 

Broken-down  oil  always  accumulates  in  the  most 
dangerous  places— the  oil  pipes  which  lead  the  oil  from 
the  distributing  pipes  to  the  bearings.  This  sludge 
accumulation  frequently  results  in  a  partial  blocking  of 
the  pipes,  sometimes  retarding  the  flow  of  the  oil. 
Broken-down  oil  also  clings  to  the  coils  in  the  oil- 
cooling  apparatus,  thereby  lowering  the  cooler  efficiency, 
resulting  in  a  rise  in  the  temperature  of  the  oil,  which 
in  time  will  unduly  shorten  the  life  of  the  oil. 

The  amount  of  makeup  oil  to  be  added  to  a  system 
on  account  of  leakage  and  evaporation  varies  with  the 
type,  size  and  speed  of  the  turbine,  and  the  capacity 
of  the  oil  system. 

Starting  a  New  Turbine 

When  starting  a  new  turbine  the  oil  should  be 
strained  before  it  is  put  into  tue  system  and  care 
should  be  taken  to  allow  no  dirt  or  other  impurities  to 
enter.  The  original  charge  of  oil  should  be  removed 
after  a  run  of  two  or  three  weeks,  to  allow  any  dirt, 
sand,  waste,  packing,  etc.,  which  do  at  times  get  into 
a  new  circulating  system,  to  settle.  If  the  original 
charge  of  oil,  when  removed  for  settling,  is  badly  con- 
taminated it  should  be  heated  and  then  put  through  a 
o'ood  filter. 


The  oil  temperatures  in  circulation  systems  rise 
gradually  until  they  become  constant.  In  large  turbines 
the  constant  is  reached  in  approximately  twenty-four 
hours'  continuous  work  and  in  small  turbines  in  four 
hours'  continuous  running. 

If  the  oil  cooler  is  correctly  designed  it  will  absorb 
most  of  the  heat  in  the  oil.  The  governing  factors 
on  the  temperatures  of  the  oil  are  the  temperature  of 
the  cooling  water  and  the  size  and  capacity  of  the  coils 
in  the  oil  cooler.  Generally,  the  larger  the  coil  sur- 
face the  lower  the  temperature  of  the  oil. 

To  avoid  danger  of  leakage  of  water  into  oil,  the  oil 
should  pass  through  the  cooling  apparatus  at  a  pressure 
greater  than  that  of  cooling  water. 

The  temperature  of  the  oil  as  it  leaves  the  bearings 
should  not  be  over  130  to  175  deg.  F.  Thermometers 
should  be  installed  in  all  return  oil  pipes,  and  if  the 
temperature  on  any  main  bearing  exceeds  175  deg.  F. 
immediate  steps  should  be  taken  to  ascertain  the  cause. 
Most  efficient  operating  temperatures  should  be  about 
130  to  140  deg.  F. 

The  following  temperature  readings  should  be  taken 
and  recorded  hourly  in  the  engineer's  log  book:  (1)  Tem- 
perature of  oil  as  it  leaves  each  main  bearing;  (2) 
temperature  of  oil  before  it  enters  the  cooler;  (3)  tem- 
perature of  the  oil  after  it  leaves  the  cooler;  (4) 
temperature  of  cooling  water  before  it  enters  the  oil 
cooler;  (5)  temperature  of  the  cooling  water  after  it 
leaves  the  oil  cooler. 

Oil  Vapors  and  Deposits 

Oil  vapors  occasionally  are  drawn  from  the  bearings 
and  oil  tanks  into  the  electric  generators,  even  under 
normal  temperatures.  These  vapors  are  caused  by  the 
rapid  circulation  of  the  oil,  in  conjunction  with  air- 
producing  small  "oil-air"  bubbles.  These  bubbler., 
when  bursting,  produce  the  oil  vapors.  If  the  retur- 
pipes  are  not  large  enough  to  carry  off  the  oil,  it  foam  • 
and  produces  more  vapors.  A  vent  pipe  may,  in  som? 
instances,  be  fitted  into  the  oil  reservoir  to  carry  off 
this  excessive  vapor  and  foam.  It  is  of  vital  impor- 
tance that  the  oil  pipes  be  kept  free  from  air  as  far 
as  it  is  practically  possible. 

Deposits  are  the  results  of  the  following  effects  or 
causes:  (1)  Water;  (2)  air  and  heat;  (3)  solid  impu- 
rities; (4)  electric  action ;  (5)  adding  excessive  amount 
of  new  oil  to  old  oil. 

Water:  Large  quantities  of  water,  when  in  violent 
agitation  with  oil  in  circulation,  will  form  an  emulsion. 
If  a  great  quantity  of  water  leaks  into  the  oil  system 
the  mixture  becomes  brownish  yellow  in  color.  If  a 
sample  is  heated  and  allowed  to  settle,  it  will  evaporate 
into  three  distinct  substances  (see  paragraph  on 
broken-down  oil).  The  layer  of  oil  in  such  cases  will 
be  darker  than  when  originally  placed  in  the  oil  sys- 
tem and  will  tend  toward  manifesting  a  strong  odor. 
Its  viscosity  will  be  higher  and  it  will  contain  a  small 
percentage  of  mineral  acid,  due  to  the  breaking  down 
of  the  oil  from  oxidization.  The  mineral  acids  do  not 
affect  materially  the  metals  used  in  turbines,  but  they 
will  in  time  slightly  dissolve  zinc  or  alloys  composed 
largely  of  zinc.  The  sludge  produced  by  the  water  will 
clog  the  oil  strainers,  oil  pipes  to  the  bearings  and  the 
oil  inlet  to  the  governor. 

Air  and  Heat:  Air  in  small  quantities  is  always 
present  in  a  circulating  system,  and  if  the  oil  tem- 
perature is  above  normal  the  air  tends  to  oxidize  the 
oil.      If   oxidation    takes   nlace   the   oil    becomes   mu'h 
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darker  and  n  Mnck  cHrhon  doposit  will  choke  up  the 
oil  pipes  to  the  henriiitrs  and  may  stoj)  the  K^vcrnor 
gear. 

Solid  Impurities:  Solid  impuritie.>i  such  as  iron 
oxides,  dirt  and  dust,  when  oxidized  by  the  hijjh  tem- 
perature of  the  oil  in  circulation,  will  darken  the  color 
of  the  oil,  increase  the  viscosity,  jiroduce  mineral  acids 
and  broken-down  oil.  The  oil  will  smell  burnt  and 
will  deposit  a  slime  on  the  cooler  coils.  Oil  tanks  should 
be  kept  clean,  free  from  dirt  and  rust  and  never 
painted  with  non-oilproof  paints,  as  the  oil  will  in  time 
decompose  the  paint  and  oxidation  will  result. 

Electric  Action:  Klectric  currents  sometimes  leak 
along  the  bearings  from  both  -alternating-  and  direct- 
current  generators  and  act  injuriously  on  the  oil.  The 
effects  of  electrical  action  are  an  increase  in  the 
intensity  of  dark  color  of  the  oil,  high  percentage  of 
acidity,  and  a  deposit  which  sticks  to  all  parts  of  the 
lubricating  system,  particularly  the  oil  cooler.  The 
deposit  is  dark,  hard,  brittle  and  difficult  to 
remove.  It  is  good  practice  to  insulate  one  of 
the  generator  main  bearings  from  the  turbine 
bedplate,  thereby  preventing  the  passage  of 
electric  currents  and  the  resultant  deposits. 

Adding  New  Oil:  If  little  or  no  water  is 
finding  its  way  into  the  circulating  system,  and 
if  the  leakage  of  oil  is  so  small  that  little  or 
no  oil  is  added  every  week,  the  oil  will  in  time 
turn  very  dark  and  become  quite  acid.  In  such 
ca.ses,  particularly  if  ordinary  non-homogeneous 
oils  are  in  use,  the  action  of  new  oil  on  the  old 
produces  a  dark  deposit. 

Correct  lubrication  means  the  right  oil,  the 
right  flow,  applied  in  the  right  way  at  the 
right  time.  By  this  means  turbine  oil  will  oper- 
ate at  lea.st  12,000  working  hours,  and  in  an  oil- 
circulation  system  and  under  abnormally  hard 
operating  conditions  for  3,000  working  hours. 
Turbine  oil,  when  used  in  ring-oiled  bearings, 
should  be  drained  from  the  housing  and  re- 
charged with  new  oil  every  six  months. 


Wave-Motion   Turbine 

Hy  Arthur  1'alme 

The  practically  never-ceasing  wave  motions  of 
oceans  are  responsible  for  the  legion  of  mechanical 
devices  intended  for  their  utilization.  As  far  as  known 
to  the  writer,  most  of  these  contrivances  are  ba.sed  on 
the  same  principle,  namely,  a  body  of  wood  or  hollow- 
metal  floats  upon  the  surface  of  the  water,  is  made, 
therefore,  to  go  up  and  down  with  the  wave.s,  and  by 
some  device  the  reciprocating  motion  is  either  used 
directly  to  pump  water  or  to  compress  air,  or  is  trans- 
formed into  rotatory  motion  by  ratchets,  etc.  All  these 
constructions  have  inherently  four  main  faults,  which 
either  make  their  function  not  satisfactory  at  all  or 
permit  of  only  a  short  usage. 

The  first  disadvantage  is  caused  by  the  fact  that 
next  to  wave  motion  every  ocean  ha.s  a  more  or  less 
pronounced  tide.    It  is  therefore  necessary  to  so  arrange 
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Hints  for  the  Engineer 


ASSEMBLY   .\ND  PARTS   OF   WAVE-MOTION 
TURBINE 


High-grade  turbine  oils,  refined  from  selected 
crudes,  are  the  correct  lubricants  for  turbine  lubrication 
because  they  are  more  immune  from  heat,  water,  air 
and  impurities  than  asphaltum-base  oils;  furthermore, 
they  will  separate  quickly  from  all  impurities,  absorb 
the  heat  in  the  bearings  and  thereby  keep  operating 
temperature  of  bearings  normal. 

\Mien  starting  a  new  turbine,  oil  should  always  be 
strained  before  placing  it  into  a  lubrication  system. 
Remove  and  strain  the  oil  after  not  more  than  three 
weeks'  operation  and  replace  it  where  it  is  not  prac- 
ticable to  install  a  new  charge. 

The  amount  of  makeup  oil  to  be  added  depends  on 
the  size  and  capacity  of  the  system  as  well  as  the 
qualitj'  and  suitability  of  the  oil  in  use.  If  the  system 
is  free  from  leaks,  the  amount  of  makeup  needed  will 
be  small.  It  is  good  practice  to  add  a  little  oil  every 
day  rather  than  a  large  quantity  once  a  week. 

The  writer  has  not  here  attempted  descriptions  of  the 
oil  filtration  systems  so  largely  used  with  steam 
turbines. 


Babbitt  metal  should  not  be  reused  since  ever>'.  time 
the  babbitt  is  melted  some  of  the  tin  and  antimony 
are  burned  out. 


and  regulate  the  floats  that  their  proper  action  is  not 
interfered  with  by  the  tides.  If  this  has  to  be  done  by 
hand,  constant  supervision  is  required. 

The  destructive  chemical  action  of  sea  water  to  all 
metal  that  comes  in  direct  touch  with  it  and  all 
machinery  that  is  exposed  to  sea  atmosphere  con- 
stitutes the  second  disadavantage. 

Seaweed  floating  on  or  near  the  surface  of  the  water 
interferes  frequently  with  any  mechanical  apparatus 
that  may  be  floating  in  the  water  and  represents  the 
third  disadvantage. 

The  fourth,  and  probably  the  greatest  enemy  of  all 
knowTi  "w'ave-machines,"  are  storms,  with  their  almost 
unlimited  energy. 

Ten  years  ago  I  was  delegated  to  investigate  the  pos- 
sibilities of  a  new  wave-motion  turbine,  the  principle 
of  which  is  so  radically  different  from  all  previous 
designs  that  a  short  account  of  the  device  will  be  of 
interest.  The  inventor,  is  Bouchaux-Praceique,  of 
Royan,  France,  near  Bordeaux.  All  the  light  and  power 
used  in  his  house  was  generated  with  this  wave-motion 
machine.  It  is  not  the  purpose  of  this  article  to  reflect 
upon  the  possibilities  of  this  scheme  on  a  larger  scale. 
The  fact  is  that  a  turbine  of  this  kind,  coupled  to  a 
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one-kilowatt  direct-current  generator  ran  during  prac- 
tically all  the  time  I  was  investigating  the  plant  (one 
week).  Short  periods  of  rest  were  easily  taken  care  of 
by  a  small  storage  battery. 

A  rocky  part  of  the  sea  shore  is  essential  for  the 
location  of  this  scheme  (see  Fig.  1).  The  lowest  level  of 
the  tide  LT,  is  determined,  and  some  10  ft.  below 
this  level  a  horizontal  tunnel  is  driven.  At  a  suitable 
distance  inshore  a  vertical  shaft  is  sunk  to  meet  this 
tunnel.  It  is  obvious  that  the  water  within  the  shaft, 
communicating  with  the  sea,  will  duplicate  all  motions 
of  the  sea-water  level,  so  that  the  waves  will  cause  an 
alternate  rising  and  falling  of  the  water  level  within 
the  shaft. 

The  top  of  the  shaft  is  closed  up  by  masonry  work 
or  a  dome  of  cement,  and  a  pressure  pipe  is  carried  from 
the  top  of  the  shaft  to  the  turbine  location.  This  pipe 
should  be  located  high  enough  above  the  high-tide,  HT, 
level  to  prevent  water  ever  entering  it.  The  turbine  is  a 
low-pressure  unit  of  special  design,  the  runner  of  which 
may  be  horizontal  or  vertical.  The  runner  consists  of  a 
disc  flywheel,  Fig.  2,  with  a  number  of  obliquely  aiTanged 
radial  openings.  All  the  even  openings  are  closed  upon 
one  side  and  all  the  odd  openings  on  the  other  side  of 
the  wheel.  Closing  these  openings  are  long,  narrow 
strips  somewhat  wider  than  the  former,  made  so  that 
they  will  open  along  a  radius  of  the  wheel  as  axis-like 
vents.  Metal-lined  leather,  held  down  with  springs,  has 
been  used  by  the  inventor. 

By  referring  to  Fig.  3  it  will  be  seen  that  if 
there  is  a  positive  pressure  applied  against  the 
wheel,  the  inner  vents  will  all  be  closed  and  all  the 
outer  vents  will  open  to  permit  the  escape  of  the  pres- 
sure. A  reaction  will  take  place,  giving  the  wheel  an 
impulse  in  the  direction  indicated.  If  negative  pres- 
sure is  applied,  the  outer  vents  will  close,  the  inner 
vents  will  open  with  a  resulting  reaction  impulse  in 
the  same  direction  as  before. 

In  case  of  a  wheel  on  a  horizontal  shaft  this  runner 
is  mounted  at  the  mouth  of  a  90-deg.  tube,  as  shown  in 
Fig.  4.  Sufficient  rim  weight  is  used  on  the  wheel  to 
obtain  the  necessary  flywheel  effect  to  overcome  the 
periods  of  diminishing  pressure,  reversal  and  starting 
suction. 

Means  of  Regulating  Voltage 

Regulation  of  generator  voltage  may  be  obtained, 
either  by  employing  a  type  as  used  on  Pullman  cars, 
where  the  voltage  is  practically  constant  within  a  con- 
siderable range  of  speed,  or  else  mechanically.  The 
machine  in  question  had  a  small  centrifugal  governor 
operating  an  air  bypass  in  the  connection  between  the 
surge  well  and  the  turbine.  While  this  special  tur- 
bine will  no  doubt  have  a  very  low  mechanical  effi- 
ciency, it  might  be  possible  to  develop  along  similar 
lines  a  type  of  better  characteristics.  The  inventor  had 
a  storage  battery  floating  on  the  mains  all  the  time,  to 
tide  the  set  over  occasional  idleness. 

This  idea  represents  a  decidedly  novel  way  to  utilize 
the  energy  of  .sea-wave  motion.  It  is  independent  and 
unaff"ected  by  tides.  No  wooden  or  metallic  parts  are 
exposed  to  sea  water  and  liable  to  corrode.  Seaweeds 
floating  on  the  surface  of  the  water  cannot  affect  any 
mechanical  part  or  clog  the  tunnel.  Storm  and  surf 
of  the  most  violent  nature  find  nothing  but  nature's 
rocks  to  beat  against.  As  a  matter  of  fact,  the  more 
violent  the  waves  the  more  power  may  he  obtained  from 
the  turbine. 


Thor  Moisture  Separator  for  Air  Lines 

The  Independent  Pneumatic  Tool  Co.,  600  We.st  Jack- 
son Blvd.,  Chicago,  builds  the  Thor  moisture  separator 
shown  in  the  illustration 
for  separating  and  cleaning 
the  moisture  and  dirt  out 
of  compressed  air.  It  fills 
a  want  that  is  appreciated 
by  every  user  of  pneumatic 
tools  who  has  experienced 
difficulty  due  to  water  and 
dirt  causing  the  pistons 
and  valves  to  stick. 

The  air  enters  the 
separator  through  two 
separate  pipes  and  strikes 
the  inside  wall  or  casing  of 
the  separator  tangentially, 
causing  the  air  to  revolve 
rapidly,  and  the  centrifugal 
foixe  throws  the  moisture 
and  dirt  to  the  walls,  from 
which  they  drain  off  and 
fall  to  the  bottom,  while 
the  cleaned  air  passes  on  to 
the  pipe  line.  A  drain  at 
the  base  of  the  separator  is 
provided  for  removing  the 
accumulations  of  water  and 
dirt.  The  .separator  is  built 
in  two  sizes  of  150  and  400 
cu.ft.  capacity  per  minute. 
It  is  equipped  with  a  pres- 
sure gage  having  a  face  ?> 
in.  in  diameter.  The  height 
of  the  separator  is,  incluc'- 
ing  the  gage,  31  and  47  in.  respectively.  The  diameter 
of  the  base  is  8j  and  12 ^  in.  according  to  the  size  of  the 
machine. 


THOR    .A.IR-MOI.STURT3 
SKPARATOR 


Suspension  of  the  .service  order  giving  priority  to 
coal  for  Lake  shipment  seems  imminent.  The  saturation 
point  appears  to  have  been  reached  in  the  Northwest. 
There  is  great  congestion  of  coal  in  lower  Lake  ports, 
with  little  market  in  evidence  in  the  Northwest.  A 
potent  factor  in  the  situation  was  the  transfer  by  the 
Northwestern  railroads  of  3,000,000  tons  of  coal  from 
the  Lake  territory  to  Illinois.  Apparently,  considerable 
numbers  of  industrial  orders  have  been  placed  in  Illinois 
at  better  prices  than  could  be  obtained  at  the  lower 
Lake  pools.  The  National  Committee  on  Gas  and  Elec- 
tric Service  is  being  flooded  with  requests  from  public 
utilities  for  relief.  Most  of  the  requests,  howeyer,  are 
for  assigned  cars.  George  W.  Elliott,  the  secretary  of  the 
National  Committee  on  Gas  and  Electric  Service,  is 
advising  all  public  utilities  that  an  emergency  must 
be  clearly  established  before  any  type  of  relief  is  ex- 
tended and  assigned  cars  are  to  be  granted  only  when 
all  other  means  of  securing  coal  for  the  utility  have 
failed.  Mr.  Elliott  points  out  that  the  Interstate  Com- 
merce Commission  feel  that  it  is  incumbent  on  the  public 
utilities  to  secure  their  coal  supply  by  regular  com- 
mercial methods. 


Throwing  water  on  burning  oil  merely  spreads  the 
flames.    Sawdust  or  sand,  if  liberally  sprinkled  over  the 

o\],  will  suhdnp  the  flames. 
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By  H.  J.  MACINTIRE 

IY..r..M.Mor  ..r   UifrlKiiiitlon.    lrilvir»lty  of  IlllnolH.   Irbaiin.   111. 


A  LL  steam  ciiprinpers  uiuierstaiid  the  importance  of 
L\  proper  pipe  sizes  and  tonnections.  With  steam 
J^  \,  it  is  necessary  to  prevent  excessive  pressure 
drop  as  well  as  to  keep  the  headers  and  pipes  drained 
and  free  from  the  possibility  of  water  hammer.  The 
pressure  drop  from  the  boiler  to  the  engine  or  turbine 
results  in  some  loss  of  efficiency  and  power.  On  the 
condenser  side  it  means  the  same  thing  to  a  much 
greater  degree. 

In  refrigeration  the  same  general  conditions  are 
true,  especially  as  applied  to  the  suction  line.  The 
ideal  condition  is  to  have  the  same  cylinder  suction 
pressure  (the  actual  pressure  during  the  suction 
stroke)  as  the  pressure  of  evaporation  in  the  refrig- 
erating (expansion)  coils.  This  condition  is  an  impos- 
sibility because  there  must  be  a  pressure  drop  to  make 
the  gas  flow  along  the  pipe,  just  as  water  will  flow 
only  when  there  is  a  head  to  cause  the  flow.    This  drop 
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FIG.  1.  SHOWING  EFFECT  OF  QUALITY 
VOLUME  OF  A  GAS 


of  pressure  is  increased  when  the  connection  between 
the  compressor  and  the  expansion  coils  is  increased, 
when  the  pipe  is  decreased  in  diameter  or  when  fittings, 
valves,  ports  and  passages  offer  resistances  and  cause 
whirlpool  and  eddy  currents  in  the  gas  as  it  passes 
along  the  pipe  or  passage. 

The  bad  effect  of  excess  head  pressure,  due  to  resist- 
ances to  flow  of  the  compressed  gas  into  the  con- 
densers, and  of  wiredrawing  of  the  suction  gas  have 
already  been  given  considerable  attention  in  this  study 
course.  The  first  is  reacted  directly  in  the  power 
required  to  drive  the  compressor,  but  the  second  causes 
a  loss  of  capacity  of  the  compressor  and  an  increase 
in  the  power  required.  Pressure  drop  in  the  suction 
line  is  a  serious  matter  and  cannot  be  tolerated.  Where 
the  pipe  connections  in  the  suction  line  are  short,  this 
loss  is  not  serious  as  a  rule,  but  frequently,  in  packing- 
house, cold-storage  and  other  plants,  the  return  gas 
has  a  long  way  to  travel  and  the  velocity  must  be  kept 
low  to  prevent  excessive  losses.  But  before  going  into 
the  design  of  ammonia  lines,  a  few  other  considerations 
will  be  in  order. 

Fig.  1  shows  the  effect  of  the  quality  on  the  specific 
volume;  that  is,  the  volume  of  one  pound  of  the  sub- 
stance. For  example,  the  volume  of  one  pound  of 
ammonia  at  zero  degrees  F.  boiling  temperature  is  9.17 
cu.ft.  for  dn-  and  saturated  ammonia  and  10.41  cu.ft. 


for  superheated  ammonia  with  50  deg.  F.  superheat 
Therefore  there  will  be  an  increase  of  13^  per  cent  in 
volume  by  being  careless  in  the  use  of  the  expansion 
valve  and  thereby  permitting  the  gas  to  return  Uj  the 
compre.ssor  headers  in  a  very  hot  condition.  Usually, 
we  try  to  bring  the  frost  back  to  the  headers,  because 
this  gives  an  outward  sign  of  the  condition  on  the 
inside  of  the  pipe.  But  if  the  volume  of  the  gas  may 
be  reduced  by  eliminating  superheat  in  the  suction 
headers,  why  not  go  a  step  farther  and  decrease  the 
volume  a  little  more? 

Wet   compression,   the   result  of  bringing  wet   am-| 
monia  into  the  compressor,  has  few  advocates  at  present. ' 
The   same   liquid    ammonia   is   believed   to   give   much 
better  results  by  being  allowed  to  perform  its  proper 
function    of    providing    refrigeration    in    the    cooling 
coils.     It  seems  a  roundabout  method  of  cooling  the 
gas  on  the  compression  stroke  by  spraying  liquid  into 
the  cylinder.     Of  course  the  temperature  of  the  gas 
discharging  from  the  cylinder  is  reduced,  but  at  the 
expense   of   liquid   suitable   for   cooling   effect    in    the 
expansion  coils.    The  important  thing  for  us  all  is.  What 
do  we  get  in   useful  refrigeration  per  horsepower  or 
per  kilowatt  input?     Most  American  engineers  belie 
that  we  get  the  most  economical  operation   with   g;- 
returned  to  the  suction  headers  in  a  dry  and  saturated 
condition.    The  use  of  liquid  injection  to  the  cylinder^ 
also  does  not  lend  itself  to  easy  control  without  con 
stant    care.      This    brings    to    mind    certain    troubles 
encountered  in  the  expansion  coils. 

Expansion  Coils  May  Feed  at  Top  or  Bottom 

The  expansion  coils  may  be  designed  for  feeding  at 
the  top  or  at  the  bottom.  With  the  expansion  valve 
at  the  top  it  is  believed  that  there  is  less  danger  from 
slugs  of  liquid  returning  to  the  compressor.  The  reason 
for  this  is  that,  as  the  liquid  cannot  collect  appre 
ciably  in  the  coils,  the  feed  cannot  well  be  of  th( 
vsrrong  amount  without  this  being  noticeable  by  lack  o; 
frost  or  by  too  much  frost.'  About  the  only  chance  foi 
slugs  of  liquid  is  where  the  pipe  allows  pockets  froir 
which  the  liquid  might  be  picked  up  by  the  return  gas 
And  yet,  judging  from  steam-engine  practice,  such 
slugs  of  liquid  are  usual  only  when  a  great  sudder 
demand  for  gas  or  steam  due  to  a  change  of  load  causes 
an  appreciable  increase  in  the  vapor  velocity. 

On  the  other  hand,  the  liquid  feed  at  the  bottom  o 
the  coils  allows  them  to  be  operated  flooded  with  bettei 
heat  transference.  Being  flooded,  the  coils  may  fill  com 
pletely  with  liquid  (as  is  frequent  if  the  suction  pres 
sure  is  not  low  enough  for  the  temperature  carried  ii 
the  surrounding  medium)  and  "lost"  or  "dead' 
ammonia  results.  In  addition  the  liquid  is  likely  ti 
slop  over  and  cause  liquid  hammer  or  worse  in  tht 
compressor.     In  consequence  it  is  wise  to  use  a  larg< 


'The  presence  of  frost  on  the  suction  bends  means  that  a  cc ! 
gas  is  being  returned  to  the  machine,  with  a  temperature  of  - 
deg.  F.,  or  lower.  Lack  of  frost  means  that  the  ammonia  has  !■ 
great  a  temperature  to  holtl  fro-st  on  the  pipe  or  to  freeze  moi.«t" 
on   the  pipe. 
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liquid  separator  in  the  suction  line  when  feeding  at 
the  bottom. 

In  the  refrigerating  system  we  have  the  following 
pipe  calculations: 

First,  the  connections  from  the  compressor  to  the 
condenser  to  convey  the  superheated  gas  at  a  pres- 
sure corresponding  to  the  condenser.  This  may  vary 
from  100  to  215  lb.  gage,  depending  on  the  temperature 
and  the  amount  of  water  used  on  the  condenser. 

Second,  the  liquid  line  connecting  the  liquid  receiver 
with  the  expansion  valves. 

Third,  the  suction  return  from  the  expansion  coils  to 
the  compressor  lines. 

Fourth,  the  amount  of  linear  feet  of  piping  to  be 
used   in   the   ammonia   expansion   system. 

The  Suction  and  the  Discharge  Line 

The  discharge  line  should  be  given  careful  attention. 
It  is  true  that  the  amount  of  pressure  indicated  by 
the  pressure  gage  on  the  condenser  is  determined  by 
the  condenser  itself  and  the  amount  and  temperature 
3f  the  water  showered  over  the  condenser.  In  other 
words,  the  condenser  pressure  is  dependent  on  the 
50-called  vapor  tension  of  the  condensed  (liquid) 
ammonia,  but  this  is  not  the  pressure  against  which 
the  compressor  is  pumping.  The  reason  for  this  is 
because  the  compressed  gas  is  made  to  pass  through  the 
ports  and  valves  of  the  compressor  head,  then  through 
the  discharge  bends,  past  many  valves  and  fittings 
and  perhaps  through  a  long  pipe  connection  (frequently 
from  the  basement  to  the  roof)  before  reaching  the 
condenser  and  the  cooling  water.  The  compressor  has 
the  same  practical  condition  as  exists  in  the  case  of 
a  water  pump  which  discharges  into  a  tank  situated 
at  some  elevated  position.  The  pump  has  to  work 
against  the  static  head  plus  the  resistances,  which  vary 
directly  as  the  length  and  inversely  as  the  inner  diam- 
eter and  increased  by  the  kind  and  number  of  fittings 
used.  Likewise,  the  steam  engineer  who  desires  a 
pressure  of  175  lb.  at  the  throttle  notes  that  whereas 
the  boiler  pressure  may  be  only  slightly  more  than 
175  lb.  at  light  loads,  yet  frequently  at  full  loads  or 
overloads  the  boiler  pressure  has  to  be  considerable  in 
excess  of  175  pounds. 

In  like  manner  the  suction  pressure  is  maintained  at 
a  certain  amount  in  the  refrigerating  coils.  This  pres- 
sure has  to  be  a  certain  amount  if  refrigeration  is  to  be 
obtained  at  a  particular  temperature.  These  temper- 
atures are  prescribed  for  each  case  by  the  kind  of 
refrigerating  work  being  performed  and  may  vary  from 
40  deg.  F.  to  minus  10  deg.  F.  or  lower,  whereas  the 
boiling  temperature  of  the  ammonia  has  to  be  10  or 
15  deg.  lower  still.  This  suction  pressure  is  main- 
tained by  means  of  the  compressor,  which  "pumps" 
from  the  expansion  line  per  minute  as  great  a  weight 
of  ammonia  as  is  evaporated  every  minute.  The  effec- 
tive piston  displacement  is  equal  to  the  weight  of 
ammonia  evaporated  times  the  volume  of  one  pound  of 
ammonia  at  the  suction  pressure. 

But  naturally,  the  pressure  in  the  inside  of  the  com- 
pressor must  be  less  than  that  in  the  suction  bends, 
and  these  have  to  be  less  than  the  pressure  in  the 
expansion  coils,  for  otherwise  the  gas  would  not  flow 
in  the  proper  direction.  The  case  is  somewhat  similar 
to  the  condition  of  a  flowing  brook.  If  the  water  flovira, 
then  there  is  a  difference  of  level.  It  requires  some 
difference  in  level  (or  pressure)  to  maintain  a  flow  of 
any    fluid    against    the   skin    or    other    resistances    of 


the  pipe,  duct  or  channel.  Therefore,  in  the  case  of 
the  suction  line  there  will  be  a  drop  of  pressure  to 
get  the  gas  into  the  compressor. 

The  whole  matter  of  pressure  drop  may  be  clarified 
on  referring  to  the  diagram,  Fig.  2.  This  diagram 
is  worked  out  for  a  straight  length  of  pipe  of  100  ft. 
Pressure  drop  increases  with  the  density  of  the  sub- 
stance and  as  the  square  of  the  velocity.  To  get  this 
diagram  on  the  paper  to  best  advantage,  the  author  has 
made  the  lower  diagram  for  a  uniform  density  corre- 
sponding to  20  lb.  gage  and  with  different  gas  velocities 
up  to  6,000  ft.  per  min.  For  any  other  density  it  is 
necessary  only  to  project  upward  until  the  proper  gas 
pressure  is  obtained.     For  example,  a  4-in.  pipe  with 
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Pountfs-Pressure  Dropfor  100  ft.  of  Pipe  Cnlcutatesl  for  Density  Corresponcfing 
to  20  lb.  Gage  Pressure 

FIG.  2.     SHOTVaNG   PRESSURE   DROP   IN    AMMONIA 
GAS   LINES 


gas  at  60  ft.  per  sec.  would  have  a  pressure  drop  ol 
0.33  lb.  per  sq.in.  per  100  ft.  of  straight  length  for 
20  lb.  density,  but  this  will  be  1.9  for  200  lb.,  1.47 
for  150  lb.,  1.03  for  100  lb.  and  only  0.15  for  zero 
lb.  gage  pressure.  Valves  and  fittings  increase  the 
resistance  greatly,  which  vary  from  100  times  the  diam- 
eter of  the  pipe  for  a  90-deg.  ell  to  200  times  the 
diameter  for  a  globe  valve.  Irregularities  of  the 
interior,  which  will  cause  whirlpool  or  eddy  currents, 
increase  the  pressure  drop.  The  result  is  that  the 
engineer  has  to  calculate  the  total  effective  length  of 
pipe,  allowing  for  each  ell,  tee,  coupling,  valve  or  other 
fitting,  and  find  the  approximate  pressure  drop  from  the 
diagram.  Then,  by  using  a  liberal  factor  of  safety,  the 
practical  working  value  may  be  closely  approximated. 
The  question  may  arise  as  to  how  the  velocity  of  th< 
gas  may  be  found.  This  is  determined  by  dividing  th 
total  volume  of  the  gas  passing  through  the  pipe  pe' 
minute  by  the  cross-sectional  area  of  the  pipe.  The 
volume  is  found  from  the  ammonia  tables.  For  example 
a   50-ton   machine    pumps    against    175    lb.    gage    and 
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0.42(5  pounds. 


with  a  ti'inporaturo  of  ilischarKi"  of  "JOO  di'K.  •'"•  and  a 
siiitioii  prv.ssiire  of  15  lb.  kurv.  The  specific  volume  iit 
iTf)  U).  and  200  deK-  H'.  i«  2.0.S  cu.ft..  and  ut  15  lb. 
jraKe  is  9.17  for  dry  saturated  vapor.  At  15  lb.  guge 
builinit   pressure   of   ammonia,    there   will    be    re<|uired 

200 

i i pounds    (if    liquid    ammonia    per    Ion,    or 

i^u  +  9i»  -  </ 

„200     _ 

572.1  -    33.5  -  6.8(i 

In  other  words,  there  would  be  retiuired  0.426  lb.  of 
ammonia  per  ton  of  refrijreration  per  minute.  For  50 
tons  there  would  be  50  times  0.42G  times  9.17  equals 
195  cu.ft.  of  suction,  and  50  times  0.426  times  2.0,} 
equals  43.3  cu.ft.  discharge  pas  per  minute.  In  a  prac- 
tical problem  it  is  unwise  to  figure  too  closely,  and 
therefore  the  warmest  condensing  water  should  be  used 
in  calculating  the  conden.ser  pressure,  as  well  as  the 
lowest  suction  pressure  which  experience  has  shown  is 
likely  to  be  used  in  getting  the  work  out.  Dividing 
the  volume  in  cubic  feet  by  the  area  in  square  feet  will 
give  the  required  answer  in  feet,  velocity  of  the  gas. 

In  the  foregoing  an  attempt  has  been  made  to  .show 
the  factors  influencing  the  design  of  discharge  and 
suction  lines.  Whereas,  the  first  cost  of  the  installation 
must  be  kept  down  to  the  practical  minimum,  ye*  the 
daily  operation  must  not  be  handicapped  by  faulty 
designs.  A  refrigerating  plant,  like  any  system  with 
continuity,  must  be  balanced  in  all  its  parts. 

Air  for  Burning  a  Pound  of  Coal 

By  C.  C.  Phelps 
Pounds  of  water  evaporated  per  pound  of  fuel,  or  per 
pound  of  combustible,  is  the  telltale  of  a  boiler  plant's 
efficiency.  This  ratio,  in  turn,  depends  primarily  upon 
another  ratio — that  of  pounds  of  air  supplied  to  burn 
each  pound  of  fuel.  If  the  air-fuel  ratio  is  large,  the 
evaporation  will  be  low,  and  conversely,  if  the  air-fuel 
ratio  is  small  the  evaporation  will  be  high  unless  some 
other  factors  interfere  to  prevent  the  latter  result.  It 
should  always  be  the  aim  to  burn  fuel  with  the  minimum 

WEIGHT   OF    AIR   PER    POTTND   OF   CARBON    IN   THE    COM- 
BUSTIBLE AS  INDICATED  BT  CO-  IN  THE  PLTTB  CAS 

Per  Cent 
CO; 
21 
20 
19 
18 
IT 
16 
1' 

quantity  of  air  that  will  give  practically  complete  com- 
bustion. The  indication  of  such  result  is,  of  course, 
high  CO,,  as  shown  by  the  table. 

It  is  a  general  mistake  to  give  more  thought  to  the 
fuel  than  to  the  air  supply,  in  spite  of  the  fact  that 
from  fifteen  to  fifty  or  more  times  as  much  air  as  fuel 
enters  the  boiler  furnace.  Air  being  invisible,  many 
engineers  and  firemen  do  not  appreciate  how  much  of 
it  they  deal  with  daily. 

A  pound  of  carbon,  the  preponderant  element  of  fuel, 
requires  11.6  lb.  of  air  in  theory  for  its  complete  com- 
bustion. Actually,  it  requires  more  because  there  must 
be  a  surplus  of  air  to  provide  for  the  difficulty  of  mixing 
the  air  and  fuel  completely  while  burning.  Forty  per 
cent  excess  air  should  be  sufficient  for  coal  fuel.  There- 
fore coal  containing  10  per  cent  ash  and  burned  with 
40  per  cent  excess  air  would  require  about  14.6  lb.  of  air 
per  pound  of  fuel. 


Pounds 

Per  Cent 

Pounds 

Per  Cent 

Pound 

of  Air 

CO, 

of  .-Vir 

COi 

of  Air 

ll.C 

14 

17.4 

7 

34.8 

12.2 

13 

18.7 

6 

4  0.7 

12.8 

12 

20.3 

5 

18.7 

13.5 

11 

22.1 

4 

Cl.O 

H.3 

10 

24.4 

3 

81.3 

l.i.2 

9 

26.1 

*> 

121.8 

1G.2 

S 

30.5 

I 

244.0 

We  know  that  the  pressure  of  the  atmosphere  on  each 
.s(iuare  inch  of  th«'  earth's  surface  at  sea  level  is  14.7  lb. 
That  means  that  all  the  air  directly  above  a  square  inch 
of  the  earth's  surface  weighs  14.7  lb.  Ihe  earth's 
atmosphere  is  estimated  to  extend  up  into  the  .sky  for 
a  distance  of  over  forty  miles  from  the  earth's  surface. 
.Such  a  column  of  air,  then,  one  inch  s(|uare  aiu'  over  40 
miles  in  height  would  be  just  about  sufficient  to  com- 
pletely burn  a  pound  of  coal  if  it  could  be  brought  in 
contact  with  the  fuel.  The  pound  of  coal  would  occupy 
a  volume  of  about  36  cu.in.  or  a  column  15  ft.  high  with 
a  one  .square  inch  base.  Although  the  forty-mile  (or 
more)  column  of  air  certainly  makes  the  little  column 
of  coal  look  insignificant  in  comparison,  it  must  be  borne 
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A  rOLT'MX  OF  AIR  1    I.X.  SQUAP.K   AND  EXTENDING  UP  TO 

THE  END  OF  THE  ATMOSPHERE  JS  JU.ST  ABOUT 

ENOrOH   TO    I'.UK.N    A   POUND   OF   COAL 


in  mind  that  this  proportion  represents  be.st  conditions 
and  in  practice  two  or  three  times  as  much  air  is  fre 
quently  employed,  to  the  detriment  oi  high  efficiency 

A  similar  mass  of  air  on  the  grouncl  would,  of  cours 
occupy  a  smaller  volume  because  of  the  greater  an 
uniform  density  of  the  air  at  the  earth's  surface.  Never- 
theless that  figure  is  correspondingly  impressive.  One 
pound  of  air  .-.t  62  deg.  F.  and  atmospheric  pressure 
occupies  13.14  cu.ft.  Therefore,  14.6  lb.  of  air,  the 
amount  required  to  burn  a  pound  of  coal,  would  occupy 
192  cu.ft.  of  space.  Multiplying  this  figure  by  144  gives 
27,648  ft.  (or  5]  miles)  which  is  the  length  of  a  column 
of  air  1  in.  square,  of  normal  atmospheric  density,  re- 
quired to  burn  one  pound  of  coal  (about  36  cu.in.).  This 
air  represents  9,216  times  the  volume  of  greatest  quan- 
titv  of  coal  which  it  can  burn,  namely  86  cu.in. 
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The  Anderson  Semi-Diesel  Oil  Engine 

During  the  war  the  Anderson  Foundry  and  Machine 
Co.,  of  Anderson,  Ind.,  was  engaged  in  munition  work 
and  was  unable  to  give  any  great  amount  of  its  manu- 
facturing facilities  toward  the  production  of  the  Ander- 
son Semi-Diesel  oil  engine.  Considerable  development, 
however,  was  done  in  the  engine  design.  With  the 
release  from  war  work,  the  company  has  turned  all  its 
energy  toward  the  manufacture  of  the  K-type  engine. 

This  engine  is  of  the  vertical  two-cycle  medium- 
compression  surface-ignition  type.     Units  of  one,  two. 


correct  alignment.  The  bearings  are  of  the  shell  design 
with  babbitt  liners.  Replacement  of  worn  bearings  is 
easily  secured.  Since  the  housings  are  true,  there  is 
no  difficulty  in  maintaining  the  alignment  of  the 
journals. 

The  crankshaft  is  forged  from  a  billet.  The  crank 
throws  are  provided  with  counterweights.  To  prevent 
the  escape  of  the  scavenging  air  along  the  crankshaft, 
air-seal  rings  are  placed  between  the  crank  throws  and 
the  inner  ends  of  the  main  bearings.  The  main  bearings 
are  provided  with  oil  rings  and  oil  cellars.    Oil  is  led 
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three  and  four  cylinders  are  manufactured.  The  sizes 
range  from  30  to  300  hp.  The  fuel  consumption  of  0.50 
to  0.59  lb.  per  brake-horsepower,  while  higher  than 
that  of  a  Diesel  engine,  is  sufficiently  attractive  to 
allow  the  engine  in  many  plants  to  show  a  total  over-all 
economy  quite  equal  to  the  Diesel.  This  is  especially 
true  in  those  plants  where  the  output  is  seasonal,  as 
in  cotton  ginning  or  irrigation. 

The  bed  of  the  engine,  regardless  of  the  number  of 
cylinders,  is  of  one-piece  construction.  The  upper  half 
of  the  crankcase  or  cylinder  sub-ba.se  is  a  separate  cast- 
ing, being  bolted  to  the  base.  The  cylinders  are  bolted 
and  doweled  to  the  upper  casting. 

After  the  engine  base  and  cylinder  sub-bases  are 
assembled,  they  are  placed  on  a  special  horizontal  boring 
mill.     The  crankshaft  bearing   housings   are   bored    in 


to  the  top  of  the  main  bearings  from  a  mechanical 
pump.  The  excess  from  the  main  bearing  drips  into 
an  oil  ring  leading  to  the  crankpin  bearings.  After 
fulfilling  its  purpose  the  oi!  falls  into  the  bottom  of  the 
crankcase;  whence  it  passes  into  a  filter  and  is  used 
again.  This  circulation  of  the  oil  lowers  the  lubricating 
costs.  The  pistons  and  piston  pins  are  lubricated  from 
a   separate    mechanical   lubricator. 

The  Anderson  oil  engine  is  of  the  so-called  "dry  type." 
No  water  injector  is  supplied  to  the  working  cylinder  to 
keep  the  cylinder  temperature  below  the  preignition 
point  during  compression.  As  a  consequence,  the  com- 
bustion space  is  confined  to  a  spherical-shaped  cavity 
contained  in  the  cylinder  head.  Fig.  2  shows  the  shape 
of  this  combustion  chamber.  The  cylinder  head  is  in 
two  parts;   this   construction   facilitates   the   manufac- 
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(lirp  and  lowers  the  coat  of  replacement.  The  entire 
I  Kmlni.stion  chnmhor  is  watpr-conlcd.  In  stnrtinir,  a 
I>hi>r  at  the  sido  of  tho  tomhustion  chambor  i.s  heated 
l>V  a  torch.  The  fui'l  i.s  injected  through  a  nozzle  at 
the  top  of  the  head,  and  the  oil  spray  is  directed  down- 
ward, toward  tho  openinp  into  the  cylinder.  A  deflector 
consist injr  of  a  sniall  stem  with  a  blade  at  the  bottom 
serves  to  direct  the  spray  onto  the  starting  plujf.  As 
soon  as  the  engine  has  turned  over  a  few  times,  the 
deflector  is  shifted,  allowinyr  the  oil  to  spray  downward. 
The  enjrine  is  ca|)able  of  deliverinp  its  full  ratintf 
without  water  injection.  On  overloads,  if  water  injec- 
tion is  u.><ed,  the  enjrine  can  develop  .30  per  cent  over- 
rating. To  Rive  this  reserve  capacity,  a  water  drip 
valve  is  furni.shed;  since  the  drip  enters  the  air  passage 


shift  the  cam  .sleeve,  which  is  mounted  on  the  governor 
shaft  and  carries  a  cam  for  each  engine  cylinder.  About 
the  cam  is  placed  a  stirrup,  as  ai)|)ears  in  Kig.  :{.  The 
upper  end  of  this  stirrup  contacts  with  the  fuel-pump 
plunger.  The  cam  has  a  sloping  face,  so  that  a  shift- 
ing of  the  cam   sleeve   alters   the   pump   stroke.     The 


FIG.   .i      GOVERNOR    .XNT)    Pl'MP   CAMS 

pump  is  a  bronze  casting  fitted  with  a  steel  plunger. 
Needle  valves  enable  the  amount  of  fuel  entering  each 
combustion  chamber  to  be  varied  by  the  operator. 

When  direct-connecting  to  a  generator,  the  generator 
shaft  is  coupled  to  one  end  of  the  engine  shaft.  For 
belt  drive  the  engine  is  supplied  with  an  extended 
shaft  and  friction  clutch  pulley.  Many  of  these  engines 
are  in  use  in  the  oil  fields,  where  a  reversing  clutch 
pulley  is  standard  equipment. 

Electric  Drive  Applied  to  Cargo  Vessels 

The  United  States  Shipping  Board  has  adopted  elec- 
tric drive  for  twelve  new  cargo  vessels  for  the  purpose 
of  detei'mining  the  relative  advantages  of  this  and  other 
types  of  propulsion.  The  first  of  these  ships,  the 
"Eclipse,"  has  been  put  through  her  dock  and  sea  trials 
and  will  shortly  be  ready  for  service  with  the  Inter- 
national IMercantile  Marine.  Electric  drive  has  already 
been  tried  in  United  State  battleships,  but  this  is  the 
first  .such  installation  to  be  made  in  this  country  in  a 


KXGl.NE    CROSS-SECTION 


THE  UNITED  STATES  SHIPPING  BOARD 
VESSEL   "ECLIPSE" 


and  not  the  cylinder  itself,  there  is  no  danger  of  water 
washing  away  the  piston  lubrication. 

The  governor,  with  the  fuel  pum^ ,  is  plpced  in  a 
cast-iron  housing  at  the  front  of  the  engine.  The 
assembly  is  driven  from  the  engine  shaft  through  a 
silent  chain  drive.  The  governor  consists  of  a  disc  with 
two  weights  and  arms.    At  a  change  of  speed  the  arms 


j,'eneial  cargo  merchant  ves.sel.  The  matter  is  of  more 
than  passing  interest  because  it  is  safe  to  say  that 
future  practice  in  the  design  of  propulsion  apparatus 
will  depend  to  a  considerable  extent  on  the  performance 
of  these  vessels. 

The  "Eclipse"  is  a  vessel  of  11,868  dead-weight  ton- 
nage, is  440  ft.  long,  and  has  a  beam  of  56  ft.     It  was 
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built  by  the  Union  Iron  Works,  of  San  Francisco.  The 
present  electric-propulsion  machinery  was  designed  and 
manufactured  by  the  General  Electric  Co.  and  was 
installed  by  the  Vulcan  Iron  Works,  of  Jersey  City. 

The  driving  machinery  consists  of  a  3,000-hp.  marine 
turbine-generator  set  which  operates  normally  at  3,000 
r.p.m.,  and  a  three-phase  induction  motor  which  drives 
the  single  propeller  shaft  at  a  normal  speed  of  100  r.p.m. 
This  makes  a  total  reduction  between  turbine  and  pro- 
peller speeds  of  30  to  1.  There  are  also  two  steam- 
engine-driven  125-volt  exciters  and  a  control  equipment 
for  maneuvering  the  ship. 

The  turbine  is  of  the  horizontal  Curtis  type  and  was 
designed  expressly  for  marine  service.  It  is  controlled 


The  control  equipment  comprises  a  control  group,  a 
water-cooled  resistor  and  a  control  panel.  The  water- 
cooled  resistor  is  inserted  in  the  motor  circuit  when 
operating  the  motor  at  low  speeds  and  is  mounted  on 
top  of  the  control  panel.  The  panel  is  a  structural-iron 
cell,  faced  on  one  side  by  a  sheet-steel  plate  upon  which 
are  mounted  all  the  electrical  instruments  and  the  elec- 
tric and  speed  levers  for  normal  operation  of  the 
machinery.  The  electric  and  speed  levers  are  mechan- 
ically interlocked,  to  prevent  improper  starting  and  run- 
ning conditions.  The  electric  lever  moves  the  master 
controller,  which  in  turn  energizes  the  contactors  of 
the  control  group,  normally  operated  by  solenoids.  In 
addition  to  the  speed  and  electric  levers  there  is  a  field 


THE  2,3UU-VOLT  o.iMJU-HP.  INDUCTION  MOTOR 


MARINE   TURBINE-GENERATOR   SET 


by  a  hydraulic  variable-speed  governor  at  speeds  from 
20  to  110  per  cent  of  normal.  The  turbine  is  further 
provided  with  protective  devices  in  the  way  of  a  centrif- 
ugal type  pre-emergency  governor  controlling  the 
speed  up  to  115  per  cent  of  normal,  and  a  ring-tji^e 
emergency  governor  which  prevents  it  from  running  at 
speeds  exceeding  125  per  cent  of  normal.  It  is  direct- 
connected  to  the  three-phase  generator,  which  generates 
at  2,300  volts.  This  generator  incorporates  several  fea- 
tures necessary  to  meet  the  pai-ticular  requirements  of 
the  class  of  work  that  it  is  called  upon  to  do.  The  stator' 
consists  of  a  cast-iron  one-piece  frame  with  openings 
in  the  top  for  ventilation.  The  core  is  built  up  of 
annealed  segments  of  thin  sheet  iron  of  special  material, 
to  insure  low  core  loss  and  is  held  in  place  by  heavy  cast- 
iron  frame  flanges  at  each  end.  The  windings  are 
formed  coils  pressed  from  enameled  cable,  each  turn 
consisting  of  rectangular  copper  strips  in  multiple. 
Eddy  currents  are  eliminated  by  thorough  insulation 
between  the  strips.  Ventilation  is  provided  by  a 
centrifugal  fan  mounted  at  each  end  of  the  rotor. 

The  propelling  motor  is  of  the  induction  type  and 
revolves  at  a  normal  speed  of  100  r.p.m.  It  is  ventilated 
by  a  motor-driven  blower.  The  construction  of  the  motor 
stator  is  similar  to  that  of  the  generator  stator.  The 
rotor  consists  of  a  cast-iron  spider  keyed  to  the  shaft  on 
which  the  rotor  core  is  assembled. 


resistor  for  regulating  the  generator  field  resistance, 
and  an  auxiliary  handle  for  operating  a  fuse  disconnect- 
ing switch  in  the  control  circuit  leading  from  the  125- 
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volt  power  supply  to  the  master  controller.  There  are 
also  levers  for  connecting  either  exciter  into  circuits, 
two  exciter  resistors  (one  for  each  exciter)  and  levers 
for  connecting  the  blower  and  generator  field  to  the 
exciter  bus.  If  for  any  reason  it  should  become  neces- 
sary or  desirable  to  operate  the  control  group  manually, 
it  may  be  accomplished  by  means  of  three  levers  mounted 
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to  the  left  .side  of  the  r<»iitrol  pHiiel.  These  leveiH,  th.' 
resistor  lever,  the  field  lever  and  the  reverse  lever 
iictuiite  the  contnctors  directly  hy  means  of  cams. 

No    conclusions    may    as    yet    be    drawn    from    tiiis 
installation  relative  to  application  of  electric  drive  to 


FIG.    J.      TURBIxVE  AS   INSTALLED  IN  THE   SHIP 

cargo  ves.sels,  but  when  the  "Eclipse"  has  been  in  service 
for  a  while,  the  results  of  its  performance  .-should  prove 
decidedly  interesting. 

Twin  Strainer  and  Water  Separator 
for  Gasoline-Engine  Fuel  Line 

By  H.  H.  Parker 

The  sketch  shows  a  twin  strainer  originally  designed 
for  a  heavy-duty  marine-engine  installation,  but  which 
would  also  be  applicable  to  stationary  work  where 
gasoline,  distillate  or  kerosene  is  used  as  fuel.  The 
combination  of  shutoff  valves  and  unions  is  such  thai 
either  separator  may  be  removed  for  cleaning  ov 
repair  without  disturbing  the  other  or  without  interfer- 
ing with  the  operation  of  the  engine. 

Two  square  brass  plates  with  circular  countersunk 
bottom  bosses  are  faced  oflf  to  take  the  strainer  bodies, 
preferably  made  of  brass  pipe  of  as  large  diameter  and 
length  as  practicable ;  the  larger  the  strainer  the  longer 
it  will  run  without  cleaning.  The  two  top  plates  are 
held  together  and  bolted  to  a  bulkhead  or  other  support 
by  means  of  a  steel  angle  plate;  if  a  large  lathe  is 
handy  for  the  machining,  but  one  top  plate  with  two 
bottom  bosses  and  cast  supporting  brackets  would  be 
best. 

The  lower  end  of  each  strainer  body  is  closed  by 
a  pipe  cap  set  in  shellac,  soldered  or  brazed  permanently 
in  place.  The  upper  end  is  accurately  faced  and  presses 
against  a  leather,  cork  or  lead  (not  rubber)  gasket,  this 
gasket  being  pressed  on  the  top  plate  and  set  in  shellac. 
A  through   bolt,   preferably   brass,   with   lead   gaskets 


u:ider  the  nutH,  huldH  the  body  in  place,  but  the  whole 
may  be  quickly  ren\oved  by  looHening  the  lower  nut. 
A  copper-gau/.c  strainer  i«  made  up  as  shown;  a 
stiffening  ring  soldered  around  the  top  eilge  and  a  bruMH 
washer  to  the  bottom,  through  which  the  bolt  fits.  A 
i)rass  collar  above,  fast  to  the  l)olt,  and  a  loose  brasH 
sleeve,  .slipped  over  the  bolt  from  below,  hold  the 
strainer  in  place,  imt  allow  of  ea.sy  removal  after  the 
body  is  taken  off. 

As  shown,  the  strainer  is  smaller  in  diameter  than 
the  inside  of  th(!  pipe  body,  as  the  fuel  intake  pipe  does 
not  enter  it,  but  conies  down  one  side  within  about  two 
inches  of  the  bottom.  The  outlet  pipe,  though,  is 
within  the  strainer  and  is  short.  Both  pipes  are  fitted 
with  running  threads,  .screw  up  through  the  top  plates 
and  are  .secure<l  by  locknuts  and  gaskets  on  top.  A  pipe 
plug  .screwed  into  the  lower  cap  of  each  separator 
allows  the  removal  of  water  and  .sediment  without  dis- 
mantling the  whole. 

Twin  fuel  lines  to  the  tank  are  shown,  but  one  line 
and  the  proper  arrangement  of  tee  and  unions  and  .shut- 
off  valves  can  be  used  ju.si  as  well.     The  fuel  enters  the 
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separator  near  the  bottom,  and  any  sediment  and  water 
will  quickly  settle  where  it  can  be  occasion.-illy  drawn 
off.  Floating  sediment  will  not  be  able  to  enter  the 
intake  pipe,  owing  to  the  strainer,  and  as  this  is  of  large 
area  it  will  not  be  easily  clogged.  Furthermore,  the 
outlet  pipe  is  near  the  top  and  therefore  out  of  reach 
of  all  impurities. 

In  making  up  such  a  separator,  the  chief  point  to  be 
looked  to  is  to  keep  all  joints  gasoline-tight  by  the  usej 
of  gaskets  and  shellac.     Before  replacing  the  separatorj 
body,  it  would  be  well  to  scrape  a  bar  of  yellow  soap] 
over   its   upper   edge   and   set   this   layer   of   soap   uj 
against  the  gasket. 
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The  Oil  Situation 

THE  public,  while  showing  alarm  over  the  dimiiii.-.h- 
ing  petroleum  supply,  are  inclined  here,  as  in  all 
other  phases  of  economy,  to  "let  George  do  it."  If  each 
owner  of  a  "high-powered"  fifty  to  eighty  horsepower 
automobile  could  be  made  to  feel  his  personal  responsi- 
bility when  his  car  turns  but  five  miles  per  gallon  of 
fuel,  instead  of  twenty  to  thirty  miles  as  it  should,  he 
would  show  less  interest  in  acceleration  and  more  in 
economy. 

The  same  inertia  possesses  the  artificial-gas  manu- 
facturer. No  logical  excuse  exists  for  the  use  of  oil  in 
"fixing"  gas.  Candlepower  is  no  longer  the  character- 
istic to  be  used  in  determining  the  value  of  a  gas;  the 
heat  content  deides  the  actual  value,  and  this  in  no 
way  is  increased  by  "fixing."  One  of  the  first  steps  in 
oil  conservation  is  the  abandonment  of  its  use  in  gas 
plants.  The  change  in  the  plant  equipment  is  by  no 
means  great. 

E.  T.  Adams,  in  his  article  on  "The  Oil  Situation," 
which  appears  on  another  page,  discusses  these  points 
as  well  as  the  influence  the  oil  supply  will  have  on  oil- 
engine design.  As  he  brings  out,  the  tractor  require- 
ments will  be  enormous  in  a  short  time  and  the  manu- 
facturers should  anticipate  the  future  shortage  of  gaso- 
line and  design  engines  to  use  heavj'  oil.  While  heavy 
oils  such  as  lierosene  and  distillates  are  not  unqualified 
successes  in  automobile  engines,  satisfactory  perform- 
ance should  obtain  in  tractor  use.  This  is  for  the 
reason  thct  in  tractor  work  the  engine  is  always  loaded, 
so  does  not  experience  the  temperature  changes  occur- 
ring in  an  automobile  engine. 

The  world  has  been  warned  of  the  oil  shortage  that 
will  exist  if  steps  are  not  speedily  taken  to  cope  with 
the  situation.  It  is  no  longer  a  problem  to  put  up  to 
George  to  do,  but  concerns  each  individual,  both  manu- 
facturer and  consumer.  Economy  should  have  been 
practiced  in  the  past ;  it  must  be  enforced  in  the  future. 

Conservation 

By  Interconnection 

FOR  several  years  past  the  country  has  been  subjected 
to  periodic  fluctuations  of  its  coal  supply  in  the  face 
of  a  steadily  increasing  demand  for  power.  Obviously, 
this  demand  will  continue  to  increase,  and  unless  econ- 
omy and  conservation  are  speedily  effected  the  fuel 
situation  will  become  more  acute  year  after  year. 

Under  the  stimulus  of  war,  and  with  constant  pres- 
sure exerted  by  the  Fuel  Administration,  phenomenal 
savings  were  secured  while  the  conflict  lasted,  but 
with  these  factors  removed  and  business  flourishing,  a 
tendency  arose  to  relax  vigilance  at  the  coal  pile.  Edu- 
cational propaganda  will  accomplish  much,  but  without 
supervision  or  some  such  incentive  it  is  unreasonable 
to  expect  an  approach  to  war-time  economy.  There  are, 
however,  large  wastes  that  are  beyond  the  control  of 
the  operator;  they  are  inherent  in  the  layout  of  the  plant 
or  system  or  the  conditions  of  load. 


The  inve.-tigation  now  being  conducted  by  the  Super- 
l)ower  Sur\ey  shows  that  there  is  approximately  seven- 
teen million  horsepower  installed  capacity  in  the  Wash- 
ington-Boston zone,  operating  at  a  power  factor  of  ap- 
proximately fifteen  per  cent;  the  central  stations  alone, 
owing  to  the  low  power  factor,  averaging  a  coal  consump- 
tion of  four  and  one-fifth  pounds  per  kilowatt-hour.  By 
interconnection  the  power  factor  could  be  raised  to 
fifty  per  cent  and  the  fuel  consumption  cut  to  nearly 
one-third.  W.  S.  Murray,  chairman  of  the  Superpower 
Survey,  has  estimated  that  a  system  of  interconnection 
and  electrification  would  eff"ect  a  saving  of  thirty  million 
tons  of  coal  annually  in  this  zone  alone. 

Recent  investigations  of  the  St.  Lawrence  project 
indicate  an  available  supply  of  one  million  horsepower 
en  the  American  side,  which,  according  to  estimates  of 
the  engineers,  could  be  transmitted  to  the  New  York 
district,  a  distance  of  three  hundred  miles  at  a  loss  of 
not  more  than  ten  per  cent  and  at  an  initial  investment, 
including  transmission  lines,  power  house  and  substa- 
*^ions  of  tv/o  hundred  million  dollars. 

California  has  Isd  the  way  in  interconnection  of 
power  systems  and  has  tied  together  practically  every 
system  within  the  state.  Only  by  such  means  was  it 
possible  to  cope  with  the  power  situation  on  the  Coast. 

Interconnection,  however,  must  not  stop  with  central 
stations;  it  should  take  into  account  the  indu.strial 
plants,  aiming  wherever  possible  to  run  the  industrial 
plant  at  its  most  economical  heat  balance  supplemented 
by  central-station  .service.  In  this  way  only  can  there  be 
the  greatest  conservation  of  coal  as  relates  to  its  use  for 
power  generation. 

Testing  Welds 

HOW  to  know  when  a  weld  is  made  properly  is  one 
of  the  problems,  which  up  to  this  time  the  auto- 
genous welding  engineer  has  noi  solved.  Although 
many  suggestions  for  testing  welds  have  been  made, 
none  of  these  has  offered  a  complete  solution.  The 
manufacture  of  iron  and  steel  is  generally  done  in  such 
quantities  that  where  necessary  the  process  can  be 
carried  on  under  the  supervision  of  an  expert,  therefore 
conditions  are  favorable  for  the  product  having  a  uni- 
form quality.  And  if  tests  are  made  on  a  few  samples 
of  a  given  lot,  it  is  a  good  barometer  as  to  the  quality 
of  the  whole  product.  But  with  autogenous  welding  the 
(luality  of  the  metal  in  the  w-eld  depends  very  largely 
upon  the  man  who  did. the  job  The  metal  ij:»d2posited 
drop  by  drop,  and  every  drop  affords  the  welder  an 
opportunity  to  cause"  a  defect  in  the  weld  by  allowing 
a  variation  of  any  one  of  the  many  factors  under  his 
control.  Therefore  even  if  one  weld  or  a  section  of  a 
weld  is  tested,  .  the  result  is  not  an  msurance  that 
another  made  by  the  same  man  is  of  equal  quality.  All 
who  have  had  experience  with  the  failure  of  welded 
pressure  vessels  have  seen  the  weld  fail  at  some  weak 
point  only  a  few  inches  from  where  the  work  was 
properly  done.  When  tests  are  made  on  such  a  weld,  if 
they  happen  to  be  in  the  good  section  the  whole  is  passed 
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a.s  having  IukIi  <|iialily.  Thcri'fori"  the  kIchI  way  would 
lie  to  te.st  Ihe  whole  wi'ld,  whiih  obviously  i.s  practically 
impo.ssililc  without  dc.'^troyiMjr  it,  and  this  is  just  what 
is  not  wanted. 

In  a  paper  on  "Testing  Welds."  recently  pre.sented  l)y 
S.  \V.  Miller  helor';  the  ChieaRo  section  of  the  American 
Weldinjr  Society,  an  abstract  of  which  is  published  on 
pajre  7111  of  this  issue  there  are  outlined  a  number  of 
methods  for  teatiufr  welds.  Anions  these  are  tests  made 
on  .samples  of  welded  bars  which  are  subjected  to  tensile, 
bending,  alternatinji-stre.ss  tests,  etc.  Such  tests  will 
urive  a  jrood  indication  of  whether  a  welder  can  make  a 
pood  weld  or  not  and  the  percenta>re  of  such  welds  that 
he  can  make  which  will  come  up  to  a  certain  standard, 
and  in  traininp  welders  the.se  tests  serve  a  useful  pur- 
pose. However,  if  the  welder  has  passed  one  hundred 
per  cent  on  makinjr  these  sample  welds,  whether  in  bars 
or  plates  from  which  samples  are  cut,  it  is  no  guar- 
antee as  to  the  (luality  of  his  workmanship  when  doing 
routine  work  day  after  day,  and  the.se  are  the  welds  we 
are  chiefly  interested  in.  The  acid  test  referred  to  by 
Mr.  Miller  apparently  could  be  so  developed  that  it  can 
be  applied  to  almost  any  part  on  the  surfjice  of  a  weld. 
Although  this  would  not  show  all  that  is  desired,  it 
would  give  a  fairly  good  check  on  the  quality  of  the 
welder's  work  and,  combined  with  microphotography, 
would  give  a  reasonably  good  record  of  the  weld. 

Why  Exempt 
Oil-Country  Boilers? 

ABOUT  a  year  ago  the  State  of  Oklahoma  adopted 
L  the  A.  S.  M.  E.  Boiler  Code,  placing  the  admini.stra- 
tion  of  the  law  in  the  hands  of  the  State  Labor  Com- 
missioner. It  now  develops  that  the  manufacturers  and 
jobbers  handling  the  type  of  boilei-s  used  in  the  oil 
fields  have  advised  the  operators  and  purchasers  that 
the  A.  S.  M.  E.  Boiler  Code  is  going  to  work  a  great 
hardship  upon  them,  and  the  Commissioner  of  Labor 
has  been  requested  to  meet  in  conference  with  the  Mid- 
Continent  Oil  and  Gas  Association  to  see  if  it  will  not 
be  possible  to  make  an  exception  in  the  case  of  the  oil- 
country  type  boiler. 

Meanwhile  the  secretary  of  the  Boiler  Code  Com- 
mittee has  been  approached  as  to  whether  there  is  an 
appreciable  difference  in  cost  between  the  existing  type 
and  that  built  in  accordance  with  the  A.  S.  M.  E. 
specifications :  whether  the  former  is  reasonably  safe 
for  oil-field  use;  and  whether  compliance  with  the  Code 
would  be  likely  to  hold  up  delivery.  In  order  to  gain  a 
representative  opinion  upon  these  questions  the  secre- 
tary addressed  letters  to  a  number  of  well-known  manu- 
facturers of  such  boilers,  soliciting  their  opinions.  The 
replies  are  most  interesting.  Out  of  eleven  that  have 
been  received  to  date,  the  estimated  increase  in  cost 
ranges  from  none  at  all  to  forty  per  cent.  Only  three 
of  the  manufacturers  believed  that  compliance  with  the 
Code  would  hold  up  delivery.  The  majority  believed 
that  the  existing  type  was  reasonably  safe  for  oil- 
country  service,  especially  when  used  out  in  the  open 
field,  although  a  couple  expres.sed  the  opinion' that  an 
A.  S.  M.  E.  Code  boiler  would  be  much  safer.  Two  of 
the  manufacturers  did  not  hesitate  to  say  that  the 
existing  type  was  not  reasonably  safe. 

That  certain  of  the  local  builders  and  jobbers  are 
exerting  ever>-  effort  to  create  opposition  to  the  Code  is 
evidenced  by  the  following  quotation  from  a  current 
issue  of  the  "Daily  Oil  Bulletin"  from  Petroleum  Age: 


TuJHa.  Okln. — Oklahoinii  oil  men  arc  i)ri'i)ai  iiik  lo  ^ivc 
Imttli-  to  protect  from  <<>n(li'rnn(it!on  norni-  li-n  Ihousiind 
lioiliTs  in  ii.sc  ill  tlic  oil  (u-lds  of  the  sUiU-.  Thi-y  arc  valui-d 
at  $8,000,000.  UikKt  Uu-  A.  S.  M.  K  Cod.-,  ^'m-rninj;  t>oilcr 
in.spiction.  thi-y  would  )n-  valuahlt-  thii-fly  as  junk.  The 
Miil-ConlinL-nl  ()d  and  (Jan  AHsociation  .siokw  to  have  Iht-m 
fxi-nipU'd,  a.s  the  boilers  have  t)een  in  other  <iil  Htatos. 

Right  here  there  appears  to  be  an  attempt  to  befog 
the  i.ssue.  It  will  be  recalled  that  when  the  A.  S.  M.  E. 
Boiler  Code  was  promulgated,  it  was  recognized  that  the 
rules  for  new  boilers  would  necessarily  work  a  hard- 
ship on  those  already  installed,  and  therefore  special 
provision  was  made  for  exi.sting  boilers  with  the  idea 
that  in  time  these  boilers  as  they  wore  out  would  be 
<liscarded  or  the  allowable  pressure  so  reduced  as  to 
eliminate  the  risk.  Therefore,  existing  boilers  in  Okla- 
homa would  be  affected  only  to  the  extent  of  being 
inspected  as  to  proper  fittings,  etcetera,  and  would  be 
condemned  only  when  in  a  dangerous  condition. 

Certain  states  that  have  adopted  the  A.  S.  M.  E. 
Boiler  Code  have  exempted  oil-country  and  agriculture 
boilers  with  the  exception  of  periodic  inspections. 
Undoubtedly  in  some  cases  this  has  been  an  expediency 
resulting  from  political  influence  and  is  most  unfor- 
tunate, especially  when  it  is  consdered  that  many  of 
these  boilers  are  of  lap-.seam  construction  and  are 
operated  by  very  unskilled  labor.  It  is  true  that  their 
usual  location  minimizes  the  hazard  to  life  and  property 
as  compared  with  boilers  installed  in  industrial  centers. 
Nevertheless,  many  of  these  boilers  do  explode  and  the 
loss  of  life  is  appreciable. 

It  is  the  fixed  policy  of  the  A.  S.  M.  E.  Boiler  Code 
Committee  not  to  recommend  or  approve  .specific  designs 
or  types,  but  merely  to  pass  upon  safe  construction  as 
set  forth  in  the  Code,  which  repre.sents  the  combined 
opinions  of  the  best  authorities  in  the  country.  Those 
having  to  settle  the  question  in  Oklahoma  should  bear 
this  point  in  mind. 

Supply  and  Demand 

MANY  IDLE  SHIPS  PUT  INTO  SERVICE 

More  Coal  Cargoes  Offeretl  Than  Can  Be 
Taken  Care  Of,  It  Is  Declared 

(Special  to  The  World.) 

Washington,  Oct.  24. — The  coal  miners'  strike  in 
England  is  having  a  wide  effect  on  American  .shipping. 
The  walkout  already  has  stimulated  shipping  in 
American  bottoms  to  the  extent  that  scores  of  vessels 
that  had  been  tied  up  because  of  no  cargoes  are  again 
at  work. 

The  effect  is  especially  apparent  in  the  coal  trade.  It 
is  stated  here  that  shippers  have  been  offered  more  coal 
for  export  than  can  be  accommodated  on  the  vessels  now 
available,  despite  the  fact  that  much  of  the  idle  ton- 
nage has  been  put  into  service. — New  York  World, 
Oct.  2.5. 

UNSOLD  COAL  IN  THE  CITY  NOW  DOWN 
TO   70.000   TONS. 

Health  Commissioner  Copeland  Says  Orders  Placed 
for  1,500,000  Tons  Cannot  Be  Delivered 

Health  Commissioner  Copeland  said  yesterday  the 
Health  Department's  coal  survey  now  shows  that  there 
are  only  70.000  tons  of  unsold  coal  in  the  city  and  that  all 
of  this  is  needed  at  once.  Orders  aggregating  1,500,000 
tons  which  have  been  placed,  cannot  be  filled,  he  said. — 
New  York  World,  Oct.  25. 
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Where  Should  the  Beginner  Start? 

It  is  somewhat  difficult  to  define  the  qualifications  of 
a  first-class  fireman  and  suit  everybody.  There  are 
some  who  will  study  the  best  way  to  burn  coal  and  get 
the  most  out  of  it,  but  such  men  are  scarce  and  they  do 
not  remain  firemen  long  as  they  generally  get  something 
better. 

My  idea  of  a  combustion  engineer  is  one  who  makes  a 
special  study  of  combustion  factors  in  various  plants 
and  who  designs  furnaces  to  meet  the  existing  con- 
ditions. A  boiler-room  manager  must  be  a  good  fireman, 
a  good  boiler  repair  man  and  a  generally  good  mechanic 
in  all  work  pertaining  to  boilers,  accessories  and 
auxiliaries. 

If  a  man  wants  to  become  a  first-class  fireman,  he 
should  go  into  the  marine  service  and  fire  until  he  can 
get  a  marine  engineer's  license  from  Uncle  Sam.  Then 
he  can  say  he  is  a  fireman.  About  the  poorest  place  for 
a  man  to  learn  to  become  a  first-class  fireman  is  in  a 
stoker-fired  plant.  S.  H.  Winters. 

Albany,  N.  Y. 

Suction   Lift   of   Pumps 

On  page  553  of  the  Oct.  5  issue  of  Power,  C.  W. 
Peters  writes  that  he  has  seen  a  piston  pump  deliver 
water  taken  from  a  level  of  thirty  feet  below  it.  As  he 
has  seen  it  done,  that  settles  this  particular  case. 
Every  engineer  knows  what  the  theoretical  lift  is,  and 
most  engineering  books  dealing  with  pumps  explain 
this  matter.  In  practice  theory  will  often  fail  to  come 
even  near  the  given  result.  I  have  installed  hundreds 
of  pumps,  but  the  best  of  them  would  not  give  a  satis- 
factory supply  of  water  if  the  supply  level  was 
more  than  twenty-seven  feet  below  the  pump  piston  or 
plunger. 

In  many  cases  where  the  lift  was  under  thirty  feet, 
the  pump  had  to  be  lowered  several  feet  to  get  a  proper 
delivery.  With  all  pipe  joints  tight  and  the  pump  in 
first-class  condition  I  at  one  time  succeeded  in  deliver- 
ing water  with  a  lift  of  nearly  twenty-nine  feet,  but  the 
pump  plunger  would  jerk  violently  at  the  end  of  every 
stroke  and  the  delivery  was  under  40  per  cent  of  what 
it  should  have  been  to  be  satisfactory ;  lowering  the 
pump  three  feet  made  it  easy  working  and  satisfactory 
in  the  quantity  of  water  delivered. 

Various  writers  have  brought  up  the  idea  shown  in 
Mr.  Peters'  fifty-foot  lift.  After  reading  such  a  de- 
scription some  years  ago,  I  tried  it  out  with  a  new  iron 
hand  pump  and  a  forty^five-foot  lift,  starting  with  a 


.'s-in.  hole  and  gradually  increasing  the  diameter.  I 
failed  to  get  results  up  to  the  point  when  the  hole  was 
'i  in.  Then  I  gave  it  up  and  did  not  succeed  in  getting 
water  to  the  pump. 

The  holes  were  made».at  the  water  lever  so  that  both 
water  and  air  would  be  taken  into  the  suction  pipe  at 
each  stroke.  Probably  the  idea  was  first  suggested 
from  knowledge  gained  by  air-lift  experience,  but  the 
conditions  are  not  the  same  in  both  cases.  It  may  be 
possible  to  raise  water  fifty  or  eighty  feet  with  a  re- 
ciprocating or  rotating,  so-called,  suction  pump,  by 
removing  the  air  pressure  from  the  top  of  the  water 
and  allowing  air  to  mix  with  the  entering  water,  but 
I  have  some  doubts  as  to  its  success  and  I  should  like 
to  hear  from  someone  who  has  seen  the  experiment 
successfully  demonstrated.  It  is  noticeable  that  none 
of  the  writers  describing  this  method  have  made  any 
claim  to  have  seen  such  a  fifty-  or  eighty-foot  lift  in 
operation.  James  E.  Noble. 

Portsmouth,   Ont.,  Canada. 

Commutators    Made    from 
Copper   Block 

Noting  an  article  in  the  Sept.  21  issue  of  Power, 
page  458,  by  Vernon  Pearson,  on  the  building  of  small 
direct-current  commutators,  also  a  warning  of  patent 
infringement,  on  page  591  in  the  Oct.  12  issue,  by  H.  E. 
Weightman,  I  am  moved  to  call  your  attention  to  the 
following  facts: 

In  April,  1900,  I  was,  on  account  of  business  relations, 
permitted  to  have  access  to  all  parts  of  the  factory  of 
the  Eck  Motor  Works,  which  at  that  time  was  located 
in  the  Atlas  Power  Building,  Newark,  N.  J.  This  firm 
made  direct-current  fan  motors,  also  motors  for  auto- 
matic pressure  apparatus;  in  fact,  their  business  was 
solely  in  direct-current  motors  of  sizes  up  to  five  horse- 
power. 

The  stock  from  which  the  commutators  were  made  was 
hard-drawn  copper,  and,  in  some  instances  in  the  larger 
sizes,  rolled  bronze.  This  material  was  received  in  the 
proper  diameter,  and  put  through  special  machinery  for 
slotting  and  boring.  As  I  remember,  both  operations 
were  made  on  the  same  machine,  the  stock  feeding 
through  a  hollow  spindle.  After  the  boring  and  slot- 
ting it  was  received  in  a  container  and  taken  to  the 
filling  room,  where  the  mica  and  insulating  bushing 
were  applied.  The  commutator  bars  were  not  finally 
separated  until  the  commutator  was  permanently  insul- 
ated, bound  and  baked.    What  made  such  an  impression 
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on  me  was  tho  speed  di  the  process  compared  to  the 
very  slow  way  where  the  eominiitator  was  built  up  bar 
by  bar  on  a  form,  then  pressed  into  shape  and  finally 
baked  and  machined. 

I  am  not  familiar  with  the  patent  laws  and  have  no 
desire  to  enter  a  controversy,  but  am  writinjt  this  that 
it  may  perhaps  slu-d  some  lif^ht  on  a  lonjj-forKotten 
process.  William  .1.  Cummings. 

Haskell,  N.  J. 

How  an  Eiijjinr  Bearinp  Shi'Il  Was 
L4>ii«;tli('ii('(l 

Recently,  we  had  to  make  some  repairs  on  a  10  x  12-in. 
high-speed  automatic  engine  running  at  300  r.pi.m. 
Among  other  things  the  main  bearings  needed  atten- 
tion, and  as  one  of  them  was  in  bad  shape  a  spare  set  ol 
shells  was  made  ready.  One  of  them  required  a  little 
scraping,  but  the  other  was  found  to  be  I  in.  short. 
It  was  decided  to  make  a  wooden  mold  and  pour  babbitt 
onto  the  end  of  this  short  shell,  which  was  plain  except 
for  a  lip  at  one  end,  as  shown  in  Fig.  1. 

Two  pieces  of  li-in.  stock  were  sawed  out  and  fitted 
to  the  inside  and  outside  of  the  shell.  Fig.  2.  Then  a 
rabbet  was  cut  around  the  arc  of  the  wood  block  form- 
ing the  outer  part  of  the  mold.  Several  bores  were 
drilled  in  the  end  of  the  shell,  and  the  surface  was 


the  St  lew  was  gripped  in  the  vise.  i'he  shell  was  ho 
long  that  it  would  not  be  held  firmly  enough  were  the 
blocks  gripped  in  the  vise — the  lower  end  of  the  shell 
projected  below  the  screw  of  the  viae  as  shown  in 
Fig.  4. 

While  placing  the  shells  in  the  engine  and  fitting 
them,  top  shells  persisted  in  dropping  out  of  the  lop 
castings  of  the  boxes  while  they  were  being  raised  and 
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FIG.    2.    SHELL    FITTED   TO   WOODEX   :MOLD 

carefully  trimmed.  The  blocks  were  fastened  in  place 
with  a  wooden  hand  clamp,  after  which  the  babbitt 
was  poured. 

The  same  blocks  that  were  used  as  a  mold  for  the 
babbitting  job  came  in  very  nicely  for  holding  the  shell 
while  the  end  was  being  filed  and  fitted.  Fig.  3  shows 
the  shell  being  held  in  the  vise  with  its  axis  horizontal. 
\Vhen  it  was  desired  to  hold  it  with  the  axis  in  a  ver- 
tical position,  the  blocks  were  clamped  around  the  bab- 
bitted shell  with  a  wooden  hand  clamp  and  the  jaw  of 


lowered  during  the  process  of  fitting.  The  "chief 
solved  the  problem  in  short  order  by  ilapping  some 
cup  grease  into  the  box  and  pressing  the  shell  into  it. 
The  suction  prevented  the  shell  from  dropping  out. 
After  the  fitting  had  been  done,  each  upper  shell  was 
pinned  to  the  top  section  of  the  box  to  prevent  the  shell 
from  turning,  which  has  caused  difficulty  with  the 
bearings  on  this  engine,  as  when  the  shells  turned  they 
did  not  get  enough  oil.  John  D.  Eberhardt. 

Arlington,  Mass. 

Engine  Thumps  and  Pounds 

Reading  the  letter  of  A.  C.  Waters,  on  page  515  of 
the  Sept.  28  issue  of  Potcer,  regarding  engine  thumps 
recalled  a  couple  of  experiences  I  ran  up  against.  The 
first  was  with  a  Corliss  engine  in  a  lumber  mill.  One 
day  a  regular  steam-hammer  thump  let  loose.  Upon 
shutting  down,  no  loose  parts  were  found,  but  after 
starting  up  again  and  while  feeling  the  crosshead,  1 
discovered  that  the  locknut  on  the  piston  rod  was  three 
complete  turns  loose.  After  setting  it  up  and  checking 
for  piston  clearance  on  each  end,  everything  was  all 
right. 

The  second  instance  was  with  a  straight-line  engine, 
built  with   a   Y-shaped   frame   and   on   the  three-point 
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suspension  idea.  The  cylinder  is  on  one  leg  and  the 
frame  ends  on  the  other  two.  The  two  flywheels  are, 
between  the  frames  and  just  far  enough  apart  for  the 
crank.  One  wheel  carries  the  governor.  The  crosshead 
is  designed  ju.st  opposite  to  most  crossheads,  as  the  pin 
is  held  rigid  in  the  end  of  the  rod  and  oscillates  in  the 
crosshead,  which  is  of  the  slipper  type.  On  each  side 
of  the  rod  are  fiber  rings  around  the  pin.  The  rod  must 
have  a  certain  amount  of  side  play  at  the  crosshead  and 
wheel  end.  I  had  one  of  these  engines,  and  when  it  ran 
with  light  load  it  would  rattle  away  for  dear  life.  This 
was  because  the  weight  on  the  governor  hit  the  rim 
of  the  wheel.  But  the  thump  was  caused  by  the  slipper 
guide  being  loose. 

I  have  seen  men  look  all  over  a  straight-line  engine 
for  a  knock  when  it  was  in  the  bushing  that  takes  the 
place  of  packing.  These  engines  have  no  packing  on 
either  rod,  but  have  a  long  metal  bushing.  If  screwed 
up  too  hard,  these  bushings  break  with  a  resulting 
pound.  R.  G.  Summers. 

Geneva,  N.  Y. 

Refacing  Pump  Valves 

A  wrinkle  for  refacing  pump  valves  is  as  follows: 
Put  them  in  a  small  lathe,  turn  them  up  with  a  facing 

'      1  '~°1.       PumpVolve 


REFAPING    PTTMP  VAI^VE   IN   LATHE 

tool  and  finish  with  a  block  of  wood  covered  with  No.  00 
or  No.  1'  sandpaper.  This  is  quicker  than  handwork 
and  makes  just  as  good  a  job.  R.  G.  Brown. 

Geneva,  N.  Y. 

How  to  Make  a  Simple  Gas-Engine 
Governor 

Frequently,  an  internal-combustion  pumping,  vehicle 
or  marine  engine  is  adapted  to  stationary  purposes, 
where  the  load  is  con.stantly  changing.  In  this  case  a 
governor  is  required,  which,  even  if  it  does  not  regulate 
as  accurately  as  a  specially  designed  one,  can  be  relied 
upon  to  keep  the  engine  from  racing  or  stalling.  Small 
marine  engines,  even  of  the  heavy-duty  type,  are  not 
always  supplied  with  governors,  and  the  throttle  must 
be  closed  before  throwing  out  the  clutch ;  a  governor 
would  be  of  considerable  value  here  also. 

The  sketches  show  the  construction  of  a  small  gov- 
ernor of  the  Pickering  type  on  which  but  little  lathe- 
work  is  required.  The  size  will  depend  on  the  speed 
at   which   it   is  to   be   driven   and   the   amount   of  pull 


required  to  move  the  throttle  valve,  which  will  be  of  the 
plain  butterfly  type.  The  higher  the  speed  the  smaller 
the  weights  required  or  the  stiffer  the  springs.  Two 
brass  or  steel  hubs  are  turned  up  and  reamed  to  fit  the 
(Iriveshaft  and  filed  off  to  take  the  governor  springs; 
Two,  three  or  four  springs  and  weights  can  be  uaed, 
according  to  requirements;  heavy  clock  spring  will 
answer  the  purpose  for  a  small  governor.  The  ends 
only  of  the  spi-ings  are  drawn ;  then  they  are  held  in 
place  and  sleeves  driven  on  over  them  and  the  hubs; 
holes  are  drilled  through  the  sleeve,  .spring  and  hub  and 
tapped  for  machine  screws.  The  inner  ends  of  the  outer 
.sleeves  should  be  flared  out  to  relieve  the  springs  when 
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the  weights  are  all  the  way  out.  One  hub  is  pinned  or 
keyed  to  the  shaft,  while  the  other  is  a  sliding  fit  and 
is  provided  with  a  grooved  flange  to  take  the  control- 
lever  roller;  or  else  the  shaft  is  fixed  in  place  and  the 
two  hubs  revolve  on  it,  one  having  the  drive  pulley  or 
gear  integral  with  it  and  held  between  two  collars 
which  are  fast  on  the  shaft. 

The  springs  are  not  drilled  for  the  weights,  as  this 
would  weaken  them;  instead,  each  weight  is  built  up  of 
an  inner  piece,  slit  almost  through  with  a  hacksaw  to 
take  the  spring,  and  an  outer  sleeve  forced  over  the 
inner  part  and  .spring,  thus  holding  both  tightly 
together.  The  weights  may  be  brass  or  steel.  A  stop 
collar  on  the  shaft  is  necessary  to  limit  the  amount  of 
governor  opening,  otherwise  the  .springs  might  buckle; 
in  any  event,  there  should  be  no  great  strain  on  the 
springs  when  the  weights  are  all  the  way  out. 

The  easie.st  way  to  arrange  the  control  lever  is  to 
attach  a  small  brass  roller  to  it,  running  on  a  steel  stud; 
the  roller  fits  into  the  grooved  flange,  and  it  and  the 
lever  are  pushed  back  and  forth  as  the  governor  weights 
move  in  or  out.  I  used  such  a  roller  and  lever  foi 
several  years  upon  a  marine  engine  with'perfect  success, 
though  a  split  yoke  would  be  more  nearly  mechanically 
correct.  For  a  governor  of  this  type  a  simple  butterfly 
valve  and  lever,  in  the  intake  pipe,  is  probably  best, 
though  in  many  cases  connection  can  be  made  directly 
to  the  throttle  lever  on  the  carburetor. 

A  positive  drive  is  best,  by  gear,  sprocket  or  direct 
coupling  to  cam  or  pump  shaft ;  a  round  or  flat  leather 
belt  will  operate  the  governor  well  enough,  but  care 
must  be  taken  to  close  the  throttle  independently  when 
leaving  the  engine  unattended,  for  if  the  belt  broke 
there  .would  be  disastrous  racing  should  the  throttle 
happen  to  be  wide  open.  H.  H.  Parker. 

Oakland.  Gal. 
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Sh'iiin  Loss  (iaiisnl  l»y  I'lmlly  Valvr 

Adjiisliiieiils 

The  afcompuiiyin/  (lia^rl•ams  were  taken  from  a  pair 
of  26  X  48-in.  diri'il-ronnectt'd  loal-shaft  hoi.stinjr 
entfines,  fitted  with  balanced  slide  valve.  Diatrram  A 
shows  the  conditions  of  valve  adju.stnients  of  the  left 
pnpine  as  I  found  it  upon  first  indicating.  Diagram  B 
.shows  the  results  after  advancintr  the  eccentric  32  dep. 
and  e(iualizinK  the  valve   rod.     Diagram   C  shows   the 


EFFBCT  OF   CII.VNGIXG   ECCENTRIC   OX    TWIN 
nOTSTIXG    ENGINE 

conditions  of  valve  adjustment  of  the  right  engine  as 
found  upon  first  indicating.  Diagram  D  shows  the 
lesults  after  advancing  the  eccentric  22  degrees. 

The  average  steam  consumption  per  horsepower 
calculated  from  diagrams  .4.  and  C  was  49.69  lb.,  and 
that  calculated  from  diagrams  B  and  D  was  32.99  lb., 
which  shows  a  savrng  in  steam  of  16.7  lb.  per  horse- 
power-hour. C.  J.  Halloran. 

Avoca,  Pa. 

Coal  Prices  Here  and  Abroad 

I  recently  read  an  article  in  an  English  engineering 
paper  in  which  it  was  stated  that  the  price  at  which 
imported  coal  is  being  sold  in  England  was  causing  a 
most  unpleasant  awakening  among  the  English  coal 
operators  and  dealers. 

In  the  years  preceding  the  war  England  exported 
70,000,000  tons  of  coal  per  year,  exclusive  of  bunker 
coal  supplied  to  outgoing  steamers,  and  the  British 
merchant  sei"vice  was  largely  used  in  transporting  this 
coal  to  all  parts  of  the  world.  Since  the  war,  however, 
England  has  been  importing  coal ;  but  what  jars  them  is 
the  fact  that,  according  to  the  item,  English-mined 
coal  stands  the  purchaser  $9.92  per  ton,  while  American 
imported  coal  is  being  offered  at  $4.57  per  ton,  f.o.b. 

The  item  does  not  state  whether  this  coal  is  f.o.b.  at 
an' American  port  or  at  an  English  port,  but  assuming 
it  to  mean  that  the  quoted  price  is  f.o.b.  at  an  American 
port,  the  question  arises.  How  can  coal  be  sold  at  such 
a  price?  According  to  newspaper  reports  bituminous 
coal  is  bringing  around  S8  per  ton  at  the  mine  in 
America.  How,  then,  can  it  be  loaded  into  a  vessel  for 
export  at  a  rate  of  $4.56  per  ton? 

Of  course  this  price  represents  a  satisfactory  profit 
to  the  shipper,  and  if  so,  there  is  a  difference  of  $3.44 
per  ton  added  to  coal  for  domestic  use.  With  an  addi- 
tional charge  of  about  $8  or  $10  per  ton  the  American 
consumer  seems  to  be  "getting  it  in  the  neck." 

If  the  Department  of  Justice  is  looking  into  the  coal 
situation  as  regards  profiteering,  why  not  ascertain 
why  coal  can  be  shipped  to  England  at  a  price  that  is 
$3.44  less  than  operators  are  getting  at  the  mine  for 
coal  used  by  American  steam  plants?       A.  W.  Jacobs. 

New  York  City. 


Steam-llcalrd    hurl-Oil    l*i|M'    Ijim>    in 
lliidcrgroiind   (loiidiiil 

No  Hooner  does  one  do  Homething  that  he  believcB  to 
be  original  (and  therefore  considers  himself  entitled 
to  a  little  glory)  than  .someone  else  bobs  u])  to  state 
that  he  did  it  long  ago.  It  is  doubtful  whether  the 
.second  .someone  acquires  any  glory;  but  rather  he  may 
be  relegated  to  the  ranks  of  the  I-told-you-sos  and  the 
I-did-it-first-s. 

In  the  Oct.  12,  1920,  issue  of  Power,  page  580,  is  a 
description  of  a  steam-heated  fuel-oil  pipe  line  in  an 
underground  conduit,  supposedly  the  first  installation 
of  the  kind.  Thoughtfulness  would  require  me  to  keep 
silent  as  to  any  historical  notes  bearing  on  this  article, 
but  for  the  good  of  the  art  let  me  say  that  there  has 
been  in  u.se  for  a  year  or  more  an  underground  oil-pipe 
line  900  ft.  long,  about  two-thirds  of  which  is  run  in 
ordinary  tile  pipe  split  in  two  and  then  put  together 
again. 

The  line  is  of  standard  6-in.  pipe,  laid  on  roller  chairs, 
similar  to  tho.se  described  in  the  article,  and  the  steam 
pipe  for  keeping  the  oil  warm  is  run  inside  of  the  6-in. 
oil  pipe,  .so  that  all  the  heat  is  taken  up  by  the  oil, 
making  the  problem  of  insulating  the  oil  pipe  itself 
a  comparatively  simple  one.  As  a  matter  of  fact,  it 
has  been  found  that  for  a  very  considerable  portion  of 
the  year  it  is  not  necessary  to  use  any  steam,  and  that 
the  oil  can  be  pumped  from  the  storage  tank  to  the 
service  tank  without  further  heat  than  that  taken  up  in 
the  exhaust-steam  heaters  attached  to  the  pump. 

This  line  has  been  in  use  twenty-four  hours  a  day  and, 
so  far  as  I  know,  has  never  given  any  trouble. 

Providence,  R.  I.  Warren  P.  Lewis. 

Home-Made  Wall  Crane 

The  wall  crane  shown  is  not  difficult  to  build  and  will 
prove  useful  in  the  repair  department  of  a  power  plant 
or  machine  shop.  It  should  be  made  from  extra-heav>' 
iron  pipe  and  malleable  or  steel  pipe  fittings.     A  piece 


l>KSTGX    OF    AA'ALI.    CRANE 

of  21 -in.  iron  bar  makes  a  neat  fit  inside  an  extra- 
heavj-  pipe  fitting.  A  piece  of  iron  plate  can  be  used 
back  of  the  wall  at  the  bolt  heads. 

Such  a  crane  will  handle  weights   up  to   ;;   ton.     A I 
chain  or  rope  tackle  can  be  used  to  raise  the  material  I 
handled.     The  carrying  arm  should  be  level.     A  plug  is 
screwed   into  the  bottom  tee  to  prevent  the  bar  from  ] 
falling  through.  James  E.  Noble. 

Portsmouth,  Ont. 


November  2,  1920 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Smoky  Exhaust  of  Diesel  Engine — Will  low  injection  air 
cause  my  Diesel  engine  to  smoke?  G.  M. 

It  will,  especially  if  the  engine  is  fully  loaded.  Air  pressure 
below   50   atmospheres   will   often   cause   a   smoky  exhaust. 

Gumming  of  Compressor  Valves — What  causes  Diesel  air- 
compressor  valves  to  gum  ?  P.  R.  C. 

Gumming  results  from  using  too  much  lubricating  oil. 
Two  drops  per  minute  per  cylinder  is  ample  for  the  average- 
sized  compressor. 


Time  for  Blowing  Down  Boilers — When  is  the  proper  time 
to  blow  down  a  boiler,  when  banked  or  when  steaming  at  a 
high  rate?  T.  B. 

If  the  water  is  very  muddy,  the  boiler  should  be  blown 
down  several  times  a  day  and  preferably  during  intervals 
like  morning,  noon  and  night,  when  the  boiler  is  doing  the 
least  steaming.  If  blowing  down  is  done  only  once  a  day, 
the  best  time  is  in  the  morning  or  after  the  longest  interval 
of  rest  and  before  the  settled  sediment  becomes  too  much 
stirred  up  by  the  circulation  during  active  steaming. 


Imperfect  Diesel  Indicator  Diagrams — With  new  fuel  cam 
noses  put  on  a  Diesel,  it  is  found  that  the  indicator  diagrams 
are  very  sharp,  showing  no  admission  lines.  Is  this  caused 
by  the  new  cam  noses?  H.  C.  C. 

The  new  noses  may  give  too  great  a  lift  to  the  fuel 
needle  valve,  allowing  the  oil  charge  to  blow  into  the  cyl- 
inder at  once.  Try  giving  the  fuel  rocker  arm  less  clear- 
ance, which  would  cause  the  needle  to  open  earlier  and 
slower.  Lowering  the  injection-air  pressure  often  flattens 
the  card.  Your  timing  may  be  too  early;  if  so,  the  maxi- 
mum pressure  will  be  above  normal. 


The  "Locomobile"  Power  Plant — Why  is  the  locomobile 
type  of  power  plant  so  called,  and  what  are  the  reasons  for 
its  superior  economy  ?  R.  L. 

The  name  "locomobile"  came  from  the  fact  that  as  orig 
inally  made  these  power  plants  were  mounted  on  wheels  and 
intended  for  portable  use.  The  high  economies  are  due  to 
the  precautions  taken  in  their  design  to  guard  against 
initial  condensation  and  to  minimize  loss  of  heat  in  the  flue 
gases  and  the  exhaust  steam.  The  more  economical  plants 
are  operated  compound  condensing.  Steam  generated  in  the 
boiler  is  passed  throujjh  a  superheater  suspended  in  the 
smoke  box  with  the  direction  of  steam  flow  so  arranged  that 
the  hottest  steam  is  heated  by  the  hottest  gases.  The  steam 
then  passes  through  a  pipe  within  the  flue  to  the  high- 
pressure  cylinder,  which  is  jacketed  by  the  hot  flue  gases. 
From  the  high-pressure  cylinder  the  steam  passes  to  a 
reheater  receiver  contained  in  the  smoke  box  and  is  thence 
admitted  to  the  low-pressure  cylinder,  exhausting  through 
a  feed-water  heater  to  the  atmosphere  or  to  a  condenser. 
The  boiler-feed  pump,  and  condenser  pump  if  used,  are 
driven  directly  from  the  main  engine. 


Effect  of  Negative  Advance  with  Single  Eccentric — If  the 

eccentric  of  a  Corliss  engine  is  placed  less  than  90  deg. 
ahead  of  the  crank,  what  effect  will  it  have  in  the  operation 
of  the  engine?  M.  D. 

By  setting  the  eccentric  less  than  90  deg.  ahead  of  the 
crank,  the  events  of  admission,  release  and  compression 
will  occur  later  in  the  stroke.     The  lead  may  be  corrected 


by  shortening  the  steam-valve  rods  to  obtain  admission 
when  the  engine  is  on  a  center.  But  the  steam  valves  would 
be  partly  open — that  is,  would  have  negative  lap — when  the 
wristplate  comes  up  to  its  central  position.  Cutoff  then 
could  occur  through  greater  range  than  one-half  stroke,  be- 
cause the  stroke  of  the  piston  would  begin  before  the  wrist- 
plate  reaches  its  central  position  for  cutoff  may  occur  any 
time  before  the  wristplate  swings  farthest  to  one  side  or 
the  other  of  the  central  position  during  one-quarter  of  a 
revolution  of  the  eccentric,  or  approximately  while  the  pis- 
ton travel  is  equal  to  one-half  the  length  of  the  stroke. 
If  earlier  release  is  obtained  by  giving  negative  lap  to  the 
exhaust  valves,  they  will  not  be  closed  when  the  piston 
reaches  the  end  of  the  stroke  and  the  exhaust  will  be  open 
simultaneous  with  admission  to  the  same  end  of  the  cylinder. 
To  avoid  this  difficulty  a  long-range  cutoff  Corliss  engine  is 
provided  with  a  separate  eccentric  for  operation  of  the 
exhaust  valves. 


Reconnection  of  Armature  Winding — What  will  be  the 
correct  pitch  of  the  coil  leads  on  the  commutator  of  a 
single-series  wound  armature  having  180  coils  in  the  wind- 
ing and  180  segments  in  the  commutator  ?  The  machine  has 
G  i-oles  and  operates  at  550  r.p.m.  on  a  250-vole  circuit.  At 
present  the  armature  is  wound  single-series  and  is  giving 
considerable  trouble  by  heating  excessively  and  also  spark- 
ing at  the  commutator.  Is  there  any  way  that  I  can  tell 
if  the  armature  should  be  wound  single,  double-  or  triple- 
series?  C.  R.  S. 

If  the  armature  has  180  coils  it  cannot  be  connected 
single-series  since  the  number  of  coils  must  agree  with  the 
formula. 


C 


±  1 


Where  C  equals  number  of  coils  in  the  winding,  P  the  num- 
ber of  poles  and  A'  an  integer  which  equals  the  pitch  of  the 
leads  on  the  commutator  and  is  obtained  by  dividing  the 
commutator  segments  by  the  pairs  of  poles,  in  this  case, 
180  -^  3  =60;  that  is  segments  1  and  61.    Then  the  number 


of  coils  C  =  -   X    60 


1   =  181  or    179.     There  are  180 


coils  in  the  winding,  and  since  only  179  or  181  can  be 
connected  single-series,  there  is  only  one  thing  to  do; 
namely,  leave  one  coil  dead  and  use  179.  This  will  also 
require  the  bridging  together  of  two  segments  in  the  com- 
mutator, thus  obtaining  179  segments. 

On  account  of  the  speed  and  voltage  of  the  machine,  it  is 
very  pi-obable  that  a  single-series  connection  is  correct  for 
the  armature.  If  a  single-series  connection  is  connect,  and 
the  machine  was  connected  double-series,  the  speed  would 
be  double  that  of  normal,  and  with  a  triple-series  connection 
the  speed  would  be  three  times  normal.  However,  a  triple- 
series  winding  would  not  be  used  on  a  6-pole  machine,  since 
the  same  results  can  be  obtained  with  a  single-parallel 
winding  and  the  latter  would  be  free  from  all  the  complica- 
tions of  the  former. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses 
This  is  necessary  to  guarantee  the  good  faith  of  the  com 
munications. — Editor.] 
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I'hriCl   ill   (]oar 

By  CiKORGK  OTIS  SMITH1 


COAL  is  the  shortest  word  we  have  to  express  industrial 
|)ower  and  domestic  comfort.  Even  the  rumor  of  u 
coal  .>ihi>rtnjre  simply  demonstrates  liiai  this  fuel  is  in 
reality  the  staff  of  life  to  the  industrial  world,  and  the 
ti'mporary  stoppa^re  of  any  of  the  larger  sources  of  supply 
threatens  a  nation-wide  crisis.  Shut  down  our  coal  mines, 
and  the  country  becomes  not  only  cold  but  idle  and  hungry. 

The  li^ures  of  our  total  coal   resources,  millions  of  mil- 
lions of  tons,  or  even  the  few  hundred  million   tons  of  our 
annual  output,  are  too  larjje  to  be  jjrasped,  and  it  becomes 
necessary     to    express     the    facts     in     smaller    (luantities. 
Roujrhly  speaking,  1,000  tons  of  coal  is  what  a  mine  workt-r 
mines   in   a   year — the   measure  of  what  he   contributes   to 
the  world's  work  and  well-beinfr.     This  human  measure  of 
1,000  tons  also  has  the  advantage  of  beinjr  easily  visualized 
as  a  short  train  load  (20  cars)  of  coal  on  its  way  to  serve 
the  varied  needs  of  the  consumer,  and  in  our  brief  review 
of  the  subject  we  may  well 
first    note    what    are    these 
needs — the  principal  uses  of 
coal,  among  which  this  unit 
of     1.000    tons     is    divided. 
(See      Fig.      1.)        Broadly 
stated,    the    largest    use    of 
coal  is  in  furnishing  motive 
power  and  heat  for  our  in- 
dustries and  public  utilities, 
350  tons  out  of  every  1,000 
tons    mined    going    to    the 
boiler  house  of  factory,  mill, 
shop,  or  power   plant.    But 
next  to  these  seven  carloads 
of  coal  distributed  through- 
out   the    country    are    five 
cars,    or    250   tons    of   coal, 
which  the  railroads  need  for 
their  own  use.     The  domes- 
tic demand   for  coal   comes 
next,   165   tons   out   of  each 
1,000  tons  of  anthracite  and 
bituminous  coal  being  used 
in  the  homes  of  the  land  for 
heating   and   cooking.      The 
coke  ovens  require  nearly  as 
much  as  the  homes,  or  130 
tons;    and    the    balance    of 
our  miner's  contribution  in- 
cludes  the   coal    for   export 
and    bunker    use,    60    tons; 
the  35  tons  of  coal  used  in 
operating    the    coal     mines 
themselves,  which  of  course 

does  not  make  up  a  part  of  our  train  load;  and  the  10  tons 
that  goes  to  the  gas  works. 

Even  in  this  simple  analysis  of  the  uses  of  coal  it  would 
be  difficult  to  establish  any  rigid  scheme  of  priorities;  we 
absolutely  need  coal  for  each  of  these  uses,  and  this  nation- 
wide dependence  upon  coal  is  so  evident  as  to  demand 
general  attention  to  the  subject  of  thrift  in  coal.  Every 
citizen  should  do  his  part  in  making  the  best  use  of  coal, 
but  the  i-esponsibility  of  leadership  in  economy  may  with 
justice  be  placed  upon  the  larger  users. 

The  steel  industry  required  in  1918  about  100,000,000  tons 
of  coal,  slightly  more  than  two-thirds  of  it  in  the  form  of 
coke.  So  in  dependence  upon  coal,  this  industry  stands 
next  to  the  railroads.  At  the  bottom  of  the  list  of  uses  of 
coal,  stated  quantitatively,  is  blacksmithing,  and  the  annual 
requirement  of  blacksmithing  coal  is  less  than  a  million 
tons.  Contrast  with  the  great  steel  plant,  which  consumes 
its  4  million  tons   of  coal   each   year,  the   village   smithy, 


Gas  works 
10  tons 


FIG. 


Disposition  of  the  miner's  yeaily  output  of  1,000  ton 
hoth  anthrafite  and  bituminous  coal. 


•From  an  addre.ss  before  the  American  Iron   ;inrt  SUel   TnstitiUf. 
New  York  City.   Oct.   22.   1920. 

fPireetor,   United   States  Geological  Survey.   Washington.   D.   C. 


which    uses    50    pounds    a    day — and    the    question    arises, 

Where  is  it  of  greater  national  concern  that  we  begin  to 
practice  thrift  in  coal,  at  the  little  shop  or  at  the  big  steel 
works?  During  the  war  the  patriotic  effort  was  made  to 
save  wheat  an<l  sugar  in  every  home,  however  humble, 
and  the  aggregate  results  of  such  nation-wide  thrift  were 
most  gratifying;  yet  with  coal  a  different  policy  of  initiat- 
ing thrift  seems  warranted — the  great  industrial  establish- 
ment or  the  superpower  plant  rather  than  the  home  is  the 
place   where   saving  will   accomplish   most. 

We  are  on  the  threshold  of  fuel  economy.  Unprecedented 
high  prices  for  coal  have  summoned  American  genius  to 
the  task  of  getting  the  full  value  out  of  the  half  billion  tons 
of  bituminous  coal  we  bum  each  year;  indeed,  we  have 
been  too  long  content  simply  to  burn  coal  rather  than  to 
use  it.  With  coal  at  a  dollar  a  ton  the  consumer  was  the 
profiteer,  and  profiteer-like  he  thought  it  paid  him  to  dis- 
regard any  claims  except 
those  of  his  own  immediate 
gain.  Now,  the  higher 
prices  have  opened  our  eyes 
to  higher  values  in  coal,  and 
we  begin  to  see  the  possibili- 
ties of  profit  in  avoiding 
waste  both  in  the  mine  and 
in  the  boiler  room.  We 
do  not  have  to  recognize  the 
claims  of  posterity  for  coal 
conservation,  for  we  can  see 
money  in  it  for  our  own 
generation  —  to  mine  the 
coal  that  we  have  been  leav- 
ing underground,  to  utilize 
every  possible  heat  unit  in 
what  we  burn,  and  espe- 
cially to  recover  everything 
of  value  that  the  coal 
contains.  When  we  indorse 
.Mr.  Hoover's  characteriza- 
tion of  the  bituminous  coal 
industry  as  "the  wor.st 
functioning  industry  in  the 
country,"  it  is  with  no  .spirit 
of  unfriendly  criticism.  The 
simple  fact  must  be  faced 
that  the  story  of  coal  is  a 
story  of  waste,  all  the  way 
from  the  face  of  the  mine 
working  to  the  smokestacks 
of  the  boiler  plant — waste 
of  a  natural  resource,  waste 
of  human  endeavor,  waste 
of  capital,  waste  of  transportation  capacity,  and  waste  of 
energy — and  of  none  of  these  have  we  enough,  much  less 
any  to  spare. 

It  is  customary  to  express  our  coal  resources  in  terms  of 
tons  in  the  ground,  but  how  inflated  such  an  inventory  be- 
comes when  we  realize  that  of  the  ton  of  coal  "in  place," 
where  Nature  stored  it  for  the  use  of  man,  the  amount 
converted  into  mechanical  energy,  under  the  average  prac- 
tice of  today,  is  only  76  pounds.  The  accompanying  dia- 
gram. Fig.  2,  exhibits  the  distribution  of  the  losses  thus 
indicated,  in  the  responsibility  for  which  mining  engineer, 
mechanical  engineer  and  consumer  must  all  share.  This 
general  indictment  of  "average  practice"  makes  the  ques- 
tion of  thrift  in  coal  a  national  rather  than  an  individual 
problem. 

The  proDortion  of  coal  we  leave  underground  is  a  sad 
commentary  on  our  appreciation  of  the  value  of  coal,  and 
the  margin  between  high  recovery,  which  may  be  stated 
at  95  per  cent,  and  the  average  recovery  of  70  per  cent 
or  less  shows  to  what  extent  we  are  still  wasting  our  coal 
at  one  place  alone  and  where  the  world  does  not  see  the 
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waste.  By  increasing  the  average  output  of  the  mine 
worker,  we  have  made  a  gain  of  50  per  cent  in  the  last 
thi-ee  decades,  so  that  we  are  saving  man  power  if  not  coal. 
Not  only  is  coal  wasted  in  the  mining,  for  no  sooner  does 
a  ton  reach  the  surface  than  44  pounds  of  it  is  taken  as 
toll  for  running  the  mine — indeed,  in  the  anthracite  mines, 
where  often  more  water  is  raised  than  coal,  the  combined 
pumping,  hoisting,  and  bi-eaker  operating  cost  expressed 
in  coal  has  been  stated  as  high  as  200  pounds  to  the  ton. 
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PIG.   2.      EIGHT    LOSSES    IN    COAL    UTILIZATION 
From  data  furnished  largely  by  the  Bureau  of  Mines,  showins 
what  becomes  of  ;i    ton   of   coal   under  ordinary   conditions. 


But  electrification  of  coal  mines  is  gradually  coming,  with 
gratifying  results  in  efficiency  of  operation  and  economy 
of  fuel. 

The  consumer  cannot  evade  his  share  of  responsibility, 
because  out  of  the  1,274  pounds  of  coal  delivered  at  his  boiler 
plant  548  pounds  was  lost  in  firing;  he  had  been  buy 
ing  B.t.u.'s  simply  to  throw  away  40  per  cent.  Edwin 
Ludlow  relates  his  observations  at  a  large  plant,  where 
pride  was  taken  in  the  j."act  that  only  the  highest-grade 
coal  was  used,  a  standard  of  15,000  B.t.u.'s  being  insisted 
on,  but  Mr.  Ludlow  called  the  attention  of  the  company's 
executive  officer  to  his  boiler-room  leaks,  his  steam  results 
showing  that  he  was  obtaining  only  11,000  B.t.u's  from  this 
high-grade  coal.  That  coal  user  needed  expert  firemen 
more  than  chemist.s — better  practice  rather  than  more 
theory. 

Another  measure  of  coal  waste  in  the  generation  of 
power,  even  where  the  conditions  promoting  efficiency  are 
much  more  favorable,  is  afforded  by  the  records  of  the 
public-utility  plants  of  Massachusetts.  During  the  month 
of  June  last  the  average  coal  consumption  in  all  the.se 
plants  was  2.29  pounds  per  kilowatt-hour,  but  at  the 
largest  plant  of  the  largest  company  the  average  was  1.8 
pounds — a  saving  in  coal  of  more  than  20  per  cent,  repre- 
senting the  difference  between  best  practice  and  average 
practice. 

How  to  save  coal  on  a  country-wide  scale  is  the  question. 
0.  P.  Hood,  of  the  Bureau  of  Mines,  has  made  thi' 
point  that  in  a  boiler  plant  construction,  operation,  and  fuel 
are  to  a  cei'tain  extent  interchangeable.  Skillful  planning 
and  careful  operation  can  take  the  place  of  part  of  the 
coal;  and  on  the  other  hand  cheap  coal  has  made  possible 
careless  firing  of  poorly  constructed  boilers  without  the 
wastefulness  of  the  whole  procedure  being  apparent  on  the 
books.  Waste  that  can  be  seen  only  as  a  theoretical 
proposition  does  not  appeal  with  the  same  force  as  waste 
that  writes  itself  in  red  figures;  and  now  that  coal  is  no 
longer  as  cheap  as  dirt  but  has  taken  on  the  dignity  that 
comes  with  high  prices,  we  naturally  begin  to  think  of  care- 
ful   use.     Just   as   we   learned    with    foodstuffs    during    trie 


war  we  are  learning  now  that  the  higher  value  must  be 
both  given  to  coal  and  won  from  it.  Thus  the  opportunity 
has  arrived  for  the  fuel  engineer  to  teach  us  thrift  in  coal. 

Still  more  striking  is  the  evidence  that  can  be  brought 
forward  to  show  the  coal  saving  possible  through  the 
larger  use  of  electricity  as  the  agency  in  applying  the 
energy  in  coal  to  the  aid  of  human  labor.  Again  it  is 
proper  to  note  in  advance  that  the  steel  industry  is  already 
motor-driven  as  probably  no  other  industry  is — indeed,  the 
motors  used  by  this  industry  aggregate  nearly  one-third 
of  the  power  of  all  the  motors  installed  in  the  United 
States.  Without  allowing  for  the  great  possible  saving  of 
coal  by  the  full  development  of  our  water  power,  combined 
and  co-ordinated  with  steam  power  in  large  systems  of 
electrical  generation  and  distribution,  the  contrast  between 
present  average  practice  and  best  practice  in  power  gen- 
eration is  so  great  as  to  strain  our  confidence  in  the 
simple  figures  of  coal  waste. 

The  statistics  of  fuel  consumption  show  that  the  aver- 
age steam  plant,  which  is  a  small  one  (about  200  hp.), 
uses  eight  times  as  much  coal  as  is  necessary  in  the  largest 
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FIG.    :!.      AVER.A.GE    AND    BEST    PRACTICIO    fO.MPAliKI> 

These  losses  in  average  ijractice  are  based  on  data  from  the 
Bureau  of  Mines  and  the  Super-Power  Survey,  and  are  calculated 
as  in  Pig.  2,  except  that  in  this  case  allowance  is  made  for  the 
;iddition;il    loss    due    to    bad    load    factor. 


central  stations,  where  the  profit  payable  to  thrift  is  I'ecog- 
ized  —  that  is,  assuming  the  same  consumption  as  the 
average  central  station  of  the  same  size,  our  average-sized 
industrial  steam  plant  would  use  10  pounds  per  horsepower- 
hour.  If  to  this  initial  saving  of  7  pounds  of  coal  out  of  8 
at  the  large  electric  power  station  are  added  the  possible 
savings  on  the  railroad  and  at  the  mine,  the  ratio  between 
present  average  practice  and  present  best  practice  becomes 
nearly  12  to  1.  Even  if  this  indictment  of  waste  is  dis- 
counted one-half,  the  power  users  of  this  country  stand 
convicted  of  almost  criminal   negligence,  for   cheap   power 
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an(l  pU'Hty  of  it  providi'  llic  only  %vuy  to  retain  Ajncrica's 
industrial  li'adiT.'^hip.  For  this  reason  both  lahor  and  capi- 
tal are  vitally  intert'sted  in  the  power  sujiply. 

Thi.s  contrast  between  tJio  wasteful  and  the  economical 
use  of  our  coal  resources  is  set  forth  in  Vif;.  3,  which  like 
Fip.  2  was  compileil  by  my  associate,  F.  G.  Tryon. 
StJirtinfr  w-ith  the  600  ]>oun(ls  of  coal  that  contains  heat 
units  equivalent  to  1,000  horsepower-hours,  we  find  that  the 
bip  electric  station,  with  its  modern  steam  turbine  e<iuip- 
nient,  uses  alonjr  with  the  000  i)ouncls  of  coal  another  600 
pounds  from  whicli  it  derives  no  return.  This  seems  waste- 
ful enough,  but  the  little  steam  plant,  with  its  poor  load 
factor  as  well  as  much  less  efficient  equipment,  losing  heat 
units  up  the  stack,  in  the  ash  pit,  through  the  steam  pipes, 
and  in  the  engine,  wastes  9,400  pounds  of  coal  for  every 
(>00  pounds  it  really  utilizes  —  nearly  a  16  to  1  ratio  in 
favor  of  the  big  plant.  So  too,  if  railroads  and  mines 
were  electrified  and  only  5  per  cent  of  the  coal  instead 
of  30  per  cent  were  left  underground,  120  pounds  of  coal 
would  mine  and  bring  to  the  big  plant  the  coal  burned  in 
generating  1,000  horsepower-hours,  instead  of  the  5,700 
pounds  now  actually  required  in  si'rving  the  average  steam 
plant  with  the  5  tons  of  coal  it  bums  to  get  the  same 
product  of  useful  energy.  The  total  cost  of  1,000  horse- 
power-hours in  terms  of  coal  resources  is  therefore  about 
two-thirds  of  a  ton  with  efficient  use,  and  nearly  eight 
tons  under  the  average  conditions  of  waste  at  the  little 
plant. 

It  is  cause  for  general  satisfaction,  then,  that  in  the  first 
half  of  1920  we  find  the  power  output  of  the  central  stations 
of  the  country  increased  more  than  16  per  cent  over  that  of 
the  corresponding  period  last  year,  while  the  fuel  used  seems 
to  have  increased  not  over  half  that  percentage.  In  these 
public-utility  plants  the  trend  is  decidedly  toward  fuel 
economy. 

Coke  Making  and  Byproduct  Ovens 

The  use  of  coal  in  America  for  making  coke  dates  back 
some  eighty  years,  but  the  operation  of  bj'product  ovens 
covers  only  one-third  of  that  period,  and  indeed  only  last 
year  did  the  output  of  byproduct  coke  first  equal  that  of 
beehive  coke.  The  field  is  thus  divided  between  the  old 
and  the  new  practice,  but  two  advantages  of  the  byproduct 
ovens  over  the  beehive  ovens  alone  show  how  much  the 
full  substitution  will  mean  to  our  country.  First,  the  yield 
of  coke  in  the  byproduct  ovens  compared  with  that  in  the 
beehive  ovens  is  23  to  25  per  cent  greater  with  the  low- 
volatile  coals  and  7  to  8  per  cent  greater  even  with  the 
high-volatile  Pittsburgh  coal;  and  second,  the  recovery  of 
7  to  15  gallons  of  tar,  benzol,  toluol,  and  other  oils,  16 
to  30  pounds  of  sulphate  of  ammonia,  and  the  surplus  gas 
constitutes  a  great  resource  by  itself.  The  recent  con- 
solidation of  five  great  chemical  companies  calls  attention 
afresh  to  the  value  of  these  wasted  constituents  of  coal, 
for  not  only  will  this  consolidation  go  far  in  making  Amer- 
ica industrially  independent  in  the  matter  of  dyes  and  other 
coal-tar  derivatives,  but  the  new  corporation,  which  is  one 
of  the  largest  units  in  American  indust-y,  is  founded  chiefly 
on  the  profitable  utilization  of  coal  smoke. 

Already  fuel  economy  has  reached  so  high  a  mark  in  the 
largest  steel  plants  that  the  present  practice  gives  gratify- 
ing results.  Take,  for  example,  such  a  plant  with  an 
annual  fuel  consumption  equivalent  to  perhaps  4J  million 
tons  of  coal,  and  we  find  there  the  best  by-product  coke 
practice  with  utilization  of  the  by-product  gas  and  tar 
for  melting  and  heating  throughout  the  plant;  also  the 
waste  gases  from  the  blast  furnaces  are  used  in  gas  en- 
gines to  blow  the  furnaces  and  generate  electricity  to 
meet  the  extensive  demand  throughout  the  works  both  to 
operate  cranes,  machine  shops,  etc.,  and  in  motors  to 
drive  not  only  the  smallest  but  also  the  largest "  of  our 
rolling  mills. 

But  to  picture  the  extension  of  this  thrift  in  the  use  of  coal 
as  planning  on  a  national  scale  demands,  we  are  forced  to 
supply  some  conditions  that  are  not  yet  realized.  This  use 
of  coal  first  as  a  raw  material  and  next  only  in  part  as  a 
fuel  means  the  extension  of  byproduct  practice  until  in  no 
home  or  public  building  or  factory  will  we  find  raw  coal 
burned,    but    in    its   place    either    coke    or    gas.    the    other 


products  hiivinjf  first  been  extructeil  to  furnish  the  fuel  for 
our  motor  cam,  the  dyes  for  our  clotheH,  the  surface  for 
our  roads,  and  even  the  drugs  for  our  aches  and  puins. 
Several  new  methods  of  carbonizing  coal  are  now  being 
developed  with  the  j)urpose  of  increasing  thi-  yield  of 
valuable  oils  and  of  obtaining  coke  residues  better  fitted  for 
domestic  use — all  looking  forward  to  this  much  more  gen- 
eral use  of  coke. 

UNWAKKA.NTKI)  OITIMIHM  as  to   IiK.><KKVKS 

The  fact  that  more  tlian  half  of  the  world's  coal  reserves 
are  believed  to  lie  within  the  territory  of  the  United  States 
has  led  too  many  of  us  into  unwarranted  optimism.  The 
captains  of  the  great  industries  concentrated  along  the 
Atlantic  seaboard  will  do  well  to  think  less  of  the  million.s 
of  millions  of  tons  of  coal  that  are  said  to  lie  awaiting  their 
need  in  various  parts  of  this  continent-wide  country  of  ours, 
but  rather  to  ask  for  details  as  to  where  this  coal  is  and 
how  available  it  is  for  the  use  of  this  and  the  next  gen- 
eration. The  total  tonnage  involves  strings  of  figures  hard 
for  us  to  comprehend,  but  the  tonnage  remaining  in  the 
great  producing  fields  of  the  East  is  so  limited  as  to 
compel  us  to  foresee  their  exhaustion  within  periods  of 
the  same  order  of  magnitude  as  those  which  executives 
figure  as  the  expectancy  of  life  for  industrial  enter- 
prises. 

For  example,  the  Pittsburgh  bed  in  western  Pennsylvania 
was  estimated  forty  years  ago  as  good  for  thirty  genera- 
tions, but  the  rate  of  mining  has  so  greatly  increased  that 
now  we  must  measure  the  exhau.stion  of  this  largest  bed  in 
the  Keystone  State  by  the  span  of  a  single  generation.  This 
is  not  an  exceptional  illustration  of  the  shortened  life  due 
to  unexpected  increase  in  drafts  upon  our  coal  resources, 
for  in  the  Georges  Creek  field  in  Maryland  this  same  bed, 
there  called  the  "Big  Vein,"  was  believed  forty  years  ago  to 
have  a  life  of  at  least  150  years,  but  today  the  field  is 
regarded  as  almost  worked  out.  Even  if  you  turn  to  a 
less  nearly  exhausted  field,  such  as  the  Pocahontas,  the 
earlier  optimistic  calculations  of  an  expectancy  of  life  of 
four  or  five  generations  are  now  reduced  to  three  or  even 
two.  The  lesson  is  that  no  matter  how  carefully  the  ton- 
nage estimate  of  the  coal  reserve  is  made,  no  one  seems 
able  to  estimate  the  rate  of  increase  in  demand  in  this 
growing  country  of  ours.  Not  yet  do  we  show  any  signs 
of  slowing  down  in  our  industrial  progress. 

Another  fact  to  be  set  down  is  that  the  best  and  most 
accessible  coal  is  mined  first,  and  even  now  we  are  skimming 
the  cream  from  our  coal  resources.  The  truth  should  be 
stated  even  more  plainly — we  are  mining  much  of  the  best 
coal  with  such  disregard  of  the  thinner  beds  in  the  same 
fields  that  we  may  be  justly  accused  not  only  of  carelessly 
skimming  off  the  cream,  but  of  throwing  away  the  skim 
milk  beyond  any  possible  hope  of  recovery.  We  must 
therefore  figure  on  increasing  costs  in  the  future,  due  to 
greater  depth  and  longer  hauls  to  market.  This  is  an- 
other reason  for  delajnng  the  exhaustion  of  our  eastern 
coal  fields  by  making  full  use  of  the  coal  we  are  now  min- 
ing. 

What  Boiler  Scale  Does 

Approximately  500  persons  are  killed  and  800  injured 
annually  throughout  the  United  States  by  boiler  explosions. 
Most  of  these  accidents  are  preventable. 

Of  376,822  steam  boi'.ers  examined  by  the  Hartford 
Steam  Boiler  Inspection  Co.,  184,635  were  found  defective, 
19,219  dangerous  and  1,122  uninsurable.  The  chief  defect 
was  a  preventable  one — scale. 

Adhering  scale  caused  42,877  defective  boilers,  loose  scale 
or  sediment  28,212.  Of  the  former,  1,612,  and  of  the  latter, 
1,593  were  found  dangerous.  Internal  corrosion  was  the 
second  chief  defect,  19,008  boilers  being  found  defective  and 
793  dangerous.  External  corrosion  caused  10,968  defective 
and  814  dangerous  boilers. 

Scale  is  largely  preventable;  and  so  is  corrosion.  Scale 
and  corrosion  are  different  effects  of  very  similar  causes. 
Greater  attention  to  boiler  feed-water  means  safer,  more 
eflScient,  longer-lived  boilers,  lower  insurance  rates  and 
greater  security. — The  International  Steam  Engineer. 
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Power-Plaiit  Equipment  for  Steel  Mills* 

The  last  five  years  of  turbine  development  have  been 
characterized  by  a  rapidly  increasing  tendency  toward  the 
concentration  of  large  capacities  in  single  turbo-generators, 
by  advances  along  the  line  of  better  economy  and  greater 
simplicity,  by  the  use  of  higher  steam  pressures  and  super- 
heat and  by  provision  to  obtain  the  full  benefit  of  high 
vacuum. 

From  the  curves  in  the  figure  it  is  seen  that  in  1905  the 
average  capacity  of  turbo-generators  installed  in  steel-mill 
power  houses  was  about  1,000  kw.,  while  in  1920  this  has 
increased  to  an  average  of  4,000  kw.  The  maximum  rating 
during  1905  was  1,000  lav.,  while  today  it  seems  to  be  in 
the  neighborhood  of  10,000  kw.  The  largest  turbo-generator 
installed  in  steel  mills  is  a  machine  rated  at  20,000  kw.  at 
unity  power  factor,  at  the  plant  of  the  Jones  &  Laughlin 
Steel  Co.  The  average  number  of  turbines  sold  in  1920  will 
be  approximately  twenty  times  that  of  fifteen  years  ago. 

Although  ten  years  ago  the  steel  companies  were  buying- 
low-pressure  steam  turbines  to  utilize  exhaust  steam  from 
engines,  the  present-day  tendency  seems  to  be  for  larger 
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TURBO-GENERATORS   INSTALLED   IN  STEEL  MILLS 

high-pressure  turbines.  This  selection  of  larger  units  is 
due  to  the  almost  unanimous  opinion  that  the  best  practice 
is  to  have  one  or  two  central  power  plants  to  generate  all 
the  power  and  to  equip  all  the  apparatus  in  the  plant  with 
electric  drive.  This  scheme  is  followed  where  new  plants 
are  installed,  and  the  change  fi-om  steam-engine  units  to 
electric  units  in  old  plants  is  taking  place  as  rapidly  as 
financial  conditions  will  justify.  It  seems  that  it  is  only  a 
matter  of  time  until  all  plants  become  more  or  less  com- 
pletely electrified,  at  which  time  power  houses  of  consid- 
erable capacity  will  be  i-equired  and  therefore  specifications 
for  turbines  today  should  be  made  on  this  basis,  which 
naturally  results  in  the  selection  of  units  of  comparatively 
large  size  to  take  advantage  of  the  better  economy  obtained 
on  large  units. 

Central-Station  Power 

During  the  war  the  rapid  growth  of  many  steel  plants 
brought  central-station  power  into  prominence,  but  today 
it  is  a  question  whether  this  rapid  growth  will  continue, 
owing  to  the  rates  charged  by  the  central-station  com- 
panies, troubles  due  to  power  failures  and  also  to  the  fact 
that  it  is  more  economical  to  develop  the  waste  heat  avail- 
able from  blast  furnaces,  open  hearths,  etc. 

The  advantage  of  tying  industrial  plants  to  central-station 
lines  or  interconnecting  various  industrial  plants  has  re- 
ceived considerable  attention  during  the  last  five  years.  The 
Carnegie  Steel  Co.  in  the  Pittsburgh  district  was  the  first 
to  tie  its  power  houses  together  and  thereby  was  able  to 
operate  any  one  individual  plant  with  less  spare  capacity 
and  also  to  take  advantage  of  the  diversity  factor  of  all 
the  plants  involved,  which  allows  each  one  of  them  to 
operate  at  a  more  constant  load  with  better  economy.    This 

•Abstracl  from  the  Association  of  Iron  and  Steel  Electrical 
Engnieer>i'  Electrical  Development  Committee's  Report,  presentc.l 
at  the  fourteenth  annual  convention,  held  at  Hotel  Pennsylvania. 
New  York  City. 


system   has  been  extended   and  now  includes  the   National 
Tube  Co.'s  plant  at  McKeesport. 

In  addition  to  the  foregoing  the  central  stations  that 
supply  power  to  steel  companies  which  do  not  operate  their 
own  generating  equipment  have  been  tying  their  powei 
systems  together  so  that  the  purchaser  of  power  must  now 
have  circuit-breaker  equipment  to  take  care  of  the  ultimate 
capacity  of  all  the  plants  connected  to  the  system  instead 
of  the  individual  power  company  contracted  with.  As  sys- 
tems are  tied  together,  in  order  to  be  properly  protected 
it  is  necessary  for  the  steel  companies  to  provide  larger 
circuit-breaker  equipment,  use  reactoi-s  and  in  some  cases 
adopt  the  grounded-neutral  system,  as  all  these  features 
tend  to  eliminate  troubles  that  are  otherwise  not  present  on 
small  generating  systems.  The  large  central-station  com- 
panies have  been  forced  to  take  these  precautions,  and  now 
that  the  steel  companies  are  installing  systems  which  within 
a  few  years  will  be  equal  to  the  capacity  of  some  of  our 
present-day  central  stations  they,  too,  will  find  it  necessary 
to  add  these  protective  devices. 

Testing  Welds* 

By  S.  W.  Miller,  M.  E. 

The  question  of  testing  welds  is  one  that  has  been  con- 
sidered more  or  less  since  welding  was  known,  but  especially 
during  the  last  five  years.  Its  importance  has  now  become 
very  great.  There  have  been  many  failures  in  the  past, 
many  of  them  not  having  been  explained  and  some  of  them 
having  been  very  expensive.  As  in  all  other  developments, 
welding  first  received  its  principal  impetus  from  the  prac- 
tical man.  Of  late,  however,  the  tendency  has  been  to 
investigate  more  carefully  and  more  fully  and  by  means 
not  available  to  the  ordinary  welder.  This  means  that 
scientists  of  all  kinds  have  been  called  into  consultation 
and  that  almost  every  conceivable  method  of  test  has  been 
suggested  in  order  to  determine  what  methods  and  materials 
would  make  the  best  welds  from  a  standpoint  of  security, 
service  and  cost. 

The  welding  of  steel  is  frequently  considered  as  not  being 
especially  difficult,  and  it  is  also  sometimes  considered  that 
steel  is  steel  and  that  no  different  treatment  is  required 
in  the  case  of  different  qualities  and  varieties  of  steel.  This 
idea  is  much  less  common  today  than  it  was  several  years 
ago,  but  it  is  still  too  prevalent  for  the  good  of  the  art.  It 
is  not  as  well  known  as  it  should  be  that  a  comparatively 
small  difference  in  the  percentage  of  carbon  in  the  material 
being  welded  makes  a  very  great  difference  in  the  results 
of  either  a  bend  or  tensile  test.  If  the  carbon  is  0.12  per 
cent  or  less,  the  material  is  soft,  ductile  and  yields  readily 
to  any  strain  that  may  be  put  on  it.  Such  material  is  fre- 
quently used  for  tanks  and,  because  of  its  ductility  and 
comparative  freedom  from  damage  by  heating,  is  admir- 
ably suited  for  welding.  Structural  steel,  bar  steel  and  boiler 
plate  contain  about  0.15  per  cent  to  0.25  per  cent  cai'bon 
and  have  a  tensile  strength  of  about  60,000  lb.,  while  the 
soft  low-carbon  material  has  only  about  52,000  to  55,000. 
Ship  plate  is  required  to  have  a  tensile  strength  of  from 
58,000  to  68,000  lb.  and  in  the  heavier  sections  requires  as 
high  as  0.30  per  cent  carbon.  It  has  been  found  by  ex- 
perience that  the  higher  the  carbon,  the  more  difficult  it 
is  to  get  a  satisfactory  weld  and  the  more  danger  there 
is  of  injuring  the  metal  being  welded.  It  is  also  evident 
that  a  weld  made  with  a  given  welding  rod  or  electrode 
can  have  only  a  given  strength.  If  this  strength  is  greater 
than  that  of  the  material  being  welded,  the  test  piece  will 
always  break  outside  of  the  weld.  If,  on  the  other  hand, 
the  weld  is  weaker  than  the  material  being  welded,  the 
rupture  will  always  take  place  in  the  weld.  An  oxyacety- 
lene  weld  made  with  oi'dinary  low-carbon  welding  wire 
will  have  a  tensile  strength  of  about  52,000  lb.  This  is 
.stronger  than  soft  tank  steel  and  weaker  than  the  other 
materials  mentioned.  It  is  possible  to  get  with  alloy  steel 
rods  of  proper  composition  a  tensile  strength  in  an  oxy- 
acetylene  weld  of  about  50,000  lb.     Neither  of  these  mate- 
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rials  will  wold  boiler  «U'cl,  boili-r  pintc  or  fihip  plato,  ho 
that  th«-  iui>tinv  will  oocur  outsido  thf  weld  when  the  sec 
tion  of  Itie  weld  i.s  the  sanie  as  the  wition  of  the  piece,  and 
in  makinj:  test.s  of  weKled  pieces,  it  is  necessary  to  know 
ucurately  the  character  of  the  material  being  welded. 

The  method  of  test  to  be  applied  in  any  jjiven  case  de- 
pends largely  on  the  use  to  which  the  welded  piece  is  to 
he  put.  If  it  is  to  be  used  in  a  pressure  vessel,  I  believe 
that  not  only  should  a  tensile  test  be  made,  but 
that  an  alternating  stress  test  should  be  used  because  of 
the  breathing  of  the  tank  due  to  changes  of  pressure.  This 
latter  test  should  also  be  applied  where  the  weld  is  sub- 
jected to  bending  strain.  There  are  no  standards  at  present 
for  weld  tests,  but  it  is  advisable,  wherever  possible,  to 
follow  tliose  of  the  A.  S.  T.  M. 

The  best  test,  in  my  opinion,  to  determine  quickly  the 
general  character  of  a  weld,  is  to  grind  it  off  level  with 
the  surface  of  the  pieces  and  c'.anip  it  on  an  anvil,  with 
the  center  of  the  weld  level  with  the  top  of  the  anvil, 
the  bottom  of  the  "V"  toward  the  anvil  so  that  the  top  of 
the  weld  is  stretched  when  the  projecting  end  is  struck 
with  a  sledge.  The  blow  should  not  be  too  heavy,  and 
the  number  of  blows  and  angle  to  which  the  piece  bends 
before  cracking  are  quite  a  good  index  of  the  value  of  the 
weld.  It  is  true  in  this  test,  as  in  the  tensile  tests,  that 
the  quality  of  the  material  being  welded  has  a  great  in- 
fluence on  the  results.  Stiff  material  throws  more  of 
the  strain  into  the  weld,  while  soft  ductile  material  will 
itself  take  considerable  of  the  bend.  In  the  case  of  de- 
fective welds — that  is,  those  not  fused  along  the  "V"  or 
which  contain  slag  or  other  inclusions — this  test  will  at 
once  develop  the  defects.  If  a  welded  piece  were  to  be  used 
in  a  place  where  it  might  become  red  hot  such  as,  for  in- 
stance, in  a  locomotive  fire-box  crown  sheet,  it  would  be 
entirely  proper  to  test  the  welds  at  a  good  red  heat  by 
clamping  them  in  a  heavy  vise  or  on  an  anvil  with  the 
center  of  the  weld  about  half  an  inch  from  the  edge  of 
the  vise  or  above  the  face  of  the  anvil,  heating  them  to 
a  bright  orange  with  the  torch  and  then  bending  them  as 
before  as  with  a   sledge. 

If  such  welds  are  made  in  J  x  2-in.  bar  steel,  a  90-deg. 
single  "V"  being  used,  and  they  bend  to  a  right  angle  cold 
without  cracking  on  the  outside,  a  welder  may  feel  well 
satisfied  with  his  work. 

Testing  Rails  for  Hidden  Defects 

There  has  recently  been  developed  a  method  for  testing 
rails  for  hidden  defects  which  was  devised  by  A.  M.  Waring. 
It  consists  of  deeply  etching  a  polished  surface  of  the 
material  under  test.  For  instance,  a  section  of  a  weld 
might  be  cut  out  with  a  hacksaw,  machined  or  filed  to  a 
true  surface,  and  polished  on  various  grades  of  emery 
paper,  ending  up  with  00  Manning.  It  is  then  placed  in 
a  warm  solution  of  25  per  cent  hydrochloric  acid  and  water 
for  from  one-half  to  an  hour.  The  acid  will  eat  away  the 
defects,  making  the  edges  of  the  materal  at  them  taper, 
so  that  rather  large  grooves  and  pits  will  be  visible  where 
the  defects  prior  to  the  etching  would  be  only  microscopic. 
The  etching  test  I  consider  to  be  of  the  greatest  value  in 
ordinary  shop  practice  where  it  is  desired  to  find  out  rapidly 
and  quite  accurately  the  quality  of  the  work  done  by  the 
different  welders. 

These  rough  tests,  while  satisfactory  for  determining  the 
general  quality  of  the  work,  do  not  answer  as  a  basis  for 
design,  and  more  refined  tests  must  be  used  as  before  re- 
ferred to.  I  believe  that  the  most  important  of  these  are 
the  tensile  and  alternating-stress  tests.  The  tensile  test 
can  be  made  in  any  shop  provided  w-ith  the  usual  tensile 
testing  machine.  The  alternating-stress  test  is  not  as  yet 
standardized  even  for  unwelded  material.  I  am  inclined 
to  believe  that  the  machine  devised  by  the  Quasi-Arc  Com- 
pany is  of  considerable  value,  although  it  does  not  give  ab- 
solute results;  that  is,  it  does  not  give  the  amount  of  fiber 
stress  to  which  the  piece  is  subjected. 

A  great  deal  may  be  learned  from  the  appearance  of  a 
weld.  It  is  difficult  to  describe  the  appearance  of  good 
welds,  but  after  they  have  been  seen  a  number  of  times,  an 
inspector  can  readily  say  whether  the  operator  knows  what 


he  in  doing.  In  gua  weldinir,  I  would  not  accept  a  ripple 
weld  in  heavy  material  nor  one  which  was  narrower  than 
about  24  times  the  thickni'SH  of  the  sheet,  because  I  have 
never  seen  a  weld  having  these  appearances  that  was  i)rop 
erly  made.  The  appearance  in  a  gas  weld  of  porosities 
on  top  indicates  that  the  metal  has  been  overheated,  and 
the  same  thing  is  true  in  an  electric  weld.  Inasmuch  as  I 
believe  that  the  serious  defects  in  welds  are  caused  by  ox- 
ides, it  would  appear  w  se  in  the  case  of  gas  welding  to 
use  no  larger  top  than  is  necessary  to  jjroduce  thorough 
fusion.  This  means  that  the  catalog  speeds  of  welding  are 
impossible  if  good  welds  are  desired.  The  same  thing  is 
true  of  electric  welds.  The  reason  is  that  at  the  high  tem- 
peratures of  the  steel  caused  by  too  large  a  tip  or  too 
heavy  a  current,  the  metal  becomes  overheated,  and  in  that 
condition  combines  more  read'ly  with  the  oxygen  of  the  air 
or  with  any  excess  oxygen  in  the  torch  flame,  and  produces 
oxide.s  which  are  readily  dissolved  by  the  melted  metal.  As 
the  metal  cools  down,  these  oxides  are  rejected  in  large- 
part  and  pass  to  the  grain  boundaries,  as  do  other  impuri- 
ties, so  that  it  is  perfectly  natural  that  material  that  has 
been  seriously  overheated  should  be  more  brittle  and  weaker 
than  the  material  that  has  been  properly  melted.  In  con- 
clusion, I  have  found  in  a  number  of  cases  that  very  great 
improvements  in  the  quality  of  the  work  were  made  by 
using  regularly  the  bending  test  already  described  and  by 
carefully  instructing  the  welders  until  they  were  able  to 
make  welds  that  would  meet  this  test  with  unfailing  regu- 
larity. 

The  Mechanical  Engineer  the  Heir  of 
All  the  Ages 

On  Friday  evening,  Oct.  22,  at  the  Morrison  Hotel,  the 
Chicago  section  of  the  American  Society  of  Mechanical 
Engineers  held  its  first  dinner  meeting  of  the  season.  The 
new  chairman,  H.  S.  Philbrick,  professor  of  mechanical 
engineering  at  Northwestern  University,  was  in  the  chair. 
He  spoke  of  the  spring  meeting  of  the  society  which  is 
to  be  held  in  Chicago  at  the  Congress  Hotel,  from  May  23 
to  26.  A  request  was  made  for  suggestions  on  excursions, 
topics  for  discussion,  and  in  fact  any  suggestion  that  might 
help  make  this  meeting  as  great  a  success  as  the  previous 
gathering  of  the  same  society  sixteen  years  ago.  Atten- 
tion was  called  also  to  the  next  meeting  of  the  Chicago 
section,  at  which  Dr.  George  Otis  Smith,  of  the  U.  S. 
Geological  Survey,  will  talk  on  "Industry's  Supply  of 
Energy."  Historical  reminiscences  of  the  society  will  be 
a  feature  of  the  meeting  in  commemoration  of  its  founding 
forty  years  ago. 

Mr.  Finley's  Address 

W.  H.  Finley,  president  of  the  Chicago  &  Northwestern 
R.R.,  who  was  the  speaker  of  the  evening,  took  as  his  sub- 
ject, "The  Mechanical  Engineer."  Speaking  from  the  rail- 
way viewpoint,  he  had  always  felt  that  the  mechanical 
engineer  did  not  get  the  appreciation  that  was  due  him, 
although  in  this  regard  times  were  changing.  In  the  early 
days  the  great  majority  of  engineers  employed  were  of 
foreign  extraction,  with  an  odd  American  here  and  there. 
The  technical  schools  of  the  country  are  now  turning  out 
engineering  graduates  in  shoals,  and  many  of  them  de- 
velop into  excellent  engineers. 

In  the  early  days  of  the  railroad  the  engineer  assumed 
knowledge  on  all  kinds  of  engineering  work  and  the  of- 
ficials expected  him  to  do  it.  They  were  now  beginning  to 
realize  that  it  was  desirable  to  have  experts  in  the  different 
branches  of  engineering,  although  it  was  his  feeling  that 
even  yet  they  had  not  employed  the  mechanical  engineer 
enough.  There  were  so  many  places  where  his  knowledge 
would  be  of  great  benefit,  such  as  in  the  conservation  of 
fuel,  the  heaviest  of  railway  expenses,  development  of  the 
locomotive  stoker,  superheater  and  other  mechanical  ap- 
pliances tending  toward  efficiency.  The  comparatively  small 
oil  supply  and  the  limited  amount  of  energy  available  from 
water  left  coal  as  the  leading  fuel.  Devising  efficient 
methods  of  burning  this  fuel  and  of  conserving  it  were 
functions  of  the  mechanical  engineer,  but  this  was  only  a' 


November  2,  1920 


POW&R 


721 


small  part  of  his  duty.  The  mechanical  era  was  just  openinj^ 
up  and  remarkablL'  developments  were  to  be  expected.  Even 
on  the  farm  the  mechanical  appliances  in  use  today  were 
marvelous  when  compared  to  the  equipment  used  by  the 
last  generation.  The  engineer  must  take  his  part  in  di- 
recting and  guiding  labor  and  in  the  elimination  of  the 
labor  troubles  so  common  in  these  days.  To  do  this  ef- 
fectively he  must  know  human  natui'e,  make  himself  better 
known  to  the  public,  take  a  greater  interest  in  public  af- 
fairs and  with  his  knowledge  back  of  him  assume  his  proper 
sphere  in  the  world's  work.  The  mechanical  engineer  was 
the  heir  of  all  the  ages.  He  was  now  passing  the  civil 
engineer  as  he  had  a  bigger,  broader  field  than  any  other 
branch  of  engineering. 

In  the  speaker's  opinion  every  branch  of  engineering 
needed  an  engineering  society,  and  the  discussion  here 
should  be  limited  largely  to  technical  matters  relating  di- 
rectly to  the  field.  Only  in  this  way  would  rapid  develop- 
ment be  assured.  He  did  not  favor  the  turmoil  of  the 
present  day  and  the  branching  out  into  fields  foreign  to 
the  profession,  or  at  least,  verging  on  the  distant  horizon. 
Civil  affairs  and  subjects  foreign  to  the  field  should  not 
be  mixed  with  the  technical  side  of  engineering. 

Discussion 

Colonel  Henry  A.  Allen  agreed  that  the  engineer  should 
take  his  place  in  public  life,  but  said  that  he  must  be  care- 
ful how  he  did  it.  The  engineer  was  accustomed  to  sys- 
tematic analyses  from  cause  to  effect  so  that  he  should  be 
more  logical  than  most  men — one  of  the  necessary  quali- 
fications for  a  leader.  He  believed  that  the  time  was  not 
far  distant  when  the  steam  engine  would  resume  its  place 
at  the  top  of  the  mechanical  field  and  be  more  efficient  than 
any  other  type  of  prime  mover.  The  theory  of  harmonics 
might  play  an  important  part  in  this  development. 

W.  L.  Abbot  referred  to  the  stampede  of  professors  and 
technical  instructors  into  commercial  life,  due  to  the  higher 
salaries  obtainable  and  the  miserable  pittance  now  paid 
them.  At  the  same  time  there  was  a  great  increase  in 
the  number  of  technical  students,  and  vtith  the  shortage 
of  instructors  it  was  necessary  to  group  them  into  classes 
double  the  size  that  it  was  formerly  recommended  one 
professor  should  handle.  With  the  teaching  profession 
going  into  commercial  life  and  the  pupils  per  instructor  so 
greatly  increased  the  graduate  engineers  were  not  so  good 
as  they  should  be  nor  so  good  as  they  were  previous  to  the 
war.  In  these  days  the  cost  to  the  student  was  compara- 
tively high  and  a  college  course  took  the  best  four  years 
of  his  life.  Consequently,  he  was  entitled  to  the  best  in- 
struction obtainable.  It  was  his  earnest  desire  to  see 
salaries  in  the  teaching  profession  so  increased  as  to  encour- 
age the  best  engineers  to  enter  the  field  of  teaching  and 
to  retain  the  best  of  those  that  were  left. 

Engineering  Council  Meets  in  Chicago 

On  Oct.  21  the  Engineering  Council  spent  the  day  in 
Chicago  at  the  rooms  of  the  Western  Society  of  Engineers 
discussing  the  various  matters  which  this  body  has  had 
under  consideration.  There  were  progress  reports  from 
committees  and  incidental  mention  of  other  mattei-s,  but 
the  discussion  turned  chiefly  to  the  Patent  Office  situation, 
the  proposed  Department  of  Public  Works  and  to  the  regis- 
tration of  architects,  engineers  and  land  surveyors.  It  was 
one  of  the  usual  meetings  of  the  council  held  in  Chicago 
to  give  Western  members  a  better  opportunity  to  attend. 
J.   Parke  Channing  was  chairman  of  the  gathering. 

On  the  classification  and  compensation  of  engineers  the 
council  had  done  some  good  work.  It  only  remained  to 
give  publicity  to  the  subject  as  well  as  to  address  com- 
munications to  Government,  state  and  civil  bodies.  A  full 
report  containing  a  complete  review  of  the  work  of  the 
committee  as  a  whole  for  the  past  year  was  to  be  presented 
at  the  next  meeting. 

While  the  Water  Conservation  Committee  had  been  ex- 
tremely active,  getting  advice  and  data  from  the  best  engi- 
neers in  the  country  on  the  regulation  of  water  power,  it 
was  not  ready  to  report    it  the  present  meeting.     It  was 


the  general  consensus  of  opinion  that  the  council  should 
favor  this  committee's  making  a  report  to  the  Water  Power 
Commission,  giving  only  general  principles  and  leaving  the 
details  to  be  worked  out  by  engineers  retained  by  the 
commisaion. 

Closer  co-operation  between  civil  and  military  engineers 
was  proposed,  and  it  was  suggested  that  letters  from  the 
Military  Affairs  Committee  be  addressed  to  the  heads  of 
the  several  technical  services  of  the  Government. 

A  typical  registration  law  for  architects,  engineers  and 
land  surveyors  was  finally  approved  by  the  council  as  re- 
modeled by  the  License  Committee.  Before  final  adoption 
it  is  to  be  referred  to  the  architects  for  their  approval,  as 
the  desirability  of  co-operation  between  these  two  pro- 
fessions was  recognized.  While  the  council  was  not  par- 
ticularly in  favor  of  registration  it  was  realized  that  the 
progressive  tendency  of  the  day  called  for  some  such 
action.  In  fact,  eleven  states  had  already  passed  registra- 
tion bills  more  or  less  radical  in  their  requirements  and 
differing  one  from  the  other.  It  was  considered  of  utmost 
importance  to  have  a  model  bill  ready  that  could  be  sent 
out  as  a  guide  wherever  legislation  on  the  subject  was 
pending.  Such  procedure  would  tend  to  insure  uniformity 
and  eradicate  undesirable  features.  As  it  reads  at  present, 
the  bill  does  not  prevent  anyone  from  practicing  engi- 
neering or  architecture  provided  he  does  not  call  himself 
an  engineer  or  architect  and  does  not  use  the  word  "regis- 
tered," the  latter  term  indicating  that  his  qualifications  had 
been   passed   upon   by   the   proper   official   body. 

Department  of  Public  Works 
M.  0.  Leighton  made  a  strong  appeal  in  behalf  of  the 
national    Department   of  Public   Works.     While   the   cam- 
paign for  the  organization  of  the  Government's  engineer-  ■ 
ing  forces  into  one  department  had  been  successful  beyond 
expectation  engineers  had  lately  shown  apathy,  and  unless- 
they  rallied  and  gave  strong  moral  rather  than  monetary  ^ 
support   others   outside   of   engineering   would    acquire    the 
credit  for  the  success  of  the  first  great  engineering  move- 
ment.    The  question  was   raised   whether  civil   or  military 
engineers  should  control  the  public  works  of  the  country. 
It  was  stated  that  the  die  would  be  cast  at  the  next  meet- 
ing  of  Congress   so  that  if  any  action  were  to   be  taken 
promptness   was  a  necessity.     More  of  this  will   be   given 
in  detail  on  another  page  of   this   issue.     The   council   de- 
cided to  send  out  letters  to  all  engineering  societies  in  the 
hope  of  rallying  engineers  into  a  renewal  of  their  enthu- 
siasm for  the  movement. 

Patent  Offic*  Reorganization 

The  proposed  bill  for  the  reorganization  of  the  Patent 
Office  had  met  with  no  obstacle  except  that  the  Senate 
had  reduced  the  force  in  the  department,  although  in  the 
bill  the  fees  had  been  increased  to  cover  an  addition  to  the 
force  and  increases  in  salaries.  This  additional  help  was 
badly  needed  in  the  Patent  Office  as  the  volume  of  work 
was  very  great,  and  the  department  was  so  far  behind 
that  it  had  almost  ceased  to  function.  It  was  considered 
the  duty  of  the  council  to  have  the  bill  restored  to  its 
original  form,  and  to  this  end  all  engineers  will  be  re- 
quested to  write  their  respective  representatives. 

It  was  agreed  that  the  council  should  give  its  support 
to  the  placing  of  engineers  in  the  public  health  service  on 
the  same  footing  as  medical  officers.  There  was  also 
favorable  expression  toward  giving  all  assistance  possible 
to  the  Federal  Power  Commission  by  urging  Congress  to 
make  the  $476,000  appropriation  requested  as  well  as  ap- 
propriations for  research  work,  especially  for  the  Bureau 
of  Standards.  It  was  agreed,  however,  that  these  matters 
might  better  be  left  to  the  successor  of  the  council. 

For  engineer  of  the  new  shipping  board  the  council 
suggested  the  following  three  men  as  possible  candidates: 
W.  H.  Adams,  of  Detroit;  Prof.  Henry  E.  Riggs,  of  the 
University  of  Michigan,  and  Admiral  H.  H.  Russo,  of  Wash- 
ington. The  first  two  seemed  to  be  favored  as  they  came 
from  the  Great  Lakes  District.  All  steps  for  transfer  of 
the  work  and  termination  of  the  existence  of  Engineering 
Council  were  left  to  the  next  meeting,  which  will  be  held 
on  Nov.  17  in  Washingt-in,  D.  C. 
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Rlark  Coal  VVrHUf*  WliiU*  Toal* 

"Thf  attention  of  tho  nation  i.s  now  more  than  «'vc'r 
before  (lirectod  to  the  need  for  coal  conservation,  clieapcr 
power  and  development  of  our  jrreat  unu.sed  water  j)ower 
nsset.s."  With  the.se  word.s  Hon.  Alexander  T.  .  Vo^oLsanK 
opened  his  addre.ss  before  tlie  convention  of  the  Water 
Power  League  nt  Wa.shin^:ton.  He  brou>:ht  out  clearly  the 
acuteness  of  our  national  need  for  coal  conservation  and 
discus.sed  in  considerable  det;iil  the  methods  by  which  this 
problem  must  eventually  be  solved. 

In  the  first  place  the  speaker  pointed  out  that  the  price 
of  bituminous  coal  has  increased  about  175  per  cent  in  the 
last  seven  years,  and  that  the  increase  of  population,  of 
industrial  activity,  of  necessity  for  food  distribution, 
together  wnth  the  constantly  contracting  ability  of  railways 
to  meet  the  situation,  causes  a  condition  that  calls  most 
stridently  for  relief.  This  condition,  however,  is  not  due  so 
much  to  lack  of  supply,  as  it  is  to  improvident  and  inefficient 
use,  the  preat  distance  between  mines  and  industrial  centers, 
and  the  consequent  burdensome  haulage  of  coal  to  the 
exclusion  of  other  and  more  valuable  merchandise  and 
commodities. 

In  regard  to  the  inefficient  use  of  coal  strong  argTiments 
were  brought  up  to  support  the  .^ipeaker's  contention  that  the 
ordinary  steam  locomotive  is  decidedly  wasteful.  He  said 
that  it  had  been  shown  that  one  electric  locomotive  is  as 
efficient  as  four  steam  engines.  On  the  Butte,  Anaconda 
&  Pacific  Ry.  seventeen  electric  engines  do  the  work  of 
twenty-eight  Mastodon-type  locomotives.  The  practicability 
of  this  use,  its  economy  and  its  efficiency  have  been  con- 
clusively demonstrated  by  the  Chicago,  Milwaukee  &  St. 
Paul  R.R.,  in  its  mountain  divisions  using  hydro  power,  and 
the  New  York,  New  Haven  &  Hartford  using  steam- 
generated  energy.  This,  however,  is  but  one  of  the  many 
ways  in  which  coal  can  be  saved. 

It  is  pxpected  that  the  super-power  survey  of  the  North 
Atlantic  industrial  district,  now  in  progress,  will  show  that 
30,000,000  tons  of  coal  may  be  annually  saved  in  that  dis- 
trict alone;  and  on  this  basis  it  is  fair  to  assume  that 
country-wide  efficiency  in  coal  consumption  will  save  at  least 
150,000,000  tons  annually.  It  is  estimated  that  this  would 
liberate  nearly  20,000  railroad  cars  for  other  uses.  More 
efficient  methods  of  burning  coal,  therefore,  are  needed 
not  only  to  save  the  coal  itself,  but  to  relieve  railroad 
congestion. 

Our  Water-Power  Resources  Distant  from 
Population  Centers 

»he  railroad  problem,  however,  is  complicated  by  a  con- 
dition peculiar  to  this  country.  While  in  Europe  the  water- 
power,  or  "white  coal"  resources  are  generally  found  lying 
close  to  great  population  centers,  in  our  country  just  the 
opposite  holds  true.  Seventy  per  cent  of  our  "white  coal" 
is  located  in  the  semi-arid  West,  far  away  from  our 
population  centers,  and  therefore  far  from  the  habitation  of 
our  labor  supply.  For  instance,  the  State  of  W^yoming,  with 
twenty  times  the  area  of  Connecticut,  ten  times  the  water- 
power  resources  and  enorm.ous  coal  and  gas  reserves,  has 
only  11  per  cent  of  Connecticut'.s  population  and  produces 
only  7  per  cent  as  much  energy  in  its  public-utility  plants. 
Wyoming  has  everything  in  the  way  of  power  resources 
and  raw  materials,  but  she  has  not  the  population  necessary 
to  large  manufacturing  enterprises.  The  question  then  is. 
Will  the  industrial  centers  be  dra%vn  by  economic  necessity  to 
the  source  of  power  or  wll  the  haulage  of  raw  material  for 
power  and  manufacture  continue  indefinitely?  The  speaker 
expressed  the  opinion  "that  the  pull  of  energy  sources  must 
prevail  in  the  end."  This,  however,  he  regarded  as  rather 
fortunate  than  otherwise;  for  the  West,  which  contains  70 
per  cent  of  our  water-power  resources,  is  the  healthiest 
part  of  the  country  and,  when  present  reclamation  projects 
are  completed,  will  have  about  3,000,000  acres  under  culti- 
vation. This  land  should  support,  directly  and  indirectly,  a 
population    of    nearly    1,000,000.      It    is    more    than    half 
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expected,  however,  that  40,000,000  acres  will  be  irrigaU-d 
ultimately,  and  this  should  be  enough  to  support  upward  of 
13,000,000  people.  The  semi-arid  West  will  in  time  bi!  capable 
of  supporting  a  po|)ulati()n  great  enough  to  utilize  its 
resources  directly. 

This  we.stern  movement  will  make  feasible  and  necessary 
the  utilization  of  our  "white  coal"  reserves.  It  will  remove 
the  chief  obstacle  to  such  development;  namely,  distance 
from  the  point  of  application,  by  bringing  factories  to  the 
very  source  of  power.  Aside  from  the  power  that  such 
factories  will  need,  however,  will  be  the  ever-increasing  use 
of  it  to  run  agricultural  machinery  of  all  kinds.  Electric 
energy  may  be  and  is  being  profitably  applied  to  almost 
every  farm  operation,  from  the  plow  of  the  field  to  the 
sewing  machine  in  the  household.  A  .shining  example  of 
what  can  be  done  in  this  respect  is  in  California,  where  the 
production  of  rice  has  been  made  possible  through  pumping 
by  electric  power.  The  value  of  the  California  rice  crop  of 
1919  was  $27,000,000,  yet  the  cultivation  of  that  cereal  only 
began  commercially  in  1912.  In  California  the  farmer  uses 
more  electric  energy  than  in  all  other  states  combined,  and 
this  is  practically  exclusively  water- generated. 

All  this  goes  to  show  that  not  only  the  conservation  of 
coal,  but  the  progress  of  agriculture,  of  industry  in  general 
even,  depends  upon  the  utilization  of  our  water-power 
resources. 

What  Foreign  Nations  Are  Doing 

Foreign  nations  are  coming  to  a  realization  of  these  facts 
faster,  apparently,  than  are  we.  One  of  the  large  American 
companies  engaged  in  the  manufacture  of  water-power 
machinery  states  that  it  is  receiving  three  foreign  inquiries 
for  such  machinery  to  one  received  from  the  United  States, 
and  that  if  orders  shall  be  placed  in  proportion,  its  shops 
will  be  filled  with  foreign  instead  of  domestic  orders.  It 
thus  behooves  us  to  be  up  and  doing  in  this  direction.  In 
most  foreign  countries  development  will  be  undertaken  by 
the  government  itself,  but  in  Spain  and  perhaps  other 
countries  liberal  concessions  are  offered  to  private  enter- 
prise. Some  initial  help  should  be  given  development 
projects  of  this  kind,  for  they  are  generally  designed  to 
provide  much  more  energy  than  is  needed  at  the  time  they 
are  built  and  consequently  do  not  earn  much  at  first.  The 
harnessing  of  flowing  water  is  very  expensive.  The  initial 
outlay  is  very  great,  but  maintenance  and  operation  are 
comparatively  low,  and  falling  water  does  not  go  on  strike 
nor  cease  operations  for  human  reasons.  The  Government 
owes  it  to  itself  to  provide  aid  in  this  matter,  for  the  indus- 
trial primacy  of  a  nation  depends  upon  the  extent  and  cost 
of  its  mechanical  power,  upon  the  economical  production 
and  transportation  of  manufactured  goods  and  high  value 
commodities. 

New  sources  of  power  are  now  under  very  active  develop- 
ment in  California,  where  the  demand  still  far  outruns  the 
supply.  The  Pitt  River  system,  having  a  producing  capacity 
of  about  .500,000  hp.,  is  under  present  and  vigorous  attack, 
and  it  is  safe  to  assume  that  in  five  years  a  large  percentage 
of  its  potential  will  be  flowing  over  the  wires. 

The  Feather  River  system,  of  at  least  equal  capacity,  is 
likewise  receiving  intensive  treatment  and  will  shortly  pour 
increased  streams  of  power  into  the  eager  market. 

Similar  enterprise  is  manifest  southerly  in  the  Sierra 
region,  so  that  we  may  expect  in  a  few  years  to  see  the  con- 
tinuous  hydro   power  of  California    doubled. 

Fullest  development  of  all  of  these  sources  will  involve 
more  or  less  use  of  public  lands. 

Effect  of  New  Water-Power  Law 

The  new  water-power  law  has  cleared  the  atmosphere  of 
much  fluff  and  dust  put  in  circulation  by  many  well-meaning 
though  impractical  folks,  and  it  is  a  fair  chart  for  enter- 
prise and  investment  wherein  the  public  interest  has  been 
well  protected.  The  right  of  the  states  to  regulate  rates  to 
consumers  is  recognized,  and  such  regulation  by  carefully 
selected  commissions  has  thus  far  had  general  public  com- 
mendation. Indeed,  vnth  public  control  of  financing,  exten- 
sion, and  rates  to  yield  only  reasonable  return  upon  cost, 
it  would  seem  that  in  this  day  there  can  be  but  small  cause 
for  complaint. 
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Unfortunateiy,  detailed  information  of  Alaskan  water 
powers,  which  are  known  to  be  extensive,  is  very  meager 
owing  to  lack  of  an  appropriation  for  making  investigation. 
It  is  hoped  that  Congress  may  immediately  provide  plans 
for  a  proper  water-power  survey  in  this  land  of  large 
opportunity. 

In  closing  his  address,  the  speaker  said: 

No  greater  field  for  true  conservation  is  open  to  the 
people  of  the  United  States  than  that  of  fuel  preservation, 
and  water-power  development  is  its  greatest  possible  con- 
servator. 

Let  me  conclude  by  expressing  my  full  and  free  accord 
with  the  unselfish  objects  and  purposes  of  the  Water  Power 
League  of  America.  I  am  sure  it  will  prove  an  invaluable 
aid  and  auxiliary  to  the  Water  Power  Commission. 

Perhaps  its  greatest  usefulness  may  be  found  in  the  task 
of  selling  to  the  American  public  the  conviction  that 
cheaper  power  production  is  a  national  need,  and  selling 
that  conviction  in  words  and  phrases  devoid  of  technical 
terms  and  professional  jargon  so  that  all  who  hear  may 
understand.  This  calls  for  hammering  and  rehammering 
upon  the  subject  until  the  man  in  the  street  shall  know  as 
well  as  the  expert  that  the  use  of  falling  water  is  the 
greatest  and  most  important  item  in  all  the  gamut  of 
conservation. 

The  Need  of  a  National  Department 
of  Public  Works 

Speaking  before  Engineering  Council  at  the  Chicago 
meeting  of  Oct.  21,  M.  O.  Leighton,  of  the  National  Service 
Department,  presented  a  strong  argument  in  favor  of  the 
proposed  plan  for  a  National  Department  of  Public  Works. 
He  mentioned  two  outstanding  facts  which  evidently  were 
not  anticipated  when  the  public-works  movement  took  shape 
in  Chicago  in  April,  1919.  The  first  is  that  the  engineers 
of  the  country  in  good  faith  started  something  which  they 
do  not  seem  inclined  to  finish.  The  second  is  that  the 
scope  of  the  movement  and  its  ramifications  extend  beyond 
all  limits  written  or  spoken  at  the  time. 

No  doubt  the  enthusiasm  of  many  engineers  has  been 
cooled,  and  in  some  cases  their  active  opposition  has  been 
brought  about  by  the  skillful  campaign  carried  on  by  mem- 
bers of  the  Corps  of  Engineers,  U.  S.  Army.  No  complaint 
is  made  of  the  activities  of  the  army  engineers,  as  their 
opposition  to  a  public-works  department  was  expected,  and 
they  have  done  only  the  very  obvious  things  that  civil  en- 
gineers would  have  done  if  the  situation  were  reversed.  At 
any  rate  many  of  the  civilian  engineers  counted  on  for 
support  have  been  won  over  to  the  cause  of  the  army  en- 
gineers. 

Efforts  are  now  being  made,  however,  to  line  up  support 
behind  the  measure.     Some  weeks  ago  there  was  a  meeting 
in  New  York  City,  attended  by  John  T.  Pratt,  the  head  of 
the  National  Budget  Committee;  Herbert  Hoover;  Henry  L. 
Stimpson,  former   Secretary   of  War;    Paul    Warburg    and 
Major  C.  T.  Chenery,  at  which  matters  of  Government  re- 
organization were  discussed,  and  particularly  the  need  for 
and    the    possibility    of    amalgamating    all    reorganization 
efforts  under  a  commonly  accepted  and  supported  program. 
It  was  brought  out  that  if  the  many  organizations  which  are 
working  for  a  National  Department  of  Public  Works  con- 
duct campaigns  separately,  each  for  its  own  particular  pro- 
ject, the  confusion  created  in  Congress  will  probably  result 
in   no   legislation;    that   is,   each   organization,   while   being 
unable  to  achieve  its  own  ambitions,  will,  as  a  consequence 
of   its    activity,    defeat   the    ambitions    of    every    other.     It 
was  therefore  decided  to  call  a  meeting  of  delegates  from 
the  several  organizations  advocating  reform  in  the  Govern- 
ment departments,  for  the  purpose  of  organizing  a  Federal 
Reorganization  Council,  which  would  be  the  common  body 
I     through  which  an  accepted  program  would  be  carried  for- 
ward. 
'>        These  delegates  met  in  New  York  on  Oct.  14,  at  which 
'     time   the  nearly   completed   report   of  the   National    Com- 
mittee   on    Governmental    Economy   was    presented.      That 
program  provided  for  a  general  rearrangement  of  Govern- 
i    ment  activities  along  functional  lines,  including  the  crea- 
1     tion  of  a  Department  of  Public  Works  by  a  reorganization 
I     of  the  present  Interior  Department,  and  an  additional  de- 


partment to  be  called  the  Department  of  Education  and 
Health,  into  which  would  be  drawn  such  welfare  activities 
as  war-risk  insurance,  vocation  and  rehabilitation,  pensions, 
etc.  After  discussion  the  idea  of  a  National  Council  was 
tentatively  adopted  by  the  delegates  with  an  agreement  to 
report  back  to  their  several  organizations  for  the  purpose 
of  securing  adoption  of  the  plan  for  a  reorganization  coun- 
cil and  the  appointment  of  delegates  thereto.  The  meeting 
for  final  organization  will  take  place  on  or  about  Nov.  15. 
The  prospective  field  of  such  a  council  is  not  limited  to  the 
mere  reorganization  of  Federal  activities.  It  should,  if 
properly  conducted,  become  the  authoritative  unofficial  body 
to  engage  in  the  work  which  will  eventually  lead  to  a 
distinct  separation  of  the  political  features  of  our  Govern- 
ment system  from  the  conduct  of  departmental  business. 

When  Congress  meets  in  December  the  question  will  in 
all  probability  be  settled  for  some  time  to  come,  so  that 
the  time  is  short  and  whatever  action  is  to  be  taken  should 
be  commenced  without  delay.  Mr.  Leighton  pointed  out 
that  although  the  principle  of  a  Department  of  Public  Works 
is  thoroughly  settled  in  the  minds  of  the  public  and  of  a 
majority  of  the  members  of  Congress,  the  important  ques- 
tion remaining  is  the  kind  of  department  that  we  shall  have. 
Shall  it  be  civil  or  military?  Shall  the  corps  of  military 
engineers  be  in  command  of  all  the  Government's  public- 
works  functions,  to  the  perpetual  subordination  of  the 
civilian  engineer;  or  shall  they  constitute,  as  was  originally 
intended,  a  military  arm  of  the  Government  and  be  given 
their  training  and  experience  by  temporary  assignment  to 
positions  in  the  civil  work? 

The  civilian  engineers  of  the  country  must  decide,  and  if 
they  are  defeated  in  the  forthcoming  contest  the  fact  will, 
in  the  opinion  of  the  speaker,  be  an  evidence  that  the  mili- 
tary engineers  deserve  their  success,  for  it  will  show  that 
whatever  may  be  their  engineering  qualifications  and  how- 
ever severely  their  ideals  may  depart  from  those  which  are 
supposed  to  constitute  the  cornerstone  of  democracy,  these 
men  do,  nevertheless,  possess  an  essential  characteristic 
which  the  great  body  of  civilian  engineers  does  not;  namely, 
that  they  know  men  and  are  overvigilant  in  the  exercise  of 
their  knowledge. 

Federal  Trade  Commission  Makes  Recom- 
mendation on  the  Oil  Situation 

According  to  The  American  Petroleum  Institute,  the 
Federal  Trade  Commission  has  presented  a  report  to  Con- 
gress in  which  it  makes  recommendations  to  the  effect 
that: 

1.  Those  engaged  in  the  oil  industry  in  this  country 
should  be  encouraged  with  all  proper  diplomatic  support  to 
develop  production  in  foreign  countries  which  have  oil  re- 
sources, in  order  to  conserve  our  ovvti  supply. 

2.  In  view  of  the  excess  of  present  consumption  over  pro- 
duction from  domestic  sources  and  increase  in  exports  in 
spite  of  the  deficiency,  it  might  be  advisable  to  restrict  the 
exportation  of  domestic  crude  oil  and  its  products. 

3.  Wasteful  methods  in  drilling  for  oil  should  be  studied 
vith  a  view  to  discovering  what  remedies  may  be  possible 

through  state  legislation  or  otherwise. 

4.  Appropriations  should  be  made  for  a  study  of  more 
economical  methods  of  utilization,  the  possibilities  of  oil 
shale,  and  the  availability  of  substitutes. 

5.  Information  regarding  changes  in  industrial  and  com- 
mercial conditions  in  the  oil  trade  should  be  currently  col- 
lected and  reported  for  the  use  of  Congress,  the  public  and 
the  industries. 


The  United  States  Commerce  Report  for  Oct.  15  contains 
an  extended  discussion  of  petroleum  possibilities  in  Colom- 
bia. According  to  this  report,  "The  Republic  of  Colombia 
is  looked  upon  by  prominent  geologists  as  a  promising  field 
for  the  exploitation  of  petroleum  resources.  The  world 
demand  for  petroleum  and  its  products,  the  favorable  re- 
ports of  geologists,  and  the  actual  commercial  production 
from  several  wells  should  prove  an  incentive  to  the  develop- 
ment of  the  petroleum  resources  of  Colombia." 
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Profrhhor  Allni  Dion  Siulilenly 

Professor  John  R.  Allen,  diri-i'tor  of  tlu'  Huroaii  of  Rc- 
spiirch  of  the  Anu'riciin  Society  of  Hentinjr  and  Vontilatinjr 
Knjrineer.s,  died  su<ldinly  on  Oct.  2(5  in  PittshuiKh. 

His  loss  is  a  serious  one  to  the  enpinecrin^  profession  ns 
well  as  to  his  friends;  he  has  lonR  specialized  in  the  heating 
and  ventilatinp  lield,  and  is  responsible  for  a  ureat  part  of 
the  progress  which  has  been  made  in  this  department  of  en- 
Kineerin^r  activity  in  the  last  few  years.  His  last  important 
work  aloiifr  this  line  was  in  connection  with  the  ventilating 
problems  of  the  New  York-New  Jersey  vehicular  tunnel;  he 
was  consullinjr  engineer  on  this  work,  and  his  comprehensive 
knowledge  of  the  subject  was  of  the  greatest  value  in  solv- 
ing the  diflicult  problems  encountered. 

Professor  Allen  was  born  Ju)y  2."?,  ISfiO,  in  Milwaukee. 
After  his  Kii'*^!*-'''^'""  from  IukIi  school,  he  entered  the  Uni- 


JOHN    K.    ALLEN. 

versity  of  Michigan.  He  was  graduated  in  1892  with  the 
degree  of  B.  S.  and  was  given  his  master's  degree  in  1896. 

His  first  position  was  with  the  L.  K.  Comstock  Construc- 
tion Co.,  where  he  remained  for  two  years.  At  the  end  of 
this  time  he  was  appointed  as  instructor  in  the  mechanical 
engineering  department  of  the  University  of  Michigan.  His 
capabilities  were  recognized  here,  and  by  the  time  he  left  in 
1911,  he  had  become  professor  of  mechanical  engineering. 
His  resignation  was  to  enable  him  to  organize  Robert  Col- 
lege, Constantinople,  in  which  he  was  dean  of  the  engineer- 
ing department  until  1913.  He  then  returned  to  the  Uni- 
versity of  Michigan  as  head  of  the  mechanical  engineering 
department. 

In  1917  he  again  left  the  University  of  Michigan  to  be- 
come dean  of  the  College  of  Engineering  and  Architecture, 
University  of  Minnesota.  In  1919  he  became  director  of 
the  Bureau  of  Research  of  the  American  Society  of  Heating 
and  Ventilating  Engineers,  in  which  he  did  some  of  his 
best  work. 

Professor  Allen  was  active  in  a  number  of  national  engi- 
neering societies  and  was  past  president  of  the  American 


Society  of  Heating  and  Venldnting  Kngini-erK,  Michigan 
Engineering  Society  and  the  Michigan  Chapter  of  the 
American  Society  of  Heating  and  Ventilating  EngineerH.  He 
was  the  pi-esident  of  the  Minnesota  Cha|)ter  of  the  American 
Society  of  Heating  and  Ventilating  Engineers.  In  addition 
lo  these  oflices  which  Professor  Allen  held,  he  was  an  hon- 
orary member  of  the  National  District  Heating  Association, 
and  a  member  of  the  British  Institute  of  Heating  and  Ven- 
tilating Engineers,  of  the  American  Society  of  Mechanical 
Engineers,  the  Society  for  the  Promotion  of  Enginecrinjr 
Education  and  of  the  honorary  societies,  Tau  Beta  Phi  and 
.Sigma  Psi. 

Coal  OjM'rators  Becoming  Uneasy 

Approximately  one  thousand  soft-coal  operators  met  in 
Cleveland  on  Oct.  26  to  consider  Attorney  General  Palmer's 
telegraphed  request  that  steps  be  taken  to  eliminate 
exorbitant  prices.  This  telegram,  which  was  addressed  t" 
Colonel  D.  B.  Wentz,  president  of  the  National  Coal  Associa- 
tion, was  as  follows: 

I  am  informed  that  you  have  called  a  meeting  of  oper- 
ators of  bituminous-coal  mines  throuj^hout  the  country  at 
Cleveland  for  the  purpose  of  complying  with  my  recent 
suggestion  that  the  operators  should  reduce  prevailing  un- 
reasonable high  prices  for  bituminous  coal  and  thus  lessen 
the  number  of  prosecutions  to  be  instituted  by  the  Depart- 
ment of  Justice  for  violations  of  the  Lever  Act  in  charging 
unreasonably  high  prices.  If  the  operators  limit  themselves 
at  that  meeting  to  discussing  prices  with  the  sole  purpose 
of  preventing  unreasonably  high  prices  and  without  any 
attempt  directly  or  indirectly  to  fix  prices,  I  would  consider 
such  action  as  an  effort  to  comply  with  the  Lever  law.  It 
would  be  particularly  helpful  to  this  department  if  in 
pursuance  of  the  general  purpose  to  reduce  prices  the  oper- 
ators could  arrange  for  reports  to  me  voluntarily  made  to 
our  district  attorneys  in  cases  where  any  operators  continue 
to  charge  unjust  and  uni-easonable  prices.  You  will  under- 
stand, of  course,  that  I  assume  there  will  be  no  effort 
directly  or  indirectly  to  hold  prices  up  or  to  make  them 
uniform  for  any  of  the  producing  or  consuming  regions, 
either  by  the  operators  at  the  Cleveland  meeting  or  by  any 
of  their  committees  or  representatives. 

A  committee  appointed  to  consider  this  matter  reported 
the  following  resolution: 

Whereas,  An  abnoiTnal  condition  for  some  time  past  has 
existed  in  the  bituminous-coal  industry  of  this  country,  due 
to  inadequate  transportation  facilities,  labor  difficulties  and 
shortajrc  and  other  causes  beyond  the  control  of  the  bitum- 
inous coal  operators  of  the  country;  and. 

Whereas,  The  Attorney  General  has  requested  the 
bituminous-coal  operators  of  the  country  to  co-operate  with 
the  Department  of  Justice  in  bringing  about  the  elimination 
of  unreasonably  high  prices  for  coal  where  such  exist;  and 

Whereas,  It  is  the  sense  of  the  bituminous-coal  operators 
of  the  country  that  unreasonably  high  prices  and  unwise 
practices,  where  such  exist  in  the  industry  be  eliminated; 

Therefore,  Be  it  resolved  that  the  bituminous-coal  oper- 
ators of  the  country  refuse  to  ask  or  receive  unreasonably 
high  prices  for  bituminous  coal,  and  further  that  all  unwise 
practices  in  the  industry,  where  any  such  exist,  be  con- 
demned and  eliminated;  and 

Be  it  further  resolved  that  it  be  recommended  to  each 
bituminous-coal  district  in  the  United  States  that  it  imme- 
diately establish  a  committee  in  its  district,  and  that  such 
committee  so  established  use  every  effort  to  co-operate  fully 
with  the  Department  of  Justice  and  the  United  States  Attor- 
ney in  such  districts  to  bring  about  an  elimination  of 
unreasonably  high  prices  and  unwise  practices,  where  such 
exist,  in  order  that  the  purpose  and  the  object  sought  by 
the  Attorney  General  throughout  the  whole  country  may  be 
accomplished. 

This   resolution  was  unanimously  adopted  and  was  then, 
forwarded   to  Mr.   Palmer,  together  with  a  communication! 
from    Colonel    Wentz,    the    chairman    of    the    committee. 
Colonel  Wentz  notified   Mr.  Palmer  of  the   passage  of  the] 
resolution,  and  added: 

Operators  from  some  of  the  districts  are  already  holding! 
meetings  in  Cleveland  preparatory  to  ari-anging  co-operationj 
■with  your  representatives  in  their  respective  districts,  and 
other  meetings  between  your  representatives  and  operators 
will  be  held  promptly  throughout  the  several  producing  dis-j 
tricts  of  the  country. 


November  2,  1920 


POWER 


725 


i  New  Publications  I 

THE  PFL\CTICE  OF  LUBRICATION.     By 
T.  C.  Thompsen,  B.  Sc.  M.  I.  Mech.  E. 
Published    bv    McGraw-Hill    Book    Co., 
Inc.,  Xew  York.     Cloth  ;  602  pages  ;  227 
illustrations.      Price    $5. 
This  volume  covers  the  lubrication  prob- 
lems occurring  with  all  types  of  machinery 
and   is   probably   the   most   complete   treat- 
ment of  this  subject  that  has  yet  been  pub- 
lished.    Usually,  a  volume  on  an  engineer- 
ing subject   must  meet  the   needs  of  either 
the    technical    or    the    practical    man  ;    Mr. 
Thomsen   has   happily   been   able   to   collect 
and   present   material    that    is   of   vital    im- 
portance to  both  classes  of  engineers.     Re- 
gardless   of    the    particular    class    of    ma- 
chinery under   his  super\ision,   every  engi- 
neer  will    find   here   much    information   for 
his    guidance    in    proper     selection    or    use 
of  lubricants.      It    is   a  volume  that   fills  a 
decided    need   and   should    meet   a   welcome 
reception  from  the  engineering  public. 


Personals 


Gordon  Fox  is  to  take  up  work  as  elec- 
trical engineer  for  Freyn  &  Brassert  Co., 
consulting  engineers,  at  645  Peoples  Gas 
Building,  Chicago,  111. 

Robert  Craig,  chief  engineer  of  the  Amer- 
ican Sales  Book  Co..  Niagara  Falls.  N.  Y., 
has  resigned  his  position  and  will  make  a 
visit. to  Scotland.  Upon  his  return  to  this 
country  he  will  locate  in  California. 

\V.  D.  Mann,  formerly  with  the  American 
Incandescent  Heat  Co.,  is  now  combustion 
engineer  in  the  engineering  department  of 
the  Petroleum  Heat  and  Power  Co.,  Boston, 
Mass.,  formerly  Fess  Rotary  Oil  Burner, 
Inc. 

Thomas  Durban,  for  years  identified  with 
the  selling  department  of  the  Erie  City  Iron 
Works  and  first  chairman  of  the  Adminis- 
trative Council  of  the  Uniform  Boiler-Law 
Society,  has  accepted  a  position  with  the 
Erie  Forge  and  Steel  Co. 


Cliarle>  .M.  Reed  has  recently  accepted 
the  position  of  power  engineer  for  the 
Portsmouth  Cotton  Oil  Refining  Corpora- 
tion. Portsmouth,  Va.  He  was  formerly 
assistant  to  the  steam  engineer,  American 
Sheet  and  Tin  Plate  Co.,   Pittsburgh,  Pa. 

Kennetli  Watts,  who  for  the  last  seven 
years  has  been  in  charge  of  the  gasoline 
plants  and  producing  properties  of  the 
Oklahoma  Petroleum  and  Gasoline  Co.,  of 
Tulsa,  Okla.,  is  to  take  charge  of  the 
operation  of  a  large  oil  company  in  South 
America. 


Society  Aflfairs 


The  Cleveland  Section  of  the  Association 
of  Iron  and  Steel  Electrical  Engineers  will 
meet  Nov.  8.  Gordon  Gage,  of  the  Amer- 
ican Rolling  Mill  Co.,  will  discuss  "Slip 
Regulators  vs.  Notchbacks."  All  Cleveland 
Section  meetings  will  be  held  at  the  Electric 
League   Club   Rooms,   Hotel   Statler. 

The  American  Society  of  .Mechanical  En- 
gineers is  to  celebrate  its  twentieth  anni- 
versary on  Nov.  5.  For  the  first  time  since 
the  special  meeting  of  the  society,  held  at 
the  Panama  Pacific  Exposition  in  San  Fran- 
cisco, the  president  has  called  a  special 
meeting  of  the  society  to  be  held  on  Nov. 
5  in  the  Auditorium  of  the  Engineering  So- 
cieties Building  in  New  York  City.  At  the 
same  time  meetings  are  to  be  held  in  cities 
all  over  the  country,  and  these  will  be  con- 
sidered supplementary  to  and  part  of  the 
gathering  in  New  York.  The  latest  report 
indicates  that  meetings  are  to  be  held  as 
follows:  Connecticut,  at  New  Haven: 
Waterbury  Branch,  in  the  Chase  Company's 
ofllce  building,  Waterbury.  Conn.  :  Mid- 
Continent,  Chamber  of  Commerce  Rooms, 
Tulsa,  Okla  :  Philad-lphia,  Smoker  at  the 
Hotel  Adelphia  ;  Pittsburgh,  at  the  Chatham 
Hotel  ;  Boston  :  Minnesota,  at  St.  Paul 
Hotel,  dinner  preceding  meeting :  Washing- 
ton State,  at  Faculty  Club,  University  of 
Washington  :  Hartford  Branch,  at  City 
Club.  Hartford,  Conn.  ;  Providence,  in  En- 
gineering Society  Rooms  :  Atlanta  ;  Colum- 
bus ;  Indianapolis;  and  Chicago,  at  the 
Morrison  Hotel.  The  Baltimore  Section  will 
meet  Nov.  4  instead  of  5  at  the  Engineers' 
Club. 


Business  Items 


C.  W.  Hunt  Kngineering  Corii.  has  been 
organized  with  offices  at  143  Liberty  St., 
New  York  City,  for  the  purpose  of  handling 
all  sales  entailing  engineering  in  connection 
with  the  Hunt  products  and  all  engineering 
services  previously  performed  by  the  C.  W. 
Hunt   Co..    Inc. 

An  Industrial  Information  Bureau,  which 
should  be  of  interest  to  those  who  do,  or 
desire  to  do.  business  in  China,  is  to  be  es- 
tablished in  February,  1921.  by  the  (Gov- 
ernment Institute  of  Technology  at  Shang- 
hai, China.  This  school  is  under  Chinese 
government  support  and  pr.^pares  engineer."! 
and  railway  administration  men  with  a 
technical  education  equivalent  to  that  of 
any  engineering  school.  These  men  often 
are  located  away  from  the  port  cities  and 
when  they  desire  information  regarding 
equipment  find  it  difficult  to  obtain.  To 
meet  this  need  the  school  is  about  to  open 
this  bureau.  Manufacturers  who  are  in- 
terested are  invited  to  send  catalogs,  speci- 
fications, designing  data,  approximate  costs, 
samples  or  models.  In  case  samples  are 
sent  an  attempt  will  be  made  to  place  same 
in  running  order.  No  sales  will  be  made 
or  attempted.  Impartial  information  alone 
will  be  offered.  A  member  of  the  faculty 
is  now  in  America  on  leave  and  he  will  be 
glad  to  communicate  further  with  any  who 
desire  information  regarding  the  China  field. 
Address  H.  A.  Vanderbeek.  5  Cammann 
Place.  Somerville,  N.  J.,  until  December. 
192n,  and  Box  951.  U.  S.  P.  O.  Shanghai. 
China,  after  that  date. 


Trade  Catalogs 


The  Godfrey  Conveyor  Co..  Elkhart,  In- 
diana, has  ready  for  distribution  a  new 
catalog  of  its  coal  carrying  system.  "This 
apparatus  is  designed  to  unload  coal  to 
storage  or  bunkers,  to  reclaim  it  from  .stor- 
age to  bunkers  and  to  handle  ashes,  sand, 
crushed  rock,  gravel  and  similar  materials. 


New  Construction 


PROPOSED     WORK 

Mass.,  Springfleld — The  H.  R.  Huntting 
Co..  21  Besse  PI.,  is  in  the  market  for  a 
1    or  2  hp..   220  volt,   SOO  r.p.m.  d.c.  motor. 

R.  I..  Providence — The  Pub.  BIdg  Dept. 
will  soon  award  the  contract  for  a  3  story 
school  including  a  steam  heating  system  on 
.lastion   Ave. 

Conn.,  TIargforil — The  Amer.  Suma.tra 
Tobacco  Co.,  Burnside  Ave.,  plans  to  build 
a  6  story  office  building  etc.  on  Commerce, 
Grove   and  Mechanic  Sts.      About   J500,000. 

Conn.,  Hartford — The  Bushnell  Memorial 
.\ssociation,  lOS  Gillett  St.,  plans  to  build 
■a  1  and  2  story  auditorium  on  Trinity  St. 
and  Capitol  Ave.  About  $500,000.  A.  R. 
Hillyer,   Pres. 

Conn.,  Winsted — J.  Hannon,  3  Cherry  St., 
is  in  the  market  for  a  10  or  12  hp.,  steam 
boiler,  with  SO  lb.  pressure.  (Used,  in  good 
condition.) 

>'.  Y.,  Brooklyn — The  Bd.  Educ,  500  Park 
.\ve..  New  York  City  received  bids  for  the 
installation  of  a  heating  and  ventilation  sys- 
tem, etc.  in  Public  School  73  from  Gillis 
&  Geoghagan,  527  West  Bway.,  $191,485: 
E.  Reutzler  Co.,  $193,976:  .1.  C.  Williams. 
261  West  126th  St.,  $197,447. 

N.  Y.,  Buffalo — The  Buffalo  City  Service 
Corp.  plans  to  construct  an  electric  plant 
and  distribute  electrical  energy  in  Buffalo, 
Niagara  Falls,  Lockport.  Lackawanna,  Ka- 
tavia.  Rochester,  Jamestown.  Syracus", 
Dunkirk  and  other  western  New  Tork 
municipalities.  E.  C.  Randall.  Iroquois 
BIdg.,   is  interested. 

N.  Y..  Creedmore  !>.  t.  (Jamaica  P.  O.)  — 
The  U.  S.  Government.  Wash..  D.  C.  plans 
to  construct  several  hospital  buildings  here. 
A  steam  heating  svstem  will  be  installed  in 
same.     About  $3,000,000. 

X.  Y.,  New  York — The  French  Hospital, 
450  West  34th  St..  plans  to  build  a  7  story, 
100  X  100  ft.  llD.spital  and  Nurses  Home, 
including  a  steam  he.ating  s^'stem.  at  441 
West  33rd  St.  C.  P.  Gilbert,  1  Madison 
Ave.,    Archt.    and    Engr, 


N.  Y..  New  York — The  United  Electric 
Light  &  Power  Co.,  130  Bast  15th  St..  will 
soon  award  the  contract  for  a  power  house 
on    134th    St.    and   the   East   River.      About 

$4,500,000. 

N.  Y.,  Ossining— Charles  F.  Rattigan. 
Supt.  of  Prisons.  Capitol.  Albany,  will  re- 
ceive bids  until  December  6  for  a  death 
house  including  a  steam  heating  system  at 
the  Sing  Sing  prison,  here.  About  $325,000. 
L.  F.  Pilcher,  Hall  of  Records,  New  York 
City,   .\rcht.  and  Engr. 

V.  Y..  Rochester — The  State  Bd.  of 
.\rmorv  Comrs..  Capitol,  Albany,  will  re- 
ceive bids  until  November  1 1  for  the  in- 
stallation of  a  steam  heating  svstem  and 
equipment  in  the  Cavalry  Armory  on  Cul- 
ner  Rd.,  here.     Captain  John  Coffey,   Secy. 

V.  Y.,  Yonkcrs — The  Bd.  Educ,  High 
School  BIdg.,  plans  to  build  a  high  school 
including  a  steam  heating  system.  About 
$300,000.      J.   H.   Claxton.   Secy. 

Pa.,  Harrisburg — The  Penn  Harris  Hotel. 
3rd  and  Walnut  Sts.,  plans  to  build  a  12 
story,  50  x  200  ft.  hotel  addition  including 
a  steam  heating  system,  W.  L.  Stoddart.  9 
East  40th  St..  New  York  City.  Engr. 

Pa.,  .lohnstovrn — The  .Johnstown  Sanitary 
Dairv  Co.  plans  an  election  December  1  0  to 
vote  "on  an  increa.=e  of  stock  from  $100,000 
to  $300.000..  to  purchase  the  plant  of  the 
Sanitary  Ice  Cream  &  Cold  Storage  Co. 
and  build  an  addition  to  same.  W.  D.  <Jer- 
ber,  Pres. 

Pa..  Philadelphia— ffhc  Nazel  Eng.  & 
Machine  V.'ks.,  4041  North  5th  St,,  is  in 
the  market  for  one  20  hp.  general  electric 
motor. 

Md.,  Baltimore — The  City  received  the 
lowest  bid  for  a  3  story.  46  x  150  ft.  pub- 
lic school  including  a  \^por  heating  plant, 
etc.  on  Laurens  and  Calhoun  Sts.,  from  J. 
I,.  .Robinson  Constr.  Co..  1130  West  La- 
fayette Ave,  $322,582. 

W.  Va,.  Parkcrsburg — The  Monongahela 
Valley  Traction  Co.,  16th  St.,  plans  to 
double  the  capacity  of  its  large  power  plant 
here  by  making  improvements  and  additions 
to  the  machinery  and  equipment  including 
a  5,000  kw.  turbine  and  new  boilers  witl^ 
automatic  stoker  equipment. 


Oa..  Trion — The  Trion  Co.  will  soon  award 
the  contract  for  a  3  story.  25  x  40  ft.  power 
house  addition.  Jackson  &  Moreland.  387 
Washington  St..  Boston.  Mass.,  Eners. 
Noted  Oct.  12. 

Fla.,  .lacksonville — ^The  H.  J.  Lynch  &- 
Son.  Archts.,  Dolph  BIdg.,  St.  Louis.  Mo., 
will  receive  bids  about  November  1 5  for 
remodeling  the  old  peoples  home,  installing 
heating  and  plumbing  and  constructing  .1 
additions  to  lioiler  plant  including  two  high 
pressure  boilers,  for  the  Natl.  Benevolent 
.Association,     .\bout  $75,000.     Noted  July  7. 

Ky„  Ilarrmlsburg — The  proposition  to  in- 
stall, a  municipal  electric  light  and  power 
plant  and  water  supply  system  at  a  cost 
of  $200,000  will  be  ^submitted  to  the  voters 
at  an  election  to  be  held  November  2.  The 
power  plant  installation  will  consist  of  three 
72  in.  X  18  ft.  high  pressure  boilers,  one 
350  hp.  engine,  one  200  kw.,  2.300  volt  3 
phase,  60  cycle  generator,  two  200  hp.  en- 
gines, direct  connected  to  two  100  kw.  gen- 
erators. The  design  is  in  charge  of  Greeley. 
Pearce  &  Hansen.  39  West  Adams  St.,  Chi- 
cago. 

O.,  A.slitabnla — Tlie  Bd.  Educ.  received 
bids  for  the  construction  of  a  2  story  school 
including  a  steam  heating  system,  from  the 
Moore  Lamb  Co.,  202  Stambaugh  St., 
Youngstown.  $273,000  ;  George  Kratt.  Lorain. 
$278,000. 

C,  West  Park — The  Bd.  Educ.  plans  to 
build  two  3  story  grade  schools  including  n 
steam  heating  system.  .About  $1,000,000. 
F.  W.  Peatherstone,  Clk. 

0„  Youngstown — The  Stambaugh  Memor- 
ial Association,  Dollar  Bank  BIdg..  plans  to 
build  a  300  x  300  ft.  civic  auditorium  About 
51.000,000. 

Ind.,  Fort  Wa.vnc — The  International  Har- 
vester Co.  is  h.Tving  plans  prepared  for  a 
1  and  2  .-story  manufacturing  plant  includ- 
ing a  steam  heating  system  on  Pontiac  St. 
About  $2,000,00(1.  Day  &  Zimmerman,  611 
Chestnut  St,  Philadelphia,  Pa..  Engrs. 

Mich.,  Ann  Arbor — S.  E.  Remey  and  C. 
M.  Agree.  Archts.,  Wliitney  Office  BIdg., 
Detroit,  plans  to  build  a  4  story.  60  x  200 
ft.  dormitory  building  including  a  steam 
heating  system.  About  $175,000.  Owner's 
name  withheld. 
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MIrh..  fX-trolt — Thr  MIrhlR.tn  Sinmplnn 
Co.  Ma.k  mill  KK  Sik  .  in  in  tli.-  ninrk.i 
for  1  Mir  runipn-rwor.  hcli  or  ilinn-l  i-on- 
nccU'tl,   cyi|>uclty   7i>ii  cuft.   i>i<r   iiiln     (inw). 

MIrh..  0\ri.r.l— II  V  Itahiii,  VlllnK<- 
riirk  will  r.c.  Ivi-  1>I.Ik  \imiII  Nkv.-ihIht  1« 
for  riimlnhliiK  uml  Iii:M:iIIiih;  iwn  :i.'.li  kuI 
por  inln..  cfMlrlfiiKiil  ilnnu'Mlli' h«tvIcp  pumps. 
70  lb«.  ppi-HMirc.  :iii  lip..  11. 1'.  Miotiir  iiiul  om< 
conlrlfuKiil  tin-  pumii,  riiimrlty.  7fii>  gnl. 
ptT  mln.,  lilt)  lli.M.  pr<-.HHiir«>.  76  hp..  luo. 
niolor. 

III..  rtilri>B»  l.-fliiiili  Tiilipl.'.  r,o  Dr.  J. 
St(il2.  4714  Oninil  lllvil..  plaiiH  tu  uiiilil  n 
iciiipic  .iiiil  roiMiniinliv  hotiHo  on  &l8t  and 
On-onwotHl  .\vi.     .\liout  $5(iii.ihio. 

III.,  MiK-olii — Tin  l.lmoln  Wal.r  &  MkHI 
•"•o.  plun^  to  .xiiiiiil  J«0. 0(1(1  for  improvi-- 
inents.  in  liu-luili'  llu  iiiMlallalloi)  of  a  650 
kw.  Ofnenil  lOluctrii-  lurlio-Bi-ni-r.itor.  also 
an  addlllon  of  a  swltolilumnl  «nil  boiler, 
not   jvt    lonlruoU'd    for. 

Wis..  HuaHoii— Til.'  nurkhunlt  MlUmK  i 
Klictrlc  Co.  lUirkliunlt.  plans  to  bullil  an 
IS  X  L'3  ft.  powor  house  sinil  repair  dam  on 
tlu-  Willow  JiivtT.  Holland.  Ackerman  & 
Holland.    Inc..    Moiiadiiock    Hldi; .    Chicago. 

WIn,  Mrtdlhon — The  Slul>i^t,"an  Dairy 
Products  Co..  ;i;i6  North  W  ater  St..  pians  to 
rebuild  its  :;  story.  60  x  l."iO  ft.  dairy  prod- 
\ict8  factory  on  West  Wilson  St.  whioh  was 
recently  destroyed  by  fire,  .\bout  JIOO.OOO. 
M.    G.    Douma.    Secy. 

Wis.,  St«-veii»  Point— The  Stevens  Foint 
Water  Co..  526  North  Mh  St.,  Manitowoc, 
plans  to  improve  water  and  pump  station, 
here.  Ktiuipment  will  be  Installed  in  same. 
T.  W.  Gray.  Mgr. 

Wis.,  Tomaliiiwk— The  TomahawK  Fulp  & 
I'aper  Co.  is  havintr  plans  prepared  for 
several  industrial  bulldiUBS  including  a  50 
X  354  ft.  main  building.  37  x  136  ft.  engine 
room,  47  x  OS  ft.  boiler  room  containing  3 
sKiker  type  boilers  and  a  30  x  231  ft  ma- 
chine shop. 

Minn.,  .\ltkin — The  Bd.  of  County  Comrs. 
pl'ans  to  build  a  court  house  including  a 
Steam  heating  system.     About  $250,000. 

Minn.,  Minneapolis — Kirrhhoff  &  Rose.. 
Archts.  anri  KiiRrs..  Majestic  Bide..  Mil- 
watikee.  Wis.,  will  soon'  award  the  contract 
for  a  2  .ind  3  story,  115  x  180  ft  theatre 
on  Hennepin  Ave.,  for  Martin  Beck.  1561 
Bway.,  New  York  City.     About  $500,000. 

Minn..  Mlnnrapolis — The  State  Bd.  ot 
Control,  Capitol,  St.  Paul,  is  having  plans 
prepared  for  a  4  story.  400  x  400  ft.  library 
including  a  steam  heating  system  on  the 
State  University  Campus  here.  About  $1,- 
OOO.OOC.  C  H.  Johnston.  715  Capital  Bank 
Bldg.,  St.   Paul.  Archt. 

Minn..  Northfleld — Carleton  College  plans 
to  build  11  college  buildings  including  a 
steam  heating  system.  About  $3,150,000. 
D.    J.    Cowling,    Pres. 

Minn.,  OsakiH — C.  H.  Millard,  City  Clk.. 
will  soon  receive  bids  for  the  construction 
of  a  pumping  station  and  the  installation  of 
equipment.  About  $10.0o0.  C.  L.  Pillsbury 
Co.,  S05  Metropolitan  Life  Bldg..  Minneap- 
olis, Engr. 

Minn.,  St.  Paul — The  Diocese  of  St  Paul 
is  conducting  a  campaign  to  raise  j.'i.OOO,- 
000  for  schools  and  colleges.  The  building 
plans  includi  thi-  construction  of  a  power 
house  at  the  college  of  St.  Thomas.  Meman 
Park. 

Kan.,  Wichita  —  The  Standing  Grain 
Thresher  Co..  Union  Natl.  Bank  Bldg., 
plans  to  build  a  thresher  factory  here. 
About  $250,000.  C.  S.  Gibbens,  Nickerson, 
Secy. 

Tex..  Dallas — The  Oriental  Rug.  Co..  3907 
Ross  Ave.,  is  in  the  market  for  a  15  hp.  or 
more  two  phase  electric  motor  (new  or 
second  haiid.> 


Tr\.,  Iliilthurd  The  Union  fnnlrnl  LUbl 
&  Power  Co  If.  lu  III.  mark)'!  for  n  100  fl. 
X  8  In.  col  Ion  spiral  conveyor,  iil><i  Hprocket 

wlieeiH,     HlllifllliK,     ill.,     for     operiillllK     Hlllll'' 

(new  or  second   hand.) 

Okln.,  TuUu— The  city  Ix  luivInK  prelim- 
imir^-  pliiMH  prepareil  Tor  6  nddlilonul  llltii- 
uiillH.  I II. 011(1. 11(111  Kal.  liiiHin,  two  .100  hp. 
liolli'i'M,  etc  .Vlioiii  ti3,Mi.(i(iii.  ilitlway  l':nK 
Co..   23(1    Lynch    I '.lock.    ICngr. 

rul.,  Miirr  laliind  The  ISurouu  nf  YurdH 
&  DockM.  .Vuvv  Pipl..  Wa»h.,  I».  I'.,  will 
receive  bids  until  .\o\'  liilier  Id  for  lii.-<tallln»: 
n  hvathig  system  In  the  structural  sliq]^ 
here. 

Ont.,  Hamilton — Th.-  Provincial  Hd.  of 
Hnilth  has  ordered  the  construction  of  an 
isolation  hospital  to  cost  between  |7,'iO.o0ii 
and  llMiii.llli.  X-ray  ii|iiii>iiieiil  and  a  sleaiii 
heating  system  will  In  Installed  hi  same 
.1.  11.  Pratt.  Chn. 

Ont.,  KInrrNtnn — Thi!  city  plans  to  build 
an  x  or  in  story  liolil  including  a  vacuuiii 
steam  heating  system.      About   $450,000. 

Ont..  Oliuwu — The  Koyal  Securltlei  Corp. 
and  Harris  Forbes  &  Co.  plan  to  purchase 
$1,200,0(1(1  bonds  of  the  Ottawa  Light.  Heat 
&  Power  Co.  The  proceeds  of  this  issue 
will  be  utilized  for  the  development  of 
waterpower.    T.  Ahearn,  Pres. 

Ont.,  St.  (alhurinrH — The  Bd.  Educ.  plans 
to  build  a  3  story  collegiate  institute.  A 
vacuum  steam  heating  s.v-tem  with  an  elec- 
trically operated  mechanical  vcntilatioa  sys- 
tem will  be  installed  in  same.  About  $400,- 
000. 

Ont..  Toronto — The  Welland  Automobile 
Storage  Balttry  Co..  East  131sl  St.  and  St. 
Clair  Ave..  Cleveland,  has  purchased  a  3 
acre  site  on  Weltshire  Ave.  and  plans  to 
construct  a  storage  battery  plant  on  same. 
About    $500,000. 

Ont..  Windsor — The  Bd.  Educ.  plans  to 
construct  a  school  including  a  steam  heat- 
ing and  an  electrically  operated  ventilation 
system.     About   $550,000. 

CONTRACTS  AWARDED 

Mass.,  Brookline  (Boston  P.  O.) — Charles 
A.  Newhall.  1105  Tremont  Bldg..  Bo.ston. 
will  build  an  S  story  apartment  hotel  in- 
cluding a  steam  heating  system  on  Beacon 
and  St.  Paul  Sts.  About  $1,500,000.  Wori< 
will  be  done  by  day  labor. 

Mass.,  Danvers — The  Comn.  on  Mental 
Diseases.  3C  State  House.  Boston,  has 
awarded  the  contract  for  a  1  story,  57  x 
137  ft.  power  plant  at  the  State  Hospital 
here,  to  the  E.  H.  Porter  Co.  13  \VaIli-, 
St..   Peabody.    at   $250,000.      Noted   Oct.    12. 

Mass.,  Lynn — The  Universal  Tide  Power 
Co..  69  Canal  St..  Boston,  has  awarded  the 
contract  for  a  hydraulic  dam.  to  M.  Seretto. 
3  Tremont  Row,   Boston,  at  $300,000. 

Mass.,  New  Bedford — The  Bd.  Educ.  has 
awarded  the  contract  for  the  installation 
of  a  hearing  s>'stem  in  the  proposed  2  story 
school  on  Mt.  Pleasant  St.  at  $74,371  and 
in  the  propo:«d  2  story.  170  x  250  ft.  school 
on  Rochambeau  St..  at  $74,371  to  M.  A. 
Dame  &  Son  Co..  90  Monroe  St..  LjTin. 
Noted  Oct.    5. 

:Mass..  South  Hadley  Falls  (Holyoke  P.  O.) 
— The  Hampshire  Paper  Co.  has  awarded 
the  contract  for  altering  the  1  story  boiler 
house,  to  the  S.  M.  Green  Co.,  293  Bridge 
St..    Springfield,    at    $25,000. 

Mass..  Wrentham — The  Commonwealth  of 
Massachusetts,  c  o  Kendall.  Taylor  &  Co.. 
Archts..  93  Federal  St.,  Boston,  ha  awarded 
the  contract  for  a  1  story.  50  x  70  ft.  cold 
storage  building  at  the  State  School  here, 
to  J.  A.  Munroe.  Washington  St..  Nortii 
Attleboro.   at   J.tO.ooo.      Noted  Oct.    12. 


B.  I..  I'ro»ldrnrp — The  city  hiin  awarded 
the  eontrnci  for  liiHialllni;  a  Hieam  heatinx 
syHieiri  In  the  propoHed  2  story  nelnMil  on 
Arlliiir  .\ve,.  lo  K  .1.  Sullivan,  H7  lirook 
SI 

N.  Y..  Hrnokbn — Tin-  Colonial  Mantle  A 
KerrlKerutlng  Co  will  build  ii  1  Mtory,  40 
\  100  ft.  addition  lo  ll«  fuciopy  IncludInK  a 
Nieaiii  hcHtInK  syHleni  at  494  Darnont  Ave. 
About  $40,000.  Work  will  !«.•  done  by  day 
labor. 

N.  v..  Nrw  Vork — The  .Seneca  IIoldlnB 
Corp.  I(tr,  .Mh  Avi'  .  will  all.  r  the  N.w  York 
and  Criterion  th.alerv  on  Ifu'uy.  and  45th 
St.  About  $500,000  Work  will  be  done  by 
day    labor. 

I**..  Ku»t  PitlKburKh  (Pittsburgh  P.  0.» 
—The  lid.  I'kluc.  has  award.-d  the  <»n- 
tract  for  .i  2  story,  ill  x  139  ft.  school 
including  a  steam  heating  system,  to  the 
lloddcr  Consir.   Co.,    Braddock.   at  $300,000. 

Pu..  Phlludi-lplilu— Till    General  Carbonic 

Co.,  847  .North  :;nl  St..  has  awarded  the 
contract  for  altiTlng  the  present  1  8tory 
factory  .(Od  boiler  housi  to  the  Austin  Co.. 
liulletlii    Illdg.,    at     $10,000. 

Fla.,  SI.  Pi<ti>rKl>urK— The  H.  R.  McChesa- 
ney  Syndicate.  Pittsburgh.  Pa.,  has  awarded 
the  contr.iot  for  a  hotel  Including  a  steam 
heating  system,  to  G.  A.  Fuller  Co..  175 
5th  Ave..  New   York  City,  at  $1,500,000. 

Tenn.,  ChnttanooKa — The  Mutual  Enamel 
Wks.  Co.  has  awarded  the  contract  for  a 
foundry  and  plant  including  a  steam  heat- 
ing system,  to  D.  P.  Robinson.  125  East 
4Sth   St.,   New   York  City,  at   $800,000. 

.Mich.  Detroit — The  Detroit  Packing  Co.. 
40  Bushey  St.  has  awarded  th.  contract  for 
a  2  story  packing  plant  including  a  steam 
beating  system  on  Springwells  Ave.,  to  the 
Patterson  Constr.  Co.,  907  Ford  Bldg..  at 
$50,000. 

Wis.,  Manitowoc — George  Bros..  913  South 
Sth  St.,  has  awarded  the  sub-contract  for 
the  installation  of  a  steam  heating  system 
in  the  proposed  3  story,  60  x  250  ft.  theater 
(,n  South  sth  St.,  to  G.  H.  Kallies.  Noted 
.Ian.  6. 

Minn..  Dulath — The  gWi.  Educ.  has 
awarded  th(  contract  for  a  2  story.  150 
X  150  fl.  school  including  a  steam  heat- 
ing syst -m  on  2Sth  Ave..  East  and  4th  St., 
to  McLeoi  &  Smith.  Sellwood  Bldg.,  at 
$396,300. 

Minn..  Minneapolis — The  State  Bd.  Of 
Control.  Capitol.  St.  Paul,  has  awarded  the 
contract  for  the  installation  of  a  heating, 
plumbing,  ventilation  and  vacuum  systems 
in  the  pro|K>se<l  3  story  addition  to  the 
chemistry'  building  at  the  State  University 
here,  to  M.  J.  O'Neil.  608  Exch.  Bank  Bldg., 
St.  Paul,  at  $125,000.     Noted  .\ugust  3. 

Minn.,  Sabin — The  Village  has  awarded 
the  contract  for  materials  for  an  IS  mi. 
high  tension  transmission  line  from  here  to 
a  point  near  FHirgo,  N.  D..  and  for  electric 
distribution  system  here,  including  meters, 
transformers,  etc.,  to  th©  St  Paul  Electric 
Co.,   145   East  5th   St,  St   Paul,  at  $25,000. 

N.  D.  Hankinson — The  city  has  awarded 
the  contract  for  the  construction  of  a  water 
.system  vo  include  two  500  gal.  fire  pumps, 
2  deep  well  pumps,  etc.,  to  W.  D.  Lovell. 
1415  S.E.   Sth   St.  Minneapolis,  at  $151,000. 

Ont..  KImira — The  Elmira  Creamery  Co. 
has  awarded  the  contract  for  a  2  story. 
SO  X  92  ft.  addition  to  its  creamery,  to 
Charles  Wilken  at  $100,000.  A  boiler  and 
other  equipment   will   be   installed   in   same. 

Ont.,  Smooth  Rock  Falls — The  Matta- 
gami  Pulp  &  Paper  Co.  has  awarded  the 
contract  for  a  2  story  pulp  mill  and  store 
building  including  a  steam  heating  system, 
to  Carter.  Halls,  Aldinger  &  Co..  Union 
Bank  Bldg.,  Winnipeg  at  $490,000. 
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Kleotricul  prices  on  following  page  are  prices  to  the  power  plant  by  jobbers  in  the  larger  buying  renters  east  of  the 
MisNissippi.      F.lsewhere  tlie  prices  will  be  modified  by   inrreased    freight    charges    and    by    local    conditions. 


POWER-PLANT  SUPPLIES 


UnderHTiters"  2|-in 
Corainon.  2J-in 


5-in.  per  ft 
First  grade 


Air 

First  Grade 

$0  60 


Second  Grade 
$0.40 


50-Ft.  Lengths 
85c.  per  ft. 
30% 

Third  Grade 
$0  30 


20'- 


Steam — Discounts  from  List 
Second  crrade 30% 


Third  erade 45% 


RUBBER    BELTING — The    following    discounts    from    list    apply    to    trana- 
tnisBion  rubber  and  duck  beltine: 

Competition 50%  Best  grade  20% 

Standard      30-10% 

LEATHER    BELTING — Present  discounts  from  .list  in  fair  quantities  (J  doi. 
roUs) : 


Light  Grade 
30% 


Medium    Grade 

25% 


Heavy  Grade 
20% 


(For  cut.  best  grade,  25%,  2nd  grade.  30%. 
For  laces  in  sides,  best,  79c  per  sq.  ft.;  2nd,  75c 
Semi-tanned:  cut,  20%;  sides,  83c  per  sq.  ft. 


PACKING— Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $  1 .  00 

Asbestos  for  high-pressure  steam      1    70 

Duck  and  rubber  for  piston  packing 1    00 

Flax,  regular 120 

Flax,  waterproofed    I    70 

Compressed  asbestos  sheet 90 

Wire  insertion  asbestos  sheet 1    50 

Rubber  sheet 50 

Rubber  sheet,  wire  insertion 70 

Rubber  sheet,  duck  insertion .50 

Rubber  sheet,  cloth  insertion 30 

Asbestos  packing,  twisted  or  braided  and  grapbited,  for  valve  stems  and 

stuffing  boxes '30 

Asbestos  wick,  5-  and  l-lb.  balls      .85 

PIPE    AND    BOILER    COVERING — Below  are   part   of  standard  lists,  with 


discounts. 

PIPE  COVERING 

Standard   List 
Pipe  Siie  Per  Lin. Ft 

l-in.  JO  27 

2-in.  .  36 

6-in.  .  80 

4-in.  .  60 

J-in.  45 

8-in.  I    10 

lO-in.  1.30 

85%  magnesia  high  pressure      . 

For  low-pressure  heating  and  return  lii 


BLOCKS  AND  SHEETS 
Price 


1  -in. 
li-in. 

2  -in. 
■2i-in. 

3  -in. 
35-in. 


♦-ply 
3-ply 


per  Sq.Ft. 
$0.27 
.30 
.45 
.60 
.75 
90 
1.05 
List  4-5% 
50%  otf 
52%  off 


1  2-ply 54%  off 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents    per    pound 


for  barrel  lots: 


Cup 

Fiber  or  sponge. . 
Transmission..  .  . 

Axle 

Gear. 


Cin- 
cinnati 
8J 
8j 
10 

6i 


Car  journal 1 2(gal.) 


Chicaeo 
6.6 
8.6 
8.1 
4.8 
b. ) 
4  7 


St. 
Louis 

8@  9 
12(3,15 
12@15 

6(5    6i 

8@9 
23®  25 


Bir- 
mingham 


Denver 
I3J 
20 
20 
7} 
8i 
8! 


COTTON    WASTE — The    following   nrices   are   in  cents   per   pound: 

. New  York  

Current            <*ne  Year  Ago  Cleveland           Chicago 

White                            15  00(5  17.00              13  00  16.00         ll.OOtoUOO 

Colored  mixed . .          9  00(a  MOO     9  00tol2  00  12  00          9.50tol2  00 

WIPING  CLOTHS— Jobbers'  price  per  ICOO  is  as  follows: 


13 


Cleveland . 
Chicago 


X  13J 
$55.00 
41    00 


3}  X  205 
$65.00 
43   50 


LINSEED  OIL — These  prices  arc  per  gallon: 


Raw  in  barrels  (5  bbl.  lots) 
5^gal.  cans 


—  N( 

Current 


SI.  15 
1.30 


,-  York 

One 

Year  Ago 

$1.75 

1.90 


Chicago 

Current  One 

Year  Ago 
SI. 25  $1.9/ 

1.50  2.07 


WHITE  AND  RED  LEAD — Uase  price  per  pound: 
__ -Red- 


I  Year  Ago 


-Whi 
Current  I  Yr.  Ago 


Drv  In  Oil 

lOO-lb.  kes                         15    50  17  00 

25- and  50-lb.  kegs.  . .    15  75  17  25 

l2Hb.  keg 16  00  17  50 

l-lb.  cans    18  50  20.00 

5-lb.  cans 20  50  22  00 

500  lb.  lots  less  10%  discount;  2000  lb.  lots  les^   10-2J% 


Drv 
13  00 
13  25 
13  50 

15  00 

16  00 


In  Oil 
14   50 

14  75 

15  OO 

16  50 

17  50 


Dry 

and 

In  Oil 

15  50 

15  75 

16  00 

15  00 

16  00 


Dry 

and 
In    Oil 
13  00 
13  25 
13  50 

15  00 

16  00 


RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 


Steel  A  and  smaller  

Tinnecf 

Boiler  rivets,  j,  J,  tin.  diameter  by  2  i 
New  York J6.00         Chicago    . 

Stnictual  rivets,  same  sizes: 
New  York $7.10         Chicago 


New  Y'ork 

List  net 

List  net 

.to  5  in  sell 

$5.73 


Cleveland 
40% 


Chicago 
30% 

40%               30% 
i.s  follows  per  1 00  lb.; 
Pittsburgh $4  50 


$5.8}  Pittsburgh 


$4   60 


REFRACTORIES— Prices  in  carlots: 

Bauxite  brick,  56%  alumina,  f.o.b.  Pittsburgh. 

Chrome  brick,  eastern  Shipping  points 

Chrome  cement,  40(3  45%  CrjOj      

Chrome  cement,  40(a  45%  CrjOa.  in  sacks 

Clay  brick,  1st  quality,  fire  clay.  9-in.  shapes,  Penn- 
sylvania, Ohio  and  Kentucky 

Clay  brick,  2d  quality.  Bre  clay.  9-in.  shapes  Penn- 
sylvania, Ohio  and  Kentucky 

Magnesite  brick:    9-in.  straight 

Magnesite  brick:    9-in.  arches,  wedges  and  keys 

Magnesite  brick:    Soaps  and  splits 

Silica  brick:    Chicago  district 

Silica  brick:    Birmingham,  Ala 

.Silica  brick:    Mt.  Union.  Pa 


per  1000 
net  ton 
net  ton 
net  ton 

per  1000 

per  1000 

net  ton 
net  ton 
net  ton 
per  1000 
per  1000 
per  1000 


$160 
\00(g,i\\0 
55(0,     60 
60(&      65 

55(fe      60 

45®     50 

no 

121 

134 

70 

61  ■ 

60 


65(o 
56Ca 
55(a, 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


-New  Y'ork- 
Current  One 

Y'ear  .\go 
Best  grade...      80.00  90  00 

Commercial..      40  00  50.50 


Cleveland 
Current  One 

Year  Aii 


49  00 
19.50 


70.00 
16.50 


"hicago ■ — 

Current  One 

Y'ear   Ago 
45  00  60  00 

11.00  13.00 


COLD  FINISHED  STEEl^-Warehouse  prices  arc  as  follows: 

New  Y'ork     Chicago       Cleveland 

Round  shafting  or  screw  stock,  per  1001b.  base       $6  36          $5.90  $6  00 

Flats,    square  and  hexagons,  per  100  lb.  base.     6  86            6.40  ^  .^ 

5-"HEETS — Quotations  are  in  cents  per  pound  in  variou.-^  cities  from  warehoues- 
also  the  base  quotations  from  mill : 

Large  • New  Y'ork -^ 

Mill  Lots  One 

Blue  .\imealed        Pittsburgh  Current         Year  Ago  Cleveland  Chicago 

No.  10 3.55-7  00  7  25(0,8  00         4  57           6.75  >.I3 

No.  12 3.60-7  05  7  30(6.8  05         4  62           6.80  7   18 

.Vo.  14     3.65-7    10  7   35(6    8   10          4  67            7   35  7   23 

No.  16 3  75-7   20  7   45(6,8  20          4  77            7   45  7   33 

Black 

Nos.  18and20.              4  20-6  20  8  40(o    9  80          5   30            8   30  7   00 

Nos    22and24 4  25-6  25  8  45(o    9  85          5.35            8   35  7  95 

No   26                               4.30-6  30  8,50(oi   9.90          5  40            8  40  8  00 

No.  28 4  35-6  35  8  60(o  10  00          5,50            8  50  8    10 

Galvanized 

No    10                             4  70-8  00  8  90(wll   00         5  75           8  50  8  25 

No    12                               4  80-8    10  9.00«ill    00          5  85            8  60  8.30 

No    14                             4  80-8.10  9.00(ull    10         5  85           8  60  8.45 

No8.18and20 5   10-8.40  9.25(01140         6   15           8  90  8.7$ 

Nos22and24 5  25-8.55  9.40(all    55         6.30           9.05  9.15 

No  26       ....                5  40-8  70  9.55®11.70         6.45           9.20  9.30 

No   28                             5  70-9  00  9.85(g  12  00         6  75           9.50  9  60 


WROUGHT  PIPE — The  following  discounts  arc  to  iol)ber>  for  c.-irl<).iH  lots  on 
the  Pittsburgh  basing  card: 

BUTT  WELU 

Steel  Iron 

Inch.-                         Black              Galv.                 Inches  Black                (.alv 

.  to  3                      54to57i        4l)to44            ; l5Jto25;       r  1 1  to  1 1 

'                                                                                   1    19}  to  29i      i;    to    II! 

i  to  IS...  24J  to  344     8     to   18! 

LAP  WEI. I) 

2                            47    to  50!     34!  to  38           2  201  to  28;       ti  tn  Ml 

2ito  b                  50    to  53!     37!  to  41            2!  to  b  22!  to  30!       9!  to  17! 

7  to  12                   47     to  50!      33!  to  37            7  to  12  19!  to  27!        6!  to  14! 
13  and  14              37i  to  41 
15                            35     to  38! 

BUTT    WELD.    EXTRA     STRONG,    PLAIN     ENDS 

.  to  i;                   52    to  55',      39}  to  43           I  toll...  24J  to  34!       9!  to  19! 

2  to  3' 53     to  56!      40!  to  44 

LAP  WELD,  EXTRA  STRONG.  PLAIN  ENDS 

2                              45  to  48!     33Sto37           2 211  to  29!       8!  to  16! 

2!to4        :    :        48  to  51!     36!  to  40           2!  to  4.  .  23Jto31!      'U  to  19! 

4!  to  6                    47  to  501     35'.  to  39           4!  to  6.  221  to  30!       lOJ  to  18 

J\o8                        43  to  46       29    to  33            7  to  8  14!  to  22!        21  to  10! 

9io12 38  to  41!     24',  to  28            9  to  12  91  In  17'.        5!  to+2! 
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HOII.rRTinF.S     TlirrnlLiKitignrrlh. 

prlrm  for  rarlnad  tnU,  f  o.b  nttsburgh: 

I.»|.    «-'l-(    -^t...! 

fl...r,..„l    Ir..., 

) 

2 
2 

1 

U>4iin                                  Iito40) 
to  )(  in                                  10  to  30) 
in                                             4  to  24 
to  2  in                              •  i  lo     l<H 

II  itml  M  111                                          4  20 
2iina2lin                                         i  10 
2)  sn.l  2|  in                                       t  1 
(,....1  Ml"                                         "1 
J),  4  and  4)  in                                     -8 

.■<i»nH»pd    ronimerciiil    .Soknilnui 

-CM    Dr.iwn    or    Hot     Hiill.,! 

Per  Net  Ton 

I'.rN.tTon 

1  iu                                                     »J27 
liin                                                     2b7 
21  in.                                                 257 

1)  iu                                                     207 

II  in                                                   t207 
2  to  211..                                             177 
2J  lo  )|  in                                           167 
4in                                                           187 
4)  to  5  in                                                207 

' 

ELECTRICAL  SUPPLIES 


.'VRMORED  CABLE- 


B.  ii  !*.  ."^iic     TwoCond. 
M  Ft. 
No.  14  solid  $  "^i  00  net) 

No.  l2iK>lid  133  00 

No.  lOewlid  185  00 

No.  8  9trBrded.         285  00 
No.  6  stranded  400  00 

From  the  above  lists  diseounts  arc: 

Less  than  coil  lots -+-   5% 

Coils  to  1.000  ft —  5% 

1,000  ft.  and  over    —10% 


Three  Cond 
M  Ft. 
$138  00 
170  00 
235  00 
375  00 
500  00 


Two  Cond. 
Lead 
M  Ft. 
$164.00 
225  00 
275  00 
520  00 
560  00 


Three  Cond. 
I^eacl 
M  Ft 
$210  00 
265  00 
325  00 
300  00 


-  I  >"o 

List  Nel 

7% 


BATTERIES.  DRY — Regular  No.  6  siic  red  seal,  Columbia,  or  Dvcr-Ready : 

Each,  Net 

l-essthan  12 tO.48 

12to50     41 

50tol25(bbU 38 

125  (bbl.)  or  over i> 


CONDUIT,  I'rin.- p.  r  lOODft  ; 

f.  o.  b.  .New  York  with  1 0-day 

Conduit 

Black  Galvanized 

Siic.        2,500  to  2,500  to 

In        J.OOO  Lbs  5,000  Lbs. 

5                 85  66  90  39 

J               113  62  119  99 

1  167.96  177  38 
U  227.24  239  98 
I!               271.70  286.93 

2  365.56  386  06 
2)               577.98  610  39 

3  755.82  798  20 
3J               936  38  987   52 

4  1.131   20  1,191   81 


F.LBCWS  ANO  COUPLING^.  Per  100  piece?, 
discount  of  5  per  cent. 

Elbows  

Hlack         Galvanized 
2,500  to 


2,500  to 

5,000  Lbs. 

20  20 

26  58 

39   35 

50   10 

66   80 

122  47 

200  41 

534  43 

1,180  20 

1,363  91 


5.000  Lbs. 

21  34 

27  83 

41  56 

52  80 

70  40 

1 29  07 

211  21 

563  23 

1,243  80 

1.437  41 


Couplings 

Bla.k 

Galvanized 

2,500  to 

2,500  to 

5,000  Lbs 

5,000    Lbs. 

6  38 

6  74 

7  44 

7  85 

10  63 

II    23 

13  82 

14  60 

18  93 

19  95 

23  38 

24   64 

31    18 

32.85 

44   33 

46  94 

66  80 

70   40 

89   07 

93   87 

CONDUIT  NON-METALLIC,  LOOM— 

Si»e  I.  D.,  In.  Feet  per  Coil  List,  Ft. 

A  250  $0  05i 

1  250  .06 

I  250  09 

I  200  12 

{  200  13 

i  ISO  18 

r  100  .25 

li  too  33 

I J  Odd  lengths  40 

2  Odd  lengths  55 


1 000  ft.  and 
over ....  40^r  off 

[Coils 30^c   off 

Less  coils,  20"^  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 
CUT-OUTS,  PLUG 

S  p   M.  L $0.12         D.  P.  D.  B $0  43 

D   P   M.I 21  T.  p.  to  D.  P.  S.  B 26 

T.  p.  M.  L 33         T.  P.  S.  B 38 

D.  P.  S.  B 23  T.  P.  D.  B 64 


CUT-OUTS.  N.  E.  C.  FUSE 


n 

P 

M 

T-... 

T 

P 

M 

I,... 

n 

P 

S. 

K.  ... 

T 

P 

S. 

B    .  .. 

D 

P 

1) 

B      . 

T 

P 

u. 

B 

T. 

P. 

to  D.  P. 

D.  B 


0-30  Amp. 

$0  50 

.70 

63 

1.15 

I    10 

1    90 

1.30 


31-60.\mp. 

$1    30 

1   70 

1  60 

2  40 

3  00 
3  40 
3  80 


60-100  Amp. 

$1.68 

2.40 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  250  ft. 

No.  18  cotton  twnsted 

No.  16  cotton  twisted 

No.  1 8  cotton  parallel 

No.  1 6  cotton  parallel 

No.  18  cotton  reinforced  heavy 

No.  16  cotton  reinforced  heavy 

No.  18  cotton  reinforced  light 

No.  16  cotton  reinforced  hght 

No.  18  cotton  Canvasite  cord 

No.  1 6  cotton  Canvasite  cord 


$"5  CO 

29  CO 

32  fO 
39  50 
43.  CO 
50.00 
37.50 

43  ro 

30  00 

33  50 


FUSES,  ENCLOSED— 

250- Volt                                             Std.  Pkg  List 

3-amp.  to    30-amp 100  $0.25 

35-amp.  to    60-amp 100  -33 

65-amp.  to  lOO-amp 50  .90 

llO-amp.  to  200-amp ."• 25  2  CO 

225-amp.  to  400-amp .",. 25  3  fO 

425-amp.  to  60O-amp : 10  5.50 


(.00  \..i' 

Htd   Pkf 

lilt 

3amp 

to    30'anip 

100 

to  40 

35  amp 

to    to  nrnp 

100 

(0 

65  «»„■ 

III  100  amp 

50 

1    50 

1  10  nnip 

lo  200  ninp 

25 

2   50 

225  amp 

to  400  amp 

25 

5  50 

450omp 

to  600  amp 

10 

S  00 

Din.' 

Hint:    LcM  1  5tli  i-tiindanl  packacfl 
l-}th  to  Klanilnrd  parkace    .    . 
.Standard  pniknae              

15'; 

28% 

45% 

FUSE  PLUGS.  MICA  CAP— 

0  30  ampere,  ntniidard  packnge 

0   30  ampere,  less  than  stiindnrd  packaco 


$S  25C 

6  OOC 


LAMPS — Bcluu'  are  presi  nt  i|uotationg  in  lew  thko  itandard  package  quitntitie* 

, —  Pear-Shfip«l  Biilbs 


'  Stralglit  Side  Bulbs 
Macda  B— 


Watt* 
10 
15 
25 
40 
50 


Plain 
$0  40 


Fro«te<l 
$0  43 
45 
45 
45 
45 
50 


No.  in 
Package 
100 
100 
100 
100 
100 
100 


100 
150 
200 
300 

500 

750 

1,000 


Clear 

$0  75 

I    10 


Fronted 

$0  80 

I   25 

1  70 

2  30 

3  40 

4  90 

6  90 

7  95 


No  i 
Packa 
50 
24 
24 
24 
24 
12 
12 
8 
8 


.Standard  quantities  are  suhirrl  to  discount  of  lO^i  from  list.     Annual  contract* 
ranging  from  $1  50  to  $500,000  net  allow  a  discount  of  17  to  40%  from  list. 

PLUGS.   ATTACHMENT  - 

Porcelain  separable  attaehmi'nt  plug 

Composition  2-piece  attachment  plug 

Swivel  attachment  plug 

Current  taps  ,  .    .  


Each 

$0.28 

36 

20 

45 


RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  f.  o.  b.  New  York. 


.«olid 
.single  Braid 
$11  00 
14  96 
20  62 
28  90 


Solid 
Double  Braid 
$14. '0 
18  50 
24  75 
33.30 


I 

0 

00 

000. 

0000. 


Stranded, 

Double  Braid 

$16  50 

21   45 

28  03 

38  30 

58  73 

80  73 
III  00 
154  00 
181  50 
220  00 
265  00 
330  00 


Duplex 

$27.50 

35.00 

46.00 

66.00 


Prices  per  1000  ft.  for  Rubber-Covered  Wire  In  FoUowlnft  Cities: 

. Birmingham 

Single       Double 


.No 
14 


Single 
Braid 


.-er- 


10 


$13  50 

22  23 

28  73 

6 31   00 

4 70  00 

2 98  00 

1 133  00 

0 197  00 


-De 

Double 

Pra;d 

$18  00 

23.75 

33.30 

33.30 

72.23 

100.00 

136.75 

197.05 


Duplex 

$34   10 

53  95 

80  00 


Braid 
$12  36 
27  60 
38  74 


00 


$77.34 
107  42 
138  46 
178  62 
217  09 
263  57 
320.44 


SOCKETS,  BRASS  SHELL— 

. 5  In.  or  'f^erdant  Cap , J  In.  Cap  

Key  Keyless  Pull  Key  Keyless  Pull 

Each  Each  Fach  Each  Each  Each 

$0.33  $0  30  $0  60  $0.39  $0.36  $0  66 

Less  l-5th  standard  package -f  50% 

1-3th  to  standard  package 4-20% 

.-'tandard  package   — 1 5% 

WIRE,  ANT^XNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.  &  .'5.  regulM  spools  fapprox.  8  lb.) 55c.  lb 

No.  18  B.  &  3.  regular  l-lb.  coils 56c.  lb 

WIRING  SUPPLIES— 

Friction  tape,  5  in.,  less  100  lb.  56c   lb.,  100  lb.  lots 52c.  lb 

Rubber  tape,  J  in.,  less  100  lb.  65c.  lb.,  100  lb.  lots 60c.  lb 

Wire  solder,  less  100  lb.  47c.  lb.,  100  lb.  lots 42c.  lb 

Soldering  paste,  2  oz.  cans $1.50 doz 


SWITCHES,  KNIFE— 

T\T>E  "C"  NOT  FUSIBLE 

Fize,                     Single  Pole,  Double  Pole,  Three   Pole,  Four  Pole. 

Amp.                        Each  Each  Each  Each 

30                            $0.42  $0.68  $1   02  $1.36 

60                                 .74  1.22  1.84  2.44 

100                               1.50  2  50  3.76  5.00 

200                               2.70  4  50  6.76  9.00 

TYPE  "C"  FUSIBLE,  TOP  OR  BOTTOM 

30                                 .70                         I   06                         I   60  2.12 

60                                 1.18                           I    80                           2.70  3.60 

100                              2.38                         3.66                         5.50  7.30 

200                              4.40                         6  76                       10.14  13.50 

Discounts: 

Less  than  $10.00  list  value -1-25%, 

$10  to  $25  list  value ..  -)-IO% 

$25  to  $50  list  value +   5% 

$50  to  $200  list  value — 10% 

$200  list  value  or  over.  — 15% 
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Braden  Copper  Company's  Power  System  in  Chile 

Two  Hydro-Electric  Plants  Supply  Power  to  Copper  Mines  —  One  22,500-Kw.  Plant 
Operates  Under  1,550-Ft.  Head— The  Other  Plant,  15,000  Kw.,  Operates 
Under  440-Ft.  Head — Large  Amount  of  Silt  in  Water  Causes  Serious 
.  Operating  Problems — Substation  Cut  Out  of  Solid 

Rock  4,000  Ft.  Under  Ground 

are  practically  barren.  During  the  summer  season,  when 
the  principal  source  of  water  is  from  glaciers  and  melt- 
ing snow  and,  in  some  cases,  springs  having  a  relatively 

constant     discharge,     the 


SITUATED  on  the  eastern 
tains,  at  an  altitude  of 
Braden  Copper  Company 
Chile.  It  lies  within  the 
province  of  O'Higgins 
about  65  miles  from  the 
City  of  Santiago  and 
about  125  miles  from  Val- 
paraiso, which  is  the  prin- 
cipal accessible  seaport. 
Access  to  the  property  is 
by  means  of  the  com- 
pany's own  railroad  to 
Rancagua,  43.5  miles  in 
length,  which  connects  the 
main  plant  at  Sewell  with 
the  railroad  leading  to 
Santiago  and  Valparaiso. 
The  situation  of  the  prop- 
erty with  reference  to 
power  supply  is  fortunate, 
since  near-by  streams  af- 
ford ample  opportunity 
for  hydro-electric  develop- 
ment. 

In  this  section  of  Chile 
the  run-off  of  rivers  is 
naturally  poorly  regu- 
lated since  the  watersheds 


slope  of  the  Andes  Moun- 

about    7,000    ft.,    is   the 

s  copper-mining  plant  in 


FIG.   1.      LOCATION'  OF  POWER  HOUSES  AND  MINES 


flow  is  more  nearly  con- 
stant. On  account  of  the 
barren  character  of  water- 
sheds large  quantities  of 
refuse  and  glacial  silt  are 
present  during  high-water 
periods.  The  solid  matter 
carried  by  these  streams 
during  high  water  seri- 
ously interferes  with  the 
operation  of  intakes,  gates, 
sand  traps,  etc. 

Of  verj^  serious  con- 
sideration is  the  intake 
problem.  To  secure  the 
best  results  it  is  abso- 
lutely essential  to  resort 
to  designs  whereby  the 
flow  into  the  intake  is  in 
such  a  direction  relative 
to  the  main  stream  as  will 
prevent  solid  matter  from 
entering  the  intake  ir 
large  quantities.  Experi- 
ence has  shown  that  prac- 
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tically  all  forms  of  intakes  with  a  flow  in  the  same  gen- 
eral direction  as  the  stream  becomes  seriously  obstructed 
in  a  short  time.  To  secure  satisfactory  results  liberal 
provision  must  be  made  for  grizzlies  and  removable 
screens  as  well  as  for  sluicing  out  sand  and  other  solid 
material  as  fast  as  it  is  deposited  in  the  intake  channel. 

Some  unusual  features  are  presented  in  the  operation 
of  the  company's  plants,  which  are  due  largely  to  the 
topography  and  character  of  the  country  traversed  by 
the  flow  lines  and  the  character  of  the  water  as  regards 
silt.  The  flow  lines  of  both  plants  are  located  almost 
entirely  on  sidehill  cuts  in  the  mountainsides,  which  in 
general  are  relatively  steep. 

Open  canals  must  be  protected  against  large  quanti- 
ties of  surface  water  during  certain  periods,  and  in  the 
case  of  both  the  Cachapoal  canal  and  Pangal  pipe  line 
account  must  be  taken  of  sliding  material,  loose  rocks 
and  boulders.  Considerable  protection  against  the  lat- 
ter feature  has  been  necessary  for  the  wood-stave  pipe 
line,  in  the  form  of  wood  covering  and  sheds,  while  a 
considerable  portion  of  the  line  has  been  covered  with 
earth  fill  with  outer  cover  of  stone  riprap. 

The  natural  formation  of  the  adjacent  country  affords 
but  little  opportunity  for  the  construction  of  settling 
basins.  During  high-water  periods  it  is  impossible  to 
prevent  large  quantities  of  solid  matter  from  going 
through  to  the  wheels,  resulting  in  unusually  rapid 
cutting  of  parts  of  equipment  subjected  to  water  at 
high  velocities.  Wheel  runners,  gates,  nozzles,  etc.,  can 
therefore  be  counted  upon  for  but  relatively  short  life 
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FIG.  2.     PANGAL  POWER  HOUSE  AND  PENSTOCKS 

in  service.  This  condition  is  to  be  expected  in  this 
section  of  Chile,  and  the  only  solution  of  the  erosion 
problem  to  date  appears  to  consist  of  a  liberal  spare 
supply  of  wearable  parts,  which  must  be  kept  on  hand 
if  satisfactory  continuous  operation  is  important. 

In  1910  a  5,000-kw.  power  development  with  neces- 
sary substations  was  constructed  for  the  operation  of 
the  company's  plant.    The  capacity  of  this  original  sta- 


tion was  increased  first  to  7,500  kw.  and  later  to  10,000 
kw.,  but  has  now  been  outgrown  by  the  continual 
development  of  the  mine  to  increase  daily  tonnage.  To 
meet  requirements  for  power  on  the  basis  of  10,000  tons 
of  ore  per  day  to  which  the  plant  capacity  is  being 
raised,  extensive  additions  and  betterments  to  the  power 
system  are  now  nearing  completion. 

The  extent  of  the  new  power  system  and  the  location 
of  power  stations,  substations  and  transmission  Hnes 
are  shown  on  the  map  reproduced  in  Fig.  1.     At  the 


FIG.   3.     SECTION  OP  PANGAL.  PIPE  LINE 

present  time  power  is  generated  at  Pangal  and  Coya 
stations  at  2,300  volts  three-phase  60  cycles.  Voltage 
is  stepped  up  to  33,000  volts  three-phase  60  cycles  for 
transmission.  Pangal  power  is  transmitted  5i  miles 
over  double-circuit  steel-tower  lines  to  Coya,  from  which 
point  the  combined  output  of  both  plants  is  trans- 
mitted fourteen  miles  over  double-circuit  steel-tower 
lines  to  Sewell,  where  power  is  required  for  mining,  ore 
treatment,  smelting,  etc.  A  tap  from  both  of  the  Coya- 
Sewell  lines  supplies  power  for  the  new  smelting  and 
melting  plant  at  Caletones.  Provision  is  made  in  the 
design  of  stations  and  transmission  lines  for  raising 
the  voltage  to  60,000.  The  capacity  of  the  Coya  station 
has  been  further  increased  by  the  addition  of  a  new 
vertical  unit  and  reconstructed  to  permit  of  raising 
the  voltage  from  33,000  to  66,000.  The  Diablo  sub- 
station shown  on  the  map  will  ultimately  be  replaced  by 
the  new  concentrator  substation. 

The  Pangal  development,  recently  completed,  uses 
water  from  the  Rio  Pangal  River  at  an  average  net 
effective  head  of  about  1,550  ft.  By  means  of  a  dam 
and  gate  tower,  water  is  delivered  to  the  flow  conduit. 
This  gate  tower  is  about  50  ft.  present  height,  of  oc- 
tagonal form,  about  36  ft.  in  diameter  and  provided 
with  seven  inlets  protected  by  steel  grizzlies.  At  the 
bottom  of  the  tower  is  a  cylinder  gate  about  100  in.  in 
diameter  connecting  with  the  feeder  conduit.  For  clean- 
ing the  intake  tower,  sluice  valves  are  provided  which 
connect  with  an  auxiliary  pipe  under  the  dam  and  below 
the  main  feeder  conduit.  Two  sets  of  stop  logs  are 
provided  for  each  of  the  seven  inlets,  and  there  is  a 
stiff-leg  derrick  on  top  of  the  tower  for  the  convenient 
handling  of  the  stop  logs  and  racks.  The  flow  line  con- 
sists of  about  37.000  ft.  of  80-in.  wood-stave  and  riveted- 
steel  pipe  laid  to  a  uniform  gradient  of  about  15  ft.  to 
the  mile.  This  conduit  terminates  in  a  differential 
surge  tank  129  ft.  present  height,  located  about  4,000  ft. 
from  the  power  house,  and  shown  at  X,   Fig.  2.     A 
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FIG.   5.     TRANSPORTING  SECTION   OF  MAIN  PANGAL  GBNERATOR 


I'lG.    1.      SWnVHiSOAHD.    PANLiAl^  I'OW  EK  HOUSE 

typical  view  of 
the  flow  line  is 
shown  in  Fip.  3. 
The  surge  tank 
is  also  provided 
with  a  connec- 
tion for  the  pen- 
stock system, 
which,  starting 
with  a  single 
78-i  n  c  h  line, 
branches  to  two 
46  -  i  n.  lines. 
Each  46-in.  line 
then  branches  to 
two  30-in.  lines 
for  connection 
to  the  four  units 
in  the  power 
house.  Valves 
are  provided  in 
the  30-in.  lines 
where  they  branch  from  the  46-in.  lines,  also  at  the  end 
of  the  30-in.  lines  in  the  plant.  Provision  is  made 
throughout  for  raising  the  head  an  additional  70  feet. 

While  the  ultimate  plant  will  consi.st  of  four  5,600-kw. 
units,  two  units  only  are  connected  for  operation  at  the 
present  time,  with  No.  3  under  construction.  The  water- 
wheels  are  of  the  horizontal  tangential  impulse  type 
direct-connected  to  2,300-volt  three-phase  60-cycle 
360-r.p.m.  generators  with  direct-connected  overhung 
exciters.  Each  exciter  has  a  capacity  sufficient  for 
exciting  two  of  the  generator  units.  Fig.  2  is  a  general 
view  of  penstocks  and  exterior  view  of  the  plant.  Only 
two  of  the  penstocks  are  in  place. 

The  transportation  of  the  heavier  pieces  of  machinery 
to  this  plant  presented  some  difficult  problems  on  ac- 
count of  steep  grades  and  sharp  turns  encountered  on 
the  road  leading  to  the  site.  Fig.  5  gives  a  view  of  a 
half-section  of  one  of  the  main  generator  stators  being 
worked  into  position  for  making  a  hairpin  turn,  which 
it  will  be  noticed  is  being  accomplished  by  driving  the 
animals  well  up  on  the  mountainside. 

The  Coya  development  utilizes  water  from  the  Rio 
Cachapoal  at  a  net  effective  head  of  440  ft.  This  plant 
has  a  flow  line  about  40,500  ft.  in  length.  It  is  com- 
posed entirely  of  open  canal  except  for  short  sections 
of  tunnel  and  wood  flume.     The  intake  arrangement  is 


liKiiU'd  ut  one  end  of  the  dam  and  Ih  controlled  by 
incians  of  HUindard  vertical  HJiding  gratcH  opening  into 
tho  canal.  Juat  l>elow  the  intake  is  a  .sand  box  approxi- 
mately 50  X  80  ft.,  <■)  ft.  deep  below  the  normal  canal 
liottom.  The  bottom  of  thi.s  .sand  box  is  provided  with 
numerous  sluicing  outlets  which  empty  into  pipes  that 
( onduct  the  water  and  sluiced-out  material  to  the  river. 
The  diversion  dam  is  equipped  with  a  rolling  gate  in 
I  lie  form  of  a  steel-plate  cylinder  about  22  ft.  long  and 
H  ft.  in  diameter.  This  steel  cylinder  is  pkiced  between 
(oncretc  piers  and  slung  on  steel  cables  which  connect 
with  a  power-operated  hoisting  arrangement  above  and 
to  one  side  of  the  gate.  This  form  of  gate  has  lieen 
found  to  be  free  from  operating  troubles  due  to  ma- 
terial piled  up  behind  the  dam,  and  to  operate  satis- 
factorily under  all  exi.sting  conditions.  It  .ser\'es  the 
jOint  purpo.se  of  relieving  the  spillway  during  high 
water  and  of  making  adjustments  at  other  times.  The 
canal  terminates  in  a  small  forebay  from  which  .separate 

penstocks  lead 
to  the  five  units 
in  the  plant  be- 
low. Of  the  pres- 
ent units  four 
consist  of  hori- 
zontal turbines 
direct-connected 
t  0  2,300  -  volt 
three-phase 
60-cycle  genera- 
tors having  a 
normal  capacity 
of  2,50  0  kw. 
each,  while  the 
fifth  is  a  verti- 
cal turbine- 
driven  unit 
rated  at  5,000 
kw.,  making  a 
total  normal 
generating     ca- 
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pacity  of  15,000  kw.  This  includes  some  spare  capacity, 
the  normal  output  averaging  somewhere  between  12,000 
and  14,00  kw.  Three-phase  transformer  units  are  used 
at  this  station,  also  at  the  Pangal  station  and  at  all  sub- 
stations to  raise  and  lower  the  voltage.  A  general 
exterior  view  of  the  Coya  plant  is  shown  in  Fig.  6,  and 
an  interior  view  in  the  headpiece. 

Continuity   of  operation    in    the.se   plants   is    of   the 
utmoi?t  importance  on  account  of  the  character  of  the 
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shown  in  the  upper  left-hand  corner  of  Fig.  8.  Equip- 
ment at  this  station  consists  of  two  5,600-kw.  three- 
phase  transformers  and  two  banks  of  2,500-kw.  single- 
phase  water-cooled  transformers  for  the  supply  of 
power  for  crushing,  milling  and  auxiliary  equipment  at 
550  volts,  and  two  5,000-kw.  three-phase  transformers 
which  feed  the  mine  substation  and  local  townsite  distri- 
bution at  6,600  volts.  There  are  also  two  2,500-kva. 
synchronous  condensers  for  power-factor  correction  and 
one  1,000-kw.  motor-generator  set  used  jointly  for 
power-factor  correction  and  for  the  supply  of  direct  cur- 
rent at  275  volts  for  operation  of  the  mine  railway. 

One  of  the  principal  problems  in  connection  with  the 
station's  design  was  the  arrangement  of  outgoing 
feeders  to  the  mill,  requiring,  ultimately,  nearly  15,000- 
kw.  550-volt  three-phase  60-cycle  current.  Underground 
tunnels  were  finally  adopted  as  representing  the  most 
satisfactory  solution,  as  this  plan  had  the  advantage  of 
permitting  the  use  of  a  large  amount  of  cable  formei'ly 
run  overhead  on  poles,  but  which  was  not  in  satisfactory 
condition  for  installation  in  underground  conduits. 
Overhead  feeders  proved  to  be  out  of  the  question  on 
account  of  their  obstruction  to  valuable  yard  space  and 
because  of  difficulty  in  taking  care  of  dead-end  stresses 
at  the  mill  end. 

The  mine  substation  presents  some  unusual  features 
from  the  standpoint  of  location  and  construction  diffi- 
culties.    The  space  occupied  by  this  station,  which  is 


load.  The  load  factor  is  very  high,  approximating  100 
per  cent  throughout  the  day,  so  that  equipment  must  be 
maintained  in  first-class  operating  condition  at  all 
times.  By  means  of  synchronous  condensers  at  the  con- 
centrator substation  and  synchronous  motors  at  other 
points  later  described,  it  is  e.xpected  to  maintain  between 
90  and  95  per  cent  power  factor  at  the  generating 
stations  at  practically  all  times. 

The  transmission  lines  from  Pangal  to  Coya  and  from 
Coya  to  Sewell  are  both  of  double-circuit  steel-tower 
construction,  having  two  circuits  of  00  and  0000  copper 
conductor  respectively. 

The  power  facilities  at  the  new  Caletones  smelting  and 
melting  plant  now  under  construction  will  consist  of  an 
outdoor  substation  with  steel  structure  for  switching 
equipment  and  two  5,600-kw.  three-phase  outdoor-type 
water-cooled  transformers  which  will  reduce  the  line 
voltage  from  33,000  volts  to  2,300  to  feed  the  main 
busbars  of  a  combined  indoor  distribution  substation 
and  machinery  house. 

In  this  building  there  will  be  three  1,700-hp.  and 
three  800-hp.  synchronous-motor-driven  turbo-blowers 
operated  at  3,600  r.p.m.  for  the  supply  of  air  to  furnaces 
and  converters.  Two  500-kw.  motor-generator  sets  will 
supply  direct  current  at  250  volts  to  the  yard  railway 
and  certain  cranes  requiring  direct  current.  Two  1,000- 
kw.  2,300-volt  to  550-volt  three-phase  water-cooled  trans- 
formers are  used  for  the  general  supply  of  power  tc 
motor-operated  auxiliary  equipment.  The  power  supply 
for  the  entire  Caletones  plant  will  be  controlled  from 
this  substation. 

The  concentrator  substation,  which  is  the  principal 
center  of  distribution  at  Sewell,  supplies  power  for 
crushing,  milling,  mineral  separation,  shops,  townsite, 
etc.  One  of  the  novel  features  of  this  station  is  the 
arrangement  of  incoming  line  supports  which  was 
found  necessary,  in  order  to  obtain  sufficient  clearance 
from  previously  existing  structures.     These  arc  cleiirly 


.'STRUCTURAL  t^TEEI.    FRAME    FOR   CON- 
CENTRATOH    .«:Ur.PT ATIO.X 


underground  about  4,000  ft.  inside  the  mine,  was 
excavated  out  of  solid  rock.  This  was  accomplished  by 
first  excavating  throughout  the  entire  length  of  the 
station  a  tunnel  of  such  proportions  and  at  such  an 
elevation  as  would  permit  of  concreting  the  roof,  to  seal 
in  place  and  prevent  rock  from  falling  during  further 
construction  operations. 

The    roof   having    been    completed,    the    floor   of   the 
original    tunnel   was   gradually    lowered   by   taking   out 
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material  until  the  floor  elevation  wan  reached  and  the 
concretinp  of  the  side  walls  completed.  The  freneral 
dimensions  of  this  station  and  the  extent  of  exaivation 
involved  may  be  seen  upon  reference  to  the  sketch  shown 
in  Fig.  7. 

Primarily,  the  mine  substation  supplies  compres.sed 
air  for  mining  purjioses.  It  also  supplies  direct  current 
for  the  mine  railway  and  alternating  current  for  mine 
hoists,  auxiliaries  and  lighting.  This  substation  equip- 
ment consists  of  two  2,500-kw.  (J.GOO-volt  to  2,300-volt 
three-phase  water-cooled  transformers,  two  4,000-cu.ft. 
compressors  driven  by  900-hp.  2,.S00-volt  three-phase 
synchronous  motors,  two  100-kw.  motor-generator  sets 
for  exciting  the  synchronous-motor  fields  and  one  500- 
kw.  and  one  200-kw.  motor-generator  set  for  the  supply 
of  direct  current  to  the  mine  railway  at  300  volts. 
Power  supply  for  this  station  is  by  means  of  two  three- 
conductor  steel-armored  cables  about  9,000  ft.  long  from 
the  concentrator  substation. 

Duplex  Unaflow  Pumping-Engine 
Water  Valves 

Considerable  interest  has  been  created  by  the  per- 
formance of  a  unaflow  simplex  pumping  engine  under 
test.  It  is  the  first  of  its  type  and  was  installed  at  the 
Porter  Avenue  water-works  pumping  station,  Buffalo, 
N.  Y.  A  paper  regarding  this  unit  was  presented  at 
the  meeting  of  the  American  Water  Works  Association 
at  Albany,  N.  Y.,  October,  1919,  and  again  at  the  Sept. 
8,  1920,  meeting  at  Holyoke,  Mass.  The  steam  end  con- 
sists of  a  13^  X  21-in.  Unaflow  steam  cylinder,  the  water 
end  being  fitted  with  a  new  design  of  valve  and  is 
double-act" ng,  having  a  9-in.  plunger  and  operating  at 
a  speed  of  210  r.p.m.  with  a  normal  capacity  of  three 
million  gallons  per  day. 

During  the  test  the  only  station  pressure  available 
varied  from  200  to  225  lb.  gage  and  superheated  10  to 
20  deg.  A  summary  of  a  number  of  tests  is  shown  in 
the  table. 

At  the  high  speed  at  which  this  engine  is  run,  it 
is  evioent  that  the  ordinary  type  of  water  valve  would 
not  prove  satisfactory,  and  that  in  order  to  take  advan- 
tage of  the  most  economical  speed  an  improvement  in 


valve  construction  would  )«'  necessary.  The  design  of 
valve  used  in  the  pump  is  shown  in  h'ig.  1.  A  soft- 
rubber  valve  seat,  A  is  reinforced  by  the  copper  rlnft 
B.  The  metal  valve  C  is  made  saucer-shaped  with  a 
spring  pressure  on  one  side  working  against  the  water 
pressure  on  the  other.  As  the  valve  is  of  spider  dc 
sign,  the  discharging  water  not  only  escapes  past  the 
outer  edge  of  the  valve,  but  also  finds  a  passageway 
through  the  opening  between  the  outer  and  center  por- 
tion of  the  valve.  As  the  valve  seal  is  tapered,  thi' 
water  is  discharged  through  the  valve  at  an  easy  angle, 
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FIG.  1.     DESIGN  OF  PUMP  VALVES  AND  VALVE  DECK 
TO  OPER.^TE  AT  HIGH  SPEED 


which  reduces  the  friction.     The  path  of  the  water  is 
shown  in  Fig.  1. 

The  Monongahela  Water  Co.,  of  Elizabeth,  Pa.,  has 
purchased  a  15  and  15  and  71  x  16-in.  duplex  unit. 
Fig.  2,  having  a  capacity  of  three  million  gallons  per 
24  hours  at  a  speed  of  193  r.p.m.  Dry  saturated  steam 
at  150  lb.  gage  will  be  used. 

SUMMAIRY  OF  TESTS  OF  UNAFLOW  PUMPINa  ENGINE 


Aug.  25 


Steam  pressure  at  throttle,  lb.  gage 205.0 

Steam  temperature  at  throttle,  Deg.  F. .  426.0 

Superheat  at  throttle,  deg.  F 36.0 

Vacuum,  inches  mercur>' 26. 5 

Total  head,  feet 249.5 

Rev.  per  miti 210.0 

Duty  million  foot-pounds 1 28  3 

Average  m.c. p.  pounds 39.3 

Indicated  hp 118.8 

Steam  per  I  hp  -hr.  (lb.) 13.6 

Kfficiencv,  per  cent 88.0 

Capacity  per  minute,(plunger  discharge)  1 64.6 


Date  of  Trial 

25 

Aug.  28 

209.0 

216.0 

428.0 

430.0 

36.0 

360 

26.3 

25.8 

302.5 

366.7 

207.5 

208.0 

131.5 

132.0 

46.0 

57.8 

137.8 

173.5 

13.5 

13.3 

90.0 

87.2 

1.630.0 

1.633.0 

.SIDC  AMI  E.\l)  Kl.EVATlOXS  OF  DUPLEX  TXAFLOW  T'T-MPIN< 
rOR    THE    MOXONO.VHEf.A   WATER    CO. 


EXCIXE    DE.Sl 
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Ap|)lii*atioii  of  Inclucliou  Molors — II 

Ciirr«Mil  Takt'ii   l)iii-iii<>;  SUirtinjj  Porio<lH— Capacily  Siipplyiiifj:  Molor  Siifficii'iil  To 

Take  Carr  of    Slarliiij;-\Vill  i>Iolor  OprraU-  at  lis  Tiill  l{alr«l  \AKu\'i-\U'ii\y 

Overloa<ls  aiul  Severe  Mechaiiiral  Shocks— PI iij^giiijj;  of  iMotor 


By  fuazp:r 

Klrrtilrnl    KnBln.-.i.    .Mll.M-t'lmln 

FIVE  features  were  taken  up  in  the  previous  article 
U)ct.  26  issue),  namely:  What  is  the  motor  to 
drive?  Kinds  of  rating.  Will  the  motor  have 
sufficient  torque  to  start  its  load?  If  starting  condi- 
tions are  severe,  how  much  actual  torque  is  required 

A  'efficiency  of  ?0OHix  «/  Po/e,  laOOR.P.M.  Motor 

C  '        "  •■  iO   «  .    360     •■ 

3  -Power  Focior  of  2C0Hp.  4 Pole , I80C P P f^.  Motor 
0'     "  "        .20  •■  .  36C 
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FKi.  1.     CO.MP.\R.\TIVE  Cl'RVES  OF  HIGH-SPRKI>  ANH 
l.()W-SPRF,l)  INDIU'TIOX  MOTORS 

to  start  the  load?  What  will  be  the  length  of  the  period 
of  acceleration?  In  this  article  five  more  of  the  sixteen 
points  on  motor  installation  outlined  in  the  first  install- 
ment are  considered. 

G.    IF  THE  Motor  Is  of  the  Squirrel-Cage  Tyfe,  Will 
Excessive  Line  Current  During  the  Start- 
ing Period  Be  Objectionable? 

Sudden  large  demands  for  power  from  a  system  of 
relatively  small  capacity  as  compared  to  the  motor  tend 
to  create  line  disturbances  that  may  be  objectionable. 
If  the  source  of  supply  feeds  a  power  load,  a 
lighting  load  or  both,  sudden  large  fluctuations 
in  load,  such  as  may  be  caused  by  the  starting 
of  a  squirrel-cage  induction  motor,  create 
fluctuations  in  the  voltage  provided  there  is 
no  form  of  automatic  regulator  in  the  field  of 
the  generating  equipment.  The  variations  in 
these  fluctuations  will  depend  to  a  great  ex- 
tent on  the  relative  capacities  of  the  motor  and 
the  generating  equipment,  also  on  the  load  and 
power  factor  of  the  load  already  being  carried 
by  the  generator.  The  variation  in  voltage 
may  become  great  enough  not  onlj''  to  cause  a 
violent  flickering  of  the  lights  on  the  circuit, 
which  may  be  objectionable  to  the  point  of 
being  prohibitive,  but  also  to  knock  out  other 
induction    motors    already    connected    to    the    system. 

If  there  is  sufficient  capacity  supplying  the  motor  to 
take  care  of  the  starting  period,  but  if  the  relative 
ratio  of  motor  size  to  generator  size  is  small,  better 
and  more  stable  operation  may  be  had  by  the  use  of 
a  voltage  regulator  in  the  fields  of  the  generating  equip- 
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ment.  If,  on  the  other  hand,  the  voltage  cannot  be  kept 
within  reasonable  limits  even  with  the  regulator,  some 
other  tj'pe  than  the  squirrel-cage  motor  will  have  to 
be  considered. 

Another  feature  in  connection  with  the  large  current 
taken  by  the  .squirrel -cage  motor  during  the  starting 
period  is  that  the  line  copper  or  the  feeder  copper  may 
be  of  ««uch  size  and  length  as  to  create  an  excessive 
voltage  drop  at  the  motor  terminals,  thus  reducing  the 
starting  torque  value  to  the  point  where  the  motor  is 
unable  to  start  its  load  effectively. 

7.    Is  There  Sltficient  Capacity  Supplying  the 
Motor  to  Take  Care  ok  the 
Starting  Period? 

As  has  already  been  brought  out,  the  squirrel-cage 
motor  in  starting  draws  a  large  current  at  a  very  low 
power  factor.  If  the  size  of  the  motor  is  relatively 
large  as  compared  to  the  prime-mover  equipment,  it  i.s 
possible  that  the  generator  will  be  unable  to  hold  up 
its  terminal  voltage  even  though  the  ideal  condition  of 
no  drop  in  speed  could  be  maintained. 

In  order  to  alleviate  starting  disturbance,  it  is  .some- 
times possible  to  make  use  of  certain  mechanical  fric- 
tion clutches,  magnetic  clutches,  etc.,  while  pumps,  fans, 
compressors,  etc.,  can  easily  be  arranged  for  the  proper 
kind  of  unloading  device.  The  use  of  such  devices  al- 
lows starting  of  the  motors  on  lower  taps  with  less 
current  and  with  the  ultimate  result  of  less  line  dis- 
turbance. In  any  event  the  question  of  connected  load 
in  relation  to  prime-mover  capacity  should  be  fully 
considered.' 
8.    Will  the  Motor  Operate  at  Its  Full  Rated  Load? 

As  the  power  factor  of  the  average  induction  motor 
drops  off  rapidly  as  the  load  falls  off,  and  if  there  are 


FIG.  2. 


APPLICATIOX  of  a   flexible  COUPI-lN<i   MOTOR 
AND  GEAR  UNIT  ON   A   HOIST 


a  number  of  such  machines  operating  at  greatly  re- 
duced loads,  it  is  seen  that  a  condition  prevails  making 
for  a  power  demand  at  excessively  low  i)ower  factor. 


'For  a  fuller  iliscu.'ssioii  on  this  point 
Load  Vpisus  C.'iiHiator  C.ip.ii  ity."  tiy  tli'' 
1920. 


•1'    article,    "Connfftc'l 
iitlior.  Pincir,  Auk.  ". 
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The  inherent  characteristics  of  induction  motors  of 
different  speeds  is  not  often  fully  appreciated  and  re- 
alized. Fig.  1  shows  the  curves  for  motors  of  two  en- 
tirely different  speeds,  namely:  1,800  r.p.m.  and  360 
r.p.m.,  a  4-pole  and  a  20-pole  motor  respectively.  The 
slow-speed  motor,  owing  to  its  lai'ge  magnetizing  cur- 
rent and  high  reactance,  is  a  machine  of  poorer  char- 
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acteristics  than  the  high-speed  motor.  The  efficiency 
curves  for  either  the  high-speed  or  the  low-speed  mo- 
tor are  more  or  less  flat  over  the  range  of  load  from 
i  to  li,  so  that  working  at  reduced  loads  does  not  make 
a  large  difference  in  efficiency.  On  the  other  hand,  the 
effect  of  working  at,  say  125  hp.,  instead  of  the  normal 
load  of  200  hp.  shows  a  large  falling  off  in  the  power 
factor,  which  is  much  greater  for  the  slow- 
speed  motor  than  for  the  high-speed  motor. 
It  is  therefore  advantageous  to  work  motors 
as  near  to  their  full  rated  load  as  possible, 
not  only  to  obtain  the  greatest  true  energy 
output  from  the  generating  apparatus,  but 
in  cases  where  power  is  bought,  to  avoid 
being  penalized  by  higher  power  rates  due  to 
the  low  power-factor  condition. 

When  squirrel-cage  motors  are  operating 
underloaded,  great  care  must  be  taken  to 
make  certain  that  the  use  of  smaller  machines 
in  place  of  underloaded  machines  will  deliver 
the  proper  amount  of  torque  for  starting 
the  load.  Oftentimes  squirrel-cage  motors 
have  been  installed  that  were  larger  than 
necessary  for  the  running-load  conditions  in 
order  to  take  care  of  the  starting  conditions, 
but  in  such  cases  the  use  of  smaller  slip-ring  motors 
would  appear  to  be  a  much  more  desirable  procedure. 


trical  standpoint  the  power  factor  remains  high,  while 
from  a  mechanical  standpoint  the  operation  is  abso- 
lutely reliable.  This  clearance  is  usually  measured  in 
thousandths  of  an  inch,  so  it  is  important  that  the 
proper  tolerances  in  the  bearings  be  maintained  and  that 
the  rotor  be  kept  central  with  respect  to  the  stator  at 
all  times. 

For  the  foregoing  reasons  any  load  action  with  a 
tendency  to  injure  the  bearings  should  be  given  special 
consideration.  For  instance,  the  use  of  gear  pinions 
mounted  directly  on  the  motor  shaft,  on  the  larger  sizes 
of  motors,  say  100  hp.  and  above,  is  not  only  likely  to 
affect  the  bearing  tolerances,  but  the  severe  and  con- 
tinual mechanical  vibrations  of  the  load  and  the  gears 
themselves  will  in  time  tend  to  crystal ize  soldered 
joints,  loosen  screws,  cut  through  insulation,  loosen 
laminations,  etc.  A  flexible  coupling,  Fig.  2,  interposed 
between  the  motor  and  the  gear  unit,  has  been  found 
to  obviate  the  troubles  otherwise  likely  to  occur. 

On  the  other  hand,  the  use  of  a  chain  driving  from 
a  pinion  mounted  directly  on  the  motor  shaft,  Fig.  3, 
even  for  rolling-mill  work,  has  been  found  to  work  out 
satisfactorily.  In  such  a  drive  the  severe  load  shocks 
and  jolts  are  absorbed  by  the  flexible  chain  and  the 
proposition  is  entirely  different  from  that  of  the  gear. 

Again,  any  driven  machine  having  a  side  or  end  thrust 
when  under  the  load  should  never  be  rigidly  coupled  to 
the  motor  unless  provision  is  made  outside  the  motor 
for  taking  care  of  this  thrust.  As  a  matter  of  fact  it 
is  always  advisable,  as  in  Fig.  4,  to  interpose  a  flexible 
coupling  between  the  motor  and  the  driven  machine 
when  the  two  are  direct-connected. 

If  the  power  demands  require  heavy  peak  loads  of 
short  or  long  duration,  the  motor  must  be  capable  of 
taking  care  of  these  without  dropping  its  speed  on  ac- 
count of  insufficient  torque.     If  the  nature  of  the  load 


since  they  could  easily  meet  the  starting  conditions. 

9.    Will  the   Motor  be  Subject  to  Heavy  Overloads 
AND  Severe  Mechanical  Shocks? 

Because  of  its  peculiar  inherent  characteristics,  the 
induction  motor  is  a  machine  having  a  relatively  small 
air  gap;  that  is,  the  clearance  between  the  rotor  iron 
and  the  stator  iron  is  small  compared  with  that  of  other 
types  of  rotating  electrical  machinery.  The  greater  the 
a'r  gap  is  made  the  lower  the  power  factor  becomes, 
so  that  the  clearances  are  made  such  that  from  an  elec- 


FIG.  4.     APPLICATION  OF  A  FLEXIBLE  COUPLING 
BETWEEN  MOTOR  AND  PUMP 

is  more  or  less  regular  and  fairly  well  known,  it  is  often 
possible  to  effectively  use  a  flywheel  and  cut  down  on 
the  size  of  the  motor  and  incidentally  to  reduce  the 
power  bill  where  energy  is  bought  on  a  maximum- 
demand  basis. 

The  effect  of  such  an  arrangement  is  shown  bj"^  Fig. 
5,  the  full  lines  denoting  the  power  demand  and  mo- 
tor load  without  flywheel,  the  dotted  lines  denoting  the 
motor  load  with  flywheel.  The  straight-lined  portion 
represents  the  energy  given  up  by  the  wheel,  which  is 
approximately  equal  to  the  cross-sectioned  area  repre- 
senting the  power  necessary  to  bring  the  wheel  back 
up  to  speed.     The  use  of  the  wheel  reduces  the  peaks 
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and  averapps  up  the  load,  thus  rolicvini?  the  motor. 
The  llywlu'ol  i-an  be  u.sed  only  under  conditions  where 
the  load  is  definitely  known  to  fluctuate  between  a  maxi- 
mum antl  a  minimum  value  for  definite  periods  of  time, 
with  definite  periods  of  no-load  or  light-load  conditions 
allowing  suitable  time  for  restoring  energy  to  the  wheel. 

10.    Will  thk  Motor  Bk  "Plugged"? 

Oftentime.'^  the  service,  while  of  a  highly  pulsating 
and  intermittent  nature,  such  as  to  be  found  in  rubber 
mills,  balanced  hoists,  steel  mills,  etc.,  is  such  that  con- 


-Load  on  Mofor  without  F/ywhttl 

-Entrgy  qlvan  up 
by  FfyMhetl 


idrgy  required  to  bring  Fiyn/heei  back  up  to  Speed 


Time 

CIRVE    SHOWIXG    GENERAL   EFFECT    OF   A    FLY- 
WHEEL ON  THE  LOAD  TAKEN  BY  A  MOTOR 


tinuous  rated  motors  are  used.  This  service  frequently 
requires  the  motor  to  be  "plugged" — that  is,  reversed 
from  full  speed  in  one  direction  to  full  speed  in  the 
opposite  direction — and  this,  combined  with  the  maxi- 
mum torque  feature  so  frequently  needed,  requires  a 
more  or  less  special  motor  to  suit  the  conditions  in- 
volved, but  one  classified  under  the  general  heading  of 
continuous  rating. 

Induction  motors  used  for  reversing  service  are  sub- 
jected to  very  different  electrical  and  mechanical  stresses 
from  those  used  only  for  continuous-duty  service  in  one 
direction  of  rotation.  Ordinarily,  motors  when  operat- 
ing in  one  direction,  upon  being  brought  to  a  distinct 
stop  and  then  started  up  in  the  opposite  direction  of 
rotation,  are  not  subject  to  any  greater  stresses  than 
the  continuous-running  motor.  The  only  difference  is 
that  the  repeated  starting  and  stopping  subjects  the 
motor  to  more  frequent  electrical  stress  than  is  other- 
wise obtained.  If,  however,  the  motor  is  reversed  while 
running  at  normal  speed  in  one  direction  to  full  speed  in 
the  opposite  direction,  the  conditions  are  entirely 
different. 

In  the  rolling  of  steel  it  frequently  happens  that  a 
cold  billet  will  stick,  thus  necessitating  either  the  stop- 
ping of  the  motor  before  backing  out  or  immediate 
"plugging."  In  rubber  mills  as  also  in  the  steel  mills, 
"plugging"  is  used  as  a  precautionary  measure  to  safe- 
guard human  life  and  prevent  an  operator  being  drawTi 
into  the  rolls  if  he  should  become  caught  in  the  material 
or  tables  leading  to  the  mill.  For  hoist  work  the  ideal 
condition  is  always  one  of  coming  to  a  full  stop  before 
reversing,  but  emergency  conditions  and  the  inching 
back  and  forth  to  obtain  correct  levels  are  the  equivalent 
of  "plugging"  service. 

"Plugging"  is  also  used  extensively  for  bringing  ap- 
paratus having  large  inertia,  such  as  flywheel  raotor- 


KiiiLTHtor  sets,  quickly  to  re.st.  Not  only  iu  it  a  de 
airable  operating  feature,  but  when  it  in  considered 
that  such  apparatu.s  will  often  run  for  an  hour  or  more 
when  di.sconnected  from  the  .source  of  supply  before 
coming  to  rest,  the  question  of  a  quick  stop  necessi- 
tates this  means  as  an  emergency  method  if  for  no 
other  reason.  What  would  otherwise  take  an  hour  or 
more  can  be  accomplished  by  "plugging"  in  the  space 
of  i  to  2,  3  or  4  minutes,  depending  largely  on  the 
inertia  and  on  the  limits  to  which  the  reverse  torque 
is  confined. 

Consider  first  the  electrical  stresses.  It  is  generally 
known  that  a  slip-ring  type  induction  motor  has  a  volt- 
age across  the  slip  rings  of  its  rotor,  which  is  a  maxi- 
mum at  standstill  and  a  minimum,  or  zero,  at  syn- 
chronous speed.  This  is  shown  by  the  curve  AB,  Fig.  6, 
and  represents  the  dielectric  stresses  in  the  rotor  under 
the  most  prevalent  and  usual  method  of  operation  found 
in  practice. 

If  the  motor  is  running  at  full  speed  in  one  direction 
of  rotation  and  is  reversed,  or  "plugged,"  by  changing 
the  primary  connections  the  dielectric  stresses  in  the 
rotor  are  doubled,  curve  BC,  Fig.  6,  so  that  it  is  now 
seen  that  the  rotor  insulation  is  subjected  to  a  much 
greater  stress  than  when  working  under  ordinary  con- 
ditions. Recognizing  these  conditions,  the  American 
Institute  of  Electrical  Engineers,  in  their  standardiza- 
tion rules,  call  for  dielectric  tests  which  meet  the  need 
for  additional  insulation  for  this  particular  kind  of 
service.    The  rule  given  is  as  follows: 

The  secondary  windings  of  wound  rotors  of  induction 
motors  shall  l,e  tested  with  twice  their  normal  induced 
voltage,  plus    1,000  volts.     By   normal   induced  voltage   is 
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here  meant  the  voltage  between  slip  rings  on  open  circuit 
at  standstill  with  normal  voltage  impressed  on  the  primary. 
When  induction  motors  with  phase-wound  rotors  are 
reversed  while  running  at  approximately  normal  speed,  by 
reversing  the  primary  connections,  the  test  shall  be  four 
times  the  normal  induced  voltage,  plus  1,000  volts. 

"Plugging"  service  therefore  requires  motors  having 
specially  insulated  rotors  in  order  to  safely  withstand 
the  severe  service  conditions  as  well  as  the  dielectric 
test  conforming  to  the  standardization  rules  of  tie 
American  Institute  of  Electrical  Engineers. 
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Consider,  secondly,  the  mechanical  stresses.  It  is 
self-evident  that  reversing  from  full  speed  in  one  direc- 
tion to  full  speed  in  the  opposite  direction  imposes 
strains  not  ordinarily  encountered.  For  this  reason  it 
is  sometimes  necessary,  especially  on  the  larger  units, 
to  double-key  the  rotor  spider  to  the  shaft,  dowel  or 
key  the  end  heads  that  support  the  rotor  coils  to  the 
spider,  and  to  protect  to  a  greater  extent  that  portion 
of  the  rotor  coil  lying  in  the  slot  portion  of  the  core 
against  mechanical  injury.  It  is  also  necessary  in  most 
cases  to  support  the  stator  coils  against  mechanical 
movements  and  weavings  due  to  the  stresses  set  up,  and 
where  possible  the  air  gap  is  made  larger  than  usual 
on  account  of  the  severe  service  to  which  the  bearings 
are  ordinarily  subjected.  The  nature  of  the  work  to 
be  accomplished  is  such  as  to  demand  a  motor  of  more 
rigid  mechanical  construction  than  is  otherwise  ordi- 
narily required. 

\The  next  and  last  installment  loill  consider  the  loca- 
tion of  the  motor;  connection  of  the  motor  to  its  load; 
power  requirements;  local  fire-^mderwriters'  require- 
ments; protection  of  motor;  and  selection  of  motor. — 
Editor.] 

Alignment  of  Oil-Engine  Main  Bearings 

In  the  manufacture  of  the  modern  oil  engine  the 
bearings  are  made  up  of  babbitt-lined  semicircular  shells. 
These  shells  rest  in  housings  formed  in  the  engine 
frame.  It  is  the  practice  to  bore  all  the  housings  on 
a  horizontal  boring  mill  at  one  setting.  They  are  then 
checked  by  a  special  fixture.  The  work  is  usually  per- 
formed in  a  painstaking  manner,  and  seldom  does  any 
housing  show  more  than  a  few  ten-thousandths  out  of 
alignment.  The  housings  are  filed  and  scraped  until 
they  test  true.  The  bearing  shells  are  all  made  of  equal 
thickness,  and,  after  being  bedded  in  the  housings,  are 
checked  for  alignment  by  a  test  shaft.  If  any  error 
appears,  it  is  corrected  by  scraping  of  the  babbitt. 

After  the  engine  is  installed  in  a  power  plant,  the 
bearings  begin  to  wear.  No  matter  how  excellent  the 
lubricating  system  may  be,  the  wear  starts  as  soon  as 
the  engine  turns  over.  Since  the  babbitt  linings  in 
the  several  bearings  are  never  of  equal  density  the 
wear  is  by  no  means  uniform.  Varying  pressures  in 
the  engine  cylinders  tend  to  increase  the  discrepancy 
in  the  rate  of  bearing  attrition.  If  the  flywheel  weight 
is  supported  or  partly  supported  by  one  of  the  end 
main  bearings,  this  bearing  will  probably  show  a  more 
rapid  wear  than  the  others.  Oil-engine  operators  should 
recognize  these  facts  and  take  proper  steps  to  maintain 
the  bearing  alignment.  Too  many  allow  matters  to 
drift  until  one  or  more  bearings  start  to  run  hot.  In 
most  instances  it  is  then  too  late  to  save  the  babbitt 
lining. 

Just  as  there  should  be  a  regular  schedule  in  grinding 
valves  and  pulling  pistons,  the  engineer  should  test  the 
bearings  at  stated  intervals.  It  is  difficult  to  give  a 
rule  as  to  the  length  of  time  elapsing  between  inspec- 
tions; the  operator  is  not  unduly  active  if  he  arranges 
to  examine  the  bearings  every  six  months.  To  remove 
the  bottom  half  of  the  bearing,  it  is  only  necessary  to 
lift  off  the  top  half  and  turn  the  flywheel.  The  re- 
volving shaft  will  draw  the  lower  bearing  from  the 
housing.  The  thickness  of  the  shell  should  be  measured 
at  both  ends  and  at  the  center;  several  measurements 
should  be  taken  at  various  points.  If  these  measure- 
ments are  the  same,   it   is  evident  that  the  wear  on 


the  particular  bearing  has  been  uniform.  If  the  meas- 
urements check  with  readings  taken  on  the  other  bear- 
ings, the  main  bearings  are  in  alignment.  If  one 
bearing  shows  that  it  is  low,  the  engineer  must  decide 
his  course  of  action.  It  is  possible  to  shim  up  under 
this  low  bearing  until  it  is  as  high  as  the  other.  If 
the  diff'erence  is  marked  this  is  the  best  pi'ocedure; 
sheet  steel  make  the  best  liners.  If  the  variation  is 
less  than  five  one-thousandths  of  an  inch,  probably  the 
best  scheme  is  to  scrape  the  other  bearings,  removing 
an  amount  of  babbitt  to  compensate  for  the  variation 
between  the  highest  and  lowest  bearings.  In  cases 
where  all  the  bearings  vary,  scraping  is  the  only  remedy. 
Few  engineers  are  equipped  with  a  micrometer  hav- 
ing a  gap  deep  enough  to  take  the  length  of  a  main 
bearing.  In  fact,  no  manufacturer  carries  such  an 
instrument  in  stock,  but  a  very  serviceable  one  may 
be  made  in  any  machine  shop.    A  piece  of  ^-inch  boiler 
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plate  is  cut  to  the  form  illustrated.  At  the  base 
a  hardened  pin  is  tui-ned  up  and  inserted  in  an  eye 
formed  out  of  the  steel  plate.  To  the  upper  end  of 
the  plate  is  riveted  and  soldered  the  shank  of  a  one- 
inch  micrometer.  The  distance  between  the  two  arms 
of  the  yoke  should  not  exceed  three  inches.  This  mi- 
crometer actually  measures  differences,  but  the  results 
desired  when  measuring  bearing  shells  are  differences 
and  not  exact  thicknesses. 

That  more  attention  should  be  given  to  bearings  is 
evidenced  by  a  recent  crankshaft  failure  on  a  500-hp. 
Diesel.  On  examination  the  shaft  showed  marked  crys- 
tallization. When  the  alignment  of  the  bearings  was 
checked  one  was  found  to  be  h-m.  lower  than  the  others. 
The  shaft  had  been  unsupported  between  two  of  the 
cranks,  and  at  each  power  sti-oke  of  these  two  cylinders 
it  had  bent.  This  bending,  continuing  for  months  at 
the  rate  of  350  times  per  minute,  resulted  in  crystal- 
lization and  final  failure.  In  this  breakage  a  loss  of 
some  $7,000,  plus  loss  of  operating  time,  is  traceable 
to  misalignment  of  the  main  bearings. 


In  the  description  of  the  Miami  Oklahoma  Diesel  plant 
Poiver,  Oct.  19,  page  615,  the  horsepower  rating  of  the 
engine  was  given  as  385  hp.  This  was  an  error  and 
should  have  been  500  hp. 
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THE  value  of  a  complete  system  that  permits  the 
recover>'  of  used  oil,  its  purification  and  its  de- 
liverj'  in  a  continuous  stream,  is  recognized  as  the 
extreme  limit  in  lubrication  economy.  The  merits  of 
a  central  oiling  system  depend  altogether  upon  the 
recovery  of  the  used  oil  and  the  ability  of  the  appa- 
ratus to  get  it  back  into  a  usable  condition. 

In  handling  the  lubrication  to  engines,  turbines  or 
high-speed  power  units,  lubrication  engineers  have  had 
to  give  considerable  study  to  the  problems  arising  from 
the  emulsification  of  oil  and  water.  We  often  hear  it 
said  that  oil  will  not  mix  with  water.  This  expression 
is  common.  But  engineers  know  that  oil  will  readily 
mix  with  water  under  favorable  conditions.  How  per- 
manent the  mixture  will  be  depends  much  upon  the 
chemical  composition  of  the  oil,  its  degree  of  refinement 
and  the  mechanical  action  to  which  the  oil  and  water 
are  subjected. 

Emulsified  oil  is  not  a  good  lubricant.  That  friction- 
reducing  film  cannot  be  maintained  with  an  oil-and- 
water  mixture.  The  forma- 
tion of  sludge  is  the  prod- 
uct of  an  emulsion.  It 
is  a  mixture  of  incorrect 
oil  with  water,  dirt  and 
mechanical  impurities. 
Emulsification  and  sludge 
are  responsible  for  more 
bearing  trouble  than  is 
generally  realized.  An 
emulsion  often  becomes 
so  thick  that  oil  pipes  are 

clogged  and  cause  a  failure  of  the  oil  supply.  Water 
in  the  oil  is  not  an  aid  to  lubrication;  it  is  a  dangerous 
impurity  which  must  be  kept  out,  just  as  dust  or  dirt. 

A  good  mineral  oil  does  not  wear  out  mechanically 
and  may  be  used  over  and  over  again.  If  it  has  been 
properly  purified  and  all  foreign  impurities  removed, 
it  usually  remains  as  good  as  new  oil  in  every  respect. 
But  it  must  be  carefully  filtered  and  rid  of  water. 

Entrained  water,  not  free  water,  is  the  most  trouble- 
some impurity  contained  in  used  oil  and  offers  the  most 
difficulty  to  separation.  More  or  less  water  is  sure  to 
find  its  way  into  the  oil  from  the  leaking  stuffing  boxes, 
cooling  coils,  or  seals,  etc.,  of  the  lubricated  machinery. 
This  water  mixes  with  oil  under  conditions  that  are 
correct  for  the  formation  of  an  emulsion.  The  kind  of 
water  used,  boiler  compounds,  speed  and  temperature 
of  journals,  as  well  as  kind  of  oil,  each  has  its  effect 
upon  emulsification.  Conditions  in  the  steam  turbine 
are  the  most  ideal  for  an  intimate  mixture,  for  here 
water  and  oil  are  churned  at  an  excessive  speed,  during 
high  temperature,  and  under  heavy  pressure.  Because 
the  steam  turbine  possesses  such  excellent  emulsion- 
forming  conditions,  it  is  important  that  turbine  oil 
should  be  of  such  character  that  it  will  rapidly  separate 
under  right  treatment  from  the  entrained  water. 

Nevertheless,  any  oil  that  possesses  even  a  high  re- 
sistance to  emulsification  will  mix  with  condensation 
around  a   steam  engine.     The   presence  of   heat   and 


Central  oil-circulation  systems  in  modem 
power  plants  are  coming  into  extensive  use 
as  a  means  for  producing  economy  in  oil 
consumption.  The  author  discusses  the  kind 
of  oil  to  use  in  such  systems  to  avoid  forming 
an  emulsion. 


motion  will  cause  the  oil  to  unite  with  moisture.  How- 
ever, if  these  mixtures  are  permitted  to  remain  in  a 
state  of  rest,  at  a  temperature  sufficient  to  keep  the 
viscosity  of  the  oil  greatly  reduced  and  for  a  period 
of  time,  entrained  water  will  settle  out  of  the  oil  and 
make  a  complete  separation.  The  proportion  of  water 
settled  out  of  the  oil  in  a  given  length  of  time  is  the 
measure  of  its  resistance  to  emulsification. 

In  the  selection  of  an  oil  to  be  used  in  a  plant  for 
bearing  lubrication,  and  particularly  one  to  be  used  in 
an  oil-circulation  and  filtration  system,  care  should  be 
taken  to  specify  an  oil  possessing  a  high  demulsibility 
test,  as  well  as  the  other  necessary  physical  properties. 
A  plant  with  a  circulatory  system,  and  means  for  re- 
covery and  using  the  oil  indefinitely,  can  afford  to  use 
the  best  oil  obtainable.  The  cost  of  the  small  amount 
of  oil  necessary  to  keep  the  system  filled  is  nothing 
compared  to  the  benefits  that  are  obtained,  such  as 
economy  in  power  and  economy  in  operation  of  the  sys- 
tem.   Resistance  to  emulsification  is  just  as  much  of  a 

physical  property  to  be 
demanded  in  specifications 
as  is  viscosity  or  flash 
point.  It  is  a  property 
given  the  oil  by  the  manu- 
facturer. An  oil  that  is 
highly  refined  or  is 
thoroughly  purified  will 
have  a  high  demulsibility 
test  which  serves  as  the 
best  proof  of  its  degree 
of  refinement.  As  a 
genei'al  rule  a  "pale"  lubricating  oil  has  been  filtered 
more  than  a  "red"  oil  and  will  not  emulsify  as 
readily.  A  good  oil  is  distinguished  not  necessarily  by 
its  lightness  of  color,  but  by  the  amount  of  filtering 
given  it  in  the  refinery.  The  elimination  of  waxes  from 
oil  by  more  complete  refining  causes  a  decided  increase 
in  the  ease  with  which  the  oil  will  separate  from  the 
water.  Some  oils  become  acid  with  long-continued  use 
because  of  impure  refining  or  because  of  absorbing  acid 
from  the  metal  with  which  they  come  in  contact.  The 
presence  of  acid  will  cause  a  rapid  decrease  in  demulsi- 
bility. Other  oils  remain  neutral  and  continue  to  be 
free  from  that  emulsion-fonning  property. 

The  cause  of  this  intimate  mixing  of  oil  and  water 
is  explained  by  various  theories.  Milk  is  a  natural 
emulsion,  composed  of  globules  of  butter  fat  coated 
with  casein  and  suspended  in  water.  In  mayonnaise 
dressing  the  globules  of  oil  are  coated  with  the  yolk  of 
egg  and  suspended  in  vinegar.  The  object  of  the  phar- 
macist in  making  permanent  emulsions  is  first,  to  thor- 
oughly divide  the  oil  into  globules  and  then  surround 
each  globule  with  an  adhesive  envelope  to  prevent  them 
from  reuniting.  The  lubricating  engineer,  on  the  con- 
tran%  desires  that  there  shall  be  no  substance  present  in 
the  oil  which  might  form  an  adhesive  envelope  in  case 
the  oil  becomes  finally  divided.  In  other  words,  if 
nothing  but  pure  oil  and  pure  water  are  present  any 
emulsion  that  might  be  formed  will  not  be  permanent. 
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To  aid  in  the  separation  of  the  entrained  water,  an 
)il  filter  must  be  used  which  is  so  designed  that  the  body 
jf  oil  to  be  treated  is  held  in  an  approximate  state  of 
rest  and  at  a  temperature  sufficient  to  thin  it  and  permit 
the  spheres  of  entrained  water  to  settle.  With  the 
assistance  of  a  properly  designed  filter  a  good  high- 
grade  oil  may  be  kept  free  from  entrained  water  and 
other  impurities  and  may  be  used  a  long  time. 

The  need  for  a  standard  emulsification  test  has  been 
of  great  importance,  not  only  to  the  lubrication  engi- 
neer, in  the  comparison  of  this  property  of  oil,  but  to 
every  operating  engineer  who  uses  a  continuous  oil- 
circulation  system.  If  more  oil  was  purchased  accord- 
ing to  specifications  and  each  batch  tested  before 
accepted,  it  would  not  be  so  easy  for  an  engineer  to  get 
an  inferior  grade. 

The  United  States.  Bureau  of  Standards  has  antici- 
pated this  need  of  a  standard  emulsification  test  and  has 


ing  turbine  oil,  a  demulsibility  test  of  300  is  a  good 
specification. 

Engineers  should  protect  their  oiling  systems  against 
those  conditions  which  cause  choked  oil  pipes  and  the 
disastrous  effects  of  insufficient  circulation  by  eliminat- 
ing all  chances  for  the  formation  of  an  emulsion  and 
sludge.  Sludge  is  the  "Jonah"  of  every  turbine  oper- 
ator. It  is  caused  by  the  emulsification  of  an  incorrect 
oil  with  water  and  other  impurities  or  the  continued 
use  of  an  oil  without  purification.  Every  circulatory 
oiling  system  is  affected  sooner  or  later  by  sludge  if 
the  impurities  are  not  continually  removed  from  the 
oil  by  means  of  a  good  filter.  Every  precaution  should 
be  made  to  prevent  this  danger,  trouble  and  expense 
caused  from  emulsification,  by  combining  the  use  of  a 
better  grade  of  oil  with  that  of  an  efficient  filtration 
system.  Better  lubrication  will  be  obtained,  mainten- 
ance trouble  will  be  reduced  to   a  minimum,   and  less 


Via.  I.     CLEAR,  FRESH  OIL. 

MICRO-PHOTOGRAPHS  OF  LUBRICATING  OILS, 


FIG.  2.     EMULSION  OF  OIL  AND  WATltiR 
FIVE  HUNDRED  DIAMETERS 


devised  one  that  will  give  more  uniformity  to  a  labora- 
tory analysis.  But  for  an  engine-room  comparison  of 
oils,  the  ordinary  operating  engineer  may  take  20  c.c.  of 
oil  and  40  c.c.  of  water  in  a  small  bottle,  shake  it  vigor- 
ously, at  a  temperature  of  about  130  deg.  F.  for  about 
five  minutes,  then  let  the  mixture  settle.  If  the  samples 
are  all  given  the  same  treatment,  the  comparison  will 
be  just  as  good  for  his  purpose  as  an  elaborate  test. 
The  highest  possible  demulsibility  wilP  be  obtained  if 
all  the  oil,  20  c.c,  settles  out  in  one  minute;  which, 
expressed  in  cubic  centimeters  per  hour,  equals  1,200. 

fiO 

Number  of  c.c.  of  oil  settled  out  X  T~- = = — r~ 

'  ^  time  m  minutes 

=  c.c.  per  hr.  ■=  demulsibility. 

For  example,  if  a  demulsibility  of  400  is  specified,  and 
the  oil  has  not  settled  out  in  three  minutes,  it  has  failed 
to  meet  the  requirements. 

During  a  test  with  tho  best  non-emulsifying  oils  there 
is  apparently  no  true  emulsion,  but  only  a  kaleidoscopic 
movement  of  bubbles.  The  test  is  onp  that  any  engineer 
can  make  and  will  be  a  wonderful  help  to  the  selection 
of  a  proper  oil.  Taken  as  a  whole,  according  to  their 
iemulsibility,  the  majority  of  the  oils  on  the  market 
are  either  v?ry  good  ri'"  very  bad.     Foi  a  non-emulsify- 


oil  will  need  to  be  purchased,  for  the  life  of  the  oil 
will  be  so  greatly  increased,  and  less  evaporation  losses 
will  be  had. 

A  good,  reliable  oil  filter  is  the  heart  of  a  circulatory 
oiling  system  and  will  prevent  sludging  and  dangerous 
emulsification. 

Fig.  1  specimen  is  new  unused  oil.  Fig.  2  specimen 
is  used  oil  from  a  circulatory  system,  showing  the  sludge 
formation,  the  result  of  the  emulsion  of  oil  and  water. 
The  oil-coated  water  globules  are  shown  entrapped  in 
the  oil. 

After  purification  in  a  reliable  oil  filter  this  dirt  and 
water  will  have  been  removed  and  the  condition  of  the 
oil  restored  to  that  of  the  new  unused  oil.  The  photo- 
micrographs show  oil  drops  magnified  500  diameters. 


The  British  Board  cf  Trade  and  the  Privy  Council 
have  appointed  special  committees  to  make  an  investi- 
gation of  available  "white  coal"  resources.  An  oflScial 
Water  Power  Resources  Committee  has  already  exam- 
ined and  reported  favorably  upon  nine  separate  schemes 
of  water-power  development  in  the  Scottish  Highlands. 
These  nine  schemes,  it  is  estimated,  would  yield  an 
aggregate  cf  183,500  hp,  at  a  cost  much  below  that  of 
generating  power  in  Scotland  by  the  use  of  coal. 
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Motor-Driven  Ice  Plaiils — Eleelrieal  Coiisuiiiption 

Per  Ton  ol'  Ice 


By  JOHN  E.  STARR* 


THE  cost  for  powci"  alone  per  ton  of  ice  made,  as 
distinct  from  the  total  cost,  is  a  subject  that 
admits  of  fairly  close  analysis,  especially  in  view 
if  the  large  amount  of  statistics  now  available  from 
electrically  driven  plants  where  the  power  output  can 
be  daily  accurately  measured. 

With  coal,  oil  or  other  source  of  power  the  results 
are  not  so  easily  arrived  at  on  account  of  the  great 
variation  in  quality  of  coal,  methods  of  firing,  cost  of 
labor,  etc.  The  in- 
creasing use  of  elec- 
tricity from  central 
stations  renders  the 
cost  in  kilowatt-hours 
in  actual  practice 
easily  obtainable,  and 
if  one  knows  the  kilo- 
watt-hours used,  he 
has  only  to  reckon 
the  local  rate  for  elec- 
tricity to  get  at  the 
cash  cost.  The  varia- 
tion in  cost  lies 
mainly  in  the  cost  of 

operating  auxiliaries,  and  the  load  factor,  which  latter 
includes  the  time  of  operating  the  machine,  whether  on 
a  steady  monthly  load  for  a  certain  period,  the  time 
of  year  of  the  period  and  the  weekly  load  factor.  For, 
with  electricity,  the  charge  is  usually  based  on  the 
maximum  load  occurring  during  the  week  computed 
from  short-time  meter  reading  taken  by  the  electric 
company — all  of  which  argues  for  a  low  weekly  maxi- 
mum demand,   a   full  load  for  each   month   while  the 


Variation  in  cost  lies  mainly  in  cost  of  operat- 
ing auxiliaries,  and  the  load  factor.  Under  usual 
conditions  of  pressures^  loads,  temperatures,  and 
volumetric  efficiency,  48. .5  kilowatt-hours  per  ton 
of  ice  is  the  usual  good  result  as  found.  The 
compressor  should  have  a  separate  current  me- 
ter. The  cost  of  operation  varies  with  the  sea- 
sons, especially  where  cooling-tower  water  is  used. 


this  increase  in  back  pressure  can  be  reduced  to  44.1 
per  ton  of  ice  for  the  machine  alone.  If  electricity  cost 
He  per  kw.-hr.,  the  .saving  by  increased  back  pressure 
would  amount  to  $0.00  for  each  100  tons  of  ice  made, 
or  a  gain  of  about  9  per  cent  as  to  this  item  alone.  If 
in  the  cooler  months  the  head  pressure  be  reduced 
to,  .say,  145  lb.  and  the  back  pressure  held  at  20  lb. 
gage,  the  machine  electrical  input  per  ton  will  be 
reduced  to  35.16,  and  so  on.    But  the  power  cost  to  run 

the  compressor  is  not 
the  total  power  cost. 
It  takes  electricity 
for  water  pumping, 
for  lighting,  for 
cranes  and  for  air  and 
brine  agitation,  and 
these  are  as  much  the 
power  cost  of  ice  as 
is  the  machine  cost. 
It  is,  of  course,  well 
to  have  a  separate 
meter  on  the  machine 
alone  and  so  facilitate 
the  analysis  of  power 
costs  and  the  separation  of  the  machine  cost  from  the 
balance.  In  this  case  the  table  is  directly  usable  as  it 
stands,  as  far  as  machine  costs  go. 

Where  one  meter  for  the  entire  plant  is  used,  a  per- 
centage, which  will  vary  with  the  circumstances  in  each 
case,  depending  on  the  water  used  and  its  temperature, 
the  amount  of  lights,  etc.,  must  be  added  to  the  table. 
The  cost  of  operation  also  varies  with  the  season, 
especially  where  tower  water  is  used,  as  this  will  be 


POWER  IN  KILOWATT-HOURS  PER  TON  OF  ICE 


Suction 

Pressurc 

51b.! 

Head 

Kw.-h 

Pressure 

T 

Gage 

Refr. 

145 

35  52 

ISO 

36  5 

155 

37  4 

160 

38  4 

165 

39   35 

170 

40  3 

175 

41    3 

180 

42  2 

185 

43.2 

190 

44    1 

195 

45    1 

200 

46  05 

205 

47  04 

10  lb. 

gage 

K 

w.-hr.  per 

Ton 

Rcfr. 

Ice 

30 

07 

46  24 

30 

9 

47  5 

31 

7 

48.8 

32 

55 

50.2 

33 

4 

51   5 

34 

2 

52.9 

35 

2 

54  2 

36 

1 

55  5 

36 

9 

56.9 

37 

8 

58.2 

38 

6 

59.5 

39 

5 

60  8 

40 

368 

62   16 

Ice 
54.6 
56.1 
57.6 
59.1 
60  6 
62.0 
63  4 
65.05 
66.5 

68  0 

69  4 

70  9 
72   43 

plant  is  running  at  all  and  a  run  of  the  largest  number 
of  months  possible  at  full  load. 

Much  depends  on  the  local  conditions  as  to  water 
supply,  both  as  to  temperature  and  quality. 

At  185  lb.  gage  head  pressure  and  30  lb.  absolute,  or 
about  15  lb.  gage  back  pressure,  and  the  average  volu- 
metric efficiency  obtaining  in  good  practice,  and  as- 
suming that  the  ice  is  made  i-egularly  on  a  good 
weekly  load  factor,  it  takes,  as  shown  by  the  table 
48.5  kilowatt-hours  to  make  a  ton  of  ice.  If  con- 
ditions such  as  sufficient  tankage  and  cannage  will 
allow,  20  lb.  gage  back  pressure  and  185  lb.  gage 
head  pressure  may  be  used.     The  kilowatt-hours   by 


1 5  lb.  gage 

Kw.-hr.  per 

Ton 

Refr. 

Ice 

25.68 

39  5 

26  4 

40  65 

27  2 

41   8 

28.0 

42  9 

28  8 

44  05 

29  55 

45.2 

30.35 

46.3 

31    15 

47.4 

31.9 

48.5 

32.7 

49  7 

33  45 

50  8 

34.2 

51   95 

35  04 

53  088 

201b 

gage 

K»-.- 

lir.  per 

Ton 

Refr. 

Ice 

22  87 

35    16 

23  6 

36  2 

24.3 

37  35 

25.1 

38.46 

25  8 

39  6 

26.5 

40  7 

27.2 

41    85 

27.95 

43.0 

28.7 

44   1 

29  4 

45  2 

30   1 

46  3 

30  85 

47  4 

31    58 

48  57 

251b 

gage 

Kw.- 

IT.  per 

Ton 

Refr. 

Joe 

20.259 

31.16 

20.9 

32.4 

21.6 

33  55 

22.3 

34.7 

23.0 

35  85 

23  65 

37  0 

24  3 

38.2 

25  0 

39.35 

25.7 

40  5 

26.4 

41.7 

27.05 

42.8 

27  7 

44.0 

28  40 

45   12 

'Starr  Engineering  Co.,  Xew  York  City. 


colder  in  the  spring  and  fall  months  than  in  the  sum- 
mer, and  therefore  the  head  pressure  will  vary. 

The  combined  operation  of  five  plants  using  tower 
water  varied  from  27.7  kw.-hr.  per  ton  in  December 
to  50.6  in  July  for  all  purposes,  including  .short  storage 
and  lighting,  and  the  average  for  the  year  was  41.6.; 
18  plants  averaged  51.12  for  the  year. 

One  plant  averaged  57  kw.-hr.  per  ton  for  the  year, 
another  58.8  kw.-hr.  and  a  smaller  one  (50  tons  max.) 
62.2  kw.-hr  per  ton  for  the  year.  Another  plant  in 
1914  made  15,000  tons  at  a  low  suction  of  from  12  to 
15  lb.  and  brine  temperature  of  8  to  12  deg.  F.,  operat- 
ing from  June  to  October,  and  averaged  55.0  kw.-hr. 
per  ton,  running  as  high  as  Q6  kw.-hr.  per  ton  for  one 
month  for  all  purposes. 
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In  the  following  year  the  tank  surface  and  can  ratio 
was  increased  and  a  higher  back  pressure  of  22  lb. 
with  brine  at  18  deg.  F.  was  used,  with  a  result  of 
40.5  kw.-hr.  per  ton  for  the  whole  year,  and  47.7  kw.-hr. 
per  ton  for  August.  This  consumption  was  for  all  pur- 
poses, including  auxiliaries.  The  higher  back  pressure 
made  a  gain  of  about  9  per  cent  in  operative  cost. 

The  load  factor,  both  annual  and  weekly,  has  a  big 
effect  on  the  amount  of  current  used  per  ton.  A  plant 
making  30,000  tons,  with  a  good  productive  factor  of 
821  per  cent  in  ice,  averaged  41.78  kw.-hr.  for  the  year, 
and  ran  up  to  48  kw.-hr.  in  July. 

The  figures  given  in  the  table  are  practical  figures 
representing  average  good  practice  and  are  based  on 
the  pounds  of  ammonia  that  must  be  evaporated  to  pro- 
duce a  ton  of  refrigeration  and  the  resulting  cubic  feet 
at  the  evaporator.  To  this  is  added  the  usual  losses 
caused  by  cylinder  heating,  which  "swells"  the  gas  dur- 
ing compression.  The  figures  can  be  and  have  been 
beaten  by  actual  test  by  about  10  per  cent,  but  is  taken 
as  an  average  good  result  in  practical  every-day  opera- 
tion. It  is  further  assumed  that  the  electricity  paid 
for  delivers  80  per  cent  of  its  power  to  the  gas,  or  an 
allowance  is  made  of  20  per  cent  for  all  losses  in  trans- 
mission and  friction  between  the  wire  and  the  gas.  It 
is  then  assumed  that  65  per  cent  of  the  refrigerating 
power  will  manifest  itself  in  ice  made. 

Some  Loss  Is  Inevitable 

Certain  losses  are  inevitable,  such  as  the  cooling  of 
the  water  (raw-water  ice)  from,  say,  70  to  32  deg., 
also  the  loss  by  heat  entering  the  ice  tank,  and  the 
meltage  from  the  can,  and  the  heat  to  raise  the  ice 
from  the  tank  temperature  to  32  deg.  These  losses 
can  be  reduced  only  by  a  small  percentage.  So  on  the 
whole  the  figures  cannot  be  beaten  much  over  10  per 
cent  by  the  most  expert  and  careful  manipulation. 

It  is  interesting  to  note  the  effect  of  increasing  back 
pressure  on  the  power  costs.  Only  slightly  better  than 
the  figures  given  in  the  table  has  been  done  under 
exceptional  circumstances.  These  high  results  were  ob- 
tained by  experts  in  the  (now  classic)  Eastman  Kodak 
tests  and  are  here  given.  In  these  tests  the  machine 
was  turned  up  to  its  highest  mechanical  perfection. 
If,  therefore,  any  plant  owner  is  approximating  the  fig- 
ures shown  in 
the  table,  plus 
cost  of  oper- 
ating auxili- 
aries   at    the 


pressures 
given,  he  is 
doing  about 
the  best  he 
can  do  as  to 
power  and 
could  not  im- 
prove the  effi- 
ciencies over 
10  per  cent  at 
these  pres- 
sures.  Of 
course  the 
hea4  pressure 
may  behigher 
than  it  ought 
•to  be  by  rea- 


son of  air  or  "foul"  gas  or  insufficient  condenser  sur- 
face, but  that  is  another  story.  Often  actual  produc- 
tion is  of  more  moment  than  production  cost  per  ton. 
It  may  be  better  to  produce  125  tons  at  a  higher  power 
cost  per  ton  than  100  tons. 

Above  all  it  is  necessary  to  remember  that  the 
power  cost  is  but  one  portion,  although  an  important 
one,  of  the  entire  cost  to  get  the  ice  to  the  ultimate  con- 
sumer or  even  to  deliver  it  on  the  platform.  The  power 
cost  is  largely  dependent  on  the  back  pressure  available, 
for  as  far  as  power  cost  alone  is  concerned,  it  is  better 
to  manufacture  at  the  highest  back  pressure,  that  is, 
the  highest  temperature,  possible.  Profit  is  dependent 
on  the  proper  ratio  being  struck  between  the  power  cost 
and  the  salable  production. 

The  clearance,  as  shown  by  cards,  was  practically  neg- 
ligible. The  friction  was  reduced  to  a  minimum,  and 
the  tests  were  conducted  by  such  practical  experts  as 
Louis  S.  Moose,  A.  Winborg,  Luther  Bond,  H.  R.  Fisher, 
R.  T.  Whitehouse,  La  Ramsay,  William  Stair,  F.  X. 
Kuhn  and  C.  E.  Allison  on  behalf  of  Yorke  Co.,  and 
the  reports  were  signed  by  Louis  Block  for  the  De  La 
Vergne  Co.,  A  Winborg  for  the  Yorke  Co.  and  W.  S. 
Lucey  for  the  Eastman  Co.  The  tests  were  witnessed 
also  by  such  men  as  Dr.  C.  E.  Lucke,  Prof.  E,  D.  Thur- 
ston, W.  D.  Monks  and  E.  Dettmar  in  the  De  La  Vergne 
interests,  and  Messrs.  Cole,  Lucey,  Lindsay,  Gapin  and 
Tallinger,  of  the  Eastman  Company. 

The  final  results  of  these  tests  at  185  gage  head 
pressure  and  20  gage  back  pressure  were  as  follows: 


I.  Ho.  per  Ton 

Refr  geration 

I    A\8 

I    427 

I    389 


Test  No. 
4 
5 


I.  Hp.  per  Ton 

Refrigeration 

1.422 

1.425 

I   439 


Average  of  all,  1.42  hp.  per  ton  refrigeration,  or  26.42 
kw.-hr  per  ton  refrigeration  or  39.01  kw.-hr.  per  ton 
of  ice  on  a  65  per  cent  basis. 

The  table  gives  44.1  kw.-hr.  for  ice  for  185  and  20 
lb.  The  test  made  by  the  best  experts  in  America  on 
a  machine  especially  prepared  for  the  test,  therefore. 


44.1 


39.01 


44.1 


^  11.3  per  cent  better  than 


showed  only 

the  table: 

The  best  test  result  (No.  3)  was  13.8  per  cent  better 

and  the  worst  (No.  6)  was  10.2  per  cent  better  than  the 

table.  Hence 
under  ordi- 
nary circum- 
stances in  the 
run  of  com- 
mercial work 
the  results 
shown  in  the 
table  should 
be  considered 
satisfactory 
and  can  be 
beaten  frac- 
tionally only 
with  the  ut- 
most care,  as 
the  Eastman 
te^ts  were 
verj'  near  the 
utmost  possi- 
ble theoreti" 
cally. 
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I\)\v(M'  Drvelopiiinil  ill  the  Future 

Effects  Powor  Development  in  Its  Various  Forms  Has  Had  Upon  Incliistrial  Progress 

— Limitations  of  Our  Present  Methods  of  Power  Generation  and    Distribution — 

Central  Stations  and  Isolated  Plants — Superpower  Plants  and  Reeovery 

of  Byprodiiets  in  Coul — Utilization  of  All  the  Products  in  Coal 

Imposes  Itself  in  the  Near  Future 

By  lazarovich-hrebelianovich 


THE  labor  of  nature  expressed  in  energy  in  all  its 
forms  of  power  has  become  today  one  of  the  most 
indispensable  of  marketable  products,  the  parent 
of  all  production.  The  history  of  the  progress  of  man- 
kind all  the  way  down  to  modern  industry,  is  the  story 
of  the  development  of  power,  from  the  application  to 
man's  use  of  the  crude  forces,  down  to  the  gradual 
unlocking  of  the  energ>'  stored  up  in  the  world's  making. 
Through  the  long  ages,  up  to  the  very  doors  of  modem 
life  in  the  Eighteenth  Centur>'  stretched  the  period  of 
the  primitive  knowledge  and  use  of  power.  This  period, 
the  period  of  wind  and  water,  is  marked  by  the  limited, 
local  and  individual  character  of  its  industries. 

The  Industrial  Revolution 

When  men  began  to  liberate  the  energy  of  coal  and 
use  the  power  of  steam  as  a  motive  force,  the  old  world 
order  passed  away  and  the  so-called  "industrial  revolu- 
tion," a  hundred  years  ago,  ushered  in  the  formative 
period  of  modern  industry  and  of  the  new  world  order 
now  dawning.  The  use  of  steam  freed  power  from  geo- 
graphic restrictions  inherent  in  hydraulic  power,  opened 
the  coal  fields  and  the  oil  wells  and  created  and  developed 
transportation  and  industry  as  they  are  today. 

Present  industry  has  been  developed  on  the  basis  of 
the  distributive  use  of  coal.  Although  the  possible 
expansion  of  industry  is  unlimited,  the  means  of  bring- 
ing to  it  energy'  in  the  form  of  coal,  requiring  a  rela- 
tively enormous  and  superfluous  bulk,  has  well-nigh 
reached  the  limit  of  transportation  capacity.  Since  not 
over  20  per  cent  of  the  energy  contained  in  coal  is  made 
available  from  the  fuel  under  the  boilers  in  the  most 
favorable  conditions,  a  more  complete  utilization  of  coal 
has  become  imperative.  This  situation  signals  prac- 
tically the  end  of  the  formative  period  of  industry,  and 
the  opening  of  the  reign  of  the  new  motive  force,  "elec- 
tricity." 

Electricity,  virtually  energy  itself,  is  free  from  sub- 
stantial form,  devoid  of  bulk,  practically  abolishing  time 
in  its  transmission,  and  to  a  great  extent  distance, 
capable  of  subdivision  and  distribution,  easy  of  applica- 
tion and  adaptable  to  a  vast  range  of  utilization.  All 
these  capacities  and  characteristics  make  it  possible  to 
measure,  buy,  sell,  distribute  and  use  energy,  whereby 
power  is  a  marketable  product.  With  the  coming  in  of 
this  new  article  of  commerce,  human  industry  in  all  its 
branches  enters  the  era  of  unlimited  possibility. 

Development  of  Central  Povster  Stations 

The  following  figures,  covering  the  development  of 
tentral  power  stations  in  the  United  States,  show  the 
rapid  increase  in  the  use  of  electric  energy  in  the  form 
of  power  and  light :  Electric  energy  generated  for  sale 
in  1907  was  10,621,407,000  kw.-hr.;  1912,  17,585,622,000 
kw.-hr.;  19.17.  27,000,000,000  kw.-hr.;  and  in  1920  it  will 


be  over  40,000,000,000  kw.-hr.,  which  shows  an  increase 
of  around  300  per  cent  over  the  production  that  was  ob- 
tained in  1907. 

Electric  energy  is  generated  either  by  water  power 
or  by  the  use  of  coal  or  oil.  At  present  the  hydro-elec- 
tric power  production  is  equal  to  the  u.se  of  about 
40,000,000  tons  of  coal,  whereas  over  400,000,000  tons, 
or  two-thirds  of  the  total  coal  production  in  the  United 
States  is  yearly  consumed  to  produce  steam  and  electric 
power. 

The  total  water  power  developed  at  present  in  the 
United  States  amounts  to  about  9,823,000  hp.  (Water 
Power  Committee  with  Electric  Light  Association),  of 
which  about  4,500,000  hp.  is  commercial  power.  The 
potential  water  power  is  estimated  at  about  200,000,000- 
hp.,  of  which  about  20,000,000  hp.  is  capable  of 
immediate  development.  Of  the  aforementioned  total 
potential  water  power  60,000,000  hp.  could  be  used  with- 
out special  provisions  for  storage.  About  13  per  cent 
(report  National  Electric  Light  Association)  of  the 
readily  available  water  power  and  3  per  cent  of  the  total 
open  to  development  under  arrangements  for  water 
storage  have  been  developed. 

Approximately  600,000,000  tons  of  coal  is  required 
annually  in  the  United  States,  and  the  mines  can  furnish 
about  750,000,000  tons  per  annum,  but  the  railroads  are 
unable  to  handle  normally  more  than  550,000,000  tons, 
the  failure  of  the  roads  to  do  so  being  attributable  to  lack 
of  motive  power,  car  shortage  and  delay  in  unloading. 

Transportation  Facilities  Required  to  Handle 

Coal  for  Pov^^er 

It  has  been  said  in  the  foregoing  that  the  power  pro- 
duction in  this  country — steam  and  electric  power 
together — consumes  about  400,000,000  tons  per  annum, 
the  moving  of  which  requires  about  10,000,000  carloads, 
at  40-ton  car  capacity.  In  1917  there  were  in  the 
United  States  950,000  coal  cars  in  use.  In  addition  there 
has  also  to  be  moved  about  160,000,000  tons  of  coal 
for  heating  and  coke-making  purposes,  the  transporta- 
tion of  which  requires  another  4,000,000  carloads.  Thus 
the  total  annual  hauling  requirement  for  coal  is 
14,000,000  carloads. 

Let  it  be  assumed  that  the  water  power  at  present 
not  utilized  but  economically  immediately  available  for 
the  generation  of  electric  power  amounts  to  20,000,000 
electric  horsepower.  On  an  average  it  requires  about 
15  tons  of  coal  to  generate  one  electrical  horsepower 
year,  hence  these  20,000,000  hp.  of  water  power  repre- 
sent about  300,000,000  tons  of  coal,  which  by  the  utiliza- 
tion of  that  water  power  could  be  saved,  relieving  there- 
by the  means  of  transportation,  which  would  then  not 
be  taxed  above  their  capacity. 

In  spite  of  the  growing  use  of  electricity  practically, 
no  change  has  been  eifected  in  the  method  of  using  coal. 
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and  only  a  small  fraction  of  the  available  water  power 
has  been  developed,  although  electricity  has  rehabilitated 
the  use  of  water  power,  making  available  for  generating 
-purposes  the  two  main  sources  of  energy;  namely,  fuel 
and  water. 

Central  So'ation  Versus  Isolated  Plant — 
Three  Possible  Solutions 

In  the  United  States  for  over  twenty  years  a  con- 
troversy has  been  going  on  between  the  advocates  of 
central  stations  and  those  of  private  or  isolated  plants, 
as  the  most  economical  means  of  power  supply.  The 
respective  merits  of  eac'.i  of  these  systems  have  been 
put  forward,  certain  salient  points  being  acknowledged 
by  both  sides.  The  central-station  or  public-utility 
field  includes  a  host  of  establishments  where  the  instal- 
ation  of  isloated  plants  is  not  warranted,  as  also  the 
isolated  plant  is  an  economic  necessity  in  certain  types 
of  buildings  and  in  certain  manufacturing  establish- 
ments in  which  heat  and  process  steam  are  of  prime 
necessity. 

This  situation  caused  a  third  school  to  come  foi-ward 
and  to  advocate  as  a  solution  of  the  problem  the  making 
available  of  the  commodity  by  a  co-operation  of  central 
stations  with  isolated  plants.  To  this  school  must  be 
added  the  plan  of  a  further  utilization  of  the  fuel  by 
developing  a  central-station  service  of  heat  and  steam, 
which  service  in  concurrence  with  gas  and  electric  cur- 
rent is  in  practice  in  some  cities. 

However,  the  advocates  of  central-station  supply  and 
those  of  private  isolated  plants,  and  those  who  would 
find  a  solution  of  the  problem  in  a  co-operation  of  these 
two  supply  methods,  as  well  as  those  who  propose 
further  utilization  of  fuel  by  a  central-station  service  of 
steam  and  heat,  concern  themselves  only  with  coal,  oil 
or  gas  as  direct  fuel,  forgetting  that  at  best  only  about 
20  per  cent  and  frequently  only  about  6  per  cent  of  the 
energy  content  of  coal  is  transformed  into  the  market- 
able product,  power. 

Superpower  Plants  and  Multiple  Production  of 
Power  and  Byproducts  from  Coal 

The  use  of  electric  power  today  is  a  product  of  such 
increasing  demand  that  the  issue  is  of  a  general  power 
problem  and  not  one  of  hydro-electric  power  or  steam- 
electric  power,  or  of  central  stations  or  isolated 
plants.  Transmission  lines  100  miles  in  length  are  com- 
mon today  and  lines  200  and  300  miles  long  are  in  use, 
hence  power  can  be  transmitted  long  distances  and  the 
question  is  whether  it  be  more  advantageous  to  trans- 
port generated  power  or  to  transport  energy  in  bulk; 
that  is,  fuel  to  generate  the  power.  This  question  in 
itself  indicates  that  the  basis  of  the  problem  is  economy 
in  material  and  human  effort,  which  requires  the  fullest 
utilization  of  the  sources  of  energy. 

Coal,  besides  being  enei-gy  in  material  and  bulky  form, 
is  also  the  source  of  innumerable  products  of  great 
economic  value.  More  than  one  thousand  coal  products, 
as  vital  to  the  community  as  fuel,  are  today  in  use. 
The  full  utilization  of  the  whole  range  of  values,  includ- 
ing energy,  today  still  transported  in  the  form  of  coal, 
imposes  itself  in  the  near  future.  This  utilization,  at 
present  confined  to  the  coke  and  gas  industry,  which 
can  still  be  described  by  the  term  of  "byproduct  pro- 
duction" as  it  takes  only  half  the  field,  must  broaden 
itself  and  become  an  economic  force  covered  by  the  term 
of  "multiple  production."  There  lies  the  future  and  the 
only  great  future  for  what  we  call  the  "gas  industry." 


The  meaning  of  "multiple  production"  becomes 
apparent  when  it  is  remembered  that  one  ton  of 
bituminous  coal  gives  10,000  cu.ft.  of  illuminating  (or 
fuel)  gas,  20  lb.  of  ammonium  sulphate,  2*  gal.  of  benzol 
and  8';  gal.  of  tar,  which  represent  only  the  primary 
products;  while  other  chemicals,  drugs,  dyestuffs,  etc., 
could  be  extracted.  The  illuminating  gas  and  the 
benzol  are,  one  a  perfect  fuel  and  the  other  an  equiva- 
lent of  gasoline  as  motor  fuel.  Multiple  production  will 
make  both  gas  and  benzol  important  sources  for  power 
generation. 

Enormous  Waste  of  Coal  Due  to  Poor 
BoiLER-RooM  Practice 

It  has  been  estimated  by  the  Fuel  Administration  that 
between  10  and  25  per  cent  of  steam  coal  is  at  present 
wasted  when  burned  under  the  boilers,  caused  by  poor 
boiler-room  practice.  About  420,000,000  tons  of  the 
annual  requirements  of  hard  and  soft  coal  in  the  United 
States  is  used  to  generate  power,  half  of  which  is  used 
by  industry  and  the  other  half  is  consumed  by  the  trans- 
portation lines.  Reckoning  on  the  basis  of  a  12  per  cent 
avoidable  wastage  gives  a  minimum  annual  wastage  of 
50,000,000  tons  of  steam  coal. 

Although  electric  power  generation  and  transmission 
has  made  headway,  multiple  power  production  is  yet  to 
be  generally  adopted,  its  importance  not  yet  having  been 
grasped.  Yet  both  are  the  most  important  economic 
forces  of  molding  influence  on  the  present  industrial 
order.  The  principle  of  multiple  power  production  as  an 
economic  force  is  bound  to  cause  a  revision  in  popularly 
accepted  ideas  of  economics. 

British  Coal  Conservation  Plan  Recommended 
BY  Reconstruction  Committee 

Numerous  plans  are  advocated  representing  solutions 
of  the  indu.strial-power  problem.  The  most  radical  solu- 
tion, involvinor  the  principle  of  multiple  power  produc- 
tion, is  perhaps  the  plan  advocated  by  the  British  Coal- 
Conservation  Committee,  of  which  the  following  is  an 
abstract : 

The  subcommittee  of  the  Reconstruction  Committee  in 
Great  Britain  recommends  that  the  present  inefficient  elec- 
tric-service system  should  be  superseded  by  a  comprehen- 
sive system  divided  into  about  sixteen  districts  in  each  of 
which  there  should  be  one  authority  dealing  with  all  gen- 
eration and  main  distribution.  Sites  for  electric  generat- 
ing purposes  should  be  chosen  on  important  waterways 
outside,  not  inside  of  towns.  Plans  to  be  prepared  to  con- 
struct on  these  sites  large  superpower  plants,  capable  (1) 
of  supplying  energy  to  a  comprehensive  electric  power- 
distribution  system;  (2)  of  supplying  electric  energy  at 
lowest  possible  price  for  all  processes  and  manufacture. 
Such  plants  should  be  designed  so  that,  as  methods  are 
perfected  for  extracting  byproducts  from  fuel  before  using 
it  for  the  purpose  of  production  of  electrical  energy,  the 
byproduct  plant  can  be  combined  with  the  power  plant. 
Power  available  from  surplus  gas  or  waste  heat  should  be 
turned  into  electrical  energy  in  local  plants,  which  should 
feed  into  the  main  distributing  system.  Coal  which  does 
not  warrant  ti'ansportation  away  from  the  mine  should  be 
used  at  the  spot  for  power  generation.  With  a  view  to 
carrying  out  this  policy  a  board  of  commissioners  should 
be  appointed  with  the  following  powers:  (a)  to  stop  the 
extension  or  multiplication  of  uneconomical  stations  for 
public  supply;  (b)  to  arrange  for  the  handing  over  on  equit- 
able terms  of  the  generation,  transmission  and  main  dis- 
tributing system  in  each  of  the  areas  into  which  the  coun- 
try is  to  be  divided;  (c)  to  standardize  for  each  area  the 
frequency,  and  voltage  of  the  main  transmission  and  dis- 
tribution systems;  (d)  to  select  for  each  area  the  authori- 


746 


V  O  \\  K  \l 


Vol.  C,2,  No.   r.» 


tics   to  work   under  udc(iuntP  control   ns   rovri'rtlH   liniitalion 
of  dividonds,  I'tc. 

Alteniative  types  of  electric  orjjanizalion.s  are  de- 
scribed in  all  apiKjndi.x.  In  reference  to  the.se  alternative 
type.s  the  su*Koniniitteo  empha.size.s  the  need  of  initiative 
and  resource  in  manajrenient  of  electric  .service  organ- 
ization.s  and  the  freedom  of  ranpre  and  keenness  which 
are  distinctive  of  private  enterpri.se,  as  such  things  arc 
highly  conducive  to  the  l>est  succe.ss.  Here  is  a  super- 
power central  station  plan  based  on  coal  as  source  of 
energy  combined  with  the  application  of  the  principle  of 
multiple  production. 

In  the  United  States  and  elsewhere  all  plans  which 
follow  the  idea  of  superpower  stations  and  of  multple 
production,  take  into  account  the  necessarj'  development 
of  avai'nble  water  power  as  the  source  of  energy  for 
those  regions  lacking  coal.  The  British  superpower 
station  plan  and  those  following  that  idea  offer  the  sole 
.solution  taking  into  consideration  the  principle  of 
multiple  production  and  with  it  the  replacement  of  steam 
as  power  by  internal-combustion  (^gas  or  benzol) 
engines  and  electric  energj'. 

The  Sale  of  Electric  Power 

Electric  plants  were  first  established  to  furnish  cur- 
rent for  lighting.  The  operating  costs  and  the  profits 
of  the  enterprise  were  borne  by  these  consumers.  Soon 
it  was  found  that  the  plant  could  be  operated  cheaply 
during  the  daytime,  provided  the  light  consumers  con- 
tinued to  bear  the  burden  of  the  operating  costs,  the  sale 
of  power  generated  during  the  day  representing  net 
gain.  This  was  the  starting  point  of  the  methods  of 
selling  electric  power.  With  the  increased  use  of  elec- 
tric light  and  power  and  electric  energy  becoming  a 
salable  product,  innumerable  systems  of  determining  a 
just  and  logical  rate  charge  were  put  forward  and  came 
into  use. 

In  accord  with  the  general  tendency  toward  standard- 
ization and  simplification,  certain  simplified  tariff 
systems  have  in  late  years  been  proposed,  systems  that 
are  said  to  be  suitable  in  any  area  of  supply  and  whose 
principle  is  the  abolishing  of  the  "diversity  factor"  as 
well  as  the  "load  factor."  The  most  characteristic  of 
these  suggested  systems  is  the  so-called  "postal  plan" 
of  selling  power  to  industry  and  any  other  consumer  of 
electric  energy. 

Postal  Principle  of  Selling  Power 

The  postal  principle  of  selling  means  a  fixed  charge 
per  kilowatt-hour  independent  of  maximum  demand  and 
number  of  customers  served,  taking  only  into  account 
the  number  of  kilowatt-hours  sold,  the  plan  being  based 
on  the  idea  that  a  two-cent  stamp  will  carry  a  letter  any- 
where— the  two  cents  representing  the  sale  price  of  the 
postal  service  for  a  given  unit,  of  weight  of  letter.  If 
the  average  cost  of  generating  electric  energy  is  two 
cents  per  kilowatt-hour,  a  uniform  rate  per  kilowatt- 
hour  could  be  established,  say  a  two-cent  rate,  independ- 
ent of  class  of  service,  lighting,  power  or  tractibn  load 
and  independent  of  the  quantity  of  service  that  is 
required. 

The  question  is  whether  such  a  plan  is  feasible  with 
conditions  as  they  are  at  present  in  the  central-power- 
station  industry.  Today  what  mostly  handicaps  its 
development,  whether  the  power  is  produced  from  coal 
or  waterfalls,  is  the  necessity  of  providing  means  of 
transmission  and  distribution,  which   require  a  great 


initial    invest mnnt    with    high    costs    of    maintenance.        I 

The  postal  .service  is  that  of  a  common  carrier  of  the 
public  utility  order,  and  in  applying  to  the  selling  of 
energy  the  principle  of  selling  service  for  a  given  unit 
of  weight  for  a  fi.xod  standard  price,  we  will  have  to 
adopt  the  common  public-carrier  system  for  the  trans- 
mission of  electric  energy.  The  British  superpower- 
station  plan  recognizes  that  necessity  and  provides  for 
the  standardization  of  frc(iuency  and  voltage  of  the  main 
transmission  and  distributing  .systems  and  for  an 
authority  to  deal  with  generation  and  distribution.  A 
universal  standard  tariff  system,  like  the  postal  plan  of 
.selling  energy,  would  certainly  have  an  enormous 
influence  on  industry  and  give  a  tremendous  impetus  to 
the  use  of  electric  energy.  Power  would  then  really 
become  a  salable  product,  cheap,  staple  and  of  even  more 
general  use  than  at  present. 

Co-ordination  of  Interests  Urged 

The  prime  function  of  industry  is  service  to  the  com- 
munity, to  be  rewarded  commensurately  with  that 
service.  Power  is  the  basis  of  industry;  without  it 
industry  cannot  exist.  Hence,  power  is  a  force  of 
prime  necessity  to  the  welfare  of  the  community  and 
.should  be  dealt  with  in  that  sense.  The  criterion  in  the 
generation  and  sale  of  power,  therefore,  should  not  be 
primarily  or  exclusively  the  stockholders'  profits  in 
that  specific  enterprise,  but  should  have  regard  to  the 
interests  which  the  country  and  community  at  large 
have  in  the  generation  and  sale  of  power;  that  is,  in 
the  availability  of  cheap  and  unlimited  power — a  co- 
ordination of  the  interests  of  the  community  and  of 
capital. 

It  must  not  be  forgotten  that  the  world  order  around 
us,  especially  in  is  economic  bearings  and  the  position 
of  industry,  has  not  yet  fully  emerged  from  the  forma- 
tive period  ushered  in  one  hundred  years  ago  by  the  so- 
called  "industrial  revolution."  Present-day  economic 
procedure  is  still  mainly  the  product  of  a  period  when 
the  nature  of  energy  resources  was  only  imperfectly 
known  and  the  technology  of  the  employment  of  energy 
only  crudely  developed. 

In  the  old  and  still  lingering  order  men  worked  with 
the  idea  that  the  resoures  of  nature  were  inexhaustible, 
and  their  undeveloped  methods  and  conditions  were 
inadequate  and  impotent,  unable  to  avoid  large  wastes, 
which  are  not  only  inexcusable  with  the  modern  means 
at  hand,  but  which  are  responsible  to  society,  being 
directly  connected  with  economic  and  social  questions 
at  the  base  of  general  well  being. 

Avoidable  Waste  and  Loss 

There  is  still  lack  of  the  application  of  improved 
methods  in  the  mining  of  coal,  and  the  production  of  oil, 
both  cases  causing  avoidable  waste  and  loss,  the  con- 
sequences of  which  are  more  seriouo  in  regard  to  oil — 
tha  ultimate  exhaustion  of  it  is  in  view — than  concern- 
ing coal,  which  is  still  abundant.  Only  a  fraction  of  the 
hydro-electric  resources  capable  of  replacing  coal  and 
oil  is  developed. 

The  anomaly  of  the  situation  is  seen  of  coal  being 
hauled  across  the  whole  continent  to  move  trains  across 
the  Rocky  Mountain  Divide,  where  ample  hydro-electric 
power  is  close  at  hand.  The  transportation  of  coal  means 
waste  of  effort  and  material.  The  present  utilization  of 
coal  allows  only  a  very  low  recovery  of  its  energy  con- 
tent, in  addition  to  which  one-quarter  more  coal,  on  an 
average,  is  burned  in  power  production  than  is  neces- 
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sary.  The  utilization  of  oil  is  efficient  only  in  the 
refined  products,  but  most  wasteful  in  the  crude  as  it 
is  utilized  in  many  cases  at  present. 

Wastefulness  in  production  in  any  branch  of  industry 
is  not  necessarily  considered  an  evil,  but  rather  as  an 
asset  to  profit.  It  is  found  that  the  public  can  be  relied 
upon  to  pay  any  price  as  long  as  the  production  cost 
is  high  enough  to  prevent  the  profits  from  appearing 
extortionate.  The  expense  of  waste  in  industrial  pro- 
duction is  passed  over  to  the  consumer.  Prices  are  main- 
tained by  the  willful  reduction  of  production,  which  is 
kept  below  the  level  of  demand.  The  majority  of 
industries  use  only  half  of  their  equipment,  or  otherwise 
stated,  work  half-time.  There  is  lack  of  co-ordination, 
lack  of  proper  media  of  distribution,  with  the  result 
that  commodities  are  burdened  with  costs  that  are  far 
in  excess  of  the  costs  of  production.  To  sell  the  product 
costs  more  today  than  to  produce  it — obviously  this  is 
not  economically  correct. 

The  waste  of  labor  and  material,  the  inadequacy  of 
distribution  and  the  inelasticity  of  credit  form  a  group 
of  causes  intimately  connected  and  mutually  reactive 
upon  one  another,  making  impossible  the  attainment  of 
100  per  cent  production  either  from  industry  or  the 
utilization  of  the  soil.  The  result  is  directly  due  to  the 
lack  of  co-ordination  between  resources,  technology  and 
economic  procedure. 

In  the  realm  of  advance  preparation  free  operation 
and  full  individualistic  endeavor  are  desirable,  as  com- 
petition has  proved  itself  an  eifective  means  of  progress 
and  development  at  that  stage.  In  the  realm  of  full 
utilization  competition  fails  to  give  adequate  results,  and 
its  effect  is  rather  harmful  and  must  give  way  to  con- 
structive mutual  consideration  and  co-ordination  in  the 
mterest  of  the  community  as  a  whole. 

A  New  World  Order  Dawning 

The  "industrial  revolution,"  which  brought  in  the 
formative  period  now  passing  away,  was  in  close  inter- 
relation with  a  general  world  upheaval.  Today  the 
world  again  is  in  travail,  out  of  which  will  arise  a  new 
world  order,  economic,  political  and  social,  in  which  co- 
ordination of  all  human  activity  toward  economy  of 
material  and  human  effort  will  be  the  fundamental  basic 
principle. 

The  "formative  period"  has  been  the  age  of  coal  as 
fuel  and  steam  as  potver.  The  new  time  is  already  out- 
lined as  the  era  of  coal  fully  utilized  and  water  as 
sources  of  energy,  and  electricity  as  power. 

The  inherently  local  nature  of  the  generation  and  use 
of  steam  power  prevented  it  from  ever  becoming  a  sal- 
able product.  The  contrary  is  true  in  regard  to  electric 
power.  The  characteristics  of  electric  power  constitut- 
ing it  a  true  article  of  commerce,  the  fact  that  it  can  be 


generated  in  bulk  and  sold  at  retail,  the  ease  and 
flexibility  of  its  transmission  to  a  distance  from  its 
point  of  generation  by  means  which  can  be  extended  at 
will,  make  natural  the  centralization  of  its  generation. 
That  centralization  makes  possible  industrial  efficiency 
with  economy  in  material  and  human  effort  which  is  be- 
coming more  and  more  a  necessity. 

These  results  are  attainable  only  through  co-ordina- 
tion of  resources,  technology  and  economic  procedure, 
necessitating  a  co-operative  organization  of  the  whole 
industry  of  power  production,  for  the  efficient  employ- 
ment of  energy  sources,  their  production  and  full  utiliza- 
tion— multiple  production — the  generation  of  energy, 
its  transmission  and  distribution,  on  the  principle  of 
.•service  to  the  community. 

Vital  Question  in  Power  Production  and 
Distribution 

The  vital  question  is  whether  such  an  organization 
so  based  on  the  principle  of  the  general  good,  is  to  come 
into  being,  or  whether  the  power  industry,  which  is 
already  in  the  hands  of  large  amalgamated  interests, 
shall  become  more  and  more  centralized  in  those  hands 
until  it  constitutes  an  absolute  monopoly  upon  which  the 
entire  industrial  and  other  power  requirements  of  the 
country  will  depend.  An  alternative,  urged  by  some, 
would  provide  for  the  public  control  of  the  sources  of 
energy,  its  production,  generation,  transmission  and  dis- 
tribution. 

Whether  the  control,  private  or  public,  should  take 
the  form  of  an  organization  covering  superpower 
stations,  combined  with  byproduct  plants  and  transmis- 
sion and  distribution  systems,  following  the  plan  out- 
lined by  the  Hon.  F.  K.  Lane  when  he  was  Secretary  of 
the  Interior,  or  whether  the  result  should  be  obtained 
by  means  of  co-operation  between  central  power  stations, 
isolated  plants,  coke  and  gas  plants,  and  a  separately 
organized  power  transmission  and  distribution  system, 
whether  the  management  of  the  power  production,  fuel- 
utilization  plants  and  power-transmission  and  distribu- 
tion systems  should  be  in  the  hand  of  the  state  or  in 
the  hand  of  semi-public,  state-financed,  public-utilities 
corporations,  or  should  be  left  to  private  corporations 
under  public  supervision — these  are  questions  beyond 
the  scope  of  the  present  discussion  and  will  be  left  for 
future  consideration. 

However,  one  thing  is  clear — in  the  new  economic 
world  order  now  arising,  the  principle  of  electricity  as 
a  marketable  product,  the  principle  of  common  public- 
carrier  applied  to  the  transmission  of  power  and  the 
principle  of  multiple  production  for  the  utilization  of 
energj'  sources  will  be  the  most  important,  if  not  the 
basic,  economic  force  in  the  industrial  order  and  in  the 
life  of  the  people  itself. 
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TWO  ijha.se.-*  of  the  hearinjr-metal  (lue.stion  that 
are  of  prime  importance  to  the  user  are:  Fir.st, 
seleetion  of  the  prade  givinjr  the  highest  efficiency, 
meaning  greatest  durability  at  lea.st  cost;  .second, 
proper  application.  The  application  is  more  important 
than  is  the  grade  itself,  but  since  the  metal  must  be 
.selected  before  it  can  be  applied  this  article  will  give 
information  that  may  help  in  .the  choice  and  use  of  the 
right  kind  of  metal. 

A  babbitt  metal  mu.st  possess  sufficient  "body"  or 
structure  to  carry  the  load  upon  the  bearing  with  a 
margin  of  safety;  other%vise,  rebabbitting  and  delays 
will  result.  As  tin  and  copper  are  added  to  a  babbitt 
base  the  .structure  of  the  material  is  made  harder  and 
generally  tougher.  Since  these  metals  are  the  most 
costly  ingredients  it  is  folly  to  use  an  alloy  containing 
more  of  them  than  the  bearing  necessitates,  since  noth- 
ing but  compression  strength  is  gained  from  their 
presence. 

Many  are  of  the  opinion  that  antimony  should  be 
the  chief  hardening  agent  in  liearing  metals.  This  may 
be  true  if  the  metal  is  to 
be  used  only  where  the 
load  carried  is  constant  or 
light  and  the  -speed  low. 
Experience  has  proved 
that  a  babbitt  metal  must 
contain  a  material  quan- 
tity of  tin  (and  it  should 
also  cany  copper)  if  it 
is  to  be  used  generally  on 
machinery  bearings,  be- 
cause only  then  does  the 
alloy  possess  the  required 
"body."    Without   these 

ingredients  the  metal  is  so  soft  that  it  crushes  beneath 
the  load  and  wears  out  quickly. 

In  some  cases  efforts  have  been  made  to  increase 
the  percentage  of  antimony  and  in  that  way  make  the 
metal  hard  enough  to  carry  average  heavy  loads  at 
high  speeds;  but  although  antimony  is  a  positive  hard- 
ener, these  attempts  have  not  succeeded  for  the  reason 
that  such  alloys  are  extremely  brittle.  If  cast  when 
overheated  the  grain  is  coarse  and  in  "packing" 
beneath  heavy  or  even  moderate  pressures  clearance  is 
created.  This  action  has  the  same  effect  upon  the  life 
of  the  bearing  as  though  the  natural  wear  had  reduced 
the  thickness  of  the  liner  just  that  much.  The  writer, 
therefore,  does  not  consider  alloys  of  lead  and  antimony 
alone  nor  alloys  of  lead,  arsenic  and  antimony  as  good 
babbitt  metals  for  general  purposes,  as  they  have  not 
given  suitable  or  safe  service  when  used  upon  any  but 
light  work. 

Since  the  user  gets  hardness  and  toughness  through 
the  addition  of  tin  and  copper,  and  since  these 
ingredients  are  costly  and  nothing  is  gained  when  they 
are  used  to  excess,  it  follows  that  the  careful  and  pro- 
gressive consumer  should  know  how  to  judge  his  selec 
tion  of  babbitt  metals,  so  that  he  will  not  be  wasting 
money  by  purchasing  material  more  costly  than  neces- 
sary for  the  particular  purpose  for  which  it  is  to  be  used 
If    a   ten-pound    sledge    is    laid    gently    upon    a   glass 


Silver  is  a  better  conductor  of  electricity  than 
copper,  but  copper  is  used  because  it  is  good 
enough  and  costs  less.  Mr.  Staplin  applies  the 
same  principle  to  babbitt  metal,  and  explains 
how  to  select  the  cheapest  babbitt  that  will  do 
the  work.  In  a  later  article  he  will  take  up 
the  application  of  babbitt,  including  the  design 
of  bearings  and  the  saving  of  metal. 


desk  fop  nothing  will  happen;  but  if  the  sledge  is  lifted 
an  inch  and  then  let  drop  the  glass  will  be  .-shattered. 
So  it  is  with  bearings  and  bearings  metals,  and  the 
point  to  determine  is  the  nature  of  the  service.  During 
its  operation,  is  the  bearing  subjected  to  jars,  jolts, 
sudden  loads  and  shocks  or  extreme  strains,  or  is  the 
load  that  is  carried  even  and  constant?  If  the  service 
is  of  the  latter  variety  it  is  .safe  to  u.se  babbitt  metal 
of  inexpensive  grade.  The  tin  and  copper  contents 
should  be  increased  with  the  severity  of  the  service. 
The  chamcter  of  the  .service,  therefore,  is  to  be  consid- 
ered first  and  foremo.st  when  deciding  upon  the  alloy  to 
use  for  any  .specific  kind  of  bearing. 

When  machinery  is  exposed  to  dust,  as  in  cement  and 
clay  working,  the  dust  acts  as  an  abrasive  and  destroys 
the  liners.  Durability  depends  upon  the  hardness  and 
density  of  the  Hning  metal  and  is  increa.sed  in  ratio 
with  the  amount  of  tin  and  copper  carried.  Reliable 
tests  that  may  be  u.sed  for  guida'nce  have  confirmed  the 
foregoing  contention.  Considering  babbitt  metals  to  be 
used  by  a  builder  of  machinery,   selection  of  bearing 

alloys  pos-sessing  ample 
margins  of  safety  under 
actual  operating  condi- 
tions should  be  based  on 
exhaustive  te.sts  rather 
than  on  theory  and  imagi- 
nation. Only  then  will 
the  manufacturer  know 
definitely  that  he  is  deliv- 
ering to  his  trade  value 
received. 

With  babbitt  metals  to 
be  used  by  an  industrial 
concern  for  repairs  to  ma- 
chinery best  results  are  had  when  the  selection  of 
babbitt  is  limited  to  two  grades— one  lead-based  and 
one  tin-based.  Discretion  is  necessary  in  choosing  their 
proper  places,  and  care  must  be  used  in  their  application. 
In  general,  there  are  two  classes  of  bearing  metal— 
tin-based  and  lead-based.  First-quality  tin-based  bab- 
bitts cost  about  double  the  pricC  a.sked  for  lead-based 
metal  of  the  first  quality.  As  a  rule  bearing  conditions 
in  the  plant  machinery  vary,  and  it  is  not  uncommon 
for  20  per  cent  of  the  total  bearings  to  need  tin-based 
metals,  while  the  remainder  can  be  durably  and  more 
economically  served  with  a  lead-based  metal  of  good 
grade. 

When  there  is  a  wide  range  in  bearing  needs  it 
becomes  necessary  in  working  with  two  grades  only  to 
use  at  times  a  metal  that  is  actually  better  than  required 
for  a  particular  bearing,  but,  notwithstanding,  it  has 
been  found  preferable  in  the  average  plant  to  use  two 
rather  than  five  or  six  different  kinds  of  metals,  to 
eliminate  confusion.  Getting  down  to  two  established 
standardized  grades  and  then  intelligently  listing  the 
equipment's  needs  has  worked  out  most  satisfactorily  in 
practice. 

In  selecting  these  two  grades,  the  writer's  choice 
would  be  a  tin-based  material  of  the  finest  quality  con- 
taining fully  89  per  cent  of  "Straits"  tin  and  no  lead 
and  a  lead-based   metal  containing   not  less   than    10 
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per  cent  of  tin  and  between  i  of  1  per  cent  and  1  per 
cent  of  copper,  with  net  more  than  16  per  cent  of 
antimony. 

The  word  "tin"  does  not  mean  much  in  a  specification. 
There  never  was  a  babbitt  specification  which  could  not 
be  so  beaten  by  the  maker  (if  he  desired)  as  to  reduce 
the  material's  service  value  far  out  of  proportion  to 
the  saving  effected  by  buying  the  cheapest  bid  material. 
There  are  many  grades  of  tin  and  they  var>'  in  cost. 
Some  grades  depreciate  the  service  value  of  the  babbitt. 
"Straits  tin"  are  two  safe  words  to  use  in  the  specifica- 
tion. And  even  then,  how  many  are  there  who  can 
tell  afterward  whether  or  not  the  material  was  made 
of  Straits  or  No.  3  Chinese  tin?  The  buyer  depends 
upon  either  the  veracity  and  standing  of  the  maker  or 
upon  his  own  laboratory. 

A  laboratory  analysis  is  not  a  safe  basis  for  judg- 
ing the  relative  value  from  a  service  viewpoint  of  two 
babbitt  metals.  It  will  tell  the  percentages  of  ingre- 
dients, but  will  not  give  details  of  workmanship  and 
service  value.  Therefore,  when  buying  babbitts  for 
service  where  the  conditions  are  extreme  and  where 
something  a  little  better  is  worth  more  than  a  small 
differoncc  in  price,  it  is  economy  for  the  buyer  to  use 


judgment  as  well  as  quotations  as  his  guide  toward  a 
good  selection.  The  final  and  deciding  data  are,  of 
course,    results    in    service. 

When  selecting  babbitt  metals  for  installation  in 
important  bearings,  where  the  production  from  that 
machinery  creates  the  firm's  profits,  a  purchasing  agent 
makes  the  wrong  move  when  he  puts  that  business  upon 
a  competitive  basis  and  thus  invites  bids  so  low  that 
the  makers  have  a  temptation  to  skimp.  Instead,  he 
would  do  better  to  select  the  highest-grade  branded 
metal,  in  which  the  manufacturer  is  interested  in  main- 
taining a  rigid  standard  and  standing,  as  it  is  known 
that  only  service  value  can  build  for  a  lasting  demand. 
Such  metal  can  be  had  within  a  few  cents  per  pouhd 
of  what  is  asked  for  specification  metal.  It  is  the 
better  choice. 

Were  the  author  a  consumer  of  babbitt  metals  it 
would  be  his  policy  to  place  his  conditions  squarely 
before  a  dependable  metal  manufacturer  and  then  leave 
the  selection  largely  to  him.  If  he  has  integrity  and 
the  ability  to  furnish  good  metal,  the  confidence  will 
not  be  misplaced.  Results  from  practice  will  show  that 
the  honest  specialist  is  able  to  make  the  better  selec- 
tion of  metal. 


Storage  of  Coal 

By  W.  D.  LANGTRY* 


hi  this  article,  which  is  the  fourth  on  the  storage 
of  coal,  Mr.  Langtry  deals  with  several  factors 
which  lead  to  coal  fires. 

For  coal  to  catch  on  fire  after  it  is  in  storage  means 
a  money  loss  to  the  owner  of  greater  magnitude  than 
ever  before,  so  that  every  precaution  should  bo  taken. 

TABLE  I— LOSS  IN  HE.\T  VALUE  OF  COAL  FROM  STORAGE 


Coal  Stored  during  19IC: 

Dry  ash 

DryB.t.u 

Average  of  <72  cars: 

Dry  ash 

DryB.t.u 


14.33 
12,393 


14.33 
12.393 


Same  coal  stored  2  yr. ; 

Dry  ash 

DryB.t.u 

Same  coal  stored  1  yr. 

Dry  ash 

Dry  B.t.u 


14.17 
11,668 


14.52 
12,200 


FIG.   1. 
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STORAGE  GRAPH  SHOWING  FIRES   AT 
DIFFERENT  INTERVALS 


There  is  no  greaL  loss  in  the  heat  value  of  the  coal  when 
it  is  in  open  storage,  and  when  under  water  the  loss 


is  negligible.  In  Table  I  the  analysis  of  fresh  coal 
and  that  placed  in  storage  may  be  of  interest.  The 
depth  of  this  coal  in  storage  was  about  7  to  8  ft.  Table 
II,  taken  from  Bulletin  No.  116,  Illinois  Engineering 
Experiment    Station,   also   shows   slight   deterioration. 
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♦President,   Commercial  Testing  and  Engineering:  Co.,   Ciiicago. 


The  coal  in  storage  18  months  was  piled  10  or  12  ft. 
high  and  the  pile  was  about  150  ft.  long  and  25  ft.  wide, 
bulkhead  with  wooden  anchors   running  into  the  pile. 

TABLE  II— DETERIOUATION  OF  COAL  IX  STORAGE 

Coal  from  Coal  in  Coal  in 

Boiler  Room  Storage  Storage 

(or  Fresh  Coall  4  mo.  l8mo. 

Per  Cent  Per  Cent  Per  Cent 

Commercial  Commeicial  Commercial 

Moisture 10.25  12.44  1189 

Ash 9.08  9.16  7.98 

Volatile 33.18  33.12  33  28 

Fixe<l  Carbon 47.49  45.28  46  85 

B.t.u.    (moisture  ash   and  sulphur 

free)                                                                    14,816  14,761  .4,713 

It  was  reported  that  the  temperature  was  at  no  time 
more  than  a  few  degrees  over  100  deg.  F. 

Usually  the  greatest  number  of  fires  take  place  dur- 
ing the  first  ninety  days  of  .storage.  By  this  time 
much  of  the  coal  that  catches  on  fire  from  spontaneous 
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combu.sticiM  will  have  shown  ovidi'iice.s  of  t)vt'rhi'iitinK. 
The  iiiTompniiyiiij?  two  >rniph.><  fiotn  Hulli'tin  No.  IIG, 
whii'h  woiv  plotted  from  a  wide  range  of  data,  tend  to 
lonlirni  this  a.s.sortion.  A  lire  in  u  coal  pile  i.s  usually 
delwte«l  loMK  before  it  Ket."'  to  the  serious  stages.  Prob- 
ably by  studying  some  of  the  views  presented  deduc- 
tions nuiy  be  drawn  as  to  the  lau.ses  of  trouble  and  how 
to  avoid  them. 

Fig.  ;>  shows  a  laige  coal  yard  which  tired.  No  atten- 
tion whatever  had  been  given  to  the  manner  of  piling 
the  coal,  nor  to  the  presence  of  wooden  timbers,  which 
in  some  instances  were  completely  buried.     It   is  easy 


water  tank.  It  is  .seldom  that  lump  coal  catches  on 
fire  from  spontaneous  combustion,  for  the  reason  that 
usually  there  is  no  fine  coal  to  give  it  a  start,  but  when 
a  neighboring  pile  of  screenings  fires  and  spreuds  its 
hot  ga.ses,  even  lump  coal  will  ignite. 

When  placed  adjacent  to  coal,  a  steam  pipe  trench  is 
a  dangerous  heating  agent,  as  is  evident  from  Fig.  8. 
Here  the  heat  from  the  steam  pipes  ignited  the  coal 
dust  which  had  settled  into  the  trench.  The  fire  spread 
to  the  adjoining  pile. 

To  dig  down  into  a  coal  jjile  to  locate  a  fire  and  find 
a  buried  bulkhead  is  nothing  unusual.     This  is  a  fre- 


FIG.  3.     ENTIRE  COAE  YARD  ON  FIRE.    FIG.  4.    EMBEDDED  TIMBERS  TH.AT  ST.ARTED  FIRE  IN  FIG.  3.    FIG.  5.    PLANKS 
EMBEDDED  T'NDER  00.\L  ADMITTING  AIR  TO  INTERIOR  OF  PILE.     FIG.  6.    HOT  FURNACE  WALL  STARTED 
FIRE  TX  B.\SEMENT  OF  FLAT  BUILDING.     FIG.  7.    EMBEDDED  HOT-WATER  TANK  ORIGINATED 
FIRE.      FIG.   S.    .STEAM  PIPES   ST.VRTED  FIRE  IN   COAL 


to  see  how  air  could  follow  the  wood  to  the  inside  of 
the  pile  where  it  found  a  .susceptible  spot  to  woi'k  upon. 
Fig.  4,  from  the  same  yard,  shows  very  clearly  the 
timbers  buried  in  the  coal.  In  Fig.  5  a  pile  is  shown 
where  a  number  of  boards  were  allowed  to  remain  at 
the  bottom  of  the  pile.  The  protruding  ends  of  these 
boards  afforded  easy  access  to  the  air.  Heat  transmis- 
sion is  showTi  in  Figs.  6  and  7  the  former  being  from 
a  furnace  in  a  flat  building  and  the  latter  from  a  hot 


(luent  occurrence  and  a  contributing  factor  in  a  large 
number  of  fires. 

And  so  it  goes.  Carelessness,  thoughtlessness  and 
ignorance — all  contribute  to  spontaneous  combustion. 
Coal  is  blamed,  whereas  in  many  instances  the  fault 
really  lies  elsewhere.  If  proper  care  and  thought  had 
been  given  to  storage,  each  and  every  one  of  these 
fires  might  have  been  avoided.  Coal  can  be  stored  suc- 
cessfully if  done  intelligently. 
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Timing  Relays  With  a  Cycle  Counter 

To  Time  Protective  Relays  Automatically  Is  the  Function  of  the  Cycle  Counter — Construction 
and  Operation  Explained — Problems  Worked  Out  To  Show  the  Application  to  Making  Tests 


By  victor   H.   TODD 


BEFORE  the  introduction  of  the  cycle  counter  the 
generally  approved  method  of  determining  the 
time  delay  of  a  protective  relay  was  to  use  a 
stop  watch,  starting  the  watch  simultaneously  with  the 
application  of  overload  and  stopping  it  at  the  instant 
of  tripping.  With  the  older  relays,  having  a  time 
delay  of  several  seconds,  this  method  gave  satisfactory- 
results,  but  with  the  more  modern  relays,  designed 
ivith  watt-hour  meter  accuracy  and  capable  of  being 
set  within  a  fraction  of  a  second,  it  is  obvious  that 
the  stop-watch  method  is  not  at  all  suitable. 

A  stop  watch  at  best  cannot  be  relied  upon  closer 
than  about,  one-fifth  of  a  second,  and  when  to  this  is 
added  the  personal  error  of  starting  and  stopping,  it 
gives  a  possible  error  almost  as  great  as  the  time  be- 
tv/ecn  various  sectionalizing  relays.  It  is  not  at  all 
unusual  to  set  sectionalizing  relays  in  a  i-adial  system 
only  one-half  second  apart. 

To  measure  the  time  delay  of  a  protective  relay  ac- 
curately and  automatically  is  the  function  of  the  cycle 
counter.  This  instrument  is  shown  in  Fig.  1,  while 
two  interior  views  are  shown  in  Figs.  2  and  3.  The 
cycle  counter  consists  essentially  of  a  self-winding  clock 
in  which  the  escapement  wheel  or  pendulum  is  re- 
placed by  a  polarized  relay.  The  diagrammatic  scheme 
of  parts  is  shown  in  Fig.  4.  The  regular  escapement 
wheel  is  shoviTi  at  W.  Attached  to  this  wheel  is  the 
indicating  pointer  moving  over  a  suitable  scale.  Fig. 
1.     The  escapement  bar  B  allows  the  wheel  W  to  move 


and  repelling  opposite  ends  of  the  armature  A.     Th« 
action  is  as  follows: 

Assume  that  during  the  first  cycle  of  applied  volt- 
age,  the   current   flows   from   the   =t   to   the   ^=   ter- 


EXTERIOR    .\XU    INTERIOR   VIEWS    OP     CYCLE  COUXTER 


one  tooth  per  oscillation  in  the  regular  manner.  Rigidly 
attached  to  the  bar  B  is  an  iron  armature  A,  polar- 
ized by  the  permanent  magnets  D  and  D.  Part  of 
the  magnetic  circuit  is  formed  by  the  two  electro- 
magnets  E   and   E,   which   are   capable    of    attracting 


FIG.    4.      SCHEMATIC   DIAGRAM   OF  CYCLE   COUNTER 

minal.     This  will  produce  an  N  pole  on  the  armatur« 
end   of   the   right-hand   electromagnet  and   an   S   pola 
on  the  corresponding  end  of  the  left-hand  electromag- 
net.    As  both   ends   of  the 
armature  A  are  polarized  A^, 
the   right-hand  end  will  be 
repelled    and    the    left-hand 
end  attracted.     During  the 
second  half  of  the  cycle  the 
current  is  reversed,  and  now 
the    right-hand    end    is    at- 
tracted and  the  left-hand  end 
repelled,  which  naturally  re- 
sults   in    one    oscillation    of 
the  bar   B   and  the   escape- 
ment   of   one   tooth.     From 
this  it   will  readily  be  seen 
that    the    wheel    moves    one 
tooth  per  cycle  as  long  as  the 
electromagnets      are      ener- 
gized.    A  small  electric  mo- 
tor    automatically     rewinds 
the  main  clock  spring,  when 
it    has    unwound    a    certain 
amount.    This  keeps  an  even 
tension    on    the   escapement 
and  the  electromagnets  are 
thus  not  depended  on  to  drive 
the    mechanism,    but    simply    to    regulate    its    speed. 
Determining  the  time  delay  now  becomes   a  problem 
of  energizing  the  electromagnets   simultaneously   with 
the  application  of  load  and  de-energizing  them  upon 
the  instant  of  tripping.     This  is  most  easily  done  by 
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tompiirunly  iliscomu'ctiiiK  tlio  relny  lioiii  tlit-  lircuit 
utiil  lomieftiiiK'  to  u  test  circuit  with  coimuctioiis  a.s 
shown  in  Ki^.  •'>.  usinK:  u  lamp  hunk  or  otht-r  .suitable 
resistance  for  the  load  ami  a  .switch  by  which  this  load 
may  be  quickly  applied.  While  adjusting;  the  load,  it 
is  best  to  di.sconnect  the  lead  at  A,  to  avoid  unneces- 
sary wear  on  the  counter.  A  single-pole  switch  may 
be  provided  for  this  purpose,  as  shown.  After  ad- 
just inif  the  load,  the  main  testing  switch  is  opened, 
the  relay  allowed  to  fully  reset,  and  the  cycle-counter 
pointers  set  on  zero.  Then  the  switch  is  do.sed,  thus 
applying  load  and  potential  to  the  relay  and  counter. 
The  counter  revolves,  one  tooth  per  cycle,  until  the 
relay  contacts  do.se,  when  they  .short-circuit  the  escape- 
ment elect roinajrnets  and  thus  stop  the  counter  in- 
stantly. 

The  number  of  cycles  indicated,  divided  by  the  nor- 
mal frequency  of  the  testing  circuit,  will  give  the  time 
delay  in  seconds.  For  instance,  if  used  on  a  25-cycle 
circuit  and  the  counter  indicates  50  cycles,  the  time 
will  be  2  seconds;  if  30  cycles,  then  the  time  would 
be  1'.  seconds,  and  so  on.  It  is  common  practice  not 
to  reduce  the  cycles  to  seconds,  but  on  the  testing 
reports  and  curves  to  give  the  time  delay  directly  in 


Cycle  Counter 
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■0X.\t;CT10.\S    FOH   TESTING   CIRCUIT-CLOSIN(J 
REL.VY   WITH   CYCLE  COUNTER 


FIG.   6.      CONNECTIONS   FOR  TE.STING   CIRCUIT-OPENING 
RELAY  WITH  CYCLE  COUNTER 


cycles,  thus  giving  units  that  are  more  easily  handled 
than  fractions  of  a  second. 

In  determining  the  time  delay  of  a  circuit-opening 
relay,  it  is  simply  necessary  to  connect  the  escapement 
solenoids  in  series  with  the  relay  contacts,  as. shown 
in  Fig.  6.  Closing  the  main  testing  switch  energizes 
both  the  relay  and  counter  simultaneously,  and  the 
counter  stops  the  instant  the  contacts  open. 

To  make  allowance  for  the  time  taken  by  the  breaker 
or  oil  switch  and  its  auxiliary  equipment  to  open  the 
circuit,  it  is  sometimes  preferable,  in  a  closely  set 
system,  to  time  the  whole  combination  as  a  unit.  To 
do  this,  a   load   must   be  arranged  so   that   it  can  be 


■luickly  thrown  directly  on  the  line,  with  connections 
timilar  to  tho.se  indicated  in  Fig.  7.  The  counter  is 
I  onnected  to  the  load  side  of  the  switch.  It  is  ener- 
gized at  the  same  instant  that  the  load  is  a|)|iiied  and 
is  de-energized  the  instant  the  breaker  oi  switch  openn. 
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FIG.  7.     ("ONNECTION.S  FOR  TESTI.VG  COMPLETE  CIRCIIT- 
GFENING  EQUIPMENT 

This  not  only  gives  the  time  delay  between  instant 
of  overload  and  opening  of  circuit,  accurately  and  auto- 
matically, but  also  insures  that  all  protective  apparatus 
is  functioning  properly. 

Semi-Diesel  and  Hot-Bulb  Engine 
Suggestions 

When  installing  an  oil  engine,  have  a  foundation  of 
sufficient  size.  Many  engines  are  damaged  from  severe 
vibrations  which  would  be  eliminated  by  using  more 
foundation  material. 

In  placing  *he  engine  on  the  foundation,  the  engineer 
should  be  very  careful  about  getting  the  engine  level. 
The  top  surface  of  the  bearing  housings  are  always 
planed  true.  The  spirit  level  can  be  placed  on  these 
surfaces. 

In  those  engines  where  the  air  is  drawn  from  under 
the  base  cement  dust  will  often  be  drawn  into  the 
crankcase.  After  grouting  the  engine,  a  couple  of  gal- 
lons of  linseed  oil  poured  under  the  base  will  prevent 
cement  dust. 

In  adjusting  the  main  bearings,  always  leave  a  play 
between  the  shaft  and  top  bearing  of  0.01  inch. 

There  is  always  a  side  play  of  the  shaft.  If  this 
exceeds  ii  in.,  it  must  be  taken  up.  The  best  way  is 
to  put  in  new  air-seal  rings  between  the  crank  throws 
and  the  bearing  ends.  If  new  air-seal  rings  cannot  be 
secured,  a  thin  brass  sheet  can  be  sweated  onto  the  worn 
ring. 

Never  run  the  crankpin  bearing  as  snug  as  with  a 
Diesel.  A  clearance  of  0.01  inch  is  not  excessive.  If 
the  brass  can  be  moved  a  slight  amount  with  a  pinch 
bar,  the  play  is  ample.  Examine  the  crankpin  bearing 
bolts  often.  There  are  many  cases  of  broken  crank- 
cases  and  pistons  resulting  from  neglect  of  the  bolts. 

Never  let  lubricating  oil  collect  in  the  crankcase.  It 
mixes  with  the  crankcase  air  and  enters  the  cylinder, 
causing  a  smoky  exhaust.  If  in  large  amounts,  it  will 
cause  the  engine  to  race  since  it  will  burn  the  same  as 
fuel  oil. 
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Power  Development 
of  the  Future 

ONE  of  the  paramount  problems  in  the  minds  of 
men  today  is  the  economical  generation  of  power 
and  the  conservation  of  natural  resources.  Never  before 
have  these  questions  been  so  seriously  considered,  or 
such  effort  made  toward  their  satisfactory  solution. 
Almost  every  nation  of  any  consequence  has  under 
advisement  some  power-generation  scheme  of  national 
proportions.  Even  in  those  countries  which  have  been 
most  seriously  handicapped  by  the  war  and  which  are 
today  lacking  the  means  to  purchase  sufficient  food 
v.'ith,  appropriations  have  been  made  to  investigate  the 
nation's  power  possibilities.  Such  countries  as  Norway, 
Sweden,  Finland,  Switzerland  and  Italy  are  consider- 
ing the  development  of  their  water  powers  on  an  exten- 
sive national  scale.  England,  who  will  always  have  to 
depend  upon  her  coal  fields  as  her  chief  source  of  power, 
is  working  out  a  system  of  districts  to  be  supplied  from 
superpower  stations  economically  located  in  these  dis- 
tricts. In  our  own  country  the  tendencies  are  illus- 
trated by  the  extensive  interconnection  of  power  systems 
until  they  now  cover  areas  hundreds  of  miles  in  extent. 
The  superpower  schemes  now  projected  for  the  North 
Atlantic  seaboard  and  for  the  Pacific  Coast  are  illus- 
trative of  what  the  future  holds. 

Before  the  war  labor  in  Europe  was  cheap,  con- 
sequently many  of  the  processes  done  in  this  country  by 
machinery  were  performed  on  the  other  side  of  the 
Atlantic  by  hand.  But,  during  the  war  wages  increased 
to  such  proportions  that  competition  in  the  world's 
markets  no  longer  can  be  met  by  pre-war  methods,  and 
countries  that  previously  depended  very  largely  upon 
hand  labor  in  their  industries  are  being  forced  to  resort 
to  mechanical  processes.  Where  power-driven  machinery 
was  used  on  a  large  scale  before  the  war,  conditions 
have  forced  an  even  greater  use  of  machinery,  in  other 
words  a  greater  number  of  horsepower  per  employee. 
All  this  has  resulted  in  giving  an  international  impor- 
tance to  power  development. 

In  this  issue  is  published  an  article  on  "Power 
Development  of  the  Future,"  by  Lazarovich-Hrebeliano- 
vich,  a  well-known  Czecho-Slovakian  engineer  and 
economist,  who  for  a  number  of  years  has  been 
interested  in  engineering  and  economic  problems  in  this 
country.  In  this  article  the  author  has  considered  the 
problem  from  a  national  standpoint  and  shows  that  the 
development  of  power  generation,  formerly  of  interest 
only  to  the  few,  has  become  of  vital  importance  to  every 
individual  in  the  community.  Utilization  of  our  national 
resources  in  the  past  has  been  done  very  largely  on  the 
basis  that  they  were  inexhaustible.  But  within  recent 
years  a  realization  that  this  is  not  true  has  been  brought 
home  to  us  by  the  fact  that  the  exhaustion  of  two  of 
our  important  sources  of  fuel  is  already  in  sight,  with  the 
prices  of  all  fuels  soaring  to  undreamed  of  heights,  and 
even,  at  these  values  very  difficult  to  obtain  in  many 
cases.  The  fuel  shortage  and  the  inadequacy  of  trans- 
portation facilities  have  emphasized  the  necessity  of  an 


intelligent  national  power-development  program,  and 
the  question  now  is  what  form  this  program  shall  take. 
Many  different  schemes  have  been  advocated  and  are 
now  under  consideration.  Mr.  Hrebelianovich  in  his 
article  emphasizes  the  necessity  not  only  of  water-power 
development,  but  also  of  a  fuller  utilization  of  our  fuel, 
to  the  extent  of  obtaining  the  byproducts  wasted  by 
present  methods.  When  it  is  considered  that  under  the 
most  favorable  conditions,  in  power  plants,  only  twenty 
per  cent  of  the  energy  in  the  coal  is  utilized,  the 
remainder  being  lost  along  with  all  the  byproducts,  the 
desirability  of  a  more  efficient  method  is  obvious.  The 
author  has  considered  power  production  from  a  broad 
economic  view  and  has  pointed  to  many  phases  of  vital 
interest  to  power  engineers. 

The  Broader  View 

IN  Power  of  October  nineteenth  a  correspondent  dis- 
cusses Engineers'  License  Laws.  His  arguments  are 
familiar;  we  have  used  them  ourselves.  License  laws 
are  passed  for  the  general  good  of  the  public,  not  for 
the  special  good  of  the  engineer.  Any  effect  which  they 
may  have  in  improving  the  social  and  pecuniary  con- 
dition of  the  members  of  the  craft  must  be  incidental  to 
their  operation  for  the  public  welfare.  The  only  con- 
cern of  the  state  is  for  the  safety  of  its  citizens.  It  has 
the  right  to  protect  them  against  danger  from  boiler 
explosions  and  other  industrial  accidents,  but  it  has  no 
right  to  insist  upon  the  engineer's  knowing  any  more 
than  will  qualify  him  from  that  point  of  view. 

This  is  the  older  view.  Public  and  legislative  thought 
upon  this  subject  has  been  through  two  phases  and  is 
entering  upon  a  third  and  broader  view. 

When  governmental  supervision  was  proposed  which 
would  restrain  users  from  putting  in  anything  for  a 
boiler  that  would  hold  water,  running  it  at  any  pres- 
sure that  they  pleased  and  putting  it  in  charge  of  a 
husky  whose  only  qualification  was  the  brute  strength 
necessary  to  keep  its  furnace  full  of  coal,  alarmed  pro- 
prietors put  up  a  strenuous  opposition.  Such  a  measure 
was  denounced  as  paternal,  as  an  unwarranted  inter- 
ference with  private  enterprise.  The  employer  saw  in 
it  a  dangerous  subterfuge  on  the  part  of  workin.T 
engineers  and  firemen  to  restrict  the  labor  supply,  the 
farmer  and  lumbermen  were  led  to  believe  that  they 
could  not  operate  their  threshing  machines  or  portable 
sawmills  without  a  licensed  and  uniformed  attendant. 
Visions  of  overbearing  and  grafting  inspectors,  of  boilers 
ordered  out  of  service  for  non-compliance  with  trivial 
regulations  were  conjured  up,  and  it  was  years  before 
any  considerable  number  of  states  or  municipalities 
adopted  any  regulatory  legislation. 

The  second  phase  came  with  the  inevitable  recogni- 
tion of  the  economic  importance  of  industrial  accidents. 
Safe  and  hygienic  conditions  were  impressed  upon  the 
owners  and  managers  of  industries  by  the  establishment 
of  industrial  safety  commissions,  factory-inspection 
departments  and  employers'  liability  laws.  Boiler- 
inspection  departments  have  been  established  in  many 
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of  the  states  and  provisions  for  examinitiK  and  certify- 
ing: the  men  in  re-nponsihle  ihar^e  of  l)oilers  and  power- 
plant  machinery  in  a  few.  No  lata.strophe  and  no 
jreneral  inionvenienco  to  industry  ha.s  resulted.  The 
number  of  boiler  explosions  has  without  doubt  \yeen 
kept  down  by  the  better  desijrn,  construction  and  opera- 
lion  insisted  upon;  how  much,  it  is  impossible  even  to 
estimate  in  the  absence  of  statistics  as  to  the  number 
and  character  of  boilers  in  u.'te.  When  all  the  states 
have  boiler-inspection  departments  and  the  National 
Hoard.  coniix)sed  of  the  heads  of  the.se  depurtments, 
evolves  a  uniform  .system  for  reKi.sterinjf  all  boilers  in 
u.se  and  report  injr  all  accidents  to  them,  we  shall  have 
.some  real  information.  The  average  intelligence  and 
efficiency  of  the  operating:  engineer  in  states  requiring 
examination  and  license  have  been  raised  through  the 
elimination  of  the  unfit  and  the  self-improvement  of  the 
othei-s  through  study  to  qualify  for  higher  degrees  of 
licen.se,  but  there  has  been  no  restriction  of  available 
labor  in  this  field,  and  the  more  the  men  qualified  to 
assume  responsibilities  the  more  they  identified  them- 
selves with  the  executive  class.  In  this  pha.se  the  public 
;'.nd  legislative  minds  adjusted  them.selves  to  the  theorem 
that  the  state  not  only  has  the  right  but  is  in  duty 
bound  to  safeguard  its  citizens  against  ignorance, 
neglect,  or  willingness  to  take  a  chance  on  the  part  of 
users  of  power-plant  apparatus. 

In  this  second  phase  the  stress  was  put  upon  public 
safety,  and  safety  was  insisted  upon  as  the  only  warrant 
for  govei'nmental  intei-vention.  Our  correspondent  is 
in  this  pha.se  and  reitei-ates  its  aphorisms  and  argu- 
ments. A  state  inspector  may  satisfy  himself  that  an 
applicant  for  a  license  is  a  safe  man  to  trust  with  the 
responsibilities  that  he  seeks  to  assume,  but  has  no 
right  to  examine  him  with  regard  to  his  ability  and 
efficiency  as  an  engineer  nor  to  refuse  him  a  license 
because  of  his  ignorance  of  engineering  except  in  the 
rudimental  essentials  to  safe  operation. 

As  the  public  consciousness  became  accustomed  to  this 
phase,  it  began  to  realize  that  a  boiler  explosion  is  more 
than  a  local  disaster,  that  it  is  a  communal  loss,  a  set- 
back in  the  national  struggle  for  industrial  supremacy 
and  the  human  struggle  against  environment,  an  impair- 
ment of  the  efficiency  with  which  human  labor  seeks  to 
improve  the  condition  of  the  race.  In  the  last  analysis 
it  means  increased  cost  which  many  people  who  will 
never  hear  of  the  explosion  have  to  pay  for  many  things 
at  first  sight  only  remotely  involved. 

And  then  comes  the  thought  that  leads  to  the  third 
phase  upon  which  we  are  just  entering.  If  a  boiler 
explosion  is  a  matter  of  public  concern,  not  only  because 
of  the  loss  of  life  and  physical  suffering  which  it 
involves,  but  because  of  wa.ste  of  resources  and  impair- 
ment of  efficiency,  why  is  not  continuous  and  avoidable 
waste,  amounting  in  the  long  run  to  many  times  the 
loss  concentrated  in  the  spectacular  destruction  of  an 
exploding  boiler,  equally  if  not  still  more  a  matter  for 
the  attention  of  the  public  economist?  We  are  begin- 
ning to  get  glimpses  of  a  coalless  world.  Has  anybody 
the  right  to  hasten  that  impoverishment  by  burning 
two  pounds  when  one  will  do?  Has  he  the  right  to 
wilfully  waste  the  resources  of  the  nation  and  pass  the 
cost  on  to  the  buyer  of  this  product  ?  May  we  not  con- 
template the  time  when  it  will  appear  just  as  reasonable 
to  insist,  upon  the  ground  of  general  well-being,  that 
the  man  in  responsible  charge  of  the  use  of  the  nation's 
fuel  and  power  be  qualified  to  use  it  efficiently  as  well  as 
safely? 


The  Engineer  av  a  Writer 

THIS  is  an  age  of  striving  toward  efficiency  in  the 
world  at  large  and  more  forcefully  in  the  power 
plant.  Many  times,  dealing  with  anti<iuated  equipment, 
thousands  of  engineers  have  felt  that  if  they  could  but 
secure  more  modern  machinery  or  accessories,  the  battle 
for  efficiency  would  be  more  than  half  won.  Unfor- 
tunately, the  average  engineer  is  handicapped  at  the 
.start,  since  he  is  unable  to  pre.sent  his  ideas  on  paper 
in  a  clear  and  convincing  manner.  If  he  does  attempt 
to  put  recommendations  in  written  form,  its  appear- 
ance is  often  so  slovenly  and  unattractive  aa  to  defeat 
its  purpo.se. 

The  practical  engineer  is  not  the  only  one  who  fails 
in  this  respect.  There  is  but  a  small  minority  of  tech- 
nically educated  engineers  who  pos.sess  the  ability  to 
write  good  English.  From  his  freshman  days,  when  he 
rather  bragged  of  his  "flunk"  in  English  composition, 
the  technical  man  has  disliked,  even  as  has  the  prac- 
tical man,  to  put  his  thoughts  on  paper.  The  result 
is  that  when  a  survey  of  a  plant  is  required,  both 
types  are  ignored  and  an  outside  engineer  who  can 
express  his  ideas,  even  though  they  may  not  be  as  good 
as  those  of  the  engineer  who  has  been  thrust  aside, 
is  called  in. 

The  ambitious  engineer  will  ask  how  this  condition 
can  be  remedied.  Surely  he  cannot  be  expected  to 
attend  school  again.  This  is  not  necessary.  All  that  is 
required  is  practice  in  the  expression  of  his  thoughts. 
If  the  engineer  who  has  made  an  improvement  or  has 
overcome  some  operating  trouble  will  attempt  to  write 
a  concise  account  of  this  work,  he  will  be  surprised 
how  much  easier  such  reports  become  after  two  or  three 
trials.  Not  only  will  he  find  that  practice  makes  him 
write  more  concisely,  but  he  will  also  find  himself 
thinking  more  logically.  Probably  the  best  training  an 
engineer  can  secure  in  writing  intelligently  is  in  the 
preparing  of  short  articles  for  his  favorite  engineering 
magazine.  Too  many  engineers  think  their  ideas  not 
worth  pencil  and  paper.  It  is  the  universal  experience 
that  one  mediocre  idea  well  expressed  is  worth  a  thou- 
sand good  ones  if  they  be  hidden  away  under  one's 
own  hat. 

Bituminous  Coal 
Bulletins  Suspended 

THE  Federal  Trade  Commission,  in  its  report  on  the 
bituminous-coal  situation  for  May,  gave  warning 
that  unless  a  sufficient  number  of  operators  should  volun- 
tarily furnish  reports,  the  bulletin  service  would  have 
to  be  discontinued.  Now,  after  waiting  a  reasonable 
time,  the  commission  reports  that  only  555  operators, 
representing  but  eighteen  per  cent  of  the  estimated 
total  bituminous  coal  mined  in  the  seventj'-four  mining 
districts  of  the  United  States  in  June,  have  turned  in 
their  reports  for  that  month.  The  June  bulletin,  just 
released,  contains  an  announcement  to  the  effect  that  its 
publication  is  to  be  suspended  until  the  courts  render 
final  decision  on  the  constitutional  power  of  Congress 
to  authorize  the  commission  to  require  reports  on  the 
cost  of  production. 

It  is  to  be  hoped  that  the  courts  will  uphold  the 
commission ;  but  in  the  meantime,  how  doe^  '  lis  secrecy 
on  the  part  of  the  operators  jibe  with  their  very  recent 
utterances  at  Cleveland  as  reported  in  last  week's  Power, 
indicating  their  desire,  even  anxiety,  to  co-operate  with 
the  Government  in  reducing  coal  prices? 
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Diesel  Engine  Efficiency 

The  editorial  on  the  maximum  efficiency  of  Diesel 
engines  in  the  Sept.  14  issue  of  Power  should  interest 
promoters  and  operators  of  this  type  of  engine. 

After  three  years  of  operation  of  the  Diesel  engine 
in  electric  power  plants  and  also  over  a  year  of  vi^ork  on 
the  development  of  the  same  class  of  engines  as  applied 
to  submarine  installations,  it  is  the  opinion  of  the 
writer  that  it  lies  largely  with  the  operators  whether 
the  engine  shall  be  a  success  or  not.  Perhaps  this  is 
a  platitude  that  is  common  to  any  prime  mover,  but  in 
dealing  with  internal-combustion  engines  the  interest  of 
the  operator  in  his  machine  must  be  far  more  intimate 
than  is  the  case  with  many  steam  installations. 

As  a  comparison,  take  first  the  source  of  power  in  the 
steam  plant,  which  is  the  boiler,  which  may  provide  a 
constant  stream  of  steam  at  high  pressure  so  that  the 
engine,  even  if  badly  adjusted,  may  develop  considerable 
power  and  in  many  plants  be  satisfactory  to  the  owners. 

In  the  oil  engine  there  is  no  outside  source  of  energy, 
all  of  the  power  being  developed  after  the  fuel  has 
'entered  the  cylinder.  Since  this  action  often  occurs  in  a 
period  of  less  than  one  second,  it  is  plain  that  events  must 
be  timed  correctly  and  the  parts  such  as  valves  and  pis- 
tons must  be  tight.  Because  of  the  lack  of  a  reservoir 
of  force  similar  to  the  steam  boiler,  the  overload 
capacity  is  low,  often  not  exceeding  10  per  cent. 

Right  here,  speaking  of  overloads,  the  attention  of 
the  operators  of  gasoline  or  oil  engines  that  are  not 
run  at  constant  speeds,  whether  in  marine  or  auto- 
mobile work,  must  be  drawn  to  the  fact  that  in  station- 
ary service  the  prime  mover  must  .develop  its  rated 
power  with  a  very  slight  change  of  speed  from  no  load 
to  full  load.  We  can  see  where  the  auto  engine  on 
being  speeded  up  can  carry  the  car  up  heavy  grades  with 
comparative  ease  since  the  increase  of  speed  means  an 
increase  in  the  power  developed.  The  same  is  true  in 
marine  work,  for  the  speed  of  the  vessel  depends  on  the 
speed  of  the  propeller.  An  engine  turning  an  alter- 
nator which  must  maintain  a  certain  frequency  has  not 
this  advantage. 

The  comment  on  the  Greeley,  Kan.,  fire  is  absolutely 
correct  so  far  as  the  oil  engines  not  being  the  cause  of 
it  is  concerned.  It  is  very  apparent  that  pumps  carrying 
oil  at  a  pressure  almost  as  high  as  that  in  the  fuel  lines 
to  the  engine  cylinders,  should  be  protected  so  that  the 
engine  roon  could  not  be  sprayed  with  oil  in  case  of  a 
fracture  of  a  ./  part  of  them. 

Regarding  the  efficiency  of  operation,  in  the  case  of 

the  four-stroke-cycle  engines  running  up  to  200  r.p.m., 

[   the  engineer  can  do  much  toward  attaining  good  results 


even  if  he  does  not  have  the  use  of  an  indicator  or 
pyrometer.  The  diagrams  from  a  Diesel  engine  are,  at 
most,  very  unsatisfactory  for  the  diagram  is  not,  even 
at  excessive  loads,  of  large  area  with  the  events  promi- 
nently indicated  as  in  the  case  of  steam  engines.  A  valve 
could  be  much  out  of  adjustment  before  it  would  affect 
the  diagram  seriously.  For  testing  the  compression 
pressure,  the  indicator  is  very  useful  in  the  engines  that 
are  built  today.  In  the  early  Diesel  engines,  with  the 
pistons  and  valves  tight,  a  certain  predetermined  linear 
clearance  would  give  the  correct  compression.  With 
these  engines,  when  the  valves  and  pistons  were  tight, 
excellent  results  were  obtained  even  if  an  indicator  were 
not  applied  for  long  periods.  The  oil  was  carefully 
measured  of  course,  and  by  means  of  the  electrical 
readings  the  power  and  fuel  consumption  were 
computed. 

With  the  four-cycle  engine  the  valve  mat  requires 
setting  the  most  frequently  is  the  one  controlling  the 
fuel,  and  it  is  a  simple  matter  to  keep  this  in  adjust- 
ment, and  the  writer  has  never  seen  it  done  with  the 
use  of  the  indicator.  These  valves  should  be  tested  once 
each  month. 

The  exhaust  and  air  admission  valves  are  usually 
operated  by  large  cams  with  a  considerable  throw. 
Since  the  cams  are  keyed  to  the  camshaft  and  it  is 
geared  to  the  crankshaft,  there  is  not  much  danger  of 
the  valve  timing  being  changed  unless  it  is  necessary 
to  take  the  gears  off  the  shaft,  in  which  case,  if  they  are 
carefully  marked,  there  should  be  no  difficulty  in  replac- 
ing them  correctly,  or  in  event  of  excessive  gear-tooth 
wear. 

The  space  between  the  tappets  should  be  adjusted 
from  time  to  time.  It  is  well  to  remember  that  in  the 
four-stroke-cycle  engine  the  events  are  comparatively 
far  apart  so  that  there  is  plenty  of  time  for  the  different 
operations,  such  as  admission  of  fuel,  admission  of  air, 
period  of  compression  and  period  of  release,  to  take  place. 
As  to  the  need  of  a  pyrometer,  this  would  tell  which 
cylinder  is  doing  the  most  work  by  showing  the  tempera- 
ture of  the  exhaust  gases  from  the  different  cylinders 
and  would  prove  interesting  to  the  operators. 

The  necessary  thing  to  attain  is  an  engineer  with 
common  sense.  If  he  is  an  ex-steam  engineer  let  him 
make  up  his  mind  that  he  has  a  machine  with  many 
more  parts  than  a  steam  engine,  many  more  bearings  to 
keep  lubricated,  low  overload  capacity,  with  piston  rings 
apt  to  stick  and  allow  gases  to  escape  unless  frequently 
examined ;  and  if  he  remembers  to  keep  the  valves  tight 
and  the  cooling  water  system  in  good  order,  barring 
accidents  good  results  should  be  obtained. 

East  Dedham,  Mass,  G.  H.  Kimball. 
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Hoiiie-Matle  Flanp;e  Damper 

The  sketches  show  the  (.oji-striK'tioii  of  a  dumper  for 
a  low-pressure  pipe  line,  as  for  instance  a  blower 
intake  or  outlet  or  an  air  inlet  to  u  furnace,  such  a 
damper  bein>r  fre(|uently  necessary  to  rejfulate  the 
amount  of  air  passing  through  the  line.  The  construc- 
tion is  simi)le  but  effective,  beintf  a  U-shaped  piece  A 
of  heavy  sheet  iron,  either  black  or  galvanized,  clamped 
between  two  pipe  flanges  in  the  line.    A  slide  B  cut  from 
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the  same  material  fits  into  this  U,  and  its  width  is 
made  about  a  quarter  of  an  inch  larger  than  the  diam- 
eter of  the  flange  opening.  A  gasket  of  heavy  paper  set 
in  shellac,  paint  or  other  adhesive  is  clamped  between 
each  flange  and  the  outer  plate;  this  gives  clearance 
to  the  slide.  Usually  it  will  be  necessary  to  leave  out 
one  of  the  flange  bolts  to  allow  room  for  the  damper 
slide  to  enter. 

The  arms  of  the  U-piece  A,  or  guide  plate,  extend  out 
and  serve  as  guides,  two  flat  iron  trips  being  riveted 
across  the  outer  ends  as  shown.  The  operation  of  the 
damper  will  be  greatly  facilitated  if  a  lever  and  link 
are  connected  as  shown  in  the  sketch,  the  link  being 
pivoted  on  one  of  the  flange  bolts,  which  is  made  longer 
for  the  purpose.  By  using  the  lever,  the  slide  can  be 
made  to  work  tightly  enough  to  allow  of  its  staying 
wherever  placed  as  well  as  to  almost  entirely  prevent 
the  leakage  of  air.  H.  H.  Parker. 

Oakland,  Cal. 

Does  It  Pay  to  Make  Your  Own  Repairs? 

The  question  of  making  your  own  power-plant 
repairs  should  be  of  interest  to  everj'  progressive 
engineer,  but  whether  it  is  cheaper  to  do  so  than  to 
have  the  work  done  by  outside  forces  is  a  question. 
To  be  sure,  a  goodly  number  of  articles  have  been  pub- 
lished in  Power,  illustrating  and  describing  how 
engineers  have  repaired  breakdowns,  but  most  of  them 
were  of  simple  character  and  could  easily  have  been 
fixed  by  anyone  having  a  little  mechanical  ingenuity. 
It  is  seldom,  however,  that  we  find  an  account  published 
of  repair  jobs  that  require  very  much  time  or  labor  or 
where  the  cost  would  amount  to  ver>'  much  if  done  by 
the  men  in  the  plant. 

Labor  costs  are  about  the  same  whether  the  work  is 
performed  by  men  in  the  plant  or  by  an  outside  shop, 
and  naturally,  the  labor  supplied  by  the  outside  shop  is 
more  skilled  in  making  repairs  than  the  men  employed 
oy  the  power  plant  would  be,  owing  to  the  fact  that 


they  are  constantly  employed  in  doing  such  work, 
whereas  the  power-plant  man  has  it  only  occasionally 
and  does  not  always  know  the  quickest  and  best  way  of 
doing  the  work. 

For  instance,  not  long  ago  the  armature  of  a 
generator  burned  out  and  the  rewinding  was  done  by 
men  employed  about  the  plant.  So  far  as  known,  no 
account  was  kept  of  the  amount  of  labor  put  in  on  the 
job,  and  there  is  a  (luestion  if  the  work  was  done  as 
well  or  as  cheaply  as  it  could  have  been  done  by  a  com- 
pany engaged  in  such  work.  This  same  thing  would 
apply  to  boiler  and  engine  repairs. 

Perhajjs  some  of  the  readers  of  Power  have  had 
repair  jobs  of  some  magnitude  and  have  the  facts  and 
figures  to  show  that  money  was  saved  over  what  would 
have  been  paid  to  an  outside  repair  company.  If  there 
are  such  instances,  accounts  of  them  would  be  interest- 
ing and  helpful  to  other  engineers.        M.  G.  Groom. 

Baltimore,  Md. 

Simple  Indicator-Cord  Holder 

While  running  a  continuous  test  on  a  Diesel  engine 
recently,  I  found  that  each  time  I  wished  to  take  indi- 
cator diagrams,  it  was  necessary  to  guide  the  cord 
through  the  groove  in  the  pulleys  before  I  could  engage 
the  hook  in  the  traveling  eye. 

To  keep  the  cords  in  place  I  used  a  short  piece  of  wire 
bent  as  shown  in  the  sketch.  The  ends  that  guide  the 
cord  are  so  bent  that,  when  there  is  tension  on  the  cord 


GUARD  FOR  INDICATOR  CORDS 

and  the  indicator  drum  is  revolving,  there  is  enough 
clearance  to  prevent  interference  with  the  free  travel 
of  the  cord.  Then,  when  the  hook  is  disengaged,  the 
cord  rests  against  the  wire  supports  and  remains  in  the 
pulley  groove. 

As  I  was  obliged  to  take  diagrams  very  often,  I  found 
this  simple  device  a  great  help.  W.  E.  GREENE. 

Buffalo,  N.  Y. 
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Crowning  a  Large  Wood  Pulley  in  Lat^'e 

The  sketch  shows  a  method  for  truing  up  or  crown- 
ing a  wood  pulley  that  is  too  large  to  swing  in  a 
lathe.  A  large  hardwood  or  steel  disc  is  bolted  to  a 
faceplate  and  a  sandpaper  disc  glued  to  its  face;  this 
disc  should  be  run  at  high  speed.  The  pulley  is 
mounted  on  the  tool  slide;  if  to  be  trued,  with  its  face 
horizontal,  but  if  to  be  crowned,  wedges  will  have  to 


I       ^^Wooa  Dix  facta  trrffr  Sartftpape 
Wood  Pu/ley 


WOOD    PULLEY    PLACED    FOR    CROWNIMJ 

be  set  as  shown  in  order  to  tilt  it  up  to  the  angle 
necessary  to  give  the  amount  of  crown  desired. 

A  hardwood  bushing  is  turned  up  to  fit  the  pulley 
bore;  this  is  drilled  for  the  clamping  bolt.  A  metal 
plate  is  placed  between  the  bushing  and  the  tool  block, 
and  the  wedges  are  driven  under  one  edge  of  the  plate. 
After  placing  the  pulley  over  the  bushing  a  large  washe- 
is  put  over  the  bolt  to  prevent  the  pulley,  which  should 
rotate  freely  but  without  play,  from  working  up. 

Then  the  disc  grinder  is  set  in  motion  and  the  pulley 
fed  carefully  up  to  it  by  means  of  the  carriage  hand- 
wheel.  It  is  rotated  slowly  by  hand  until  half  its 
surface  is  finished,  then  reversed  and  the  other  half 
crowned.  If  a  straight  face  is  to  be  ground,  reversing 
will  not  be  necessary.  In  the  case  of  a  very  large  pulley 
or  one  with  a  wide  face,  the  disc  might  have  to  be 
refaced  with  sandpaper  before  the  operation  is  com- 
pleted. H.  H.  Parker. 

Oakland,  Cal. 

Ammonia  Stores  in  Coils 

In  the  Sept.  14  issue  R.  G.  Summers  tells  of  trouble 
with  a  refrigerating  system  operating  on  freezers.  The 
statement  is  made  that  the  back  pressure  carried  on 
the  machine  was  fifteen  pounds.  It  is  my  belief  that 
the  trouble  is  caused  by  the  back  pressure  being  car- 
ried too  high  for  freezer  work.  As  the  temperature 
of  ammonia  due  to  fifteen  pounds  pressure  is  approx- 
imately zero,  the  temperature  difference  between  the 
ammonia  in  the  coils  and  the  room  itself  is  so  small 
that  the  ammonia  stores  in  the  coils,  as  indicated  by 
a  shortage  of  ammonia  in  the  receiver.  When  the 
expansion  valves  are  opened  even  slightly  this  stored 
liquid  is  carried  to  the  compressor  in  the  form  of  a 
highly  saturated  gas,  thus  freezing  up  the  compressor. 

In  operating  freezers  the  main  trouble  encountered 
is  the  storage  of  liquid  ammonia  in  the  refrigerating 
coils  if  the  expansion  valves  are  left  open  for  any 
length  of  time.  The  remedy  is  to  determine  by  trial 
the  length  of  time  the  liquid  can  be  fed  to  a  freezer 
coil  or  a  system  of  coils  without  the  excessive  storing 
of  liquid  or  the  "freezing  up"  of  the  compressor.  The 
method     cf     operation     will     then     be     to     leave     thr 


liquid  valve  open  for  the  determined  length  of  time,  then 
close  it  and  pump  down  until  the  compressor  discharge 
begins  to  warm  up  well,  when  the  liquid  valve  is  again 
opened.  The  liquid  is  best  controlled  through  a  master 
valve  in  the  engine  room  to  obviate  the  necessity  of 
setting  a  number  of  expansion  valves. 

If  Mr.  Summers  will  tr>-  this  plan  and  reduce  the 
back  pressure  on  the  machine  handling  the  low-tem- 
perature work  to  five  pounds  or  less,  he  will  have  no 
trouble,  assuming  that  his  machine  is  large  enough 
to  handle  the  load  at  the  reduced  back  pressure. 

Tuckahoe,  N.  Y.  F.  G.  Schoenfeld. 

Oil-Pan  Arrangement  for  Ascertaining 
Fuel  Leakage 

During  a  recent  economy  te.st  on  an  oil  engine  I 
found  it  necessary  to  know  the  amount  of  fuel  oil  that 
was  leaking  by  the  fuel-pump  plunger.  This  pump  was 
located  over  the  camshaft  A,  and  the  plunger  was  driven 
by  cam  B.  The  pan  C  was  placed  directly  under  the 
pump  (not  shown)  and  had  been  draining  all  the  leaking 
oil  through  the  hole  D  into  a  pail. 

In  order  to  ascertain  the  exact  amount  of  oil  leaking 
between  definite  intervals  of  time,  I  arranged  the  appa- 
ratus shown  in  the  sketch.  The  strips  B  were  bent 
and  fastened  to  the  under  side  of  the  pan  C  by  machine 
screws.  Two  light  pieces  of  angle-iron  were  riveted  so 
that  the  pan  F  would  just  slide  into  the  pocket  formed 
by  these  irons,  which  were  made  so  that  the  pan  fitted 
snugly  enough  to  prevent  sliding  out  due  to  vibration. 
Then  the  pan  G  was  arranged  underneath  on  the  floor 
and  held  in  place  by  wooden  strips  H. 

With  this  arrangement  the  oil  was  allowed  to  leak 
into  pan  G  until  the  start  of  the  test.     Then  the  pan  F 


OIL-PAX    ARRANGEMENT   FOR    ASCERTAINING 
FT^KT.    LEAKAGR 


was  slid  into  place  and  kept  there  for  the  duration  of 
the  test.  For  convenience  the  pan  F  was  made  to  weigh 
an  exact  number  of  pounds. 

I  found  this  very  convenient  in  determining  the  num- 
ber of  pounds  of  oil  that  should  be  subtracted  from  that 
drawn  from  the  supply  tank  by  the  pump.  In  calculat- 
ing the  economy  of  the  engine,  this  fuel  leaking  past 
the  pump  plunger  is  an  important  consideration. 

Buffalo,  N.  Y.  W.  E.  Greene. 
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Trouble  in  Huriiing  Hog  Fuel 

In  the  Oct.  12  issue,  page  r)92,  C.  W.  Fields  mentions 
havinjr  .some  diniculty  in  burninR  hopRcd  fuel  under 
boilers  and  gives  a  sketch  of  the  oven  in  which  this  fuel 
is  being  burned.  Unfortunately,  the  elevation  of  the 
drawing  is  not  dimensioned  and  it  is  diflicult  to  deter- 
mine just  exactly  the  shape  of  this  furnace.  If  the 
furnace  is  shaped  as  shown  according  to  scale,  a  great 
deal  of  the  trouble  is  unquestionably  due  to  the  re- 
stricted throat,  as  an  open  throat  is  essential  for  burn- 
ing wood,  whether  hogged  or  otherwi.se. 

In  order  to  burn  wood  successfully,  the  burning  must 
be  done  on  the  outside  and  the  air  must  come  from  the 
front  of  the  furnace  over  the  fire  for  the  greater  part; 
little,  if  any  air  comes  through  the  grates,  only  suffi- 
cient, in  fact,  to  prevent  the  grates  from  becoming 
overheated. 

The  fuel  should  be  fed  through  the  top  chute  by 
gravity,  not  undei  air  pressure.  It  would  help  if  the 
fuel  were  allowed  to  pile  up  in  a  cone,  which  would  leave 
all  four  corners  of  the  grate  bare,  to  allow  air  to  enter 
at  these  four  points.  In  addition  air  should  be  allowed 
to  enter  above  the  grate  through  the  firedoor  or,  prefer- 
ably, rather  higher  up,  and  if  possible  this  air  should 
be  heated.  This  can  be  accomplished  by  making  a  double 
arch  allowing  the  air  to  enter  through  the  side  walls  of 
the  furnace  between  the  two  arches,  then  pass  down- 
ward through  openings  in  the  front  walls  into  the  fire- 
box. With  this  arrangement  sufficiently  heated  air  in 
a  proper  amount  can  be  supplied  to  the  fire  to  consume 
the  fuel. 

If  air  is  forced  into  the  furnace,  the  blast  will  carry 
over  the  chips  and  dust  unconsumed  into  the  tubes, 
where  the  fire  in  them  will  be  quenched,  and  the  ashes 
will  be  blown  up  into  the  stack.  Sufficient  air  and  fuel 
should  be  supplied  in  the  proper  proportions  so  that 
combustion  is  completed  before  the  burning  particles 
reach  the  rear  end  of  the  boilers.  For  this  purpose  the 
passage  of  the  gases  should  not  be  accelerated  by  a  blast, 
but  should  be  retarded  as  much  as  possible.  A  wide 
throat  will  facilitate  this  result,  and  if  the  setting  is 
properly  built  the  losses  in  radiation  will  not  be  large. 
As  a  general  proposition  the  character  of  the  grate  has 
very  little  to  do  with  the  burning  of  wood.  All  that  is 
necessary  is  that  sufficient  air  passes  through  the  grates 
to  prevent  their  overheating  and  providing  a  sufficient 
amount  of  heated  air  over  the  top  of  the  fire. 

We  have  two  boilers  operating  on  hog  fuel  using  only 
half  dutch  ovens,  owing  to  the  restricted  floor  space  in 
our  boiler  room,  and  we  are  burning  this  fuel  practically 
without  smoke  and  developing  good  efficiency;  at  least 
we  so  judge  from  the  output  of  the  boiler,  as  we  have 
as  yet  made  no  evaporation  test.  The  boiler  is  rated  at 
255  hp.,  and  we  have  taken  out  over  430  hp.  continu- 
ously for  many  days  at  a  time,  with  little  or  no  trouble 
as  regards  clinkers  or  ash. 

Soot  blowers  are  used  frequently;  that  is  to  say, 
the  tubes  are  blow-n  out  three  or  four  times  a  day  so 
as  to  keep  them  as  clean  as  possible.  The  combustion 
chamber  does  not  fill  up  with  cinders;  the  ashpit  is  clear 
and  free,  even  more  so  than  with  coal;  no  trouble  is 
experienced  with  the  grate,  and  none  in  keeping  the 
pressure  up. 

The  only  difficulties  that  have  been  shown  so  far  have 
been  in  maintaining  the  arch  and  the  side  walls,  for  the 
fire  is  exceedingly  hot  and  quite  variable  owing  to  the 
difficultv  in   maintaining  a  constant  feed  of  the  fuel. 


This  latter  trouble  we  arc  in  process  of  eliminating  at 
the  pre.sent  time,  and  hope  .soon  to  arrange  to  he  able 
to  feed  the  fuel  a.s  the  load  demands.  The  «iueHtion  of 
controlling  the  air  is  comparatively  easy,  as  it  is  done 
by  opening  or  closing  two  4  x  10-in.  doors  which  are 
located  almost  directly  over  the  firedoors. 
Boston,  Mass.  Henry  D.  Jackson. 

KnginecTH''  Lieenne  Lawn 

Referring  to  the  article  "Engineers'  Licen.se  Laws"  on 
page  632  of  the  Oct.  19,  1920,  issue  of  Poicer  by  W.  F. 
Lockwood,  I  would  .say  that  he  rea.sons  only  on  one  aide 
of  the  question.  As  I  am  an  engineer,  also  a  member 
of  a  board  of  examiners  for  engineers,  and  an  employer 
of  eight  to  ten  engineers  for  the  company  of  which  I 
am  the  chief  engineer,  it  is  my  duty  to  know  at  least  as 
much  as  the  men  I  employ,  about  the  engines  and  boilers 
in  the  plant ;  otherwise,  I  could  not  intelligently  direct 
them  in  the  cour.se  of  their  work,  especially  during  the 
critical  periods  that  sometimes  arise  in  every  power 
plant  that  is  operating. 

Mr.  Lockwood  says  that  the  public  is  not  concerned 
and  that  there  would  be  no  menace  to  the  public  if  the 
valves  were  faultily  set,  etc.  He  does  not  consider  that 
we  are  wasting  those  necessaries  of  life  and  health  and 
raising  the  price  of  these  materials  to  the  public  as 
well  as  the  owner. 

Mr.  Lockwood  says  it  would  make  no  difference,  to 
the  public,  if  the  engine  were  to  run  loose  in  all  of  its 
bearings  and  its  thumping  could  be  heard  a  mile  away. 
I  hope  that  I  will  never  be  compelled  to  live  within  a 
mile  of  his  plant,  or  have  to  go  to  a  hospital  if  he  should 
ever  be  lucky  enough  to  get  a  position  as  engineer  in  the 
same  hospital,  or  have  to  send  my  children  to  school 
within  a  mile  of  his  plant. 

For  the  safety  part  I  want  to  ask  Mr.  Lockwood  if 
he  ever  knew  of  any  accident  caused  by  loose  bearings 
and  this  thumping  that  he  speaks  about.  Let  him  trj' 
to  calculate  the  force  of  the  blow  against  the  metal  in 
a  thumping  engine,  and  see  how  much  more  strain  he 
puts  on  the  engine  frame,  and  then  figure  how  much 
danger  there  is  to  the  men  and  women  working  in  a 
manufacturing  plant  where  he  is  employed  as  an  engi- 
neer. If  he  is  net  able  to  do  this,  let  him  go  to  some 
of  the  examiners  in  the  State  House  at  Boston  and  get 
them  to  do  it  for  him.  I  know  quite  a  number  of  them, 
and  I  know  they  can  do  it.  George  T.  Bromley. 

Wilmington,  Del. 


Referring  to  Mr.  Lockwood's  article,  T  do  not  wish  to 
suggest  that  he  has  not  said  much  truth,  but  it  was 
conceded  that  Massachusetts  plants  during  the  recent 
war  were  far  more  efficiently  operated  than  plants  in 
no-license  states.  A  fly^vheel  explosion  ^  metimes  is 
quite  a  serious  affair,  and  the  learned  engineer  tries, 
by  properly  adjusted  valve  gear  and  governor,  to  pro- 
tect his  plant  from  such  a  catastrophe,  although  ex 
plosions  have  occurred  in  plants,  as  Mr.  Lockwood  sayf. 
where  licenses  obtained. 

Our  best  surgeons  and  physicians  fail  to  save  every 
patient.  Do  the  majority  of  engineers  and  firemen  in 
license  states  wish  to  go  back  to  the  days  before  licenses? 
I  think  not.  Does  the  progressive  citizen  wish  the  law 
licensing  engineers  and  firemen  abolished?  I  think  not. 
Does  Mr.  Lockwood  wish  to  embark  on  a  vessel  under 
a  licensed  captain  and  chief  engineer  or  otherwise? 

New  York  Citv.  C.  W.  Peters. 
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INQUIRIES 
"^"^  OF  GENERAL 
INTEREST 


Carbon  in  Lubricating  Oil — After  reliltering  the  lubricat- 
ing oil  in  a  Diesel  engine,  I  find  a  lot  of  carbon  particles 
still  in  the  oil.     Can  this  be  remedied?  R.  G.  N. 

It  is  practically  impossible  to  remove  all  the  free  carbon 
from  the  oil.    A  small  amount  will  do  no  damage. 


Diesel  Hard  to  Start — In  starting  a  Diesel  engine  using 
26-deg.  oil,  the  cylinders  do  not  fire  until  the  flywheel  has 
turned  over  a  dozen  or  more  times.  How  can  this  be 
improved?  D.  B. 

Evidently  the  cylinders  are  worn,  losing  compression  until 
warmed  up  by  making  several  strokes.  As  an  emergency, 
use  kerosene  to  start,  since  it  fires  at  a  lower  temperature. 


Clattering  of   Balanced   Valve   With  Circular  Back — Our 

shaft  governor  engine  is  provided  with  a  balanced  valve 
that,  judging  from  the  large  amount  of  steam  used,  probably 
leaks  badly,  and  when  the  engine  is  running  the  valve  make.« 
a  clattering  noise  such  as  made  by  most  engines  when 
started  up  or  stopped.  A  short  time  after  the  valve  and 
circular  top-plate  wei^e  planed  and  supplied  with  new  pack- 
ing rings,  the  noise  became  as  bad  as  before.  How  can  the 
trouble  be  remedied  ?  E.  W. 

The  trouble  complained  of  is  common  with  the  type  of 
valve  described,  especially  when  the  engine  is  operated  with 
a  heavier  load  than  the  load  for  which  wear  has  caused 
shoulders  to  be  formed  on  the  steam-chest  cover.  For  the 
greater  valve  travel  with  heavier  loads,  the  circular  edge 
of  the  top  plate  strikes  these  shoulders  or  travels  over 
them  with  a  chattering  of  the  valve.  The  only  remedy  is 
to  make  frequent  inspections  of  the  surfaces  and  keep  them 
true  and  parallel,  and  keep  in  order  the  springs  that  hold 
the  valve-back  against  the  steam-chest  cover. 


Chatter  and  Blow-down  of  Safety  Valve — Why  does  a 
safety  valve  continue  to  blow  off  after  the  boiler  pressure 
has  dropped  below  the  pressure  for  which  the  valve  is  set? 
What  would  cause  a  safety  valve  to  chatter  or  rumble  when 
blowing  off?  C.  T.  C. 

Blowing  off  continues  after  the  boiler  pressure  is  reduced 
below  the  "pop"  pressure  because  the  discharge  passages 
guide  the  escaping  steam  in  such  a  manner  that  it  helps 
the  boiler  pressure  to  hold  the  valve  away  from  its  seat. 
The  greater  this  assistance  while  the  valve  is  open  the 
lower  the  boiler  pressure  will  be  reduced  below  the  "pop" 
pressure  before  the  valve  will  be  closed.  The  reduction  in 
boiler  pressure  below  the  "pop"  pressure  is  called  the  "blow- 
down"  and  most  direct  spring  loaded  safety  valves  are 
provided  with  an  adjustable  "blow-down  ring"  or  other 
tneans  for  varying  the  amount  of  blow  down.  When  the 
valve  is  raised  from  its  seat  the  pressure  exerted  by  the 
spring  is  greater  than  when  the  valve  is  closed.  Hence 
when  the  valve  opens,  unless  the  escaping  stem  exerts 
enough  force  to  overcome  the  greater  spring  resistance,  for 
continuance  of  a  little  more  than  pop  pressure  in  the  boiler 
there  are  rapid  alternations  of  partial  openings  and  closings, 
due  to  the  ricochetting  of  the  spring  and  small  sudden 
changes  of  boiler  pressure  that  give  rise  to  chattering  of 
the  valve  with  intermittances  of  discharge,  causing  vibra- 
tions of  the  atmosphere  that  produce  a  humming  or  rum- 
bling sound. 


Anchorage  tor  Base  Elbow  of  Turbine  Exhaust — A  steam 
turbine  running  under  28  in.  vacuum  has  a  .30-in.  diameter 
exhau.st  opening  to  which  a  copper  expansion  joint  is  bolted, 
and  there  is  a  base  elbow  bolted  to  the  expansion  joint, 
which  is  anchored  to  a  concrete  pier.  What  should  be  the 
weight  of  the  pier?  R.  J.  D. 

A  vacuum  of  28  in.  =  28  X  0.491  =  13.7.5  lb.  pressure  per 
square  inch  less  than  the  pressure  of  the  atmosphere.  The 
area  of  opening  of  the  elbow  is  30  X  30  X  0.78.54  =  706.86 
sq.in.  Assuming  perfect  flexibility  of  the  expansion  joint 
and  elbow  connections  and  neglecting  the  weight  of  the 
elbow,  the  excess  external  pressure  tending  to  lift  the 
elbow  and  weight  of  concrete  required  for  its  anchorage 
would  be  13.75  X  706.86  =  9,719  lb.  The  actual  weight  of 
concrete  required  would  be  reduced  by  the  weight  of  the 
elbow  and  any  upward  thrust  exerted  by  the  expansion 
joint. 


Reconnecting  Induction  Motor — We  have  a  60-cycle  440- 
volt  150-hp.  720  r.p.m.  motor.  This  machine  when  it  came 
from  the  factory  was  connected  five-parallel  for  two-phase. 
Without  removing  any  of  the  coils  somebody  connected  it 
five-parallel-star  for  three-phase.  In  the  two-phase  winding 
the  coils  were  arranged  in  groups  of  four.  In  the  three 
phase  winding  one  coil  has  been  left  dead  in  each  group, 
and  this  motor  is  operating  satisfactorily.  In  other  words, 
there  are  now  only  three  active  coils  in  each  pole-phase 
group.  What  effect  has  the  change  on  the  horsepower  rat- 
ing and  speed  of  the  motor?  W.  H.  K. 

A  two-phase  motor  connected  star  for  three-phase  oper- 
ation, using  the  same  grouping  of  coils  as  for  the  two-phase 
machine,  will  be  correct  to  operate  on  125  per  cent  of  thf 
two-phase  machine's  volts.  With  the  motor  in  question, 
the  winding  was  grouped  in  five  parellels  for  two-phasf 
and  was  correct  to  operate  on  440  volts.  If  this  same 
winding  was  grouped  five-parallel-star  for  three-phase  it 
would  be  good  for  125  per  cent  of  440  volts  or  550.  How- 
ever, 25  per  cent  of  the  coils  have  been  left  inactive  in 
the  winding,  consequently  the  motor  is  now  only  good  for 
operation  on  75  per  cent  of  550  or  412.5  volts,  and  will  act 
the  same  as  though  it  was  on  a  circuit  of  106  per  cent 
normal  volts.  No  doubt  the  motor  is  conservatively  enough 
designed  so  that  it  will  operate  satisfactorily  under  the 
new  condition.  Since  the  copper  has  been  reduced  by  25 
per  cent,  the  output  will  be  normally  reduced  by  25  per 
cent  and  the  rating  will  be  75  per  cent  of  150  or  112.5 
horsepower.  Since  the  motor  is  operating  satisfactorily 
under  conditions  equivalent  to  6  per  cent  increased  voltage, 
it  is  probably  good  for  about  80  per  cent  of  its  normal  rat- 
ing, or  120  horsepower.  The  starting  torque  and  pull-out 
torque  will  be  only  about  80  per  cent  of  that  developed  by 
the  two-phase  winding,  but  the  speed  will  be  practically  the 
same  for  either  two-  or  three-phase.  To  materially  affect 
the  speed  the  frequency  on  the  number  of  poles  would  have 
to  be  changed. 


[Correspondents  sending  us  inquiries  should  sign  theii 
communications  with  full  names  and  post  oflSce  addresses 
This  is  necessary  to  guarantee  the  good  faith  of  the  com 
munications  and  for  the  inquiries  to  receive  attention.— 
Editor  ] 
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WHILE  the  automatic  substation  has  been  principally 
exploited  for  use  by  the  elwttric  railways,  the  past 
year  has  witnessed  a  decided  awakening  on  the  part 
of  industrial  power  systems  and  central  stations  havin>r 
Edison  systems  to  the  desirability  of  eliminating  the  human 
element  from  the  operation  of  rotary  transforming  and 
converting  equipment.  In  many  instances  in  the  industrial 
<ield  the  direct-current  system  is  the  outgrowth  of  small 
isolated  plants  with  one  or  more  generators  driven  by 
reciprocating  engines.  As  the  industry  grows  this  plant  is 
extended  until  a  large  investment  is  tied  up  in  direct- 
current  motors.  When  the  plant  area  grows  to  more  than 
one  or  two  acres  the  problem  of  transmitting  power  at  125 
or  250  volts  becomes  quite  serious  and  very  expensive.  The 
investment  in  copper  feeders  is  a  large  factor  as  well  as 
the  actual  PR  losses  in  the  feeders.  In  most  cases  these 
losses  are  not  as  serious  as  the  decrease  in  production 
due  to  the  slowing  down  of  machines  which,  of  course, 
follows  the  drop  in  voltage.  This  cannot  be  avoided  without 
the  expenditure  of  unreasonably  large  sums  for  copper.  It 
is  undoubtedly  true  that  many  of  the  industries  in  this  class 
would  be  better  served  by  the  exclusive  use  of  alternating- 
current  distribution,  but  in  many  cases  the  cost  of  changing 
over  the  equipment  is  absolutely  prohibitive.  Notable 
examples  of  this  class  of  industry  are  the  Detroit  plants  of 
the  Packard  and  Ford  motor  companies.  Both  of  these  com- 
panies are  turning  to  the  automatically  controlled  substation 
as  a  way  to  solve  the  direct-current  distribution  problem. 

There  are  other  classes  of  industry  that  require  large 
amounts  of  direct-current  energy — for  instance,  the  steel 
mills.  Without  going  into  the  merits  of  alternating-current 
versus  direct-current  drive,  in  this  instance  the  fact  remains 
that  numerous  extensive  and  high-capacity  direct-current 
systems  are  maintained  by  the  larger  mills  and  are  con- 
stantly being  extended.  The  use  of  automatic  or  semi- 
automatic control  for  the  converting  machinery  offers  a 
convenient  and  economical  method  by  which  good  regulation 
can  be  obtained  for  the  least  initial  investment. 

Use  of  Substations  in  Mines 

Large  mining  industries  are  compelled  to  use  direct 
cu  rent  at  a  potential  not  exceeding  275  volts  for  the  loco- 
motives that  haul  the  dump-cars  from  the  mines.  The 
tracks  of  these  miniature  railway  systems  quite  often  spread 
over  an  appreciable  area  and  thus  require  that  current  be 
fed  to  the  system  at  more  than  one  point.  The  least  expen- 
sive method  of  accomplishing  this  is  by  the  use  of  auto- 
matically controlled  converting  equipment  installed  under- 
ground at  points  as  close  to  the  load  centers  as  convenient. 
The  first  use  of  this  means  of  distribution  to  come  to  the 
writer's  attention  is  by  the  Lincoln  Coal  Co.  operating  near 
Johnstown,   Cambria   County,   Pensylvania. 

In  the  past  year  or  so  there  has  been  a  marked  tendency 
on  the  part  of  users  of  electric  power  to  eliminate  the 
human  element  in  the  starting  of  motors  driving  various 
sorts  of  machinery,  so  as  to  avoid  both  the  abuse  of  the 
motor  and  the  necessity  for  educating  the  machine  operator 
in  the  exceedingly  simple  starting  operation.  As  the  use  of 
such  automatic  starters  is  now  so  universal  and  as  many  of 
the  operating  principles  of  the  automatic  substation  are 
similar,  factory  electricians  are  well  prepared  to  undertake 
the  maintenance  of  the  latter. 

Labor  of  the  sort  available  for  operating  manually  con- 
trolled converting  apparatus  has  become,  in  the  last  few 
years,  both  expensive  and  inefficient.  Few  of  the  operators 
are  able   to  do  more  than  call  for  help    if  any   operating 


•Abstract  from  a  paper  presented  before  the  Providence  Section 
of  the   Ajnerican   Institute   of  Electrical   Engineers,   Oct.    8,   1920. 


difficulties  present  themselves.  If  they  attempt  to  go  ahead 
on  their  own  initiative  they  arc  likely  to  make  expensive 
errors  in  judgment  that  will  result  in  even  more  extensive 
trouble  than  the  first  encountered. 

On  the  other  hand,  the  designers  of  electrical  machinery 
have  been  improving  methods  and  materials  until  it  is  now 
possible  to  construct  apparatus  that  can  be  reasonably 
expected  to  give  long  service  with  a  minimum  of  lost  time 
for  repairs.  Experience  gained  in  the  railway  field  has 
shown  that  automatic  control  can  be  made  so  nearly  perfect 
that  with  any  sort  of  reasonably  good  maintenance  the 
service  should  be  equally  as  good  as  the  best  manual  oper- 
ation, or  very  possibly  much  better,  especially  as  regards 
speed  of  service  restoration  after  a  failure  of  the  primary 
power  supply. 

Automatic  Control  Reliable 

An  instance  of  the  performance  obtained  is  that  of  the 
automatic  railway  station  installed  on  the  Lima-Toledo 
division  of  the  Ohio  Electric  Railways.  After  about  two 
years  of  operation  there  was  a  strike  in  which  the  mainte- 
nance crew  joined.  This  station  operated  for  some  six  or 
eight  weeks  with  no  inspection  or  maintenance  service  of 
any  sort.  Unfortunately,  the  use  of  this  incident  as  a 
shining  example  is  spoiled  by  the  fact  that  a  severe  elec- 
trical storm  burned  out  the  direct-current  reverse-current 
relay  at  the  end  of  this  period,  and  the  man  responsible  for 
operation  was  unwilling  to  take  a  chance  on  allowing  the 
equipment  to  function  without  this  protective  feature.  This 
shows,  however,  that  the  automatic  control  does  not  have 
to  be  petted  and  nursed  along  daily  to  keep  it  operating. 

Criticism  of  the  complexity  of  the  wiring  connections  in 
the  automatic  control  for  converting  machinery  has  died  out 
to  a  considerable  extent,  due  both  to  the  effort  on  the  part 
of  the  designers  to  simplify  the  connections  and  to  com- 
parison with  such  equipment  as  the  controls  of  paper- 
mill  machinery  or  large  reversing  rolling  mills.  Beside  the 
diagrams  of  such  equipments  the  automatic  substation 
seems  almost  elementarily  simple. 

The  tendency  is  for  the  use  of  synchronous-motor 
generator  sets  in  industrial  plants.  In  fact,  all  the  equip- 
ments actually  sold  for  use  in  industrial  automatic  sub- 
stations, so  far  as  the  writer  knows,  are  of  this  class.  The 
largest  and  most  interesting  of  these  are  the  two  being 
installed  by  the  Packard  Motor  Car  Co.  at  its  Detroit  plant. 
Each  of  these  will  have  one  1500-kw.  synchronous-motor 
generator  set  with  a  4600-volt  three-phase  60-cycle  motor 
and  250-volt  direct-current  generator,  the  latter  equipped 
with  compound,  interpole  and  distributed  compensating-field 
windings.  For  full  automatic  operation  the  compound  wind 
ing  will  be  short-circuited,  the  regulation  being  obtained 
from  a  special  form  of  regulator. 

Packard  Plant  Installation 

The  Packard  plant  is  laid  out  on  a  long  narrow  strip  of 
ground  directly  adjoining  a  railroad  on  one  side.  The  exist- 
ing direct-current  power  plant  is  near  the  center.  Power  is 
transmitted  in  either  direction  through  cables  laid  in  a 
tunnel.  All  the  cables  of  each  polarity  are  paralleled  so  as 
to  form  one  heavy  bus.  As  the  load  is  grovnng  toward  the 
ends  of  this  bus  tunnel  it  has  been  decided  to  put  in  two 
automatic  substations  near  the  heaviest  load  centers  located 
farthest  from  the  generating  plant.  Power  for  these 
stations  will  be  purchased  from  the  Detroit  Edison  Co. 

The  control  equipment  has  been  built  for  full  automatic 
operation,  this  meaning  that  the  stations  will  start  up  whsn 
the  bus  voltage  is  reduced  below  a  certain  point  and  will 
be  shut  down  when  the  load  remains  less  than  a  predeter- 
mined value  for  a  given  length  of  time.     It  may  prove  more 
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satisfactory,  however,  to  control  the  starting  and  stopping 
of  these  stations  by  means  of  pilot  wires  from  a  central 
point,  as  the  load  grows  with  such  extreme  rapidity  in  the 
morning  and   immediately   after  the   noon   hour. 

Automatic  converting  stations  are,  in  general,  applicable 
to  any  sort  of  industrial  requirement  where  operating  labor 
can  be  saved  by  their  use.  Pi'oposals  have  been  made  for 
their  use  in  all  sorts  of  mills  and  factories,  motion-picture 
studios,  electrolytic  industries,  mines  and  many  other  appli- 
cations. In  some  instances  the  prospective  purchasers  have 
been  more  eager  to  eliminate  the  troublesome  operator  than 
to  save  the  cost  of  operating  labor.  The  problem  of  keeping 
maintenance  men  seems  much  easier.  The  automatic  sub- 
station will  continue  to  operate  for  quite  some  time  without 
a  maintenance  man,  but  the  manually  operated  equipment 
will  not  run  without  its  operator. 


Modern  Development  in  the  Use  of 
Pulverized  Fuel 

In  the  United  States  85  per  cent  of  the  power  and  heat- 
ing plants  do  not  run  over  1,000  hp.,  and  the  expense  of  a 
complete  pulverizing  plant  has  been  prohibitive.  This 
problem  is  now  being  solved  by  a  centralized  pulverizing 
plant,  delivering  the  pulverized  fuel  to  the  consumer  in 
tank  wagons,  according  to  a  paper  by  C.  L.  Bohannan,  com- 
bustion engineer  of  the  Bonnot  Co.,  before  the  Minneapolis 
Section  of  the  National  Association  of  Stationary  Engineers. 

The  Hennepin  Atomized  Fuel  Co.  is  now  erecting  a  pul- 
verized-fuel  plant  in  Minneapolis  to  supply  pulverized  fuel 
for  boiler  plants  and  for  power  and  heating  plants.  As 
soon  as  the  installation  at  this  point  is  completed,  the  com- 
pany will  begin  erecting  plants  in  St.  Paul  and  Duluth,  and 
eventually  will  have  a  network  of  them  in  the  State  of 
Minnesota.  The  plant  is  being  built  by  the  Bonnot  Co.,  of 
Canton,  Ohio,  which  will  also  furnish  the  burning  equipment 
for  the  various  installations. 

The  peat  operations  of  the  Hennepin  company  have  now 
passed  the  experimental  stage,  and  it  is  expected  that  a 
considerable  amount  of  this  fuel  will  be  on  the  market  by 
the  fall  of  1921.  The  work  of  excavating  and  air-drying 
the  peat  has  been  done  on  a  60-acre  tract,  situated  three 
miles  from  the  city  limits  of  Minneapolis  on  Superior 
Boulevard.  The  peat  on  this  bog  averages  about  seven 
feet  in  depth  and  is  not  as  high  a  grade  of  fuel  peat  as  that 
found  in  the  northern  part  of  the  state,  where  the  depth  is 
from  twelve  to  twenty-five  feet.  This  peat  is  much  more 
compact  and  of  an  older  formation.  It  is  excavated  by  the 
Garnett  peat  machine,  which  digs,  macerates,  spreads  and 
cuts  into  briquets  at  one  operation.  This  machine  requires 
only  one  man  to  operate  and  has  a  capacity  of  100  tons  of 
air-dry  peat  per  day.  After  the  peat  is  spread,  the  crop  is 
allowed  to  lie  for  about  two  weeks,  exposed  to  the  wind 
and  sun,  when  it  is  piled  into  windrows  by  the  use  of  an 
ordinary  road  scraper  for  further  air  drying,  and  put  into 
stockpiles  to  await  transportation  to  the  pulverizing  plant. 

The  dry  pulverized  peat  contains  about  3  per  cent  mois- 
ture, 10  per  cent  ash,  0.32  per  cent  sulphur  and  from  9,000 
to  10,000  B.t.u.  per  lb. 

The  experimental  work  of  burning  pulverized  peat  was 
conducted  at  the  Phoenix  Building,  Minneapolis,  with  very 
satisfactory  results.  The  actual  comparison  obtained  by  a 
weighed  water  test  showed  that  about  10  per  cent  more 
peat  was  required  to  carry  the  same  load  than  when  burn- 
ing pulverized  coal. 

Pulverized  peat  burns  with  a  longer  flame  than  pulverized 
coal,  due  to  its  high  volatile  content  and  weight.  A  cubic 
foot  of  pulverized  coal  weighs  36  lb.,  while  a  cubic  foot  of 
pulverized  peat  weighs  31  lb.  From  the  nature  of  the  fuel, 
with  its  high  oxygen  content,  the  quantity  of  air  for  com- 
bustion can  be  greatly  reduced  from  that  required  for  coal. 
A  slight  variation  in  the  air  supply  will  affect  the  furnace 
conditions  with  peat  burning  more  than  the  same  variation 
where  coal  is  used.  The  ash  is  -ery  light  and  does  not 
stick  to  the  tubes. 

The  Bureau  of  Mines,  University  of  Minnesota,  estimates 
that  there   are,   in  that  state   alone,   seven   billion   tons   of 


peat,  the  greater  portion  of  which  is  available  for  fuel. 
The  burning  of  pulverized  peat,  while  a  new  departure 
in  this  country,  has  been  in  successful  operation  in  Sweden 
for  several  years.  Results  of  tests  by  the  Swedish  govern- 
ment are  summarized  by  Captain  Ernst  Wallagren,  Chief 
Peat  Engineer  of  that  government,  who  says:  "The  peat 
powder,  when  burned  by  the  method  used  at  Biick,  was  equal 
in  fuel  value  to  the  best  English  coal  ton  for  ton.  This 
discovery  makes  Sweden  independent  of  other  countries  for 
fuel  supplies  for  industrial  uses." 

In  summing  up,  Mr.  Bohannan  declared  it  to  be  an  absolute 
fact  that  the  use  of  pulverized  fuel  produces  a  great  sav- 
ing in  both  fuel  and  labor  costs.  Owing  to  the  scarcity  of 
skilled  opei-ators,  it  is  more  difficult  than  ever  to  produce 
high  efficiencies  in  hand  or  stoker  firing.  For  these  con- 
ditions pulverized  fuel  gives  an  ease  of  control  equivalent 
to  that  of  a  gas  or  oil  fire. 


Increased  Operating  Costs 

In  a  paper,  "Operating  Costs — Power  Expenses,"  pre- 
sented before  the  Municipal  Tramways  Association,  Cardiff, 
Wales,  A.  L.  C.  Fells  said  in  part: 

Before  the  war  it  was  possible  to  issue  a  fairly  close 
specification  for  coal,  and  payment  was  made  for  value 
received.  Since  1914,  however,  anything  available  has  had 
to  be  taken,  and  absolute  rubbish  has  been  supplied  in  in- 
numerable instances,  notwithstanding  all  the  complaints 
made  to  the  authorities  concerned. 

To-day  the  situation  is  still  unsatisfactory.  The  follow- 
ing particulars  with  regard  to  the  coal  supply  to  the  London 
County  Council's  Greenwich  Power  Station  may  be  of  in 
terest: 

1913-14  1919-20 

Tons  of  fuel  burned 166,040  176,400 

Total  cost  of  fuel  burned £139.577  £348.395 

Average  price  paid  per  ton  for  coal 16s.  93d.      41s.  llftd. 

.\veragre  calorific    value    British    tiiermal    units      13,350  10,780 

Average    percentage    of    ash 6.79  14,59 

It  will  be  seen  that  the  fuel  supplied  in  1919-20  contained 
7.8  per  cent,  more  ash  than  that  supplied  during  1913-14, 
or  a  total  increase  in  the  waste  material  supplied  to  the 
station  of  13,759  tons.  This  waste  material,  paid  for  at 
41s.  11.3d.  per  ton,  represents  a  dead  loss  of  £28,854  during 
the  year.  In  addition,  the  extra  cost  of  barging  away  the 
ashes  at  3s.  8d.  per  cubic  yard  amounted  to  £6,306,  and 
owing  to  the  increasing  cost  of  labor  this  figure  will  be- 
come more  serious  as  time  goes  on.  The  present  cost  of 
barging  amounts  to  4s.  9d.  per  cubic  yard,  or  a  total  cost 
of  barging  the  above  quantity  of  ash  would  amount  to 
approximately  £8,170.  In  addition  to  this,  it  has  been 
necessary  to  incur  very  heavy  expenditure  at  the  station 
for  labor  in  connection  with  the  removal  of  ashes.  The 
figures  quoted  would  have  been  considerably  higher,  as  a 
larger  amount  of  fuel  would  have  been  consumed  in  1919- 
20,  if  it  had  not  been  possible  to  bring  into  commission 
more  economical  generating  plant. 

Dr.  Steinmetz  Speaks  on  Liglitning 

On  the  evening  of  Oct.  20  Dr.  Charles  P.  Steinmetz  ad- 
dressed a  Chicago  audience  that  taxed  the  capacitv  of 
Fullerton  Hall.  The  occasion  was  a  joint  meeting  of  the 
Chicago  Section  of  the  American  Institute  of  Electrical 
Engineers,  the  Electrical  Section  of  the  Western  Society 
of  Engineers  and  the  Chicago  Chemists'  Club.  The  topic 
of  the  evening  was  the  "Origin  and  Energy  of  the  Lightning 
Flash."  According  to  the  speaker's  conception  the  lightning 
flash  is  not  a  destructive  charge  like  that  from  a  condenser, 
but  is  more  in  the  nature  of  an  equalization  of  unequal 
electrostatic  charges.  The  tremendous  power  required  for 
a  destructive  spark  is  not  present.  The  origin  of  the  tre- 
mendous voltages  may  be  in  a  combination  of  highly 
charged  moisture  particles  into  raindrops,  the  charge  car- 
ried by  the  small  particles  being  due  to  their  position  in 
the   electrostatic    field    surrounding    the    earth. 


There  was  35  per  cent  less  coal  produced  in  the  mines  of 
Upper  Silesia  in  1919  than  in  the  previous  year;  21,204,043 
tons  of  coal  was  shipped  from  these  mines  in  1919,  as  against 
36,113,360  tons  in  laiS  and  40,337,215  tons  in  1913. 
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YiirnD>    Doablr-Tldilriilns    Valve 

Y;iriiull-Wnrln«  Co,   rhpatnut   Hill.    PhllndrlphU,    Pu. 
"Powor."    1820 


FIniicr,    Turlflrr   and    Corrucatrd    BoUcr 

rnlon    Iron    WorkM,    Krip,    Pa. 

•Power."    Hfpt     2B,    1920 


ThiK  viilvi-  IH  of  J^hp  IcviT  oppniti-d. 
swliiK->:iir<-  lypc.  havInK  n  nt'olInK  bush- 
ing on  the  In  lot  nldr  of  I  ho  dlsi-  so  tliiit 
it  id  douMc  tlKhti'iiltiK  oil  both  hIcIiH. 
A  RUnrd  on  the  tallplicf  of  tho  Hi-allntf 
hushlMK  prolect.s  tho  Hpriiin  and  pr.'\unta 
scaU'-forminK  niattrr  from  Kottlni;  lit- 
hlnd  Ihi-  scatInK  hii.shine  and  Inti-rfor- 
inp  with  the  spring  action,  which  kpcps 
thi^  s(ntln);_  liushinK  against  tho  disr 
rt  hen  no  pressure  Is  on  thp  valve. 
When  presi^ure  Is  applied,  the  seatin;.; 
hu.shinR  l.s  forced  aKainst  the  maehlii.d 
surface  of  the  gate  dl.se  and  Is  Krnund 
in  as  Is  the  opposite  face  of  the  gnu-  -xs 
It   passes   across   the  seat. 


Air  SeparatinK   Prof>FBs 

The  Elliott  To..  Pittsburgh,  Pa. 

"Power."  Sept     i  I.    l?20 


The  purpose  of  this  air  .separation 
is  to  remove  the  dissolved  gases  and 
also  one  class  of  dissolved  solids  which 
are  found  in  natural  water  as  it  is 
fed  to  boilers.  Kundamentally.  the 
process  consists  of  heating  the  water 
to  its  approximate  boiling  point  and 
then  injecting  it  into  a  chamber  under 
vacuum.  The  vacuum  is  maintaineil 
with  an  air  pump  with  a  condenser  or 
heat  exchanger  in  series  so  that  all  the 
heat  from  the  vapor  exhausted  from 
the  region  of  vacuum  is  returned  to 
the  feed-water  heater  through  the  heat 
exchanger.  The  process  operates  at 
100  per  cent  efficiency  thermally,  but 
thermodynamically.  the  energy  loss 
due  to  pumping  from  the  r,=gion  of 
vacuum  slightly  lowers  the  over-all 
1^  efficiency. 


.V  corrugated  flanKe  connection  Is 
niiide  betwu-n  the  liender  and  the 
Hleiim  drum  In  order  to  take  care  of 
expannlon  and  c<intra<jllon.  The 
tliingi'  provldeH  .-in  opening  of  Inrgi- 
area  for  unn-Htricted  water  clrcula- 
ilon.  and  recjuires  no  throat  bracing 
l-'lange  conn.ctlonH  are  made  riveted 
The  purifier  oonslBtH  of  a  Kettllng 
ehamlier.  Into  which  the  feed  water 
discharges,  and  where  the  prcclpi- 
lales  and  solids  are  removed  from 
the  water  Ix  fore  it  passes  Into  the 
ilrum.  Kach  settling  chamber  Ih 
equipped  with  a  blowort  Baffles 
Isolate  the  purifier  und  conducting  water  from  the  rest  of  the 
boiler,  without  obstructing  the  circulation  from  the  front  to  the 
rear  of  the  drum. 


Fornace   Door,  The  C-E-Z.  ~     ~ 

Curry  &  Barnum,  Box  706,  New  Haven.  Conn. 
"Power."    1920 

This  door  Is  composed 
of  a  cast-iron  frame,  with 
an  opening  approximate- 
ly 2  x  6  in.  When  not  in 
use  the  cast-iron  flap, 
about  i  in.  thick.  Is 
closed  and  in  such  posi- 
,,  tion  protects  the  door  and 
slab.  When  the  condition 
of  the  fire  is  to  be  deter- 
>j  mined,  it  is  mersly  neces- 
sary to  pull  the  handle 
down  and  observe  the  fire. 
In  this  2  x  6  in.  opening 
there  is  a  piece  of  blue 
glass  which  in  turn  is 
protected  when  the  flap 
is  upi  by  a  piece  of  mica 
placed  in  front  of  the  glass.  Between  the  mica  and  blue  glass 
there  is  always  a  circulation  of  air.  The  use  of  this  door  ob- 
viates the  necessity  of  opening  the  firedoor  for  observation 
Furthermore,  the  observer  is  protected  from  the  intense  heat  of 
the  furnace  when  observing  the  fire. 


Filter,  "Type  A"   Power  Plant   Oil 

The   Richardson-Phenix   Company,    Milwaukee.   Wis. 
"Power."  Aug.  31.  1920 

This  filter  operates  on  the  so-called 
dry  principle  of  filtration,  in  which  the 
oil  is  not  passed  through  water.  It 
accomplishes  purification,  both  by  pre- 
cipitation and  by  filtration  through 
closely  woven  cloth.  In  the  former 
process,  the  oil  is  brought  practically  to 
a  rest  and  entrained  water  and  heavy 
particles  of  foreign  matter  are  allowed 
to  settle  out.  The  incoming  dirty  water 
is  heated.  The  oil  takes  a  long  i)ath 
flowing  at  low  velocity  over  shallow 
trays,  where  precipitation  takes  place. 
It  then  flows  through  the  filtering 
medium.  A\'hen  necfssary,  the  oil  is 
passed  over  cooling  coils  after  it  has 
been  filtered.  The  clean  oil  occupies 
all  the  space  in  the  bottom  of  the  filter 
under  the  precipitation  and  filtration 
compartment  and  also  the  space  along- 
side the  filtering  compartment,  which 
is  about  one-half  the  width  of  the  filter. 


Packing   "Metalpac"  Flexible   Metallic 

Goodsell  Packing  Co..  May^vood.   III. 


Power."  Oct.   19.   1920 

This  packing  is  com- 
posed of  continuous 
metallic  sheets  that  are 
passed  through  a  bath 
of  lubricant  and 

crinkled  so  that  the 
material  on  the  inside 
of  the  braided  copper- 
wire  covering  with 
which  it  is  wound  is  as 
pliable  and  compres- 
sible as  the  outer  sur- 
face. The  copper  braiding  prevents  flaking  of  the  inner  mate- 
rial and  also  permits  of  making  the  packing  in  continuous  lengths 
It  has  the  flexibility  of  fib.  r  packing  and  is  made  to  withstand 
the  highest  pressure  for  steam,  air.  vapor,  hydraulic  pressure 
•and  all  liquids.  It  is  supplied  on  reels,  in  gasket  shape,  rings 
;ind  spiral  coils. 


*«^":;>^ 


stoker,   Stowe   Forced-Draft 

Laclede-Christy  Clay  Products  Co.,  St.  Louis. 
■Power."  Oct.   19,  1920 

This  forced-draft  stoker 
consists  of  traveling 
chain-grate  elements  al- 
ternating with  stationary 
tuyeres.  The  grate  is  in- 
clined at  an  angle  of  20 
deg.  ;  both  moving  and 
stationary  grates  are  pro- 
vided with  relatively 
.small  area  air  -space 
through  which  &ir  is 
Torced  at  a  uniform  draft 
pressure  not  exceeding  2 
in.  of  water.  The  chains 
are  made  up  of  four  rows 
of  links  and  ar  ■  adjus*°d 
by  eccentric  pins.  The 
tuyeres  terminate  in 
sharp  vibrating  bars 
that  slowly  rise  above  and  then  drop  below  the  chains.  In  the 
upper  position  they  start  the  movement  of  the  fuel  and  in  the 
lower  position  permit  the  chain  to  carrv  the  refuse  to  the  ashpit 
The  tuyere  rockers  are  actuated  bv  eccentrics. 


Pump,  We.stco 

Western  Pump  Co  . 


Davenport.   Iowa. 
"Power,"  1920 


The  Westco  pump 
has  but  one  moving 
part,  which  is  a  disc 
impeller  fastened  to 
the  shaft,  and  has  a 
certain  determined 
number  of  blades  on 
each  side  of  the  outer 
rim  The  impeller,  ro- 
tating at  high  velocity 
in  the  water  channel, 
causes  the  water  to  be 
drawn  from  the  source 
of  supply  and  dis- 
charged under  pres- 
sure at  the  outlet.  Th? 
water  is  taken  in  at 
the  periphery  and  dis- 
charged at  the  peri- 
phery. It  is  used  to 
handle  small  and  lar"^e 
quantit'ps  of  water 
under  '  all    pressures. 


I 
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Work  of  the  Engineering  Standards 
Committee 

Considerable  progress  has  been  made  on  the  comprehen- 
sive program  of  safety  codes  being  undertaken  by  a  large 
number  of  organizations  under  the  auspices  and  rules  of 
procedure  of  the  American  Engineering  Standards  Com- 
mittee. Following  this  regular  procedure,  each  code  is 
being  formulated  by  a  sectional  committee,  broadly  rep- 
resentative of  the  interests  concerned  and  composed  pri- 
marily of  representatives  designated  by  the  various  bodies 
interested  in  the  particular  code.  The  sectional  committee 
is  organized  by  one  or  more  bodies  designated  for  the  pur- 
pose by  the  American  Engineering  Standards  Committee 
and  known  as  sponsors. 

Sponsorships  for  the  following  safety  codes  have  been 
arranged  for:  Construction  Work,  Electrical  Fire  Code, 
Electrical  Safety  Code,  Floor  Openings,  Railways  and  Toe 
Boards,  Lighting  Code,  Lightning  Protection,  Machine 
Tools,  Mechanical  Transmission  of  Power,  Industrial  Sanita- 
tion Code,  Staii-ways,  Fire  Escapes  and  other  Exits,  Tex- 
tiles, Abrasive  Wheels,  Foundries,  Gas  Safety  Code,  Head 
and  Eye  Protection,  Paper  and  Pulp  Mills,  Power  Presses, 
Pressure  Vessels  (Non-fired),  Refrigeration  (Mechanical), 
Woodworking  Machinery. 

The  Head  and  Eye  Protection  Code  has  been  completed, 
and  the  sponsor,  the  Bureau  of  Standards,  has  submitted 
the  code  to  the  main  committee  for  approval. 

Specifications  and  tests  for  portland  cement,  and  specifi- 
cations for  fire  tests  of  material  and  construction  have 
been  approved  by  the  committee  as  Tentative  Standards. 
The  committee  has  under  consideration  several  other 
standards  covering  specifications  for  materials. 

A  specification  for  standard  pipe  threads  has  been  ap- 
proved as  an  American  standard.  The  American  Society 
of  Mechanical  Engineers  and  American  Gas  Association  are 
sponsors  and  are  representing  America  on  the  subject  at 
an  international  conference  in  Paris. 

A  sectional  committee  on  steel  sections  is  actively  at 
work,  the  Association  of  American  Steel  Manufacturers, 
the  American  Society  of  Civil  Engineers  and  the  Society 
of  Naval  Architects  and  Marine  Engineers  having  accepted 
sponsorship.  The  American  Bureau  of  Shipping  and  the 
United  States  Navy  have  representatives  on  this  sectional 
committee.  Real  progress  has  been  made  and  steps  taken 
toward  agreement  with  the  British  Engineering  Standards 
Association. 

The  Swiss  have  requested  co-operation  on  standards  for 
ball  bearings.  The  American  Society  of  Mechanical  En- 
gineers and  Society  of  Automotive  Engineers  have  accepted 
the  sponsorship,  and  a  sectional  committee  is  now  being 
formed. 

The  British  have  asked  for  co-operation  on  standards  for 
gears.  The  American  Society  of  Mechanical  Engineers  has 
accepted  sponsorship  and  has  invited  the  American  Gear 
Manufacturers  Association  to  act  jointly  vnth  them. 

Plans  are  under  way  for  sectional  committees  on  screw 
threads  and  on  cylindrical  limit  gages  for  co-operation  with 
the  British  association.  The  main  committee  has  a  satis- 
factory understanding  on  screw  threads  with  the  National 
Thread  Commission. 

At  a  safety-code  conference  in  Washington,  Dec.  8,  1919, 
a  resolution  was  passed  expressing  the  opinion  that  safety 
codes  for  general  use  should  be  prepared  according  to  the 
procedure  of  the  American  Engineering  Standards  Commit- 
tee. A  second  resolution  requested  the  American  Engineer- 
ing Standards  Committee  to  ask  the  International  Associa- 
tion of  Industrial  Accident  Boards  and  Commissions,  Na- 
tional Safety  Council,  and  Bureau  of  Standards,  to  form 
a  safety  code  committee,  which  should  suggest  a  list  of 
safety  codes  and  recommend  sponsors.  The  American  En- 
gineering Standards  Committee  acted  favorably  upon  this 
request.  The  committee  appointed  has  made  a  progress 
report,  suggesting  37  codes. 

The  American  Engineering  Standards  Committee  is  in 
communication  with  similar  organizations  in  Belgium,  Can- 
ada, France,  Great  Britain,  Holland,  Sweden  and  Switzer- 
land. 


The  committee  will  be  of  great  help  in  co-ordinating  and 
furthering  standardization  work,  thus  helping  to  place 
industries  at  large  in  a  position  to  increase  production.  The 
economic  advantage  to  the  whole  country  of  any  movement 
that  would  tend  to  increase  production   is  obvious. 

Upon  request  of  the  American  Institute  of  Architects  and 
the  Elevator  Manufacturers'  Association  of  the  United 
States,  a  conference  of  the  various  bodies  interested  in  the 
question  of  the  standardization  of  elevators  was  called  by 
the  committee  to  decide  whether  such  standardization  work 
should  be  undertaken,  and  if  so,  what  the  scope  of  the 
work  should  be.  The  conference  was  held  in  New  York  on 
Sept.  21,  and  was  attended  by  representatives  of  thirteen 
different  organizations.  After  a  full  discussion,  the  follow- 
ing resolution  was  unanimously  voted: 

Resolved:  that  this  conference  fully  recognizes  the  need 
and  the  desirability  of  standardizing  such  features  of  both 
passenger  and  material-handling  elevators  as  capacities, 
platform  sizes  and  methods  of  test. 

Acting  upon  a  request  from  the  Secretary  of  the  Inter- 
national Aircraft  Standards  Commission,  that  arrangements 
be  made,  if  possible,  for  Am,erican  participation  in  the  next 
meeting  of  the  commission,  the  American  Engineering 
Standards  Committee  invited  the  various  government  and 
industrial  organizations  interested  in  aircraft  standardiza- 
tion to  send  representatives  to  a  conference  to  discuss  the 
question.  It  was  the  uanimous  view  of  this  conference, 
which  was  held  in  Washington  Aug.  11,  that  there  should 
be  American  participation.  A  committee  was  appointed 
to  present  the  matter  to  the  President  through  the  chair- 
man of  the  Council  of  National  Defense.  As  a  result,  the 
President  addressed  a  letter  to  the  National  Advisory  Com- 
mittee for  Aeronautics,  requesting  it  to  arrange  for  the 
presence  of  American  representatives  at  the  conference. 
The  National  Advisory  Committee  for  Aeronautics  is  taking 
steps  to  provide  such  representation. 

There  has  been  formed  in  Austria  a  national  engineering 
standardizing  body.  It  is  the  tenth  to  be  formed,  the  others 
being  in  Belgium,  Canada,  France,  Gei-many,  Great  Britain, 
Holland,    Sweden,    Switzerland   and   the   United   States. 

Coal  Still  Scarce  In  Spite  of  Lifting 
of  Lake  Priority  Order 

The  lifting  of  the  Lake  priority  order  has  had  the  effect 
of  releasing  one-half  of  the  4,000  cars  that  have  been 
dumped  daily  at  lower  Lake  ports.  During  the  latter  part 
of  the  time  that  the  Lake  order  was  in  effect,  the  refusal 
of  the  Northwest  to  buy  resulted  in  a  large  number  of  cars 
being  held  under  load.  With  the  lifting  of  the  order  this 
accumulation  of  coal  on  cars  was  hurried  into  distribution 
with  the  result  that  very  substantial  relief  was  felt  in  the 
Middle  West  during  the  week  following  the  cancellation 
of  the  Lake  order.  This  gave  i-ise  to  the  hope  that  the 
movement  would  continue  at  that  rate,  and  some  disappoint- 
ment is  resulting  because  deliveries  have  slowed  down. 

The  public  utilities  continue  to  be  very  uneasy  about  their 
car  supply,  and  the  Interstate  Commerce  Commission  wa^ 
asked  formally  on  Nov.  1  to  invoke  service  order  No.  21  so 
that  the  use  of  assigned  cars  could  be  permitted.  The  com- 
mission declined  to  take  that  action  on  the  plea  that  gen- 
eral conditions  throughout  the  counry,  among  the  public 
utilities,  do  not  warrant  a  return  to  assigned  cars. 

Registration  of  Engineers  in  Canada 

The  Engineering  Institute  of  Canada  some  time  ago  pro- 
posed a  plan  for  the  registration  of  engineers.  Since  that 
time  the  Canadian  government  has  framed  a  law  along  the 
same  general  lines,  providing  for  associations  of  engineers 
in  each  province.  General  rules  of  procedure  were  laid 
dovm  by  the  government,  by  which  these  associations  might 
register  engineers  as  members.  Such  registration  has  ths 
same  effect  in  Canada  as  the  licensing  of  an  engineer  has 
in  some  states  in  this  country.  There  is  this  difference, 
however:  In  the  United  States  the  licensing  of  engineers 
is  in  the  hands  of  a  board  appointed  by  the  government  of 
the  state,  while  in  Canada  the  situation  is  almost  entirely 
in  the  hands  of  the  engineers  themselves. 
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IVoffrcHH  of  F<Ml«'ral<'<l  AiiK'riruii 
Knwiiirrriiig  Socirlien 

The  Amcricjiii  liislitiitc  i)f  Klcclrk-al  KiiKineora  at  a  mect- 
in>:  of  it.s  board  of  directors  on  Oct.  S  appointed  the  fol- 
lowinK  repre.sentatives  of  the  institute  on  the  American 
Engineerintr  Council,  the  governing  body  of  the  F'eilerated 
Anu'rican  EnKineerin>r  Societies:  Comfort  A.  Adams,  Cam- 
briilk'o,  Mass.;  A.  W.  Berreaford.  Milwaukee,  Wis.;  H.  W. 
Buck,  New  York  City;  F.  L.  Hutchinson,  New  York  City; 
W.  A.  Layman.  St.  "l.ouis.  Mo.;  William  McClellan,  Phila- 
delphia. Pa.;  I,.  F.  Morehouse,  New  York  City;  L.  T.  Robin- 
son, Schenectady,  N.  Y.;  ("harles  S.  RuflFner,  New  York  City; 
L.  B.  Stillwell.  New  York  City;  Calvert  Townley,  New  York 
City. 

The  Florida  Engineerinp;  Society  has  appointed  L.  R. 
.Mcl.ain  to  represent  it  at  the  first  nu-etinjr  of  American 
P^nnineerinfr  Council,  Nov.  18  and  19,  1920. 

The  Federated  American  Enpineerinp  Societies  now  con- 
sist of  the  following:  orRanizations:  Alabama  Technical 
.Association,  Birmingham.  Ala.;  American  Institute  of  Chem- 
ical Enprineers,  Brooklyn,  N.  Y.;  American  Institute  of 
Electrical  Enj^incers,  New  York  City;  American  Institute 
of  Mininp  and  Metallurpical  Engineers,  New  York  City; 
American  Society  of  Agricultural  Engineers,  Ames,  Iowa; 
.American  Society  of  Mechanical  Engineers,  New  Y'ork  City; 
Detroit  Engineering  Society,  Detroit,  Mich.;  Engineering 
Association  of  Nashville,  Nashville,  Tenn.;  Engineering  So- 
ciety of  Buffalo,  Buffalo,  N.  Y.;  Florida  Engineering  Society, 
Gainesville.  Fla.;  Kansas  Engineering  Society,  Topeka, 
Kan.;  Technical  Club  of  Dallas,  Dallas,  Tex.;  The  Cleveland 
Engineering  Society,  Cleveland,  Ohio;  The  Society  of 
Industrial  Engineers,  Baltimore,  Md. 

Twenty-seven  additional  societies  have  been  invited  to 
become  charter  members  and  are  now  considering  the  ques- 
tion of  acceptance. 

New  A.  S.  M.  E.  Officers  Chosen 

The  American  Society  of  Mechanical  Engineers  has  com- 
pleted its  letter  ballot  for  new  officers.  The  successful 
candidates  will  take  office  after  the  annual  convention  of 
the  society  early  in  December.  Edwin  S.  Carman,  a  Cleve- 
land manufacturer,  was  selected  as  the  president  for  a  term 
of  one  year.  The  new  vice  presidents,  who  will  serve  for 
two  years,  are:  John  L.  Harrington,  a  consulting  engineer 
of  Kansas  City;  Leon  P.  Alford,  a  New  York  editor,  and 
Robert  B.  Wolf,  president  of  the  R.  B.  Wolf  Co.,  of  New 
York.  The  three  managers,  who  are  to  serve  for  three 
years,  are  Henry  M.  Norris,  of  Cincinnati,  Ohio;  Carl  C. 
Thomas,  of  Los  Angeles,  Cal.,  and  Louis  C.  Nordmyer,  of 
St.  Louis,  Mo.  Major  William  H.  Wiley,  a  New  York  pub- 
lisher, was  re-elected  treasurer.  The  society's  council  will 
choose  the  secretary  in  December. 

Prominent  Engineer  Dead 

Percy  B.  Taylor,  Newark,  N.  J.,  a  prominent  consulting 
engineer,  died  at  his  home  in  that  city  on  Oct.  21,  after 
many  months  of  illness  due  to  heart  trouble.  Mr.  Taylor 
was  born  at  Manchester,  England,  May  26,  1865.  and  came 
to  this  country  when  eight  years  of  age.  He  started  as  a 
young  man  at  the  plant  of  Cyrus  Currier  &  Sons,  manufac- 
turers of  machinery,  Newark,  and  for  many  years  was 
associated  with  this  organization,  becoming  head  of  the 
engineering  department.  He  later  formed  the  Taylor-Martin 
Co.,  and  with  a  plant  on  New  Jersey  Railroad  Avenue  this 
company  engaged  in  the  manufacture  of  special  machinery 
and  equipment,  "n  1897  Mr.  Taylor  dissolved  this  organiza- 
tion to  engage  independently  as  a  consulting  engineer  in 
mechanical  and  electrical  work,  making  a  specialty  of  power- 
plant  installations. 

For  a  number  of  years  he  was  employed  as  consultin?: 
expert  by  the  Board  of  Education  for  the  installation  of 
heating  and  ventilating  equipment  in  the  local  public 
schools.  In  his  later  years  he  undertook  complete  plant 
construction,  including  power  and  electrical  installations  and 
machinery.     He  desirned   a   successful  internal-combustion 


fngine  of  Hpecinl   lypi-,  autoniobili!   truntimiHHion  and  other 
mechanisms. 

Mr.  Taylor  is  .survived  by  a  widow,  a  daughter,  a  uon 
and  two  brothers.  The  son,  Kenneth  H.,  will  continue  his 
father'.s  business  with  Robert  Bolton,  who  was  associated 
with  Mr.  Taylor  for  fourteen  years.  Mr.  Taylor  was  a 
member  of  the  American  Society  of  Mechanical  Engineers. 

A.  S.  M.  E.  Organizes  Special  Sections 

The  American  Society  of  Mechanical  Engineers  has  or- 
ganized in  the  past  seven  months  seven  professional  sections 
and  is  planning  to  organize  four  more.  The  .seven  sections 
already  in  existence,  with  the  number  of  members  so  far 
registered  in  each,  are  as  follows:  "Aeronautic,  201;  Fuels, 
498;  Machine-Shop  Practice,  ."JS?;  Management,  921;  Mate- 
rials Handling,  OOf);  Power,  920;  Railroads,  396.  Those 
not  yet  organizeti  are:  Cement,  92;  Gaa  Power,  322;  Ord- 
nance, 172;  Textiles,  258. 

The  object  of  these  professional  sections  is  to  provide 
organizations  of  members  who  are  particularly  interested, 
and  others  who  may  affiliate  with  them,  with  means  for 
promoting  the  arts  and  sciences  of  the  several  branches  of 
engineering  included  in  the  scope  of  the  society's  activities. 
The  affairs  of  the  sections  will  be  in  the  hands  of  a  standing 
committee,  which  will  consist  of  the  chairman  selected  by 
each  of  the  various  professional  sections.  The  chairman  of 
the  standing  committee  so  formed  will  have  a  seat  in  the 
Council  of  the  society. 

Plan  to  Increase  Endowment  of 
Engineering  Foundation 

The  Council  of  the  American  Society  of  Mechanical  Engi- 
neers has  passed  a  resolution  to  the  effect  that  the  officers 
of  the  society  be  authorized  and  requested  to  co-operate  with 
the  officers  of  Engineering  Foundation  and  the  officers  of  the 
Societies  of  Civil,  Mining  and  Electrical  Engineers  in  pro- 
mulgating a  plan  for  increasing  the  endowment  of  Engi- 
neering Foundation  and  that  when  the  plan  is  adopted  the 
officers  of  this  society  are  authorized  to  circularize  the  mem- 
bership of  this  society  with  reference  thereto. 

The  Board  of  Directors  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers  has  passed  a  similar 
resolution  providing  that  the  officers  of  this  institute  are 
authorized  to  co-operate  with  the  officers  of  Engineering 
Foundation  and  with  the  officers  of  the  other  Founder  So- 
cieties in  formulating  and  assisting  in  carrying  out  a  plan 
for  increasing  the  endowment  of  Engineerig  Foundation. 
The  officers  are  also  authorized  to  circularize  the  member- 
ship in  furtherance  of  this  plan. 


Under  average  conditions  an  automobile  discharges  ex- 
haust gases  containing  about  6.4  per  cent  of  carbon  mon- 
oxide and  about  half  this  percentage  of  hydrogen  according 
to  the  tests  of  the  Bureau  of  Mines.  This  investigation 
was  reported  by  A.  C.  Fieldner,  supervising  chemist  of  the 
Pittsburgh  station  of  the  Bureau,  in  an  address  before  the 
Chemical  Society  of  Washington  on  Oct.  28.  The  work 
was  done  by  the  Bureau  of  Mines  for  the  New  York-New 
Jersey  Tunnel  Commission,  in  order  to  determine  the  ex- 
tent to  which  ventilation  of  the  tunnel  would  be  essential 
for  proper  reduction  of  the  carbon-monoxide  content  of  the 
atmosphere  of  the  tunnel.  With  the  tunnel  operating  at 
full  capacity  a  discharge  of  approximately  400  feet  of  car- 
bon monoxide  per  minute  would  be  expected  from  these 
results.  This  means  that  the  proper  elimination  of  these 
exhaust  gases  requires  the  supplying  of  approximately  one 
million  cubic  feet  of  fresh  air  per  minute. 


The  French  Commission  reports  that  the  development 
of  water  power  in  France  under  plans  now  bsinj  carried 
out  wHl  make  that  country  third  amon^'  the  nations  who 
lead  in  this  respect.  The  water  power  resources  of  France 
ere  reckoned  to  be  about  9,000,000  hp.  Of  this  amount 
1,165,000  hp.  is  in  use,  and  about  530,000  hp.  additional  is 
beim:  developed.  In  about  fifteen  years  6,000,000  hp.  more 
should  be  realized. 
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Society  Affairs 


OlltlltliitiiiiiiiiilliliiiiimiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiDi 

Professor  E.  M.  Sliealy,  wlio  for  a  number 
of  years  was  associate  professor  of  Steam 
Engineering  in  the  University  of  Wisconsin, 
died  recently  at  his  home  in  Madison,  Wis- 
consin. Professor  Shealy's  health  had  been 
impaired  for  some  time  prior  to  h  s  death. 
Outside  of  the  University  of  Wisconsin,  he 
was  probably  best  known  in  the  field  of 
practical  power-plant  operation  for  his  ex- 
cellent works  entitled  "Sti.am  Boilers," 
"Heat"  and  "Steam  Engines,"  prepared  by 
him  in  the  Extension  Division  of  the  Uni- 
versity. In  these  books.  Professor  Shaaiy 
demonstrated  his  thorough  knowledge  of 
power-plant  operation  and  his  ability  to  de- 
scribe it  and  explain  it  in  language  under- 
standable to  the  practical  steam  plant 
operator. 

George  Tangye.  an  Knglish  engineer  of 
th3  old  school,  died  recently  at  his  home. 
Heatlifield  Hall,  Hansworth,  England.  He 
was  born  in  1835,  and  after  completing  his 
schooling  at  the  age  of  18,  he  joined  his 
brother  Richard  as  a  clerk  in  a  railway- 
supply  factory  at  Birmingham.  They  were 
soon  joined  by  James  and  Joseph,  but  they 
did  not  remain  long  in  this  place,  for 
Richard  soon  started  in  business  for  him- 
self and  it  was  not  long  before  all  the 
brothers  had  left.  In  1858  they  pooled 
their  experience  and  their  ability  and  es- 
tablished themselves  in  'business  as 
machinists.  The  Tangye  brothers  were  all 
mechanically  inclined  and  were  brilliantly 
gifted,  so  it  was  only  natural  that  their 
efforts  should  meet  with  singular  success. 
Probably  their  first  notable  achievement 
was  their  hydraulic  jack,  which  was  used  to 
move  the  "Great  Eastern"  when  she  stuck 
on  the  launching  ways,  and  which  has  not 
been  materially  improved  upon  to  this  day. 
In  1862,  it  is  said  that  George  conceived 
the  idea  of  a  steam  engine  that  could  be 
built  in  numbers  with  the  various  parts 
interchangeable,  and  that  his  brother 
Jam.s  carried  the  plan  into  execution,  pro- 
ducing what  has  been  known  as  the 
Tangye  engine.  Heathfield  Hall,  where 
Mr  Tangye  was  born  and  where  he  lived 
tor  some  years  and  finally  died,  was  for- 
merly the  hom.3  of  James  Watt.  Mr 
Tangye  carefully  preserved  the  garret  in 
whxh  the  great  inventor  had  worked,  as 
well  as  a  fine  collection  of  relics  of  Boulton 
&    Watt. 


Personals 


E.  P.  Troop  is  now  chief  engineer  for 
the  P.  H.  Glatfelter  Co.,  Spring  Grove,  Pa. 

R.  J.  S.  Pigott,  formerly  industrial  en- 
gmeer  for  the  Bridgeport  Chamber  of  Com- 
merce, is  now  with  the  Crosby  Steam  Gauge 
&  Valve   Co ,   Boston,   Mass. 

E.  H.  Aldworth,  formerly  assistant  chi=f 
engineer  with  R.  Martens  &  Co..  Inc.,  New 
York  City,  is  now  chief  engineer  with 
Livermore.  Rojas  &  Co.,  Inc..  New  York 
City. 


Tlie  Engineering  Society  of  Buffalo  will 
meet  on  Nov.  9  to  discuss  "The  Einstein 
Theory." 

The  Engineering  Conncil  has  compiled 
figTires.  showing  that  out  of  the  170  Pub- 
lic Service  Commissioners  throughout  the 
United  Slates,  only  6,  or  3J%,  are  mem- 
bers of  engineering  societies. 

The  Columbus    (Oliio)   Section,  A.  S.  M.  E., 

is  to  hear  an  address  on  Nov.  12  by  Howard 
J.  Webster,  of  the  Unifiow  Boiler  Co.,  Phila- 
delphia, Pa.  Mr,  Webster  will  speak  on  tne 
desgn  and  construction  of  the  uniflow 
boiler. 

Tile    American    Association    of    Engineers 

is  to  sponsor  a  conference  on  employment 
and  professional  education  at  the  Congress 
Hotel,  Chicago,  on  Nov.  12.  The  conference 
will  last  throughout  the  day  and  will  deal 
with  the  subject's  different  phases  very 
thoroughly. 

The  New  England  Water  Works  Associa- 
tion will  hold  its  November  meeting  at  the 
Copley  Square  Hotel,  Boston,  on  Nov  10 
Four  papers  will  be  presented  by  John  S. 
Caldwell,  Engineer  New  England  Insurance 
Exchange;  W.  R.  Brann,  Superintendent 
Water  Works,  Hallowell.  Me.,  and  Charles 
W.  Sherman,  of  Metcalf  &  Eddv,  consult- 
mg  engineers,  Boston,  Mass.  ;  Frank  A 
aiclnnes,  Division  Engineer,  Boston,  Mass  • 
and  J.  W.  Ledoux,  Consulting  Engineer 
I'hiladelphia,    Pa. 

Tlie  Society  of  Naval  Architects  and 
Mar.ne  Engineers  is  to  hold  its  Tw"enty- 
eighth  General  Meeting  in  the  Engineering 
Societies  Bldg.,  New  York,  N.  Y.,  on  Nov 
11  and  12.  Professional  sessions  will  begin 
at  10  a.m.  each  day,  and  a  number  of 
excellent  papers  are  to  be  presented.  Among 
these  are  "Surface  Condensers,"  by  Luther 
D.  Lovekm,  and  "Recent  Advance  in  Oil 
Burnmg,"  by  Ernest  H.  Peabody.  These 
two  papers  will  be  presented  on  the  12th. 

The  Engineering  Society  of  Western 
Massachusetts  will  make  an  inspection  trip 
fu  '^.P"l:  ^'°^-  !!•  hrough  the  plant  of 
the  H.  B.  Smith  Co.,  Westfield.  Mass 
manufacturer  of  cast-iron  steam-heating 
boilers  and  radiators,  .\fter  the  trip  din- 
ner will  be  served  at  the  Hotel  Bismarck. 
Following  the  dinner  the  regular  October 
meeting  of  the  society  will  be  called  to 
order,  and  Professor  Breckenridge,  of  Yale 
will  speak  on  "The  Evolution  of  the  Cast- 
iron  Heating  Boiler  as  Related  to  the  Prob- 
lem of  Power  and  Fuel" 

The    Society    of    Liquid    Fuel    Engineers 

was  organized  Oct.  21,  at  the  Engineering 
Societies  Building,  New  York  City  Dr  W 
N.  Best,  F,  R.  S.  A.,  was  .selected  as  the 
president.  Among  the  Vice-Presidents  were 
Earnest  H.  Peabody  and  Jarvis  C  Buxton  • 
the  treasurer  was  Roscoe  C.  Bulger  and 
the  secretary  was  Charles  F  Reutor. '  The 
I'st  of  incorporators  included,  besides  the 
officers,  the  following:   Albert  A.   Cary    Dr 


John  H.  Banks,  John  C.  Wait,  Gano  Dunn 
Hart  H.  Fleming,  Walter  S.  Rockwell, 
William  Schwanhausser,  and  Edgar  J. 
Kates.  The  society  plans  to  secure  quar- 
ters in  the  Engineering  Societies  Building 
in   New   York,   very  shortly. 


Business  Items 


Cliarles  L.  PiUsbury  Co.,  Engineers,  an- 
nounce that  after  Nov.  1  their  Minneapolis 
office  address  will  be  1200  Second  Avenue 
South. 

The    Conveyors    Corporation    of   America, 

formerly  the  American  Sl..el  Conveyor  Cor- 
poration, 110  West  40th  St..  New  York,  has 
placed  Clarence  C.  Brinli  y  in  charge  of  a 
new  branch  of  their  business  to  handle 
eastern   and    Canadian    affairs 

The  S.  Obermayer  Co.,  manufacturer  of 
foundry  equipment,  and  Hott-Patch  furnace 
cement,  has  opened  an  offio;^  and  ware- 
house at  Blanchard  and  Ferry  Sts  ,  Newark, 
N.  J.,  for  the  purpose  of  taking  care  of 
their  export  business.  This  warehouse  will 
carry  a  very  complete  line  and  will  be  in 
charge  of  Mr.  Beckman,  formerly  of 
Chicago. 


I  Trade  Catalogs  I 

The  Ajax  Metal  Co.,  Philadelphia,  Pa., 
have  published  a  new  catalog  in  two  edi- 
tions, one  in  English,  and  one  in  Spanish. 
This  was  made  necesary  by  the  company's 
grawing  export  trade.  The  two  editions 
are  identical  in  text  and  illustrations,  and 
cover  all  Ajax  products  from  babbitt  metals 
to  car  basses  and  castings,  and  ingot  metal. 

The  Worthington  Pump  and  Machinery 
Corporation,  New  York  City,  has  ready 
for  distribution  a  new  catalog  of  marine 
pumps  and  other  auxiliary  equipment. 
This  catalog  is  e.Kceptionally  thorough  and 
complete.  Its  125  pages  describe  in  detail 
a  very  extensive  line  of  pumping  machin- 
ery and  other  auxiliary  apparatus  for 
steam-operated  vessels.  Engines  and  equip- 
ment for  oil  and  other  motor-driven  ships 
will   be   covered    in   a   separate   publication. 

Valves,  Fittings  and  Tools  is  the  title 
of  a  new  400-page  catalog  issued  by  the 
Walworth  Manufacturing  Co.,  of  Boston. 
This  book,  which  is  intended  for  circula- 
tion only  in  foreign  countries  in  which 
the  British  standard  thread  is  used,  is 
probably  the  most  complete  catalog  printed 
in  foreign  languages  covering  pip3  fittings, 
valves  and  tools  that  has  yet  appeared  A 
special  bulletin  has  been  prepared  for  use 
in  the  United  States.  The  book  is  print- 
ed in  four  languages — English,  Spanish, 
Portuguc  se  and  French.  The  arrangement 
is  such  that  these  appear  in  the  same  se- 
quence on  each  page  so  that  a  man  who 
can  read  only  one  language  will  have  no 
difficulty  in  getting  just  the  information 
which  he  desires.  The  catalog  is  profusely 
illustrated  with  engravings. 
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New  Construction 


PROPOSED    WORK 

Mass.,  East  l,ec_Carl  AVurf.bach.  High 
St.  Lee,  is  interested  in  a  proposed  elec- 
tric power  plant  to  be  built  on  the  Housa- 
lonic  River,  here.     Owner's  name  withheld. 

Conn.,  New  Britain — The  City  plans  to 
(kvelop  a  waterworks  proiect  including  a 
pumping  plant.  Over  $3,000,000.  Jos  D. 
Williams,  City  Hall.  Engr.,  Hazen,  Whipple 
&  Fuller,  30  East  42nd  St.,  New  York  City, 
Consult.    EJngrs. 

N.  Y  BnlTalo— Geo.  B.  Post,  Archt., 
101  Park  Ave.,  New  York  City,  will  re- 
ceive bids  until  Nov.  22  for  a  17  'f^ry 
hotel  and  theater  building  h  re  including  a 
steam  heating  system,  for  the  H'-tel 
Ann*^'^  »T^°  •  Washington  St  About  $5,500,- 
000.      Noted   May   3. 

N.  Y,  Ossining — Chas.  S.  Ratitran.  Sunt, 
of  Prisons,  will  receive  bi-is  until  Nov  23 
.n""  ^  A.  ^""^  2  story  building,  two  wings, 
40  X  40  ft.  and  28  x  120  ft.,  including  a 
steam  heating  system,  for  additional  ac- 
S«I?A"i^^^''°"^  **  ^'"2-  Sing  Prison.  About 
$400,000. 

Md„  Baltimor©— The  Church  Home  & 
infirmary.  Bw-v  and  Fairmont  Ave.  has 
engaged   architects   to  prepare  plans  for  a 


6  story  addition  to  hospital.  An  addition 
to  the  steam  heating  sysf'nn  vill  be  in- 
stalled in  same.  About  $600,000.  Wyatt 
&    Nolting,    1012    Keyser   Bldg.,    Archts 

Md.,  Baltimore — The  Horn  Ice  Cream 
Co  446  Aisquith  St..  plans  to  build  an  ice 
and  ice  cream  manufacturing  plnnts,  at 
Low-  and  Ai.squth  Sts.  About  $300,000 
Archt.  not  yet  selected. 

Va.,  Richmond — The  Heisler  Auto  Re- 
pair Co.,  309  North  Laurel  St.,  is  in  the 
market  for  a   3   hp.  motor. 

O..  Cleveland — The  Euclid  Ave.  Baptist 
Church,  c/o  Rev.  W.  W.  Bustard,  Euclid 
Ave.  and  Pa-.-t  18th  St.,  plans  to  build  a 
church  including  a  steam  heating  svstem. 
About    $300,000.      Archt.    not    yet    selected. 

O.,  East  Cleveland  (Cleveland  P.  O  ) — 
The  C'ty,  c/o  A.  Carran,  C'tv  Holl.  plans 
to   build   a   light   plant.      About    $90,000. 

Ind.,  South  Be"d— Tbe  Tavern  Hotel  Co. 
is  having  plnns  prenared  for  a  10  story,  85 
X  165  ft.  hotel  including  a  steam  heati"g 
sy.s*»m.  About  $750  nno.  R.  T  France,  155 
North   Clark   St.,   Chicago,    Archt. 

Mich.,  Detroit — The  Bd.  Educ.  59  Bway 
Ave.,  received  bids  for  an  addition  to  t'-e 
si'hool  on  Abbott  St.  inc'uriinT  a  plenu-n 
st°nm  h^.Tt'ng  s-stem.  mechar'-al  v — M- 
latmg    device,    etc..    from    A.    W.    Kutche. 


623  Ford  Bldn:.,  $217,213  :  Bryant  &  D?t- 
wiler,  2336  Dime  Bank  Bldg.,  $232,680  ; 
M.  A.  Mahoney,  400  Penobscot  Bldg., 
$233,606. 

I!l.,  Chicago — Marshall  &  Fox,  .Vrchts., 
721  North  Michigan  Ave.,  will  soon  award 
the  contract  for  a  3  story,  296  x  310  ft 
power  plant  to  generate  200.000  kw.,  at 
100th  St.  and  Commercial  Ave.  for  the 
Commonwealth  Edison  Co..  72  West  Adams 
St.  Al)OUt  $5,000,000.  Sar!;ont  &  Lundy, 
72  West  Adams  St.,  Electrical  Engrs. 
Noted  Feb.  2. 

ni..  Rock  Island — The  State  Utilities 
Comn.  has  authorized  the  receivers  of  the 
Rock  Island  Southern  Railway  Co.  to 
abandon  its  electric  line  and  install  steam 
and   gasoline   motor   cart. 

Wis.,  Janesville — Alvord  &  Burdlck, 
Engrs.,  8  South  Dearborn  St..  C'licairo,  111., 
are  preparing  a  report  for  furnishing  ad- 
ditional water  supply  for  the  city. 

Wis,.  Albany  —  W.  G.  Kirchoffer,  Engr., 
31  Vromin  Block,  Madison,  will  receive  bids 
until  Nov.  12  for  one  centrifugal  pump, 
motor  and  controlling  apparatus  for  water- 
works pl'^nt  here;  pump  to  be  of  160  gal. 
r~r  minute  capacity  against  a  total  head  of 
165  ft. 

Wis.,  Kenosha — C.  Mantkus,  216  Sheri- 
('■'n  Rd.,  had  preliminary  plans  prepared 
f"r  a  2  rtorv.  140  s  150  ft  t«i"rf'r  and 
commercial  bui'ding.  About  $400,000  C. 
Augustine,   Archt.   and   Engr. 
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M  U..  I'url  » his  'I'lu-  .NurdxTii  Wln- 
>  Miinin  llyuio  I'.li-c'tru-  I'nwur  Co.,  promotinl 
li>  T.  N.  l)k.rHlri>iii,  liiiH  Ih'.ti  ^Tulilnl  (mt- 
nilHMloii  ti>  bullil  11  hyilrii  >'l<-cii'i>'  pliinl  uiul 
iluiii  uii  till?  lluli  KlviT  .1.  (°  Jai'ubMoii,  fi33 
.\li-in>i><>lltiiii  Miiiik  14l<l|{  .  Miiinfu|iullH. 
Mliiii  .    ICtiKr 

His..  I'rttlrlr  ilii  (lilrii  -'I'lii'  c'lly  haa  iip- 
liuliilrd  Alvord  ii^  Hiiiilli'li.  Diikih.  K  SouiIi 
lii'Mi'liorii  ."^i  ,  (Milciit;)!.  III.  Ill  lui'imn'  r>-- 
IHiri  for  fiiriilMliliii;  :iililllliiiial  wiiUT  aup- 
(ily   iiikI   11    IK'U'    |iuiii|>li<K  sliitloii. 

\VU.,  Kuolnr — .Mvuiil  &  Hiinlli'U.  KliKrx  . 
s  .Si.utli  lii'urliiirn  .St..  ('IiIciiko.  111..  huvi< 
imiiiiri'il  rci'orl  rcfiiiniiii'iullii);  al>iiii(loii- 
tiii'iil  of  III!'  iirrsi'iii  iiiiiiilclinil  wulcr  otatluii 
ami  inHti-nil  lii.xtiill  ik'W  i)Uin|>H  niiil  nitra- 
iloii  pInnlH  Totnl  oiitiniiili'il  itist  ubout 
I'.*, (100. 00(1 

Win..  Kiirlni-  Tin-  Niw  York  Mnrkt^t 
< 'ii..  L".t07  WnsliiiiKton  HIvil..  Is  ri-celvlng 
lilils  for  :i  J  story.  !M  x  1 1 L'  ft.  suumiRe  fac- 
turv  liicluilliiK  (•Ici'tric  motors,  etc.  I'lirker's 
KiiKlni'i-rliiir  To..  431  South  Dearborn  St.. 
•  'liioaKo.    III..    Knur. 

Win..  ShrboyBiin— Th<>  City  hail  pr«- 
lltiiliiarv  iilaiiB  i>rcpar<'<l  for  a  lu-w  pump- 
boiis..  About  J25.01XI.  C  N.  Bolcy.  t'lty 
Hall.    Kngr 

Win..  I'nioii  <Jrove — The  State  Bd.  of 
Control.  M.  J.  Tappiii.s.  Secy.,  Maillson.  i.s 
having  plans  prepared  for  a  power  plant  at 
the  Southern  Wisconsin  Home  for  the 
Kieble  Minded,  here.  .John  C.  White. 
.Madison.   ICngr. 

la.,  PoouhoiitaH — C.  Gilchrist.  Co.  Aud.. 
will  reciive  bids  until  Nov.  12  for  a  2 
Ktory.  SO  X  125  ft.  court  house  including  a 
steam  heating  system.  About  $400,000. 
I'roudfoot.  Bird  &  Uawson.  810  Hubbell 
BUIb  .    Pes    Moines.    Archts. 

.Minn.,  .\ltkin — ..\itkin  County  is  having 
plans  prepared  for  a  court  house  including 
a  steam  heating  system.  About  $400,000. 
Toltz.  King  &  Day.  1410  Pioneer  BUlg..  St. 
I'aul.  Archts. 

.Minn..  .Minnenpolifi — The  State  Bd.  of 
Control.  T>.  K.  Mullen.  Secy.,  Capitol,  St. 
I'aul,  will  soon  award  the  contract  for  a 
4  story  administration  building  including 
a  steam  heating  and  ventilating  system  to 
connect  with  the  present  central  system, 
on  the  State  University  campus,  here. 
.■\bout  $500,110(1.  O.  II.  Johnson,  715  Capital 
Bank  Bldg..  Si.  Paul,  .\rclit.     Noted  July  27. 

Kan.,  rrulto'dy — The  City  had  plans 
prepared  for  a"  small  pumphouse  and  M 
miles  of  main,  .\liout  $180,000.  Black  & 
Veatch.  Mutual  Bldg..  Kansas  City.  Mo.. 
Engrs. 

Kail..  Pittsburg: — A.  L  I^mar.  1029  East 
8th  .Si .  will  receive  bids  until  Nov.  15  for 
a  machine  shop  and  factory  including  a 
steam   healing  system,   etc.     About   $12,000. 

Kan..  Stockton — Rooks  County  will  soon 
receive  bids  for  a  3  storj'.  80  x  100  ft. 
court  house  including  a  steam  heating  sys- 
tem. About  $250,000.  Prank  C.  Squires. 
630   Kansas   Ave..   Topeka.   .A.rcht. 

Mo.,  St.  LK>nis — John  F.  Queeny,  Pres. 
Monsanto  Chem.  Wks..  2nd  and  Lafayette 
Sts..  plans  to  remodel  the  Old  Southern 
Hotel.  Broadway  and  Walnut  Sts..  into  a 
t!  storv.  150  X  300  ft.  office  building.  About 
$500,000      Archt.   not   yet  selected. 

Tex..  Austin — The  Home  Ice  &  Cold  Stor- 
age Co..  3d  St..  plans  improvements  to  Its 
plant  including  new  buildings  and  ma- 
chinery. About  $200,000.  A.  M.  Fitz- 
patrick.   Pres.   and   Gen.   Mgr. 

Tex.,  Dallas — The  Mack  Mfg.  Co..  Hous- 
ton, is  having  plans  prepared  for  a  fac- 
tory, here,  including  machinery  for  the 
manufacture  of  rotar\-  drilling  outfits  and 
oil   field    supplies.      .-Vbout   $1,000,000. 

Tex..  Ft.  Worth — Thos.  Holiday,  Long- 
view,      is     having     plans     prepared     for     a 


iiiiiilern  eli-clrlirally  driven  hardwood  luni- 
111)  nilll  at  Hoii  North  Mouiiloti  .Mt  ,  lieru. 
About    $250,000 

Trx..  tfun  Antonio  -The  Bd.  of  iJIruutora 
of  the  Siiuthern    Ue  &  Cold  Storaice  Co.  haa 

voted    for    11 recllon    of    tin-    llrHl    unit    of 

a  20.UU0-ton  Ice  HloraKe  wunboUHi'  About 
$260,000.      .Mark    I'oatlewulte.    Mcr 

Oklik.  Tulna — The  Ud.  l-;duc.  will  Hoon 
awiiril  the  eonlrat-t  for  a  4  Htory  high 
Hchool  About  $800,000.  Geo.  Wlnkiur.  414 
Palace    PI,    Archt 

Cai..  Sua  nirico  — The  San  Diego  ConHoll- 
dated  das  ^:  I'^lectrlc  Co.  has  applied  for 
liernilHSlon  to  ai)|  roprlale  10  cubic  ft.  of 
water  [ler  Bccond  from  the  Paunia  Cn-ek  to 
develop  G60  lii>.  Olverslon  works  conulut 
of  main  ditch  and  u  25  x  125  x  !>U0  ft. 
dam.      About  $225,000. 

Qui-..  Montreal— The  Montreal  Watir 
Bd.    will   soon    receive   bids  for  two    12.000.- 

000  gal.  pumps  and  one  C. 000,000  gal. 
pump. 

Qno.,  Montreal — The  Riordon  Pulp  & 
Paper  Co..  here,  plans  to  develop  250. OOO 
hp    at  Three  Kivers. 

Ont..  Tillsonbunc — The  Canadian  Cereal 
Mills  Co..  Stratford,  plans  to  build  an  elec- 
trically driven  Hour  mill,  here.  About 
$500,000. 

Alta.,  Kdmonton — The  San  Francisco  & 
McMillan  Oil  Keflning  Co.,  Ltd.,  plans  to 
build  a  plant.  Estimated  cost  of  initial 
unit,    $500,000. 

AuHtralia.  .Morwell — The  Secretary.  Elec- 
tricity Comnrs..  State  of  Victoria.  673 
Bourke  St..  Melbourne,  Australia,  will  re- 
ceive bids  until  February  24,  1!)21.  for  a 
generating  and  transmission  plant,  here, 
to  develop  an  initial  capacity  of  60,000  kw. 
and  a  maximum  of  150,000  kw.  Plans  also 
include  a  a0-n»ile  transmi.ssion  line  from 
here  to  Melbourne,  consisting,  in  the  first 
stage,  of  one  line  of  towers  with  2  three- 
phase  circuits  each,  having  a  capacity  of 
25,000  kw.  Installation  eiiuipmeiit  for  Mel- 
bourne is  listed  as  follows: 

Specification  No.  32^Three  25,O00-kw. 
turbo-alternator  sets  complete  witi)  con- 
densing plant,  pumps  and  all  necessary  ac- 
cessories. Generators  to  be  wound  for 
11.000  volt,  three-phase.  50-cycle.  1.500  r. 
p.m.  As  an  alternative  12.500  kw.  sets 
will  be  considered  at  3.000  r.p.m.  In  the 
same  specification  one  600-kw..  400-volt. 
three-phase.  50-cycle.  3,000  r.p.m.  turbo- 
alternator   is  called   for. 

Specification  No.  33. — Transformers  and 
switchgear  for  controlling  the  above  gen- 
erators and  also  two  high-tension  lines. 
The  transformers  are  to  De  of  the  single- 
phase,  water-cooled  outdoor  type.  9.260 
kva..    each    stepping    up    the    voltage    from 

1  1.000  to  132.000,  connected  delta-star 
neutral  permanently  earthed.  all  the 
switchgear  to  be  of  the  outdoor  type  and 
the  necessary  control  panels,  conduits,  con- 
trol cable  and  galvanized  steel  work  as 
called   for  in  this  specification. 

Specification  No  34. — Seven  hundred 
miles  of  37/14  S.  W.  G.  wire  (area  0.182 
sq.in.)  :  or  Specification  No.  37. — Seven 
hundred  miles  of  aluminum  steel  reinforced 
cable.       (Alternative.) 

Specification  No.  35. — Eight  hundred  and 
fifty  suspension  and  one  hundred  strain 
towers,  normal  span.  700  ft.  :  or  .Specifica- 
tion No.  38. — Five  hundred  and  fifty  sus- 
piension  and  seventy-five  strain  towers, 
normal    span    1.056    ft.      (Alternative.) 

Specification  No.  36. — Fifty  thousand 
suspension  units  to  be  made  ui*  into  strings 
of  seven  and  eight,  suitable  for  132.000 
volts  (for  copper  cable  line)  :  or  .Siiecifica- 
ion  No  39. — Forty-five  thousand  su.spension 
units  to  be  made  up  into  strings  of  seven 
and  eight  (for  aluminum  cable.)  (Alter- 
native.) 

Specification  No.  40. — One  hundred  and 
twenty-five  miles  J-in.  double  galvanized 
steel    cable. 


Specification  No.  41. — Complete  InHtuIla- 
lion  of  terminal  Htatlon  In  wblrh  la  In- 
cluded: Two  ]&.000-kva.  NynchronouM  con- 
ileniierM ;  two  liaiikH  of  30,000-kva  water- 
cooled  tranaformiTH,  120.000  to  22.000  volts, 
iiiiiiiecli-d  della  Mtur  neutral  iHilnl  earthed 
through  a  rirfllHiuncit :  onv  12,ooo-kw.  fre> 
iiuiiiey  changer,  22.000  volta.  60  cycle. 
20,000  voltM,  50  cycle  two  baiikn  of  6,000- 
kva.  water-cooled  tranHformerH.  22  000 
voltH  to  0.600  volta.  NeceHMary  120,000- 
xoll  to  22,000-volt.  6.(joo-voll  outdoor  typo 
Hwtcligear  alHo  control  pam-lH.  cables,  con- 
iluitH,  control   wiring  and  all  Mteel  work. 

.Specification  .\o.  42. — '"omiilete  Installa- 
tion of  lliriK  subHlalioiiH  in  which  are  In- 
cluded banks  of  3,000-kva.  and  6.000-kva. 
transformers  outgoing  and  Incoming  over- 
head and  underground  feeders.  All  this 
equlpminl    will   be  of  the   Indoor   type. 

Specification  No.  43. — Two  tlioUHand  Bleol 
(cli'lihone  poles  approximati'ly  35  ft.  high, 
to  carry  two  telephone  lines  and  one  22.- 
ooo-volt  feeder  line  between  Morwell  and 
Melbourne. 

Specification  .Vo.  44. — Complete  ItiRtalla- 
tlon  of  telephone  apparatus  at  the  power 
house,  terminal  station  .-md  along  the  route 
of  the  transmission  line.  At  the  [lowei 
station  and  the  terminal  station  there  will 
be  in  each  a  C.  B.  board  suitable  for  30 
lines,  to  be  extende<l  at  a  later  date  to  100 
lines;  also  all  necessary  high-tension  tele- 
I>hone  apparatus  suitable  for  a  telephone 
line  operating  in  the  \;cllnlty  of  the  132,000. 
volt    transmission. 

The  total  cost  of  this  project  Is  esti- 
mated at  $15,000,000.  A  number  of  bid 
forms  and  specifications  have  been  for- 
warded to  the  Commercial  Intelllgenci- 
Branch  of  the  Department  of  Trade  and 
Commerce.  Ottawa.  Ont.  Copies  of  the 
specifications  may  also  be  seen  at  the 
offices  of  the  Canadian  Manufacturers'  As- 
sociation. 42  St.  .Sacrami'nt.  Montreal,  ami 
at    Traders"    Bank    Building.    Toronto. 

CONTBAt'TS   AWARDED 

MasN.,  West  Medford — The  .American 
Woolen  Co..  245  State  St.,  Boston,  ha.s 
awarded  the  contract  for  a  wookn  manu- 
facturing plant  including  a  steam  heatin^ 
system  on  Boston  Ave.,  here,  to  the  Turner 
Constr.  Co .  178  Tremont  St.,  Boston,  at 
$250,000. 

Mass.,  WiUimansett — The  Stevens-Duryea 
Co.  has  awarded  the  contract  for  a  1  story. 
34  X  41  boiler  house  to  P.  J.  Kennedy  & 
Co.,  Inc  464  Maple  St.,  Holyoke,  at  $30,00o. 

Conn.,  New  Britain — The  Bd.  Educ.  ha.« 
awarded  the  contract  for  a  2  story,  60  .\ 
240  ft.  school  including  a  steam  heating 
system  on  Tremont  .St.  to  the  Eastern 
Engr.  &  Constr.  Co..  886  Main  St..  Bridge- 
port,  at    $330,000       Noted    Sept.    28. 

O.,  Canton — The  Hoover  Suction  Sweeper 
Co.  has  awarded  the  contract  for  a  1 
story.  50  x  GO  ft.  addition  to  its  boiler 
house  to  L.  W.  Kilgore.  Builders'  Exchange, 
at   $25,000. 

C.  Canton — The  City  has  awarded  the 
contract  for  a  2  story.  60  x  80  ft.  addition 
to  the  Lehman  High  School  to  R  H. 
Evans  Co..  Schaffer  Block,  at  $497,885. 
Contract  for  heating  and  ventilating  sys- 
tem will  be  sublet. 

C,  Canton — The  Bd.  Edua  has  awarded 
the  contracts  for  the  installation  of  .i 
steam  heating  system  in  the  Belden  Ave 
and  the  Grace  Ave.  schools  to  the  Witters 
Co..  at  $42,600  and  $42,900.  respectively 
Noted  Oct.   19  and  26. 

Wis.,  Marshfleld — The  City  has  awarded 
the  contract  for  boilers  to  the  Erie  City 
Iron   Wks..    Erie   City.    Pa.,   at    $22,000. 

Kan.,  Baxter  Springs — The  Iowa  Mining 
Co..  4th  and  School  Sts.,  has  awarded  thf 
contract  for  removing  mill  from  Joplin 
Mo.,  to  here,  and  remodeling  same,  to  Ber 
Hoskins.  as  $20,000.  Gas  engines  will  bi 
installed   in  same. 
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FIRELESS  HELP 

By  Rufus  T.  Strohm 


Harold  Percy  Cecil  Peters 

(Ain't  that  moniker  a  crime?) 
Tendin'  boilers,  pumps  an'  heaters, 

Gits  his  features  smeared  with  grime. 
Harold  ain't  no  howlin'  wonder 

As  a  helper,  that  we  grant. 
But  we  grin  an'  knuckle  under, 

For  his  daddy  owns  the  plant. 

Dad  has  got  the  grand  idea 

Firmly  stuck  between  his  ears 
That  his  offspring  oughta  be  a 

Future  chief  of  engineers; 
Now,  the  boy  don't  have  the  makin'. 

But  we  never  tell  him  so. 
For  we'd  only  burn  our  bacon. 

Since  his  pater  runs  the  show. 


Have  we  troubles?    Lord  'a  mercy, 

I  should  rather  think  we  do! 
Every  day  young  Harold  Percy 

Pulls  a  bonehead  play  or  two: 
An'  although  we're  mad  an'  tired. 

We  conceal  the  boob's  disgrace, 
For  we  know  he  can't  be  fired. 

Since  his  father  owns  the  place. 

Engineerin*  life  is  pleasin' 

An'  it's  never  dull  or  tame. 
For  you've  got  to  hunt  the  reason 

When  the  plant  goes  runnin'  lame; 
But  you'll  find  your  power  station 

Showin'  new  an'  funny  quirks 
If  the  boss's  near  relation 

Gits  a  job  around  the  works. 
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High-Speed  Direct-Current  Generator  and 
^  Turbo-Blower  Power  Plant 

Two  1,000-Kw.  Direct-Current  GeneratorOperating  at  1,700  r.p.m.,  Two   1,000- 
Hp.  Blowers  Operating  at  8,500  r.p.m.  —  Waste-Heat  Boilers  Used  on  Nickel- 
Refining  Furnaces  —  Circulating  Water  from  Rabble  Arms  in  Calciner 
Furnaces  Used  for  Boiler-Feed  Water  —  Other  Features  in  Power- 
Plant  Construction  of  Particular  Interest. 

By  H.  W.  SPOONER*  and  F.  A.  ANNETTf 


LOCATED  at  Port  Colborne,  Ont.,  Canada,  near  the 
Lake  Erie  entrance  of  the  Welland  Canal,  on  a 
-^  330-acre  tract  of  land,  is  the  refinery  of  the  Inter- 
national Nickel  Company  of  Canada,  Ltd.  (see  head- 
piece). Late  in  1916  it  was  decided  by  the  International 
Nickel  Co.  to  construct  a  nickel-refining  plant  in  Canada 
of'sufficient  capacity  to  meet  the  needs  of  the  British 
Empire,  which  were  very  urgent  at  that  time  on  account 
of  the  war.  Nickel  matte  is  received  from  the  smelters 
at  Sudbury,  Ont.,  where  the  mines  are  also  located,  and 
is  converted  into  refined  nickel  and  nickel  oxide  at  Port 
Colborne.  A  monthly  production  of  1,250,000  lb.  of 
refined  nickel  and  500,000  lb.  of  copper  represents  the 
chief  output.  The  plant  consists  of  31  buildings  of  steel 
and  brick  construction  designed  and  built  by  The  Foun- 
dation Co.,  New  York  City,  and  is  situated  about  one- 
haffi-n^ile  from  either  the  Welland  Canal  or  Lake  Erie. 
When  the  power  supply  for  this  plant  was  considered, 


•Engineer,  The  Foundation  Company. 
tAssociafe  Editor,  Power.         "    ^ 


there  were  two  sources  to  choose  from.  The  first  was 
purchased  power  from  either  the  Hydro-Electric  Com- 
mission of  Ontario  or  from  the  Dominion  Power  and 
Transmission  Co.,  both  of  which  have  transmission  lines 
running  into  Port  Colborne.  Under  ordinary  conditions 
these  companies  would  have  offered  very  attractive 
rates  for  this  load,  which  would  have  been  fairly  con- 
stant and  amounted  to  approximately  10,000,000  kw.-hr. 
per  year.  A  second  and  only  other  source  of  power  was 
the  installation  of  an  isolated  plant  at  the  works.  After 
carefully  investigating  the  various  factors  entering  into 
the  problem,  the  latter  course  was  adopted.  This 
decision  was  influenced  largely  by  the  fact  that  great 
quantities  of  live  steam  and  hot  water  are  required  in 
the  manufacturing  processe.,s  and  large  amounts  of 
waste  heat  are  available  from  the  refining  furnaces. 
Furthermore,  on  account  of  the  shortage  of  power  exist- 
ing on  the  Niagara  Peninsula  for  the  last  four  or  five 
years,  the  two  companies  having  transmission  lines 
running  into  Port  Colborne  were  not  in  a  position  to 
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guarantee  a  satisfactory  power  supply.  This  was  sub- 
stantiated during  the  war,  when  some  of  the  industries 
were  shut  down  or  operated  only  on  part  time  because 
of  the  power  shortage. 

A  unique  feature  of  the  power  plant,  shown  at  X  in 
the  headpiece,  is  the  high  speed  at  which  most  of  the 
machinery  operates.  The  1,000-kw.  turbo  direct-current 
generators  have  a  speed  of  1,700  r.p.m. ;  1,000  hp. 
blowers,  8,500  r.p.m.,  and  the  turbines  driving  the  con- 
denser pumps  run  5,700  r.p.m. ;  there  are  also  a  number 
of  other  high-speed  turbine-driven  pumps.  Out  in  the 
plant  there  are  three  90-hp.  direct-current  motors  direct- 
connected  to  blowers  that  operate  at  from  2,300  to  3,600 
r.p.m.  These  blowers  have  a  normal  capacity  of  7,500 
cu.ft.  and  a  maximum  capacity  of  12,000  cu.ft.  of  free 
air  per  minute  raised  to  1.75  lb.  pressure.  The  only 
reciprocating  unit  of  importance  in  the  plant  is  the  200- 
hp.  air  compressor  shown  in  the  foreground,  Fig.  2. 

The  adoption  of  direct  current  was  largely  influenced 
by  the  heavy  crane  load,  which  makes  up  a  considerable 
part  of  the  current  consumption  in  the  entire  plant.  An 
additional  factor  in  the  advantage  of  direct  current  was 
the  desirability  of  using  series-wcund  motors  for  tilting 
the  copper  converters  and  adjustable-speed,  field-con- 
trol motors  for  driving  the  cupola  blowers,  in  which  a 
considerable  variation  in  speed  and  pressure  was 
necessary. 

Coal  Handling  Equipment 

Coal  for  the  power  plant  is  received  by  rail  and  either 
stored  in  the  yard  adjacent  to  the  plant  or  dumped  from 
bottom-dump  cars  into  a  track  hopper,  from  which  it 
passes  down  through  a  coal  crusher  into  a  pit.  From  the 


pit  the  coal  is  elevated  vertically  by  a  bucket  conveyor 
to  the  top  of  the  coal  tower  and  delivered  upon  a  belt 
which  conveys  it  over  the  firing  aisle  into  a  200-ton  steel 
bunker  lined  with  brick  on  edge.  A  traveling  automatic 
tripper  unloads  the  belt  into  the  bunker  at  any  desired 
point.  The  coal-handling  equipment  has  a  capacity  of 
about  50  tons  per  hour.  When  coal  is  to  be  stored  in 
the  yard  it  is  unloaded  from  the  cars  with  a  yard  crane 
and  clamshell  buckets,  and  is  recovered  in  the  same  way. 
About  100  tons  of  coal  is  required  per  day  in  the  opera- 
tion of  the  entire  plant,  50  per  cent  of  which  is  used 
for  steam  generation  and  50  per  cent  in  the  refining 
processes.  In  addition  to  the  power-house  coal  bunker 
there  is  one  of  reinforced-concrete  construction  in  the 
calcining  building,  380  ft.  in  length,  having  a  capacity 
of  1,000  tons.  Coal  for  this  building  is  handled  in  prac- 
tically the  same  way  as  for  the  power  plant. 

Coal-Fired  Boilers 

In  the  boiler  plant  there  are  four  400-hp.  Babcock  & 
Wilcox  water-tube  boilers  equipped  with  chain-gate 
stokers.  The  boilers  are  set  in  batteries  of  two  each, 
and  space  is  provided  for  two  additional  units.  All  the 
boilers  and  stokers  in  the  power  plant  were  manufac- 
tured in  Scotland.  Although  the  coal  used  at  this  time 
is  of  no  particular  grade,  being  whatever  may  be  pur- 
chased, it  is  possible  to  force  the  boilers  up  to  200  per 
cent  of  their  normal  rating.  Each  boiler  has  196  tubes 
arranged  14  high  by  14  wide,  baffled  for  three  passes 
(see  Fig.  4).  The  front  and  rear  headers  are  connected 
by  two  42-in.  steam  and  water  drums.  Each  tube  is  18 
ft.  long  by  4  in.  in  diameter,  giving  the  boilers  each 
4,390  sq.ft.  of  heating  surface.     The  superheaters  have 


FIG.   1.     VIEW    OF    MAIN    GENER.VTOR    ROOM,    TURBO- BLOWT3RS    IN   FOREGROUND 
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77(»  ^•(^.ft.  of  heatinpr  surface  niid  nre  of  particular 
interest  since  they  ditTor  in  shape  from  those  used  in 
American  practice,  as  is  dearly  indicated  in  the  liiniro. 
A  reinforceil-concrete  chimney  17r)  ft.  hifth  hy  8  ft. 
inside  diameter  furnishes  the  draft  for  the  boilers. 
The  draft  for  each  boiler  is  controlled  through  dampers 
in  the  downtake  by  automatic  damper  revrulators. 

Located  under  the  boiler-room  floor  at  the  rear  of  the 
boilers  is  the  concrete  flue,  lined  with  brick,  connectin>r 
to  the  chimney,  which  is  outside  of  the  boiler  room.  The 
chimney  is  brick-lined  for  approximately  one-third  its 
height. 

Coal  from  the  bunkers  is  delivered  through  chutes  to 
the  hoppers  on  the  front  of  the  stokers,  which  are  belt- 


i  '  the  coal  tower  and  dumped  into  a  pit  from  which  they 
arc  elevated  into  a  concrete  bin  in  the  tower.  At  given 
intervals  the  ashes  are  delivered  to  railway  cars  and  are 
hauled  away. 

Wa.stk-Heat  B011-ER.S 

In  the  nickel-refining  plant,  shown  to  the  left  of  the 
water  tower  in  the  headpiece,  are  two  400-hp.  American 
n.  &  W.  waste-heat  boilers,  Fig.  3,  each  having  200  tubes 
1  in.  by  18  ft.,  arranged  10  wide  and  20  high,  baffled  for 
three  passes  and  equipped  with  superheaters.  Gases  from 
two  refining  furnaces  pass  through  these  boilers,  one 
boiler  on  each  furnace.  One  furnace  is  usually  in 
service  when  the  other  is  down  for  relining;  thus  onl.\ 


FIG.   2.     VIEW  OF  PUMPROOM   BELOW   AND  GENERATOR    ROOM  ABOVE 


driven  from  a  lineshaft  operated  by  an  adjustable-speed 
motor,  as  shown  in  Figs.  5  and  6.  The  speed  of  the 
stokers  can  also  be  controlled  by  difRerential  gears.  The 
coal  in  passing  into  the  furnace  is  carried  under  a 
coking  arch  7  ft.  long  and  2  ft.  high:  by  this  means  it 
is  possible  to  obtain  practically  smokeless  combustion  at 
all  loads.  Although  economizers  are  not  used,  the  gases 
go  to  the  chimney  at  a  temperature  of  about  450  deg. 
Each  stoker  has  an  active  grate  area  of  7  by  12  ft.,  or 
84  sq.ft.,  giving  a  ratio  of  grate  area  to  boiler-heating 
surface  of  1  to  52. 

Ashes  from  the  stokers  fall  into  reinforced-concrete 
brick-lined  hoppers  from  which  they  are  dumped  into  a 
small    side-dump   car    and   are   i-un   through    a   tunnel 


one  boiler  is  in  operation  at  a  time.  The  waste-heat 
boiler  allows  the  taking  out  of  service  of  one  unit  in  the 
power  plant.  Each  boiler  is  served  by  a  concrete 
chimney  100  ft.  high.  Additional  draft,  to  overcome 
the  frictional  resistance  through  the  boilers,  is  obtained 
by  an  induced-draft  fan  driven  by  a  35-hp.  adjustable- 
speed  motor.  In  this  installation  the  gases  go  to  the 
chimney  at  a  tempei-ature  of  around  650  to  680  deg.  F. 
In  addition  to  those  which  serve  the  boilers,  there 
are  two  reinforced-concrete  chimneys,  each  350  ft. 
high  by  12  ft.  inside  diameter  at  the  top;  these  are 
used  in  connection  with  the  cupolas  and  the  reverberat- 
ing and  roasting  furnaces  in  the  process  buildings. 
When    the    gases    leave    the    nickel-refining    furnaces, 
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they  pass  through  a  series  of  chambers  located  in  the 
underground  flues  between  the  furnaces  and  the  boilers, 
where  they  drop  a  large  percentage  of  the  solid  materials 
from  them  before  they  go  to  the  boiler.  In  addition  to 
this  the  boiler  tubes  are  blown  down  every  eight  hours, 


two  1,000-hp.  turbo-blowers  operating  at  8,500  r.p.m., 
of  the  same  make  as  the  generators.  In  addition  to 
these  are  the  main  switchboard  of  13  panels,  2  balancer 
sets  for  the  250-125-volt  three-wire  system,  2  open  feed- 
water  heaters  and  meters,  also  gage  boards  on  which 
are  mounted  instruments  to  give  steam,  air  and  oil 
pressure.  Under  the  main  floor  of  the  turbine  room, 
Fig.  2,  are  located  all  auxiliaries,  including  the  boiler- 
feed  pumps,  consequently  there  is  no  equipment  under 
the  boiler  room  except  the  ash  car.  This  arrangement 
isolates  all  moving  machinery  from  the  ash  and  coal 
dust  of  the  boiler  room,  which  greatly  reduces  the 
amount  of  work  required  to  keep  them  clean  and  in 
good  operating  condition. 

Steam  enters  the  main  turbines  at  150  lb.  pressure 
and  100  deg.  F.  superheat,  or  a  total  temperature  of 
466  deg;  and  is  exhausted  down  to  28.25  in.  vacuum 
through  Westinghouse  Le  Blanc  jet  condensers.  The 
condenser  pumps  are  of  the  rotating  type,  mounted  on 
the  same  shaft,  and  are  driven  by  31-hp.  turbines 
operating  at  5,700  r.p.m.,  geared  down  to  the  speed  of 
the  pump.  Each  condenser  is  capable  of  handling  17,500 
lb.  of  exhaust  steam  per  hour  and  maintaining  a  29-in. 
vacuum  with  40-deg.  cooling  water.  Condensing  water 
is  taken  from  the  cold  well  running  under  the  center  of 
the  pumproom.  The  condenser  water  discharges  into  a 
hotwell  or  conduit,  which  discharges  into  the  storm 
sewer  and  thence  into  Lake  Erie,  about  one-half  mile 
away. 

In  the  foreground  of  Fig.  1  are  shown  the  two  1,000- 
hp.  8,500-r.p.m.  turbo-blowers  used  for  supplying  air 
to  the  furnaces  converting  matte  into  blister  copper. 
Each  of  these  units  has  a  capacity  of  15,000  cu.ft.  of 


FIG.   3.      SECTION  THROUOH  WASTE-HEAT  BOILER 

and  as  a  result  no  difficulty  has  been  experienced  from 
deposits  on  the  outside  of  the  tubes. 

All  boilers  operate  at  150  lb.  gage  pressure  and  are 
connected  into  two  steam  headers,  one  3^  in.  in  diameter 
for  saturated  steam  and  the  other  10  in.  in  diameter  for 
superheated  steam.   Large  quantities  of  saturated  steam 
are  reduced  from  boiler  pressure  down  to  from  50  to 
10  lb.  through  reducing  valves,  for 
use     in     the     refining     processes. 
Steam    at    10-lb.    pressure    is    also 
used  during  the  winter  months  in 
the  heating  system  of  all  buildings 
requiring  heat,  such  as  offices,  club- 
rooms,  washrooms,   etc. 


Power-Plant  Equipment 

Adjacent  to  the  boiler  plant  is 
the  turbine  room,  on  the  main  floor 
of  which  (Fig.  1)  are  two  1,000-kw. 
250-volt,  4,000-ampere,  Rateau- 
Battu-Smoot      Co.      direct-current  „ 

generators  directly  connected  to 
Ridgway-Rateau  steam  turbines 
operating  at  1,700  r.p.m.  Space  has  been  provided 
for  one  additional  unit.  For  their  size  these  are 
two  of  the  highest  speed  direct-current  generators 
in  operation.  The  field  frame  of  one  of  these  units 
is  shown  in  Fig.  7,  and  the  armature  in  Fig.  8. 
A  more  detailed  description  will  be  given  in  a  future 
issue.     On  the  main  turbine-room  floor  there  are  also 


4.     SECTION  THROUGH  COAL-FIRED  BOILER 


free  air  per  minute  raised  to  15  lb.  pressure.  The  tur- 
bines driving  these  blowers  operate  on  steam  at  150  lb. 
gage  and  100  deg.  F.  superheat  and  also  exnaust  into 
Le  Blanc  jet  condensers  which  are  capable  of  condensing 
11,000  lb.  of  steam  per  hour  and  maintaining  a  vacuum  c^ 
29.05  in.  with  condensing  water  at  40  deg.  F.  A  21-hp. 
geared  turbine  is  used  to  drive  the  air  and  cooling-water 
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punip.H  on  the.><e  U!Ut.'<.  All  main  l)i'ariiiK><  of  the  blower 
ijiiit.s  are  force-lubrioatoil  and  water-cooled.  A  coni- 
pari.son  of  the  .>tize  of  the  blower  unit  with  the  men 
standing  in  Fitr.  1  will  jjive  .some  conception  of  the 
economy  in  .space  realized  by  the  u.se  of  blower.s  operat- 
ing at  .such  hijjh  .speed.s  over  those  of  the  old  reciprocat- 
ing type  of  blowinvf  engine  operatintr  at  slow  .speeds. 
(  For  a  more  detailed  description  of  these  blowers  see 
Mar.  2li,  1020,  issue  of  Poivvr,  pape  450.) 

Three  other  blowers  of  special  interest  are  those  used 
to  sui)ply  air  to  the  nickel  and  copper  cupolas.  Each  of 
these  blowers  has  a  normal  capacity  of  7,500  cu.lt.  of  free 
air  per  minute  rai.sed  to  28  oz.  pressure  and  is  directly 
connected  to  a  90-hp.  motor  operatinjc  at  .speeds  from 
2,300  to  3.600  r.p.m. 
These  units  are  also 
of  the  Ridgway- 
Kateau  make.  The 
generators  are  of 
the  two- wire  type, 
but  a  three-wire 
lighting  .system  was 
installed  throughout 
the  plant,  with  two 
motor-generator  bal- 
ancer sets  for  taking 
care  of  the  unbal- 
anced lighting  load. 
The  manual  opera* 
tion  required  to 
place  one  of  the  bal- 
ancers on  the  line 
consists  merely  in 
closing  a  double-pole 
switch  on  the  bal- 
ancer panel  in  the 
main  switchboard. 
This  brings  into  ac- 
tion an  automatic 
motor  starter,  and 
after  the  machine 
has  come  up  to  speed 
an  automatic  switch 
is  closed  in  the  neu- 
tral lead,  placing  the 
unit  on  the  line.  An 
inverse  time  -  limit 
overload  relay  is 
connected  to  the  au- 
tomatic single  -  pole 
switch  in  the  neutral 
lead,  adjusted  to  trip 
in  20  sec.  at  400  per 
cent    load,    for    the 

orotection   not  only   of  the  balancer  sets,   but   also   of 

he  lights  about  the  plant. 

An  emergency  lighting  system  is  provided  for  the 
power  plant.  The  lamps  in  this  system  are  neither  as 
large  nor  as  numerous  as  those  in  the  regular  110-volt 
lighting  system,  but  they  are  distributed  at  all  neces- 
sary points  in  the  turbine  room,  pumproom,  and  boiler 
room.  The  current  for  these  emergency  lights  is 
obtained  from  a  duplicate  installation  of  32-volt  storage 
batteries.  This  system  is  automatic  and  in  the  event  of 
failure  for  any  reason  of  the  regular  lighting  system  in 
the  pow-er  plant  the  closing  of  an  automatic  switch  cuts 
in  the  emergency  lights.  The  storage  batterj^  also  serves 
other  purposes  about  the  power  plant. 


Thi"  Ihcrniodynamic  problems  involved  in  the  design 
(if  this  plant  were  of  considerable  interest  and  of  great 
importance  in  regard  to  j)o.ssible  savings  in  fuel.  A 
large  (|uantity  of  circulating  water  is  used  in  the 
calciner  building  for  cooling  the  rabbles  in  the  mechan- 
ical calcining  furnaces,  and  large  (|uantities  of  hot  water 
are  used  in  the  vats  in  the  leaching  building.  The 
problem  was  to  raise  the  temperature  of  this  circulating 
water  to  approximately  boiling  point  with  the  use  of  a 
minimum  ciuantity  of  .steam  and,  of  course,  preferably 
by  using  exhaust  steam.  It  was  al.so  necessary  to  .soften 
the  water,  not  only  for  the  leaching  proces.ses,  but  al.so 
for  boiler-feed  puri)o.ses  as  well.  The  short  length  of 
the    hand    calciner    furnaces    as    compared    with    the 

mechanical  furnaces 
afforded  ample  room 
for  the  installation 
of  the  water-soften- 
ing system  in  the 
calciner  build  ing. 
This  system  was 
built  and  installed 
by  William  B.  Scaife 
&  Sons  Co.,  of  Pitts- 
burgh, Pa.,  and  con- 
sists of  three  large 
treating  tanks  and 
one  small  filter  tank, 
all  of  wood  -  .stage 
con.struction,  and 
was  designed  for 
treating  hot  water. 
Circulating  water  is 
discharged  from  the 
rabbles  in  the  five 
mechanical  calcining 
furnaces  at  an  aver- 
age temperature  of 
160  deg.  F.  and 
flows  by  gravity 
through  a  main  to 
the  pump  pit  near 
the  treating  tanks. 
In  this  pit  are  three 
motor  -  driven  cen- 
trifugal pumps, 
which  are  used  to 
deliver  the  raw 
water  into  the  treat- 
ing tanks  and  the 
treated  water  to  the 
power  house.  The 
piping  is  so  ar- 
ranged that  any  one 
of  the  three  pumps  can  be  used  for  either  service,  and  as 
only  two  pumps  are  required  to  do  the  work  the  third  is 
held  in  reserve  as  a  spare  unit.  A  storage  reservoir, 
built  of  reinforced  concrete,  is  provided  at  one  side  of 
the  pump  pit.  This  is  divided  into  halves,  one  side  being 
used  for  raw  water  and  the  other  for  treated  water ;  both 
reservoirs  are  on  the  suction  side  of  the  pumps.  Treated 
water  is  carried  through  a  6-in.  pipe  from  the  calciner 
building  through  an  underground  tunnel  into  the  power 
house  and  up  through  the  turbine-room  floor  to  the  water 
heaters.  There  are  two  open-type  heaters,  built  by' 
Warren  Webster  &  Co.  and  equipped  with  Lea  V-notch 
meters  and  recorders.  The  larger  of  these  heaters  has 
a  capacity  of  200,000  lb.  of  water  per  hour,  raised  in 
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H'nipoiatuie  from  ir)0  de^'.  to  210  (U>k.  V-  and  .supplies 
the  hot  water  for  the  leaihiiijr  tanks.  Two  turbine- 
driven  centrifugal  pumps  in  the  jjumproom  are  used  for 
pumpinjr  this  water  to  the  leathinjr  huildinK.  The 
>*maller  heater  h;is  a  lapaeily  of  80,000  11).  of  water  per 
hour  under  similar  conditions  of  temperature  and  is 
u.sed  for  heat  inn  the  feed  water  for  the  boilers  in  the 
main  power  house  and  also  for  the  waste-heat  boilers 
in  the  refinery  buildinjj.  The  differ- 
ence in  elevation  between  the  pumps 
and  the  heaters  insures  a  static  head 
of  about  fifteen  feet  at  the  suction 
inlet  to  the  pumps. 

Exhaust  for  Hkatinc;  Water 

In  the  pumproom  there  are  eleven 
small  turbines.     Four  of  these  drive 
the    pumps    of    the    Le    Blanc    con- 
densers used  in  connection  with  the 
turbo-generators  and  turbo-blowers. 
Two    drive    the    main    water-supply 
pumps,   two   the   boiler-feed   pumps, 
two  the   hot-water   pumps,   and   one 
the  fire  pump;  all  these  pumps  being  of  the  centrifugal 
tj'pe.     In  addition  there  is  a  ci'oss-compound  air  com- 
pressor developing  about  200  indicated  horsepower  at 
rated  capacity. 

Exhaust  pipes  from  all  these  small  turbines  are  con- 
nected into  a  main  that  runs  through  the  pumproom, 
near  the  boiler  room  wall.  A  12-in.  branch  rises  from 
this  main  through  the  turbine-room  floor  and  is  con- 
nected into  both  water  heaters  through  a  single  tee  and 
two  gate   valves.     Thus   the  exhaust   steam  from  the 


pressure  never  cxcecdn  atmosphere.  Automatic  control 
valves  in  the  low-pressure  bleeder  connectionn  are 
adjusted  for  whatever  back  pressure  it  is  desired  to 
lari-y  in  the  exhaust  main  connecting  the  auxiliary  tur- 
bines and  open  heaters.  Should  the  exhaust  .stoani 
exceed  the  amount  reciuired  to  heat  the  water  to  the 
temperature  corresponding  to  the  back  pressure,  the»e 
valves  open  and  permit  the  surplus  steam  to  enter  the 


FIG.   7.      DIRECT-CURRENT  GENERATOR  FIELD  FRAME 

pumps  is  used  for  heating  all  the  hot  water  for  the 
plant.  On  the  bottom  of  each  of  the  turbines  driving 
the  1,000-kw.  generators  are  two  bleeder  connections, 
and  each  of  these  is  piped  into  the  exhaust  main.  A  5-in. 
high-pressure  bleeder  connection  is  taken  out  of  the 
third  stage  of  the  turbine,  in  which  the  pressure  never 
goes  below  15-lb.  gage  under  any  condition  of  operating 
load,  and  an  8-iiu  low-pressure  bleeder  connection  is 
takeirintQ  the^ixth-stageof  the  tutbine,  in  which  the 


FIG.    S.       l>XiiKCT-CL'HHIONT    >;E.\EKATf)K    AHMXTIUE 


main  turbines,  where  it  is  expanded  through  four 
additional  stages.  If  the  quantity  of  exhaust  steam 
from  the  small  turbines  is  less  than  that  required  to 
heat  the  water,  the  pressure  in  the  exhau.st  main  drops, 
permitting  other  automatically  controlled  valves  in  the 
"high-pressure"  bleeder  connection  to  open  and  pass 
.sufficient  steam  to  make  up  for  the  deficiency.  In 
this  way  an  entirely  closed  system  is  obtained  without 
loss  of  steam,  and  all  surplus  exhaust  steam  is  made  to 
do  useful  work  in  expanding  from  atmospheric  pressure 
to  the  pressure  in  the  condensers.  The  exhaust  from 
the  air  compressor  is  connected  into  the  low-pressure 
bleeder  connections,  closely  adjacent  to  the  bottom  of 
each  turbine,  so  that  any  cylinder  oil  in  the  exhaust 
steam  may  be  prevented  from  entering  the  exhaust  main 
and  finding  its  way  into  the  feed  water  or  leaching  water. 
It  is  obvious  that  the  low-pressure  bleeder  connections 
are  not  under  control  of  the  governors  on  the  main  tur- 
bines; consequently,  if  a  heavy  ground  or  short-circuit 
should  occur  anywhere  about  the  plant,  sufl!icient  to 
blow  the  main  circuit  breakers  in  the  generator  leads, 
and  if  at  the  same  time  the  turbine  was  bleeding  in  a 
considerable  quantity  of  surplus  exhaust  steam,  the 
unit  would  be  in  imminent  danger  of  running  a.way. 
The  turbines  are  of  course  provided  with  overspeed 
trips,  but  these  control  butterfly  valves  in  the  main 
steam  pipe  and  have  no  connection  with  the  bleeder 
valves.  To  guard  against  a  contingency  of  this  kind  an 
automatically  controlled  motor-driven  valve,  power  for 
which  was  supplied  from  the  storage  battery,  was  pro- 
vided for  in  the  original  design,  in  each  of  the  low- 
pressure  bleeder  connections,  so  that  in  the  event  of  loss 
of  voltage  the  motor  would  be  started  and  close  the 
valve,  thus  diverting  the  surplus  steam  through  the 
atmospheric  relief  valve.  However,  the  bleeder  on  the 
turbo-generators  was  not  placed  in  service  at  the  time 
of  installation  due  to  the  large  quantities  of  high- 
pressure  steam  required  in  the  leach  house  under  forced 
production.  Owing  to  the  increased  cost  of  coal  since 
the  plant  was  put  in  operation,  it  has  been  decided 
to  dispense  with  high-pressure  steam  in  the  process, 
and  use  hot  water  from  the  large  heater  in  the  power 
house.  This  necessitates  using  the  bleeders  on  the  tur- 
bo-generators to  give  a  sufficiently  high  temperature, 
so  that  all  exhaust  steam  is  used-  either  in  the  feed 
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water  or  the  process  with  a  make  up  from  the  turbo- 
generators. The  exhaust  from  the  air  compressor  is 
now  carried  to  the  heaters  with  an  oil  separator  placed 
in  the  line  to  prevent  oil  from  entering  the  feed  water. 

Method  of  Supporting  Machinery 

The  method  of  supporting  the  turbo-generators  and 
turbo-blowers  is  rather  unsual,  but  has  some  marked 
advantages  in  the  saving  of  concrete  and  the  gaining  of 
additional  space  around  the  condensers  which  might 
otherwise  be  occupied  by  heavy  foundations.  Each 
generating  unit  is  carried  on  eight  reinforced-concrete 
columns,  24  in.  square,  four  columns  under  each  side. 
A  continuous  girder  runs  longitudinally  under  each  side, 
tying  the  columns  together,  but  the  space  between  these 
girders,  under  the  turbine  and  the  generator,  is  almost 
entirely  open.  The  condenser  is  set  directly  under  the 
exhaust  opening  at  the  bottom  of  the  turbine. 

Each  turbo-blower  is  carried  on  two  reinforced-con- 
crete girders  extending  30  in.  below  the  floor  line  and 
with  a  clear  span  between  columns  of  15  ft.  The  entire 
floor  is  a  reinforced-concrete  slab  12  in.  thick,  and  the 
complete  construction  of  walls,  columns,  girders  and 
floors  is  monolithic,  without  the  prevision  so  frequently 
employed  of  separating  the  machiner/  foundations  from 
the  building  construction.  It  should  be  said  not  only 
to  the  credit  of  the  designers  and  builders  of  the  plant, 
but  also  to  the  credit  of  the  builders  of  the  turbo- 
generators and  turbo-blowers,  that  there  is  no  per- 
ceptible vibration  in  the  floor  or  other  parts  of  the 
building. 

Water-Supply  for  the  Plant 

The  water  supply  for  the  entire  plant  and  the  main 
air  ducts  to  the  turbo-blowers  and  to  the  generators  are 
incorporated  in  this  general  construction.  A  cold  well 
16  ft.  deep  extends  the  length  of  the  building  under  the 
pumproom  floor.  Running  crosswise  of  the  generating 
units,  it  passes  directly  under  their  condensers  and 
between  the  condensers  for  the  turbo-blowers.  The 
supply  pumps  for  water  distribution  throughout  the 
plant,  the  fire  pumps  and  all  the  condensers  have  their 
suction  lines  extending  into  this  cold  well,  to  a  depth 
below  the  minimum  lake  level.  An  underground  intake 
conduit  4  ft.  square,  cut  partly  in  solid  rock  and  lined 
with  concrete,  extends  to  a  screen  chamber  at  the  side 
wall  of  the  Welland  Canal,  more  than  half  a  mile  away. 
Through  this  conduit  the  entire  water  supply  for  the 
plant  flows  by  gravity;  up  to  50,000,000  gal.  per  day 
may  be  obtained. 

At  the  power-house  wall,  where  the  intake  culvert 
enters  the  cold  well,  is  a  sluice  gate  operated  by  hand 
from  the  pumproom  floor.  In  case  of  extremely  high 
water,  which  might  occur  during  a  severe  storm  from 
the  southwest,  this  sluice  gate  may  be  partly  closed  to 
control  the  water  level  in  the  cold  well.  On  the  wall 
facing  the  gate  wheel  is  an  indicating  liquid-level  gage, 
showing  the  elevation  of  the  water  in  the  cold  well.  This 
gage  is  graduated  to  show  the  elevation  above  sea  level 
and  is  equipped  with  both  high  and  low  water  alarms 
which  close  a  circuit  to  an  electric  gong. 

The  air  supply  to  the  turbo-blowers  and  turbo- 
generatoi's  enters  the  cold  well  at  the  end  of  the  build- 
mg  opposite  the  water  inlet,  through  a  66-in.  ventilator 
supported  on  a  circular  well  curb  just  above  the  ground 
level.  Passing  over  the  water,  air  is  taken  into  the 
blowers  and  generators  through  elbows  cast  in  the  con- 
crete and  thence  through  galvanized-iron  ducts  which 
rise  vertically  from  the  flf-or  to  the  inlets  on  the  bottom 


of  the  machines.  The  discharge  of  warm  air  from  the 
generators  is  handled  in  a  similar  manner,  vertical  ducts 
carrying  the  air  from  the  discharge  outlet  on  the  bottom 
of  the  machine  through  the  pumproom  floor,  where  they 
pass  into  the  hotwell  and  to  the  open  air  through  one 
end  of  the  building.  These  discharge  ducts  have 
dampers  that  may  be  set  to  divert  any  part  or  all  of  the 
warm  air  from  the  generators  into  the  pumproom,  thus 
heating  this  room  and  the  turbine  room  in  severe 
weather. 

To  prevent  freezing  of  the  water  in  the  cold  well  in 
winter,  due  to  a  large  volume  of  cold  air  passing  over 
its  surface,  provision  is  made  for  diverting  into  the  cold 
well  any  part  of  the  discharged  cooling  water  from 
either  of  the  condensers  serving  the  turbo-generators. 

This  article  would  not  be  complete  without  some  refer- 
ence to  the  sanitary  system.  All  sewage  is  discharged 
to  a  disposal  plant,  located  in  the  sand  dunes  near  the 
shore  of  Lake  Erie,  and  constructed  on  the  activated- 
sludge  process.  This  process  provides  for  the  aeration 
and  clarification  of  the  sewage,  and  the  effluent  is  free 
from  all  objectionable  matter.  The  air  supply  for  the 
activated-sludge  chamber  is  taken  from  the  under- 
ground main  through  which  air  is  supplied  to  the  con- 
verters by  the  turbo-blowers  in  the  power  house.  It 
is  obvious,  therefore,  that  the  operation  of  this  system 
is  highly  economical.  The  installation  was  made  on  the 
recommendation  of  the  Provincial  Board  of  Health  of 
Ontario  and  has  resulted  in  entirely  eliminating  any 
polluted  water  from  the  plant  being  discharged  into 
Lake  Erie. 

Semi-Diesel  and  Hot-Bulb  Engine 
Suggestions 

Don't  u.se  a  lubricating  oil  that  does  not  flow  readily. 
If  very  viscuous,  the  oil  may  fail  to  reach  the  crankpin. 

When  a  crankpin  bearing  heats,  it  should  be  removed 
and  the  babbitt  dressed.  Examine  the  oil  holes  through 
the  pin,  for  the  melted  babbitt  frequently  closes  up  the 
oil  passage. 

Semi-Diesel  engines  frequently  gum  the  piston  rings. 
If  the  fuel  oil  is  heavy,  the  piston  and  rings  will  require 
cleaning  every  sixty  days  or  less. 

In  removing  rings  don't  extend  them  too  far.  Rings 
are  very  brittle,  being  cast  iron.  If  four  thin  strips  are 
inserted  between  the  ring  and  piston,  the  removal  is 
easy. 

Don't  have  more  than  0.01  inch  play  between  the  ring 
and  the  side  of  the  groove.  If  it  is  more,  the  ring  and 
groove  will  wear  very  rapidly.  If  the  groove  is  worn, 
turn  it  up  on  a  lathe  and  use  wider  rings. 

Fire-cracks  in  the  piston  head  are  best  repaired  bv 
sewing. 

If  the  engine  pounds  although  the  connecting-rod 
bearings  are  snug,  probably  the  piston  "slaps"  because 
of  wear.  This  "slap"  will  be  quite  violent  if  the  piston 
and  crankpin  bearings  are  not  in  line. 

No  carbon  deposits  should  be  left  on  the  piston  head. 
Frequently,  this  carbon  becomes  intensely  hot  and  will 
cause  preignition. 

If  the  engine  pounds  in  the  cylinder,  the  noise  may 
be  produced  by  either  late  ignition  or  preignition.  If 
the  former,  the  sound  is  dull,  while  early  ignition  causes 
a  sharp  metallic  sound.  Unle.ss  the  preignition  results 
in  loss  of  power,  it  is  not  detrimental.  In  fact,  usually 
the  highest  efficiency  is  secured  while  the  engine  is 
preigniting  lightly. 
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PIG.  1.  "PACIFIC  SEKVICK"  FLUME  IX  BX'TTE  -CREEK  CANTON  CARRYING  WATER  FROM  DE  SABLE  POWER 
HOUSE  TO  CENTERVILLE  PO'^'ER  HOUSE.  EIGHT  MILES  DOTV^'STREAM.  FIG.  2.  PACIFIC  SERVICE  STEAM  ELEC- 
TRIC STATION  ON  SACRAMENTO  RR^ER.  FIG.  3.  INTERIOR  DRUM  POWER  HOUSE.  FIG.  4.  THE  WIPE  POWER 
HOUSE,  16,500  HORSEPOWER  CAPACITY.  FIG.  5.  DRUM  PO^^'ER  HOUSE  IN  BEAR  RIVER  CANYON,  CAPACITY  33,500 
HORSEPO'^'ER.       FIG.    6.      INTERIOR    WISE    PO^^^R    HOUSE 
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Overhead  Arc  Welding — Theory  and  Practice 

Overhead  Arc  Welding  Entirely  Practical  if  Operator  Understands  Principles — Investigation  of 

Failures  of  Welded  Firebox  Seams  Has  Resulted  in  the  Conclusion  that  the  Operators 

Were  Unfamiliar  with  the  Basic  Requirements     Theory  of  Metal  Deposition  on 

Overhead  Welds  Explained — Results  Given  of  Tensile  Tests  Made  on 

Sections  Cut  from  Overhead  Welds 


By  0.  H.  ESCHHOLZ 

Material  and  Process  Engineer,  Westingrhouse  Electric    and   MaiuUactui 


in),'   C'oinpan\ 


FIG.   1.    LIQUEFIED  GLOB- 
ULAR   END    OF    WIRE 
EI>ECTRODE 


A  UNIQUE  and  impor- 
tant property  of  the 
.  metallic-ele  c  t  r  o  d  e 
arc-welding  process  is  the 
ability  to  deposit  metal  at 
will  either  on  a  flat  (down- 
ward), vertical  or  overhead 
surface.  Under  the  ex- 
treme condition  of  overhead 
deposition,  when  the  force 
of  gravity  is  opposing  metal 
transfer,  greater  manipula- 
tive skill  is  required  than 
when  gravity  partly  or  com- 
as in  vertical  or  downward 
skill   required    for   overhead 


pletely  assists  deposition, 

welding.     The   degree   of 

welding,  however,  is  not  prohibitive  when  the  operator 

has  been  properly  instructed  in  the  characteristics  aiifl 

manipulation  of  the  arc. 

The  enlarging  field  of  welding  has  increased  the  de- 
mand for  overhead  welds,  the  most  typical  of  which  are 
encountered  in  locomotive,  ship,  tank  and  building  con- 
struction. Many  such  welds  are  now  giving  excellent 
service.  Examination  of  occasional  failures  reveals,  as 
their  primary  cause,  an  improper  use  and  manipulation 
of  welding  materials  due  chiefly  to  inferior  or  indif- 
ferent operators.  In  the  repair  of  locomotive  fire- 
boxes it  has  been  common  practice  to  autogenously  weld 
the  overhead  butt  joint  between  the  crown  and  flue 
sheet.  The  service  records  of  many  such  welds  clearly 
demonstrate  the  adaptability  and  value  of  the  arc  proc- 
ess. Nevertheless,  owing  partly  to  the  greater  skill 
required  and  partly  to  the  characteristic  exaggerated 
conception  of  ability  possessed  by  undeveloped  welders, 
unsatisfactoiy  fusion  may  result  when  adequate  super- 
visory control  is  lacking. 

The  failure  in  service  of  overhead  autogenously 
welded  firebox  seams  may  involve  a  serious  life  hazard. 
Investigation  of  the  few  failures  on  record  by  members 
of  the  American  Welding 
Society  has  resulted  in  the 
conclusion  that  the  opera- 
tors were  unfamiliar  with 
the  basic  requirements  for 
obtaining  fusion  and  pre- 
venting slag  inclusions. 
It  is  evident  that  partly 
fused  structures  heavy 
with  slag  content  are  not 
.  welded  and  will  rupture 
suddenly  without  appreci- 
able elongation  on  the  ap- 
plication of  a  small  load. 
To  prevent  such  isolated 
instances  fi-om   retarding 


the  normal  growth  of  overhead  arc  welding,  a  wider  dis- 
semination of  knowledge  concerning  the  factors  deter- 
mining weld  characteristics,  welding  procedure  and  in- 
spection should  be  encouraged. 

Mechanism  of  Metal  Transport 
Overhead  deposition  is  chiefly  dependent  upon  arc 
phenomena  overcoming  gravitational  force  acting  on  the 
material  of  the  pencil  electrode.  The  facility  with  which 
deposition  is  accomplished  is  a  function  of  arc  current 
and  arc  length,  as  well  as  choice  of  electrode  diameter 
and  electrode  material. 

Upon  establishing  an  arc  between  an  overhead  sur- 
face and  a  suitable  wire  electrode,  the  material  at  each 
arc  terminal  is  liquefied.     The  metal  at  the  positive,  or 


FIG.  4. 


SEQUENCE  OF  DEPOSITION  PHENOMENA  IN 
OVEKHKAD  AVRLDING 


FIGS.  2  AND  3.  APPEARANCE  OF  ARC  STREA.M.  DEPOSITED 
MATERIAL  AND  ELECTRODE  END 
Fig.  2 — Shows  a  short  arc  and  the  globular  end  of  the  electrpile 
a.s  well  as  th(!  layer  of  deposited  metal.     Fig.   3 — Long  arc.     No 
deposited  metal  is  evident. 


plate,  terminal  forms  a  pool,  while  that  at  the  wire,  or 
negative,  terminal  develops  rapidly  into  a  globule.  Fig.  1 
shows  the  appearance  of  the  surface  and  section  of  a 
globule  formed  on  the  electrode  end.  This  globule, 
however,  is  too  large  to  facilitate  deposition ;  that  shovvTT 
in  the  arc  photograph,  Fig.  2,  is  more  typical  of  good 
practice.  To  convey  this  globule  to  the  plate,  the  lift- 
ing force  must  exceed  the  retaining  forces  of  gravity, 
cohesion  and  surface  tension  at  the  wire  perimeter. 
Obviously,  the  problem  of  transferring  the  globule  may 
be  simplified  by  decreasing  the  forces  tending  to  retain 
it  on  the  electrode  end.  By  producing  only  small  glob- 
ules, the  weight  of  liquid 
metal  may  be  held  low. 
As  the  size  varies,  within 
limits,  with  arc  length,  the 
maintenance  of  a  short  arc 
of  from  i'>.  in.  to  f-  in.  will 
therefore  insure  a  con- 
trollable globule  weight. 
Other  factors  determining 
the  magnitude  of  the 
total  retaining  force  are 
the  unit  surface  tension, 
unit  cohesion  and  the  con- 
tact area  between  the 
liquid  globule  resting  on 
the  s'^lid  end  of  the  pencil 
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eliitroilo.  The  surface  tension  and  cohesion  between  the 
solid  wire  and  its  molten  end  is  decreased  by  the  pres- 
ence of  solid,  liquid  and  nasoous  impurities  at  the  bound- 
ary. (Juniif itative  infonnation  on  this  subject  is  not 
available.  Experience,  however,  has  shown  that  these 
lorces  are  reduced  by  the  phenomena  occurring  when 
small  quantities  of  ii-on  oxide,  iron  carbide,  manganese, 
etc.,  ami  occluded  gases  are  present  in  the  electrode  dur- 
ing the  deposition  process. 

The  total  surface  tension  and  the  total  cohesive  force 
are  proportional  to  the  area  of  contact  between  the  liquid 
and  solid  or  plastic  metal.  It  is  obvious  that  these 
decrease  with  the  diameter  of  the  electrode  and  also 
with  the  total  energj  developed,  and  therefore  with 
the  arc  current.  The  facility  with  which  the  electrode 
surface  becomes  "wetted,"  thereby  affecting  the  con- 
tact area,  varies  with  its  analysis,  melting  temperature, 
physical  properties  of  the  surface  and  the  current  den- 
sity. A  satisfactory  evaluation  of  the  importance  of  all 
these  factors  has  not  been  made,  although  it  is  well 
known  that  different  types  of  electrodes  employed  for 
dov.nward  deposition  vary  greatly  in  their  "wetting" 
action  and  therefore  in  their  characteristic  retaining 
force  and  ease  of  overhead  deposition. 

From  this  analysis  it  is  evident  that  when  the  super- 
visor determines  the  material,  size  of  electrode  and 
welding  current  to  be  used,  the  only  variable  affecting 
the  magnitude  of  the  retaining  force  controllable  by 
the  operator  is  the  arc  length.  Skill  in  the  maintenance 
of  the  proper  arc  length  may  be  readily  developed  while 
a  check  on  its  continuous  employment  may  be  secured 
by  the  meter  indication  of  arc  voltage  or  the  ringing 
of  a  buzzer  connected  across  the  arc  when  the  maximum 
permissible  arc  length  has  been  exceeded. 

The  lifting  force  is,  comparatively,  a  fixed  quantity, 
since  the  material  and  thermal  characteristics  of  most 
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r  IGS.  5  AND  6.   EFFECT  OF  HOLDING  A  SHORT  AND  A 
LONG  ARC  ON  VOLTAGB  AND  CURRENT 

overhead  joints  vary  but  little.  The  total  lifting  force 
is  a  function  of  the  surface  contour  and  of  the  area 
puddled  by  the  positive  crater.  It  is  also  dependent 
upon  the  "wetting"  characteristic,  which  facilitates  the 
adhesion  and  spread  of  the  electrode  globule  on  making 
contact  with  the  puddled  surface.  The  rate  at  which 
the  plate  metal  absorbs  heat  energy  from  the  deposited 
metal  determines  the  rate  of  congealing  of  the  electrode 
metal  and  therefore  is  a  factor  in  determining  the  mag- 
nitude of  the  lifting  force.     Heating  an  overhead  joint 


very  locally,  facilitates  starting  layer  deposition,  since 
it  facilitates  the  initial  production  on  a  cold  plate  of 
a  "wetted"  surface  to  which  the  globwle  must  be  at- 
tached by  the  forces  of  surface  tension  and  adhesion. 
However,  if  the  joint  temperature  is  uniformly  in- 
creased to  a  high  value,  deposition  will  l)e  retarded  since 
the  rate  of  congealing  of  deposited  metal  is  decrea.sed. 
The  cycle  of  deposition  appears  to  be  as  follows: 

1.  Metal  at  each   terminal   is  li(|uefied  upon  striking 
an  arc. 

2.  The    molten    electrode    end    assumes    an    approxi- 
mately spherical  form  due  to  the  well-known  phenomena 


FIGS.    7   AND   S. 


CORRECTLY   AND   INCORRECTLY   FUSED 
ABUTTING  MEMBERS 


Fig.    7a — Initial    layers   of  weld   completely   fused. 
Surface   view   of   Fig.   7a.      Fig.    8a — Ii 
layers.      Fig.    8b — Surface;  vir-w   of  Fig. 


Fig.    7b- 
Fig.    8a — Incomplete   fusion   of  initial 


of  surface  tension  causing  a  fluid  material  to  contract 
into  the  smallest  volume. 

3.  This  globule  enlarges  with  continued  application 
of  energy,  until  with  the  aid  of  electrode  manipulation 
its  upper  surface  is  brought  into  contact  with  the  over- 
head pool,  thereby  short-circuiting  the  arc  stream  and 
causing  the  lifting  forces  to  act  upon  it. 

4.  Forces  of  surface  tension  and  adhesion,  at  the 
contact  area  between  the  overhead  plate  and  the  globule, 
cause  the  globule  to  change  its  form  and  spread  over 
the  plate  surface. 

5.  As  the  metal  spreads,  the  area  in  contact  with  the 
plate  increases  and  therefore  the  lifting  forces  are  also 
inci'eased,  causing  an  acceleration  in  metal  transfer. 
These  forces  act  until  the  globule  is  lifted  off  the  wire 
electrode  end,  when  the  short-circuit  is  broken  and  the 
arc  re-established. 

This  deposition  sequence  is  shown  graphically  in  Fig. 
4.  In  Figs.  2  and  3  short  f  f^-in.)  and  long  (a'z-in.) 
arcs  are  shown  respectively.  Bare  mild-steel  electrodes 
were  used  for  the  deposit  tests.  The  globular  growth  is 
visible  on  both  electrode  ends.  However,  the  short  aix 
employed  in  Fig.  2  permits,  with  the  electrode  manipu- 
lation, bringing  the  surface  of  the  globule  readily  into 
contact  with  the  plate  during  the  period  when  the  re- 
taining force  is  small.  To  bridge  the  arc  gap  shown 
in  Fig.  3,  a  larger  globule  is  required.  The  size  of  this 
globule  produces  a  retaining  force  that  exceeds  the  lift- 
ing force  and  thereby  prevents  metal  transfer.  With 
continued  application  of  energy  and  the  maintenance 
of  such  a  long  arc  the  accumulating  liquid  metal  either 
drops  off  the  end  of  the  electrode  or  flows  down  its  side. 

In  Figs.  5  and  6  are  shown  instantaneous  variations 
in  arc  current  and  arc  voltage  when  holding  short  and 
long  arcs  shown  in  Figs.  2  and  .3.     The  instant  at  which 
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the  globular  growth  short-circuits  the  arc  is  identified 
when  the  arc-voltage  record  drops  to  nearly  zero  and 
the  arc  current  attains  maximum  value.  The  frequency 
with  which  this  occurs  indicates  that  approximately  25 
globules  are  being  deposited  each  second.  In  Fig.  6 
the  voltage  and  current  records  indicate  the  normal 
variation  in  arc  length  as  determined  by  electrode  man- 
ipulation and  globular  growth,  but  they  do  not  indicate 
contact  between  the  plate  and  the  electrode  as  shown  in 
Fig.  5.  The  deposition  rate  is  therefore  nearly  zero, 
only  metal  being  deposited  by  the  condensation  of  a 
small  amount  of  metallic  vapor.     As  the  amount  de- 
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PIG.   9. 


APPE.^RAXCIi    Ol-     TOP    ANH    BOTTOM    OK    OVER- 
HEAD BUTT-AVELDED  PLATES 


Electrodes  vary  greatly  in  their  overhead  deposition 
characteristics.  Metal  may  be  deposited  with  some 
types  at  the  rate  of  two  globules  a  second;  with  others 
this  may  be  as  high  as  thirty  a  second.  The  penetra 
tion  of  the  deposited  metal  into  the  plate  appears,  how- 
ever, to  decrease  somewhat  with  increase  in  globular 
deposition  rate.  Owing  to  the  facility  whereby  the 
surfaces  of  some  types  of  electrodes  become  "wetted," 
the  globular  retaining  forces  are  so  large  that  overhead 
deposition  is  impracticable.  In  view  of  these  differences 
in  deposition  performance  the  operator  should  become 
familiar  with  the  characteristics  and  manipulation  of  a 
variety  of  bare  and  covered  electrodes  available  on  the 
market.  To  obtain  fusion,  it  is  necessary  to  secure 
penetration,  crater  depth,  minimum  overlap,  etc.,  char- 
acteristic of  downward  deposition. 

The  use  of  a  low  current,  of  the  order  of  100  amp., 
produces  a  slow  and  easily  controllable  globular  growth 
and  deposition.  After  the  operator  succeeds  in  develop- 
ing deposition  control  under  this  condition,  arc  current 
and  electrode  diameter  should  be  gradually  increased  to 
values  approximating  those  employed  for  downward 
welding.  The  operator,  however,  will  then  find  that  an 
electrode  length  of  only  six  inches  (approximately)  will 
l>e  readily  deposited,  the  deposition  of  the  remainder 
becoming  increasingly  diflScult  owing  to  the  fact  that 
the  hot,  inclosing  convection  currents  of  air  and  arc 
gases,  as  well  as  the  internal  energy  consumption  due 
to  the  resistance  of  the  wire,  serve  to  preheat  the  elec- 
trode and  cause  the  melting  rate  of  its  terminal  to 


posited  is  small,  it  is  not  visible  on  the  plate  surface 
shown  in  Fig.  3. 

For  instruction  purposes,  phenomena  of  overhead 
metal  deposition  may  be  readily  simulated  by  employing 
a  mercury  analogy.  This  demonstration  may  consist 
merely  in  transferring  a  globule  of  mercury,  resting  in 
the  cupped  end  of  a  steel  rod,  to  an  overhead  amalga- 
mated surface.  When  contact  occurs  between  the  glob- 
ule and  the  amalgamated  plate,  mercury  passes  to  the 
overhead  surface  with  such  speed  that  it  appears  to  leap 
from  the  rod  to  the  plate. 

Training  of  Operators 

It  is  preferable  to  select  candidates  for  overhead  weld- 
ing from  operators  who  are  competent  downward  weld- 
ers. The  first  step  in  the  training  of  such  welders  con- 
sists in  demonstrating  and  explaining  phenomena  of 
metal  transfer,  the  second  step,  the  change  in  deposi- 
tion facility  with  change  in  arc  length,  arc  current,  elec- 
trode diameter  and  electrode  material.  It  will  be  found 
that  the  usual  skilled  downward  welder  is  quick  to 
appreciate  and  recognize  the  bearing  of  these  factors 
on  overhead  deposition.  Deposition  skill  should  first  be 
developed  on  a  vertical  surface,  then  on  a  plate  inclined 
45  deg.  and  finally  on  a  flat  overhead  surface  with  the 
operator  holding  in  each  case,  a  short  arc  iV,  in.  to 
#5  in,  or  18  to  20  volts,  1  in.  diameter  bare  mild-steel 
gas-free  electrodes  and  an  arc  current  of  100  amperes. 
The  metal  should  be  deposited  in  continuous  layers  on 
a  s-in.  thick  plate.  The  employment  of  a  light-weight 
electrode  holder,  designed  to  protect  the  operator  from 
falling  hot  metal,  as  well  as  to  remain  cool  in  service 
with  a  minimum  cable  drag  while  holding  the  electrode 
perpendicular  to  the  surface  to  be  welded,  will  be  found 
to  both  expedite  and  greatly  facilitate  overhead  depo- 
sition. 


FIG.   10. 


OVERHEAD  BUTT-WELD  JOINING  LOCOMOTIVE 
CROWN  SHEET  TO  FLUE  SHEET 


increase.  It  has  been  found  that  the  electrode  may  be 
kept  comparatively  cool,  and  therefore  maintain  an  ap- 
proximately constant  melting  rate  throughout  the  depo- 
sition period,  by  giving  it,  as  well  as  the  arc  terminal, 
either  an  oscillating  or  a  circular  movement.  Such  a 
movement  disturbs  the  hot  sheath  of  gas  in  contact 
with  the  electrode  and  permits  the  influx  of  cooling  air. 
By  employing  this  manipulative  expedient,  it  is  possible 
to  deposit  the  metal  continuously  from  12-in.  lengths  of 
J-in.,  s'^-in.  and  /.--in.  diameter  electrodes  when  employ- 


7«0 


POWER 


Vol.  52.  No.  20 


iMjr    an*    riirn>nt.«t    of    respectivel.v     l2r),     \hO    :in(i     17r> 
anipcros. 

Overhead  welds  are  roiiinioiily  luitt  or  lap  joints.  In 
desijjnintr  a  .striiclure,  prefereiiee  .should  be  piven  to  the 
lap  joint  because  it  is  more  easily  welded.  The  over- 
head butt  joint  is  prepared  similarly  to  the  downward 
l)Utt  joint.  It  is  usually  .scarfed  from  GO  to  90  dej?.  and 
a  "free  distance"  of  from  iV  in.  to  I'j  in.  separates  the 
adjacent    sections.      To    maintain    these    in    place,    the 


-^y^ 


FIG.    11.     SEX:T10.\   THUOUOll    OVKKHKAD  WELDKD  GROWTH? 

.SHKRT     AND    SIPHOX     FI,AXOP:S.     SHOWING     POSITION 

OF    WELDS 


plates  are  tacked  together  at  intervals  of  2  ft.,  when 
the  rigid  assembly  system  is  used,  and  the  metal  de- 
posited in  layers  by  the  "step-back"  method  to  avoid 
excessive  heating  of  the  plate  and  consequent  high 
internal  cooling  stresses. 

The  successful  welding  of  an  overhead  butt  joint  is 
chiefly  dependent  upon  the  completeness  with  which 
the  initial  layer  fuses  together  the  apex  of  the  V.  In 
Figs.  7a  and  7b  are  shown  sections  through  correctly 
fused  abutting  members.  Figs.  8a  and  8b  illustrate  the 
characteristic  appearance  of  a  section  wherein  the  first 
layer  failed  to  fuse  the  abutting  plate  edges.  Such  fail- 
ure may  be  attributed  to  the  indifference  of  the  operator 
in  controlling  arc  length  and  applying  deposited  metal, 
too  low'  an  arc  current,  and  either  too  great  or  too 
small  "a  free  distance."  An  inspection  of  the  surface 
frequently  reveals  poor  workmanship  and  suggests  the 
cause. 

In  Figs.  7  and  8  are  shown,  respectively,  the  char- 
acter of  fusion  obtained  in  zones  A  and  C  of  the  over- 
head butt-welded  plates  shown  in  Fig.  9.  An  exami- 
nation of  these  exhibits  shows  that  visual  inspection 
of  the  joint  during  preparation  and  after  completion 
may  give  a  fair  indication  of  the  weld  properties. 

It  is  now  recognized  that  in  downward  welding,  layer 
and  tier  deposition  of  metal  give  the  most  satisfactory 
joint  characteristics.  This  is  due  to  the  fact  that  each 
deposit  is  reheated  by  the  superposed  metal  and  then 
cools  at  a  slower  rate  than  if  exposed  fully  to  the  at- 
mosphere. This  pai-tial  annealing  serves  to  refine  the 
grain  and  relieve  internal  cooling  stresses.  The  writer 
therefoi-e  wishes  to  advocate  a  similar  procedure  for 
overhead  welding,  particularly  as  it  is  now  general 
practice  to  completely  fill  the  area  between  scarfed  sur- 
faces as  the  welder  progresses  along  the  joint.  It  is 
known  that  this  procedure  increases  internal  stresses. 
decreases  ductility  and  facilitates  waiTiing  of  the  struc- 
ture. 

The  plates  shown  in  Fig.  9  were  welded  after  the 
operator  had  had  but  two  days'   practice   in   overhead 


depDsition.  After  several  days'  further  practice  the 
same  operator  butt-welded  1-in.  and  '-in.  boiler  plates 
overhead,  .scarfed  to  90  deg.,  em|)loying  mild-steel  elec- 
trodes (■'•-in.  in  diameter,  and  125  amperes.  The  results 
of  tensile  tests  on  strips  cut  from  these  plates  are  given 
111  the  table.  These  data  show  that  a  con.scientious  and 
properly  instructed  operator  will  produce  overhead  welds 
having  characteristics  comparable  with  those  made  in 
more  favorable  |)Ositions,  and  if  the  l»asic  fusion  re- 
quirements are  ob.served  by  even  a  relatively  inexperi- 
enced overhead  welder,  a  quite  satisfactory  weld  will  be 
obtained. 

In  Fig.  10  is  shown  the  usual  overhead  butt  weld 
joining  the  crown  sheet  of  a  locomotive  to  the  flue  sheet. 
This  type  of  weld  should  be  intrusted  only  to  skillful 
overhead  operators,  since  a  low  water  level  in  the  boil- 
ers may  subject  a  poor  joint  to  excessive  heating  and 
stress.  The  demand  for  imprsvement  in  locomotive 
performance  had  led  to  the  development  of  means  for 

TEST   DATA    ON    STRlP.S    CUT    FROM    OVKRHEAlJ    WELDED 
BOILER   PLATE;    WELDS    L'NMACHINED 
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increasing  the  boiler  capacity  and  efficiency,  one  scheme 
is  to  use  thermic  siphons  extending  from  the  crown 
sheet  down  into  the  firebox.  The  top  flange  of  these 
siphons  may  be  joined  to  the  crown  .sheet  by  overhead 
butt  welds.  In  Fig.  11  is  shown  a  section  through  the 
crown  sheet  and  siphon  flange.  The  welds  are  placed 
midway  between  parallel  rows  of  staybolts  so  that  the 
crown  stays  carry  the  greater  part  of  the  load.  The 
performance  of  ten  locomotives  equipped  with  arc- 
welded  siphons  by  the  Chicago,  Rock  Island  &  Pacific 
R.R.  is  being  followed  with  great  interest  by  welding 
engineers. 


The  time  has  arrived  in  our  national  development 
when  we  must  have  a  definite  national  program  in  the 
development  of  our  great  engineering  problems,  all  of 
which  cry  for  some  broad-visioned  national  guidance. 
We  must  create  a  national  engineering  sense  of  pro- 
vision for  the  nation  as  a  whole.  If  we  are  to  develop 
this  national  sense  of  engineering  and  its  relations 
to  our  great  human  problems,  it  mu.st  receive  the  ad- 
vocacy of  such  in.stitutions  as  this.  The  Federated 
American  Engineering  Societies  compo.sed  of  the  var- 
ious engineering  societies,  repre.sent  the  engineei-s  of  the 
United  States.  It  is  our  duty  as  citizens  to  give  voice 
to  those  critical  matters  of  national  policy  which  our 
daily  contact  with  this,  the  fundamentally  constructive 
profession,  illuminates  to  us.  Jrst  as  our  medical  asso- 
ciations voice  the  necessity  of  safeguards  to  national 
health,  as  the  bar  associations  offer  safeguards  to  our 
judiciary,  so  the  engineers  should  exert  themselves  in 
our  national  engineering  policies.  We  have  none;  but 
we  need  some,  or  the  next  generation  will  face  a  lower 
instead  of  a  higher  standard  of  living  than  ours. — 
Herbert  C.  Hoover. 
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Refrio^eration  Study  Course — XVII 
Applications  of  Rt^frigeration — Ice  Making 

By   H.  J.   MACINTIRE 

ProfessDi-  of   HcfriKcration,  T"ni\iTsit\-  of  Illinois.   I'lbana.  111. 


PERHAPS  at  present  refrigeration  is  the  least 
generally  understood  of  engineering  subjects. 
Steam  engines  and  steam  turbines  are  simply 
means  of  utilizing  the  stored  energy  in  steam,  becoming 
kinetic  by  means  of  a  drop  of  pressure  and  by  doing 
work  on  a  piston  or  a  set  of  moving  blades.  The  gas 
and  oil  engine  is  simply  a  substitute  for  the  combina- 
tion steam  boiler  and  steam  engine,  whereas  the  air 
compressor  is  more  or  less  a  gas  pump.  Electric  motors 
and  generators,  although  complicated,  are  understood  by 


the  liquid  will  lie  stagnant  in  the  pipes  like  water  in 
service  pipes.  It  can  boil  and  refrigerate  only  when 
the  surrounding  brine  or  air  or  other  fluid  is  at  a 
greater  temperature  than  the  boiling  temperature  of 
the  ammonia  in  the  pipes  at  that  moment. 

In  this  Study  Course  it  has  been  shown  that  the 
compressor  and  the  high-pressure  side  are  only  a 
means  of  using  the  same  refrigerant  continuously,  and 
that  the  piston  displacement  per  minute  determines  the 
tonnaije   possible ;    also   that   the   valves,   passages   and 
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LWeA  R  FEET  OF  If  IN.  PIPE  PER  JON  OF  ICE  -  TIME  OF  FREEZING. 
AND  NUMBER  OF  CANS  FOR  DIFFERENT  BRINE  TEMPERA  ruRES 

ASSUMPTIONS:- 

K=?OB.  f.  u.  perscf.  ft  per  decree  c/iffcrence  of  temperexh/re 
200  B.  f.  u.  cooling  effect  in  ice  fanit  per  lb.  of  ice  for  lime  of 
freezing:- .^^         7, (thickness)' 
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the  simple  fact  of  their  becoming  commonplace  through 
universal  application.  And  yet  the  refrigerating  sys- 
tem still  acquires  and  maintains  its  frost-covered  pipe 
lines  because  ammonia  "expands"  in  the  pipe  like  steam 
in  a  turbine;  at  least  that  is  the  popular  explanation. 

Engineers  must  get  out  of  the  habit  of  speaking  of 
"expansion  of  ammonia"  and  must  consider  the  action 
as  boiling.  In  the  steam  heating  system  steam  at  from 
1  to  10  or  15  lb.  is  admitted  to  the  steam  coils  or  radia- 
tors. It  gives  up  some  of  its  heat  to  its  surroundings, 
the  air,  and  in  so  doing  it  is  condensed.  The  steam 
radiators  are  a  sort  of  condenser.  Likewise  the  re- 
frigerating coil  is  a  boiler,  for  the  liquid  is  boiled  into 
a  gas,  and  as  a  gas  or  vapor  it  passes  out  of  the  coil 
and  into  the  compressor  again.  If  the  boiling  tem- 
perature of  the  ammonia  in  the  refrigerating  coils  is 
too  high,  as  when  the  suction  pressure  ri.ses  too  much, 


headers  affect  the  economy  of  operation.  Likewise  the 
condenser  and  the  condensing  water  affect  the  head 
pressure,  which  should  be  as  low  as  possible,  everything 
considered,  as  more  work  is  done  during  compression 
and  the  volumetric  efficiency  is  decreased  (the  capacity 
of  the  compressor  is  lowered)  by  an  increase  of  con- 
denser pressure.  In  a  similar  manner  the  suction  pres- 
sure must  be  kept  as  high  as  practical  because  the  work 
done  in  the  compressor,  the  volumetric  efficiency,  and 
the  displacement  of  the  piston  per  unit  of  refrigeration 
are  affected  adversely  by  a  suction  pressure  which  is 
lower  than  that  which  is  really  required. 

Therefore,  there  has  been  a  discussion  of  the  com- 
pressor, the  condenser,  stage  compression,  ammonia,  fit- 
tings, as  well  as  the  brine  system,  refrigerants  and 
condensing  water.  So  far  in  this  course  greatest 
emphasis  has  been  given  to  the  compressor  room. 
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riip  applicntion.s  (if  rofriRcration  aro  indoponfipnt  of 
the  form  of  ronipressor  or  condenser  and  nlTtvt  only  the 
low-pre.ssure  side.  Kvcn  the  use  of  hriiie  docs  not 
nfToot  particularly  the  enpine-room  erjuipnient  except 
in  the  retjuired  u.se  of  a  brine  cooler  and  the  neces.sar>' 
hrine  pumps.  Of  course  the  suction  pressure  for 
indirect  refrigeration  by  the  use  of  brine  has  to  be 
lower  than  when  direct  expansion  in  the  expansion 
coils  is  used.  This  is  berau.se  the  ammonia  cools  the 
brine,  and  then  the  brine  cools  the  air  or  other  goods 
requiring  refrigeration.  This  makes  a  double  tem- 
perature diflference,  or  heat  transfer  and  it  has  been 
shown  that  for  maximum  etHciency  of  operation  the 
suction  pressure  (and  therefore  the  boiling  tempera- 
ture of  the  ammonia)  should  be  as  high  as  is  practically 


FIG.  2.     AMMONIA  PRECOOLER 

possible.  The  applications  of  refrigeration,  then,  are 
different  in  the  manner  of  using  the  cooling  coils 
(either  brine  or  ammonia)  and  the  details  of  the  equip- 
ment which  goes  with  them.  It  will  be  the  purpose  of 
this  and  the  next  article  to  show  how  these  applications 
affect  the  details  of  the  equipment. 

The  largest  applications  of  refrigeration  at  present 
in  this  country  are  ice  making,  cold-storage  and  packing 
house  refrigeration,  pasteurizing  and  other  dairy  work, 
and,  finally,  refrigeration  in  certain  chemical  indus- 
tries.   These  will  be  taken  up  more  or  less  in  detail. 

Application  of  Refrigeration  to  Ice  Making 

Ice  making  by  means  of  mechanical  cooling  is  at 
present  one  of  the  largest  applications  of  refrigeration. 
It  is  increasing  in  its  use,  even  in  the  regions  where  a 
natural  ice  crcp  is  convenient  and  cheap,  because  it 
usually  looks  better  and  may  be  manufactured  con- 
veniently near  the  place  where  it  will  be  used.  On 
account  of  its  bulk  and  rapid  melting  or  shrinkage,  it 
cannot  usually  be  transported  very  far  without  the  cost 
increasing  beyond  the  economic  point. 


At  fii-st  ire  was  made  by  freezing  on  one  side  of  n 
flat  plate  immersed  in  a  tank  of  water  until  K  to  12  in. 
thickness  of  ice  was  formed,  the  plate  having  a  means 
of  feeding  in  liquid  ammonia  and  allowing  the  gas  to 
return  to  the  compressor  in  the  usual  manner.  This  is 
a  raw-water  system,  which  is  highly  satisfactory  and 
is  .still  used  with  success.  The  plate  ice  .system  is  .seldom 
installed  now  because  of  the  greater  first  cost  recpiired, 
greater  headroom  necessary  and  lower  back  pressure 
carried  on  the  machine.  Large  cakes  of  ice  are  frozen, 
from  3  to  Ti  tons,  and  this  requires  heavy  handling 
apparatus,  a  suitable  saw  and  table  for  sawing  into  con- 
venient {300-lb. )  cakes.  The  time  of  freezing  increa.ses 
greatly  with  the  thickne.ss  of  the  ice  made  and  usually 
requires  six  days.  All  water  has  air  in  .solution,  the 
amount  depending  on  the  temperature  of  the  water  and 
other  conditions.  If  this  water  is  frozen  quietly,  the 
air  will  be  pocketed  in  the  ice  and  the  ice  formed  will 
have  the  appearance  of  marble,  and  is  called  "tombstone 
ice."  It  may  be  as  valuable  as  clear  ice  so  far  as  cooling 
effect  is  concerned,  but  it  does  not  look  as  well.  In 
consequence  water  to  be  frozen  into  plate  ice  is  agitated 
by  means  of  air  under  a  few  pounds  pressure  which  is 
allowed  to  bubble  up  the  freezing  surface  of  the  ice  and 
thereby  prevent  the  air  of  solution  adhering  to  the  ice 
surface. 

The  Can  Ice  Method 

Parallel  with  the  development  of  plate-ice  systems 
came  the  can  ice  method,  using  distilled  water.  If 
steam  is  condensed  (and  reboiled  slightly  while  exposed 
to  the  atmosphere)  then  cooled  without  exposure  to  the 
air,  it  may  be  frozen  into  a  cake  without  producing  a 
core,  and  becomes  almost  as  clear  as  crystal.  In  the 
early  days  of  refrigeration,  and  at  present  where  the 
water  is  very  heavy  in  salts,  the  use  of  distilled  water 
for  ice  making  was  popular.  Being  distilled  and  re- 
boiled  it  was  considered  hygienic  and  therefore  appealed 
to  the  household  retail  trade. 

In  the  can  system  of  ice  making,  a  galvanized  iron 
can  of  rectangular  cross-section  but  of  slight  taper 
toward  the  bottom  is  filled  with  water  and  lowered 
into  a  brine  tank.  The  brine  is  usually  maintained  at 
about  14  deg.  F.  by  means  of  ammonia  expansion  pip- 
ing inside  the  tank  in  stands  on  two  sides  of  the  can, 
or  is  cooled  in  a  brine  cooler  either  inside  the  tank  or 
entirely  separate  from  the  tank.  The  brine  is  circulated 
by  means  of  propellers,  with  either  horizontal  or  ver- 
tical shafts.  These  propellers  are  designed  in  a  similar 
manner  to  a  ship's  propeller  and  are  used  to  keep  up  a 
rapid  circulation  of  the  brine  in  and  about  the  cans, 
thereby  maintaining  a  uniform  temperature  of  brine 
and  also  increasing  the  coefficient  of  heat  transmission 
through  the  can  to  the  ice  and  water.  Heat  is  abstracted 
from  the  water,  and  the  ice  is  formed  rapidly,  at  first 
all  around  the  surface  of  the  can  and  then  progressively 
slower  as  the  center  is  approached.  Evidently,  with 
good  agitation,  the  time  of  freezing  of  a  certain  size 
can  depends  on  the  brine  temperature  and  the  cross- 
section  of  the  can.  The  brine  temperature  depends  on 
the  boiling  temperature  of  the  ammonia  (the  suction 
pressure)  and  the  linear  feet  of  direct  expansion  piping 
in  the  tank.  All  these  variables  are  given  in  the  dia- 
gram, Fig.  1.  This  diagram  is  recommended  by  the 
author  for  conservative  practice,  but  the  tonnage  of  a 
plant  designed  by  the  diagram  should  be  greater  if  care 
is  taken  with  the  operation  details  and  a  flooded  system 
is  installed. 
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The  flooded  system  for  can-ice  plants  has  been  suc- 
cessful. The  essential  feature  of  this  system  is  a  device 
to  precool  the  liquid  ammonia  to  a  temperature  equal 
to  that  of  the  boiling  ammonia  in  the  coils  Ccorrespond- 
ing  to  the  suction  pressure).  The  coils  may  be  fed  by 
gravity  or  by  the  usual  expansion  valve   (Fig.  2).     In 
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Diesel  engines  as  compressor  drives,  has  resulted  in  a 
great  demand  for  a  raw-water  can-ice  system  which  will 
provide  a  clear  crystal-like  cake  of  ice. 

As  already  mentioned,  agitators  of  raw  water  during 
freezing  will  provide  a  crystal  plate  ice.  and  the  .same 
is  true  to  a  certain  e.xtent  in  the  ca.se  of  can  ice.  How- 
ever, a  residue  is  left  in  the  can  (a  core)  which  is  likely 
to  contain  all  the  impurities  of  the  can  of  water.  Ver>' 
good  water  (free  from  suspended  and  dissolved  solids") 
need  be  agitated  only  by  air  under  pressure  until  it  is 
nearly  completely  frozen,  but  water  containing  much 
solids  not  removed  by  previous  treatment  must  have  a 
core-pump.  This  pump  will  remove  the  remaining  small 
part  of  the  original  canful  of  water.  The  resulting 
cavity  may  then  be  refilled  with  distilled  water. 

The  methods  of  providing  agitation  and  securing 
clear  ice  are  numerous.  One  way  is  to  provide  drop 
pipes  into  the  center  of  the  can  and  to  allow  air  under 
2  to  3  lb.  pressure  to  bubble  up.  This  is  one  of  the 
simplest  and  cheapest  first-cost  constructions,  but  re- 
quires constant  care  on  the  part  of  the  operator  as  the 
drop  pipe  will  freeze  into  the  ice  if  it  is  not  removed 
before  the  cake  is  entirely  frozen.  To  prevent  this  an- 
noyance, the  high-pressure  system  is  used,  the  air  being 
compressed  to  25  lb.  or  more  and  precooled  before 
being  allowed  to  get  to  the  can  so  as  to  remove  as  much 
of  the  moisture  content  as  possible.  Fig.  3  shows  one 
system  where  the  pipe  inside  the  can  is  soldered  to  one 
corner  and  becomes  an  integral  part  of  the  ice  can. 
The  main  objection  to  this  arrangement  is  the  difficulty 
of  removing  from  the  air  a  sufficient  quantity  of  its 
water  content  to  prevent  the  formation  of  frost  at  the 
needle  valve  and  in  the  feed  pipe,  thus  choking  up  the 
air  supply  to  the  can  and  preventing  agitation.  Also 
it  is  necessary  to  have  lOd  per  cent  continuous  opera- 
tion, as  otherwise  the  feed  valve  will  freeze  solid  and 
(without  agitation)  will  form  opaque  ice. 

There  are  numerous  other  systems  of  more  or  less 
merit.  The  main  points  in  raw-water  ice  are  all  the 
same,  however.  "Water  good  enough  to  drink  is  good 
enough  to  make  ice,"  and  clear  ice  must  be  agitated 
during  freezing. 
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either  ca.se  the  coils  are  much  more  nearly  filled  with 
liquid  ammonia  and  the  heat  conduction  from  the  brine 
to  the  liquid  ammonia  is  better  than  would  be  the  case 
with  the  old  .system.  The  flooded  method  does  not  give 
more  refrigeration  per  pound  of  ammonia;  it  simply 
reduces  piping  in  the  tank. 

Raw-Water  Can  Ice 

One  of  the  great  advances  in  refrigeration  during 
the  last  decade  has  been  in  the  methods  of  ice  making. 
The  universal  use  of  electric  power,  generated  by  steam 
as  well  as  hydro-plants,  has  created  a  demand  for  an  ice 
plant  which  has  no  ready  means  of  securing  steam  for 
distilled  water.  Also  the  mounting  cost  of  fuel,  notwith- 
standing the  reduced  steam  consumption  of  the  steam 
engine,  as  well  as  the  application  of  Diesel  and  semi- 


In  all  ca.se.s  it  is  assumed  that  water  at  a  temperature 
of  70  deg.  F.  will  enter  the  storage  tank  for  freezing 
purposes. 


The  Argentine  government  has  inaugurated  a  survey 
preliminary  to  the  construction  of  a  power  plant  at  the 
Iguazu  Falls,  in  the  northeastern  corner  of  the  country. 
It  is  reported  that  an  international  power  plant,  with  a 
capacity  of  1.50,000  hp.  will  be  erected  jointly  by  the  gov- 
ernments of  Argentina,  Uruguay  and  Bi-azil.  At  present 
La  Compania  Hidro-electrica  de  Tucuman  (English)  is 
the  only  power  plant  established  in  Argentina.  La  Em- 
presa  de  Luz  y  Fuerza  (German)  has  a  concession  for 
the  construction  of  a  power  plant  at  Mendoza.  Work  on 
this  plant  was  begun  several  years  ago,  but  was  indefi- 
nitely suspended  because  of  a  dispute  over  the  conces- 
sion. The  municipality  of  Mendoza  is  to  construct  a 
power  station  at  the  Falls  of  the  Rio  Blanco. 
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0|MM'alioii  aiul  AdjiislnuMil  ofTiirhine  Marhinery-XI 
Main  Boariii^rs  ainl   riieir  l.iihriealion 


By  EUSTIS  H.  THOMPSON 

CunxiiltiiiK   linBlnotT,    liiiltlniorc,    Muryland 


WHEN  a  turbine  i.'^  in  proper  mechanical  condi- 
tion, a  main  hoarinj?  should  oixmuIc  well  with  a 
total  net  clearance  of  0.002  to  0.003  in.  above 
the  shaft  no  matter  how  \i\rgc  the  diameter.  Of  course 
the  clearance  of  a  shaft,  in  a  larpe  bearinjr  particularly, 
must  be  great  enough  to  all.ow  for  proper  lubrication 
when  at  running  heat.  In  practice  the  lower  half 
of  the  liner  is  fitted  close  to  the  shaft,  while  the 
cap   ha.s   an   appreciable   clearance   which   varies   from 
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0.0005  to  0.002  in.  per  inch 
of  diameter.  The  weight 
holds  the  shaft  in  the 
lower  pai't  under  r>ormal 
conditions  so  that  the  top 
of  the  liner  is  never  actu- 
ally touched  by  the  shaft 
except  when  unusual  vi- 
bration occurs.  The  cap  is 
necessary  for  the  proper 
distribution  of  the  oil  film 
and  prevents  oil  from  leak- 
ing excessively  out  of  the 

ends  of  the  bearings.  In  large  turbines  the  cap  is  often 
bored  out  over  most  of  its  area  so  that  several  ridges 
are  left  to  touch  the  shaft  and  the  clearances  in  such 
cases  are  usually  the  greatest  found. 

In  scraping  a  bearing,  the  high  spots  which  are 
brightened  by  contact  with  the  shaft  should  be  removed. 
Be  careful  that  the  metal  is  taken  away  at  the  edge  of 
the  oil  groove  where  the  oil  leaves  to  follow  the  shaft. 
so  that  the  oil  film  will  not  be  restricted  in  any  place. 
It  is  customary  to  scrape  a  clearance  of  0.002  to  0.004 
in.  on  each  side  of  the  liner  to  help  in  distributing  the 
oil  film.     (See  Fig.  1). 

Oil  grooves  in  bearings  equipped  with  oil  rings  only 
are  for  the  purpose  of  collecting  the  oil  and  distributing 
it.  A  straight  oil  groove  is  employed  by  some  manu- 
facturers, while  others  prefer  a  curved  groove  or  perhaps 
hvo  such  grooves  crossing  each  other.  Where  oil  is 
forced  to  the  bearing,  the  oil  groove  is  straight  and 
should  be  placed  about  halfway  from  the  bottom  to  the 
midd'.e  of  the  liner  on  the  side  in  the  direction  of  rota- 
tion.    When  placed  in  this  position,  the  action  of  the 


shaft  carries  the  oil  in  the  direction  of  flow  so  that  there 
is  a  slight  tendency  to  suck  the  oil  supplied.  When  the 
groove  is  on  the  side  against  rotation,  the  oil  film  is 
discharged  directly  into  the  groove  and  there  is  a  ten- 
dency to  force  it  down  the  pipe.  Turbines  have  been 
built  with  this  arrangement  and  were  found  to  operate 
better  with  a  check  valve  in  the  oil  pipe  to  prevent  back 
flow  under  abnormal  circumstances. 

A  word  of  caution  is  well  here.  Turbines  run  at 
such  high  speeds  that  obstructions  in  oil  passages  are 
serious. 

The  oil  groove.  Fig.  1,  should  not  extend  all  the  way 
to  the  end  of  the  liner,  but  should  stop  about  one-quarter 
inch  more  or  less  from  each  end.  This  confines  the  oil 
so  that  the  pressure  is  available  to  produce  the  proper 
oil  film.  It  is  generally  considered  good  practice  to 
make  a  small  channel  from  the  end  of  the  groove  to  the 
end  of  the  bearing.  This  provides  an  oil  film  for  the 
area  outside  of  the  groove  itself  and  also  permits  a  lar- 
ger flow  of  oil,  which  has  an  appreciable  effect  in  keeping 

the  bearing  cooler.  Al- 
ways examine  the  oil 
groove  and  be  ready  to 
scrape  both  the  leading 
and  trailing  edges  in  case 
high  spots  appear,  this  to 
insure  a  good  oil  film.  Tur- 
bine bearings  are  usually 
made  of  a  hard  nickel 
babbitt.  In  case  of  an 
emergency,  where  it  is  dif- 
.  ficult  to  purchase  proper 
metal,  it  can   be  secured 
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FIG.   3.      FLEXIBLY   .SUPPORTED  HOUSING  AD.\PTS  THBj 
BEARING  TO  CHANGES  OF  SHAFT  DEFLECTION 

from  street-railway  repair  shops.  High-speed  turbin^ 
bearings  that  the  writer  has  measured  indicate  a  tot 
wear  of  0.0005  to  0.001  in.  per  j-ear.  At  this  rate  a  bear 
ing  should  last  from  six  to  twenty  years,  depending  o| 
the  type  and  design  of  the  machine.  Wear  in  the  bottoif 
liner  eventually  results  in  one  or  more  of  the  followinl 
effects:  General  misalignment  of  machine;  shoulders' 
along  the   oil   groove   which   cuts   off   lubrication   and 
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causes  heating;  oil  deflector  rings  touching  stationary 
parts;  revolving  collars  in  thrust  bearings  touching 
parts  of  liners ;  other  points  of  contact  betvi^een  moving 
and  stationary  parts;  high  spots  forming  on  the  surface 
and  causing  heating;  hard  parts  of  the  babbitt  wearing 
the  shaft  irregularly ;  excessive  clearance  in  the  bearing 
cap  causing  the  oil  to  be  thrown  out  from  a  bearing. 
It   seems   that    high-speed    bearings    which    are    often 


FIG.    4.      TURNING    OUT    A 
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subject  to  temperatures 
continually  at  the  boiling 
point  wear  almost  unap- 
preciably.  In  a  recipro- 
cating engine  the  lost  mo- 
tion must  be  continually 
guarded  against,  but  in 
turbine  machinery  this 
factor  is  a  minor  trouble. 
Self-aligning  bearings, 
Fig.  2,  should  be  tight- 
ened so  that  they  can  be 
moved  with  a  lever  two 
to  four  feet  long.  If  the 
self-aligning  fit  is  too 
tight,  the  bearing  will  not 
adjust  itself  to  the  shaft 

position  so  that  in  some  cases  heating  or  vibration 
will  result.  If  too  loose  it  will  not  usually  cause  any 
particular  trouble  under  normal  conditions;  in  many 
cases  a  slight  vibration  and  pounding  noise  develop 
at  this  point. 

When  the  ball  is  too  loose,  it  is  customary  to  tighten 
this  up  by  placing  a  small  shim  on  top  of  the  ball.  Fig. 
2,  so  that  the  bearing  cap  will  pinch  it  to  the  desired 
amount.  It  is  convenient  to  beat  out  a  piece  of  fuse 
wire  and  place  this  where  the  shim  is  required  and  pinch 
it  by  placing  the  cap  in  place.  The  thickness  of  the  lead 
can  be  measured  with  a  thickness  gage  and  a  shim  of 
the  same  thickness  installed. 

Turbine  bearings  are  not  always  self-aligning,  as  in 
some  cases  the  bearing  housings  are  sufl[iciently  flexible 
to  take  up  the  difference  in  alignment.  (See  Figs.  2 
and  3). 
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Turbine  bearings  can  be  disassembled  by  removing 
the  upper  half  and  then  lifting  the  shaft  about  0.010  in. 
above  the  lower  half  and  supporting  it  in  this  position 
while  the  lower  half  is  rolled  over  the  shaft  and  then 
lifted  off,  as  shown  in  Fig.  4. 

Be  sure  that  all  water  and  oil  pipes  which  screw  into 
the  liner  are  removed  before  attempting  this  job. 

Thrust  bearings  used  by  various  manufacturers  con- 
sist of  roller  bearings,  friction  collars,  ball  bearings, 
marine-type  thrusts,  piston-type  thrust  bearings  and 
step  bearings. 

Machines  usually  employ  a  mechanical  method  (one 
shown  in  Fig.  5),  for  changing  the  position  of  the  shaft, 
enabling  it  to  be  shifted  in  an  axial  direction  to  properly 
adjust  the  blade  axial  clearances.  Other  types  of  thrust 
bearings  require  to  be  disassembled  more  or  less  to  ad- 
just the  position  of  the  shaft.  Figs.  3  and  6  are  ex- 
amples. 

To  adjust  the  former  type  of  bearing,  as  Fig.  5,  it  is 
safer  to  keep  the  machine  revolving  at  a  slow  rate  of 
speed  while  the  shaft  is  being  shifted  in  an  axial  direc- 
tion so  that  in  case  a  revolving  part  should  contact 
with  a  stationary  part,  it  will  be  immediately  made 
apparent  by  a  rubbing  noise.  It  is  convenient  to  locate 
the  proper  shaft  setting  by  shifting  the  rotor  in  one 

direction  until  rubbing 
first  begins  and  then  set- 
ting permanently  in  the 
middle  of  this  travel. 
Finally,  this  adjustment 
should  be  made  immedi- 
ately after  running  the 
turbine  at  normal  speed. 
When  thrust  bearings  are 
at  normal  temperatures, 
they  should  run  with  a 
clearance  of  0.002  in.  for 
each  revolving  element 
that  bears  against  a  sta- 
tionary element.  Ordi- 
nary thrust  bearings  are 
given  a  clearance  of  ap- 
proximately 0.001  in.  per 
inch  of  length  between  the 
ends    of   the   thrust.      In 
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FIG.  6.     SECTIONAL  VIEW  OF  A  THRUST  COLLAR 

practice,  it  follows  that  too  much  clearance  will  allow 
the  shaft  to  work  backward  and  forward  in  an  axial 
direction,  which  can  be  seen  plainly.  In  extreme  cases 
rubbing  occurs.  Too  little  clearance  will  cause  heating 
or  vibration  and,  in  extreme  cases,  damage  to  the  bear- 
ing.    Plenty  of  clearance  is  desirable. 
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Ball  bearings  can  be  readily  lusaembled  by  iisinjf  heavy 
irrease  to  hold  thi>  balls  in  place.  Collar  thru-its  usinj: 
Imbbitt  or  other  boarinR  material  are  not  diiricull  to 
assemble  e.\iej)t  where  shims  arc  used  for  settling  the 
shaft.  These  shims  are  often  necessarily  very  thin, 
but  space  is  provided  in  most  cases  so  that  a  heavy  shim 
of  ai)out  :w  in.  can  be  placed  where  the  top  cap  will 
contact  with  it  in  being  assembled.  A  great  deal  of 
skill  is  used  in  assembling  such  bearings,  and  small 
shims  are  likely  to  get  misplaced  if  they  are  put  where 
the  cap  will  slide  on  them. 

Marino-type  thrust  bearings  are  too  well  known  to  re- 
quire special  comment  here.  Piston-type  thrust  bear- 
ings are  required  to  balance  the  thrust  caused  by  the 
reaction-type  turbines. 

Thrust  bearings  for  governors  consist  of  ball  races 
or  roller  bearings.  The  principal  operating  feature  is 
to  keep  the  clearance  as  small  as  possible  to  prevent  bad 
effects  in  the  operation  of  the  governor.  Bearings  are 
sometimes  made  with  removable  shims  for  adjusting 
this  clearance.  A  total  clearance  of  0.001  to  0.002  in. 
is  usual. 


Forty  Years  of  Boiler  Explosions 

The  Locomotive,  the  house  organ  of  the  Hartford 
Steam  Boiler  Inspection  and  Insurance  Co.,  contains  in 
its  October  issue  a  summary  of  that  company's  statis- 
tics on  boiler  e-xplosions  that  have  taken  place  in  the 
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last  forty  years.  The  total  number  of  explosions  covered 
is  14,281,  in  w^hich  10,638  lives  were  lost  and  17,085  per- 
sons injured.  These  figures  are  not,  of  course,  complete, 
especially  in  regard  to  the  number  of  boilers  in  use, 
for  no  means  are  available  of  securing  complete  records 
of  boilers  throughout  the  country.  They  may,  however, 
be  taken  as  fairly  repi-esentative  and  indicative  in  a 
general  way  of  conclusions  that  would  be  drawn  from  a 
more  comprehensive  survey. 

The  figui-es  comprising  this  summary  have  been  put 
into  graphic  form,  as  in  this  way  their  significance  is 
more  readily  grasped.  It  should  be  remembered,  how- 
ever, that  charts  of  this  nature  must  be  taken  in  a  very 
general  way.  That  is,  the  "saw-teeth,"  or  sharp,  ex- 
treme changes,  are  not  in  themselves  of  much  import- 
ance. The  general  trend  of  the  lines,  however,  shows 
more  clearly  than  figures  possibly  can,  just  what  the 
situation  is. 

Fig.  1  shows  the  rise  in  the  number  of  explosions  per 
year  since  1880.  This  chart  must  be  considered  in  the 
light  of  the  obvious  fact  that  the  number  of  boilers  in 


u.-^e  has  increased  Hteadily;  but  whether  that  increase 
has  been  less  than,  e(iual  to,  or  greater  than  the  increa.sp 
in  the  number  of  accidents  cannot  well  be  determined. 
However,  it  will  be  noticed  that  from  1909  on,  a  slight 
and  widely  varying,  yet  decisive  drop  is  apparent;  and 
it  .scarcely  .seems  possible  that  tho  number  of  boilers  in 
use  since   1909  could  have  decreased  or  even  remained 
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constant.  That  it  has,  on  the  other  hand,  increa.sed,  is 
a  reasonable  assumption.  This  of  course  leads  directly 
to  the  conclusion  that  the  ratio  of  the  number  of  acci- 
dents to  the  number  of  boilers  in  use  has  decreased 
since  1909. 

Fig.  2  shows  a  very  mai-ked  decline  in  the  number  of 
persons  killed  and  injured  per  explosion.  The  line 
marked  2.31  repre-sents  the  average  of  the  totals  for 
each  year.  It  can  be  seen  that  whereas  in  1880  more 
than  five  persons  were  killed  or  injured  in  each  accident, 
this  figure  came  down  to  about  one  in  1919.  This  curve 
is  of  especial  interest  because  of  its  very  pronounced 
downward  trend  and  because  of  possible  speculation  as 
to  its  cause. 

Fig.  3  represents  the  changes  in  the  ratio  between 
those  killed  and  those  injured  in  each  explosion.  While 
this  curve  does  not  fall  so  rapidly  as  that  in  Fig.  2,  still 
it  does  drop  appreciably.     It  shows  that  at  first  there 
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were  almost  as  many  killed  as  injured,  and  that  now 
the  killed  are  about  half  of  those  injured. 

Taken  as  a  whole,  these  facts  are  rather  gratifying 
than  otherwise.  Though  they  are  incomplete,  they  indi- 
cate with  a  fair  degree  of  certainty  a  trend  in  the  right 
direction.  The  apparent  decrease  in  explosions  relative 
to  the  number  of  boilers  in  use,  the  reduction  of  casual- 
ties per  explosion  and  the  smaller  proportion  of  fatal- 
ities point  to  increasing  care  in  the  construction  and 
operation  of  boilers. 
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Unusual  Efficiency  in  Oil-Fired  Boiler 

A  series  of  tests  on  a  mechanical  oil  burner  manu- 
factured by  the  Babcock  &  Wilcox  Co.  were  conducted 
by  the  Stone  &  Webster  Corporation  at  the  Riverside 
plant  of  the  Savannah,  Ga.,  Electric  Co.  The  results  of 
these  tests  are  discussed  in  the  Stone  &  Webster  Journal, 
from  which  the  curves  shown  in  Fig.  1  have  been  taken. 

The  oil  burner  is  of  an  entirely  new  design,  being 
purely  mechanical  in  action.  No  steam  or  air  is  used  in 
atomizing  the  oil;  this  action  is  secured  by  the  shape  of 
the  fluted  cone  tip.  The  burner  is  set  in  the  furnace 
wall  at  the  center  of  an  air  register,  which  is  designed 
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to  impart  a  whirling  action  to  the  air.  The  air  is 
supplied  under  pressure,  and  calibrations  have  been 
made  to  determine  the  proper  oil  pressure  for  each 
reading  of  the  air-blast  gage.  The  regulation  of  the 
oil  spray  is,  consequently,  very  easily  secured;  the  fire- 
man need  only  set  the  oil  pressure  to  conform  to  the 
air  blast  being  carried. 

The  results  of  the  efficiency  tests  appear  in  the  illus- 
tration. No  other  plant,  so  far  as  known,  has  secured 
over  80  per  cent  efficiency  at  300  per  cent  rating.     The 


efficiencies  shown  are  gross  values,  no  deduction  hav- 
ing been  made  for  steam  to  operate  the  air  blower  and 
oil  pump.  The  exhaust  of  these  units  is  used  to  heat 
the  boiler-feed  water;  the  difference  between  gross 
and  net  efficiency  is,  then,  very  small.  One  interesting 
feature  is  the  decrease  in  excess  air  with  the  lower 
ratings  and  higher  efficiency. 

Steam-Turbine  and  Diesel  Operating  Costs 

In  the  several  European  countries  central  stations 
and  industrial  power  plants  of  large  size  have  installed 
Diesel  engines  in  preference  to  steam  turbines.  With- 
out doubt,  the  high  price  of  coal  and  the  availability  of 
coal  tar  for  the  Diesels  have  largely  dictated  the  choice 
made.  In  the  United  States,  while  many  large  gas 
engines  have  been  installed  in  past  years,  the  oil  engines, 
when  installed  in  other  than  small  plants,  have  been 
chosen,  as  a  rule,  on  account  of  cheap  oil,  lack  of  water 
or  considerations  other  than  actual  comparative  effi- 
ciencies. 

It  is  unfortunate  that  more  information  is  not  avail- 
able as  to  costs  of  steam-turbine  plants  and  Diesel 
plants  when  operating  under  like  conditions.  In  the 
table  shown  below  are  given  the  comparative  power- 
plant  operating  costs  of  a  600-kva.  steam  turbine  and  a 
365-hp.  Diesel  engine.  These  two  units  are  installed 
in  an  industrial  power  plant,  receiving  the  same  atten- 
tion and  operating  under  like  conditions.  Both  units 
are  driving  generators,  enabling  the  output  of  each  to 
be  accurately  determined.  The  steam  for  the  turbine  is 
supplied  by  water-tube  boilers  using  oil  as  fuel.  Since 
the  boiler  efficiency  is  generally  higher  with  oil  than 
with  coal,  the  B.t.u.  per  kilowatt-hour  is  lower  than  the 
result  obtained  with  coal. 

The  Diesel  exhaust  line  is  equipped  with  a  heater  that 
heats  the  boiler-feed  water  and  the  Diesel  should  have 
been  credited  with  the  heat  so  added.  The  turbine  cir- 
culating-water and  air  pumps  are  motor-driven,  and  no 
deduction  has  been  made  for  this  power.  In  all  respects 
the  turbine  has  been  favored. 

In  the  figures  given,  the  labor  per  kilowatt-hour  with 
the  Diesel  is  from  two  to  six  times  as  high  as  with  the 
turbine.  This  is  due  solely  to  the  small  output  of  the 
Diesel;  an  engine  twice  as  large  would  have  the  labor 
cost  reduced  50  per  cent.  The  lubricating  charges  con- 
tradict the  prevailing  belief  that  the  Diesel  uses  exces- 
sive amounts.  That  the  oil  engine  is  particularly 
adapted  to  central-station  work  is  shown  by  the  varia- 
tion in  efficiency  with  change  in  load.  A  25  per  cent 
change  of  load  in  the  turbine  produced  a  20  per  cent 
change  in  efficiency;  on  the  other  hand,  the  Diesel 
shows  a  100  per  cent  load  variation  with  but  3  per  cent 
change  in  the  efficiency.  It  should  be  remarked  that  the 
average  load  on  the  steam  turbine  was  568  kw.,  while 
the  engine's  load  averaged  onlv  200  kw.,  or  approxi- 
mately half-load.  If  the  Diesel  had  been  fully  loaded 
the  labor  and  lubricating  oil  per  kilowatt-hour  would 
have  been  reduced  by  at  least  6  mills. 


COMI'AHATIVE  OPERATING  COSTS  OF  DIESEL  AND  STEAM  TURBINE 

Turbine .  — 

Week  (132  hr.i                                                                             12                   3                   4  5  12 

Kw.-hr.  output 58,210           66,050           42,359           64,025  74,925  10,590          25,725 

Fuel  oil,  gal 23.455           25,950           19,389           24,474  26,836  1,026             2,413 

Kw.-hr.  per  gal 2.48             2  55             2  23             2.61  2  79  10  3              10  6 

B.tu.  per  kw.-hr 51,320          50,000          57,200          48,800  45,300  12,370          12.000 

Fuel  per  kw.-hr.,  mills 14    1               13.7              15  7              13  4  12  9  3  4                3  3 

Lub.  oil  per  kw.-hr,  mills                                                       0   1               0   1               0.2               0   15  0.15  0  2               0   1 

Labor  per  kw.-hr.,  mills 2  4               2.2               3.4               2  2  2  00  13  0               5  6 

Operating  cost  per  kw.-hr.,  mills.                                         18.6             16  0             19  3              17  75  15  05  16  6               9  0 
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Production  of  Gasoline 


GASOLINE,  at  ono  (inio  a  byproduct  of  the  retiii- 
inK  industry  imident  to  the  production  of  kero- 
sone.  has  advanced  to  a  staRe  whore  it  is  the  mo.st 
inijuirtant  product  obtained  from  petroleum.  In  quan- 
tity it  now  represents  more  than  one-fourth  the  volume 
of  all  j)roducts  obtained  from  petroleum  and  in  value 
is  practically  eijual  to  the  total  value  of  all  other  prod- 
ucts. The  HMO  refinery  production  of  Kasoline  and 
naphtha  (.•^.957,857.097  pal.),  if  collected  at  one  point, 
would  fill  a  storage  tank  one  mile  in  diameter  and 
twenty-five  feet  high,  or  if  moved  in  standard  tank 
cars  of  8,000  gal.  capacity  would  re(iuire  a  train  more 
than  3.500  miles  in  length.  On  .Ian.  1.  1920,  there 
were  registered  in  this  country  appro.\imately  7,500,000 
automobiles  and  trucks  having  an  estimated  value  of 
more  than  $5,000,000,000.  which  were  almost  entirely 
dependent  on  gasoline  as  a  source  of  motive  power. 
This  e.-^timate  does  not  take  into  consideration  the 
value  of  the  large  number  of  .stationary,  marine  and 
airplane  engines  that  use  gasoline  as  fuel. 

The  economic  importance  of  gasoline  is  at  present 
more  generally  realized  than  ever  before  owing  to  the 
fact  that  the  domestic  supply  threatens  to  become  ex- 
hausted within  a  rela- 
tively short  time  and  no 
satisfactory  substitutes  to 
replace  it  have  been  de- 
veloped on  a  sufficiently 
large  scale.  One  of  the 
largest  industries  in  the 
country,  the  automobile 
industrj'.  has  been  built 
up  on  the  belief  that  there 
would  always  be  available 
sufficient  quantities  of 
fuel  for  its  product,  and 

the  future  growth  of  that  industry  is  entirely  dependent 
on  the  increased  production  of  motor  fuel.  It  is  evi- 
dent, therefore,  that  extended  efforts  must  be  made  to 
increase  the  production  of  gasoline,  and  since  the  sup- 
ply of  raw  material  from  which  it  is  made  is  hmited. 
these  efforts  must  be  along  the  line  of  increased  effi- 
ciency in  the  i-efining  of  crude  petroleum  and  in  the 
elimination  of  waste  in  utilization  of  gasoline. 

Refinery  Production  of  Gasoline 

The  only  available  figures  which  show  the  refinery 
production  of  gasoline  for  the  years  prior  to  1916  are 
those  given  by  the  Census  Bureau  in  the  census  of 
manufacturers,  which  is  taken  every  five  years;   since 

TABLE  I.     SHOWING  REFINEUV  PRODUCTION  OF  G.^SOLIN-E  FOR 
PERIOD  OF  SIXTEEN  YEARS.   1904  TO   1919.  INCLUSH'E 


This  is  the  first  of  a  series  of  articles  on  «ja.so- 
line  and  is  published  by  permission  of  the 
Director  of  the  Bureau  of  Mines.  The  material 
for  these  articles  has  in  large  measure  been 
taken  from  the  manuscript  of  a  bulletin  on 
"Commercial  Gasoline,"  by  H.  H.  Hill  and  E. 
W.  Dean,  which  will  be  published  at  a  later 
date  as  Bureau  of  Mines  Bulletin  No.  191. 


Yield  of  Gasoline 

Crude  Rim 

Production 

Gals,  of  Gasolin 

to  Refineries, 

of  Gasoline. 

per   Bbl.    of 

Year 

Bbl. 

Bbl 

Percent 

Crude  Run 

1904 

66,982.862 

6,920.000 

10  3 

'4.3 

1909 

120.775.439 

12.900.000 

10.7 

4.5 

1914 

191,262,724 

34,915,000 

18.3 

7.7 

1916 

246,992,015 

49,020.967 

19  8 

8  3 

1917 

315.131.681 

67.870.153 

21   6 

9    1 

1918 

326.024.630 

85,007.451 

26    1 

11    0 

1919 

361.520.153 

94,234,693 

26    1 

11    0 

this  time  the  Bureau  of  Mines  has  received  monthly 
reports  from  practically  all  the  refineries.  The  amount 
of  crude  run  to  the  refineries  and  the  refinery  produc- 
tion of  gasoline,  as  given  by  Census  Bureau  and  Bureau 
of  Mines  data,  is  shown  by  the  figures  in  Table  I. 


Since  the  statistics  make  no  distinction  between  ga.HO- 
linc  and  naphthas,  the  figures  on  ga.soline  production 
used  throughout  this  paper  include  the  production  of 
naphthas  and  other  petroleum  distillates  more  volatile 
than  kerosene.  The  production  of  naphthas  is,  how- 
ever, relatively  small  when  compared  to  total  ga.soline 
production. 

The  figures  for  refinery  production  of  ga.soline  include 
that  manufactured  by  cracking  proce.s.ses,  but  do  not 
include  any  of  the  gasoline  recovered  from  natural  gas, 
with  the  exception  of  that  portion  of  the  casinghead 
ga.soline  jtroduction  which  goes  to  the  refineries  and  is 
there  blended  with  other  gasoline.  In  1919  the  amount 
of  casinghead  gasoline  u.sed  by  the  refineries  was  given 
as  2.956.781  bbl.,  which  is  probably  less  than  40  per 
cent  of  the  total  production  of  that  product. 

The  distillation  of  crude  petroleum  is  by  far  the  most 
important  source  of  gasoline.  .Although  a  large  per- 
centage of  the  ga.soline  as  now  marketed  is  a  blended 
product,  approximately  80  per  cent  of  the  total  ga.soline 
produced  is  manufactured  by  the  "straight  refining" 
process.  In  order  to  determine  the  amount  of  ga.soline 
obtained  from  the  distillation  of  crude  petroleum,  it  is 

necessary  to  subtract  from 
the  figures  on  refinery 
production,  as  given  in 
Table  I.  the  amount  of 
gasoline  produced  by 
cracking  processes  and 
the  amount  of  casinghead 
ga.soline  that  was  blended 
at  the  refineries.  In  1919 
this  difference  amounted 
to  approximately  76,000,- 
000  bbl.  This,  of  course, 
includes  the  production  of 
naphthas,  as  the  reports  received  by  the  Bureau  of 
Mines  do  not  make  a  distinction  between  gasoline  and 
naphtha. 

Gasoline  from  Natural  Gas 

A  considerable  proportion  of  gasoline  is  now  obtained 
from  natural  gas  by  compression  and  absorption  proc- 
esses. This  type  of  product,  known  as  casinghead  gaso- 
line, is  exceedingly  volatile  and  is  rarely  if  ever 
marketed  in  its  original  state.  It  is  usually  blended 
with  naphtha  at  the  plant  where  it  is  manufactured, 
but  in  the  last  few  years  a  certain  percentage  has  been 
shipped  to  the  refineries  and  there  blended  with 
straight-run  or  cracked  gasolines  of  low  volatility.  It 
is  sometimes  blended  with  kerosene,  but  the  resulting 
product  is  not  at  present  regarded  as  a  very  satisfac- 
tory motor  fuel. 

The  production  of  natural-gas  gasoline  has  been  in- 
creasing rapidly,  the  production  for  1917  being  appi-oxi- 
mately  thirty  times  that  for  1911,  and  it  is  possible  that 
the  1919  production  was  forty-five  times  that  for  1911. 
This  product  has  been  of  immen.se  value  in  increasing 
the  total  amount  of  motor  fuel  as  it  has  rendered  avail- 
able quantities  of  naphtha  and  heavy  gasolines  which 
in  their  original  state  did  not  contain  a  sufficient  pro- 
portion of  low-boiling  constituents  to  make  them  satis- 
factory as  motor  fuels. 

A  relatively  high  percentage  of  the  gasoline  now  pro- 
duced is  made  from  gas  oil  and  other  heavy  petroleum 
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fractions  by  decomposition  under  heat  and  pressure. 
This  product,  known  as  "cracked  gasoline,"  differs  from 
"straight-run"  gasoline  in  that  it  contains  a  much 
higher  percentage  of  "unsaturated"  hydrocarbons. 
"Cracked  gasoline"  is  seldom  marketed  as  originally 
manufactured,  but  is  blended  with  "straight-run"  or 
"casinghead"  gasoline. 

No  accurate  statistics  are  available  which  indicate  the 
total  yearly  production  of  gasoline  by  cracking  proc- 
esses. A  statement  by  President  Teagle  of  the  Stand- 
ard Oil  Co.  to  the  effect  that  in  1919,  15  million  barrels 
was  produced  by  the  Burton  process,  was  recently  pub- 
lished in  The  Lamp,  the  official  organ  of  the  Standard 
Oil  Company  of  New  Jersey.  These  figures  indicate  the 
importance  of  the  cracking  process  as  a  source  of  motor 
fuel. 

The  Yield  of  Gasoline 

The  figures  in  column  3  of  Table  I  show  that  in  the 
past  years  there  has  been  a  decided  increase  in  the 
amount  of  gasoline  obtained  from  a  given  amount  of 
crude.  In  1904  the  gasoline  produced  amounted  to  10.3 
per  cent  of  the  crude  oil  run  to  refineries,  whereas  in 
1919  the  yield  was  26.1  per  cent.  In  other  words,  4.3  gal. 
of  gasoline  was  produced  from  each  barrel  of  crude  in 
1904,  while  11  gal.  was  obtained  from  each  barrel  of 
crude  in  1919,  an  increase  in  gasoline  yield  amounting 
to  155  per  cent. 

Increases  in  the  yield  of  gasoline  have  been  due  partly 
to  the  improvements  in  refinery  equipment  and  to  rela- 
tive increases  in  the  production  of  light  crudes,  but  the 
principal  causes  have  been  the  extensive  use  of  cracking 
processes  and  changes  in  the  volatility  of  gasoline.  The 
more  general  use  of  casinghead  gasoline  is  also  a  factor 
of  great  importance. 

Users  of  gasoline  are  inclined  to  condemn  the  pres- 
ent grades  of  motor  fuel  and  discuss  the  "good  old  days" 
when  75-deg.  gasoline  was  one  of  the  less-volatile  prod- 
ucts on  the  market.  It  is  not  generally  realized  that  the 
demand  for  gasoline  has  increased  at  a  much  more  rapid 
rate  than  has  the  production  of  the  raw  material  from 
which  gasoline  is  derived.  Refiners  have  been  forced 
to  get  more  gasoline  out  of  the  crude,  and  the  most 
effective  method  of  accomplishing  this  result  is  to  "cut 
deeper  into  the  crude"  and  market  as  gasoline  certain 
fractions  that  were  formerly  included  with  kerosene. 

That  there  have  been  decided  changes  in  the  volatility 
of  gasoline  during  the  past  few  years  is  very  evident, 
but  that  such  changes  were  necessary  in  order  to  meet 
the  increased  demand  is  not  generally  realized.  Several 
years  ago  it  was  customary  to  market  gasolines  having 
gravities  of  70  to  76  deg.  and  end  points  of  300  to  350 
deg.  F.  The  present  average  grade  of  motor  gasoline 
has  a  gravity  of  56  to  60,  depending  on  the  type  of 
crude  oil  from  which  it  is  made,  and  an  end  point  of 
410  to  450  deg.  F.  It  is  generally  admitted  that  this 
change  has  not  been  an  improvement,  particularly  from 
the  standpoint  of  convenience  in  operating  automobile 
engines,  but  it  has,  nevei'theless,  been  a  decided  ad- 
vantage to  the  user  as  it  has  permitted  him  to  obtain 
an  abundant  and  well-distributed  supply  of  motor  fuel. 
If  the  higher  standard  of  quality  had  been  maintained, 
there  would  have  been  unavoidable  shortages  and  an 
increase  in  price  of  an  entirely  different  order  than  that 
[  which  has  occurred. 

I  In  a  report  to  the  Director  of  the  Oil  Division, 
I  United  States  Fuel  Administration,  on  "Potential  Pro- 
{  duction   of  Airplane   Gasoline,"  the   Bureau   of   Mines 


estimated  that  if  all  gasolines  now  produced  were  of  a 
volatility  equivalent  to  that  of  the  so-called  76-deg. 
grade,  the  yield  would  be  reduced  approximately  one- 
half,  and  if  of  the  same  volatility  as  motor  gasoline 
marketed  four  or  five  years  ago,  the  production  would 
be  reduced  approximately  one-quarter.  This  estimate 
indicates  the  importance  that  the  change  in  volatility 
has  had  on  the  yield  of  gasoline  from  crude  oil,  for  if 
no  change  had  been  made,  instead  of  a  gasoline  produc- 
tion in  1919  of  more  than  94  million  barrels  there  would 
have  been  a  production  of  less  than  50  million  barrels 
of  76-deg.  gasoline  or  less  than  75  million  barrels  of 
the  grade  that  was  in  general  use  four  or  five  years  ago. 

Importance  of  Cracking  Processes 

The  use  of  cracking  processes  has  had  a  noticeable 
effect  on  the  yield  of  ga.soline.  It  is  estimated  that  the 
Burton  process  has  furinshed  more  than  10  per  cent 
of  the  total  gasoline  produced  since  the  process  was  first 
put  into  operation  on  a  commercial  scale.  This  added 
amount  of  gasoline  has  been  rendered  available  with- 
out increasing  the  consumption  of  crude  petroleum  and 
has  been  of  prime  importance  in  preventing  shortages 
of  motor  fuel  and  in  conserving  the  supply  of  crude. 
More  than  150  million  barrels  of  crude  oil  would  have 
been  required  to  yield  an  amount  of  gasoline  equivalent 
to  that  produced  by  the  Burton  process  since  its  devel- 
opment. 

If  the  demand  for  gasoline  keeps  increasing  at  a 
rate  more  rapid  than  the  increase  in  production  of  crude 
petroleum,  it  is  highly  essential  that  cracking  processes 
come  into  even  more  general  use  than  at  present.  In 
this  connection  it  will  be  interesting  to  observe  the 
effect  of  the  recent  offer  of  the  owners  of  the  Burton 
process  to  lease  the  process  to  independent  refineries. 
If  the  process  is  installed  in  refineries  throughout  the 
country,  there  should  be  a  decided  increase  in  the  yield 
of  gasoline  without  proportional  increases  in  the  con- 
sumption of  crude,  provided,  of  course,  that  there  is 
sufficient  difference  between  the  price  of  gasoline  and 
the  price  of  fuel  oil  to  make  the  operation  of  the  process 
profitable. 

Importance  of  Casinghead  Gasoline 

Casinghead  gasoline  has  been  of  more  importance  in 
increasing  the  total  supply  of  motor  fuel  than  its  pro- 
duction would  indicate.  The  amount  of  raw  casinghead 
produced  represents  only  about  8  per  cent  of  the  total 
gasoline  production,  but  this  amount  rendered  avail- 
able for  motor  fuel  a  quantity  of  naphtha  or  heavy  gaso- 
line at  least  equal  to  the  production  of  raw  casinghead. 
Without  the  addition  of  casinghead  these  products  could 
not  have  been  used  to  good  advantage  as  motor  fuel,  as 
they  do  not  contain  sufficient  low-boiling  constituents. 

A  considerable  percentage  of  the  casinghead  now 
being  produced  is  being  shipped  to  the  refineries,  where 
it  is  added  to  straight-run  products  that  are  deficient  in 
low-boiling  material.  This  method  of  utilization  allows 
the  refiner  to  "cut  deeper  into  the  crude,"  as  he  can 
supply  the  necessary  percentage  of  low-boiling  constitu- 
ents by  the  addition  of  casinghead,  and  for  that  reason 
can  increa.se  the  amount  of  motor  fuel  that  can  be 
obtained  from  a  given  amount  of  crude.  A  more  even 
distribution  of  casinghead  would  aid  in  increasing  the 
percentage  yield  of  gasoline,  for  at  present  some  gaso- 
lines on  the  market  are  deficient  in  low-boiling  con- 
stituents, while  others  contain  percentages  apparently 
higher  than  necessary. 
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Stutic  (loiKlciiHcrs  for  I'owrr- 
Kurlor  (lorrrclioii 

The  stationary,  or  .static,  coiidi-n.-Acr  ha.s  beoii  devel- 
oped by  the  General  Electric  Co.  to  meet  the  demand 
for  a  means  of  correcting  the  power  factor  for  small 
load.s  and  where  an  attendant  i.s  not  available.  Con- 
den.siM-s  of  thi.><  type  have  been  standardized  for  installa- 
tion.s  rantrinjr  in  freciuency  from  40  to  125  cycles. 
Ml  voltatfe  from  220  to  2,.'100  volt.'*,  and  in  capacitie.'< 
from  30  to  300  kva. 

For  the  correction  of  power  on  circuits  exceeding 
2,300  volts,  transforming  apparatus  consisting  of  a 
transformer  or  aulo-lrunsformer  of  suHicient  capacity 
to  step  the  voltage  down  to  2,300  volts,  and  a  suitable 


THREE-PHASE   STATIC-CONDENSER   EQUIP.MENT 
FOR  POW'ER-FACTOR    CORRECTION 

oil  circuit  breaker  to  control  the  equipment  from  the 
line  side  of  the  transforming  apparatus  are  provided. 
Those  for  2,300-volt  service  consist  of  a  number  of 
condenser  units,  a  reactance  for  damping  out  harmonics 
in  the  voltage  wave  which  would  affect  the  corrective 
capacity  of  the  units,  a  discharge  resistance  for  drain- 
ing the  condensers  when  disconnected  from  the  line, 
and  an  oil  circuit  breaker  for  the  control  of  the  equip- 
ment. For  220-,  440-  and  o50-volt  service  an  auto- 
transformer  is  provided  designed  to  step  the  voltage 
up  to  1,200  volts  for  the  condensers  in  order  to  pro- 
vide more  economical  u.se  for  the  active  material.  In 
the  figure  is  shown  a  240-kva.  60-cycle  three-phase  unit 
ready  for  installation. 

The  number  of  condenser  units  which  comprise  an 
equipment  are  directly  proportional  to  the  capacity 
required.  Each  unit  has  a  capacity  of  5  kva.  at  60 
cycles.     The  unit  itself  consists  of  a  large  number  of 


couples  of  metal  foil  with  paper  laminationH  n>^  u 
dielectric,  .similar  to  the  standard  construction  of  low- 
voltage  condensers.  The.se  couples  are  treated  in  a 
vacuum  to  remove  all  moisture  and  immersed  in  oil 
in  a  container  which  is  hermetically  .sealed  to  prevent 
possible  absorption  of  moisture  from  the  air.  In 
practice  the  units  are  connected  in  parallel  across  each 
pha.se,  one  terminal  being  connected  through  a  fuse 
which  has  a  threefold  purpose:  First,  to  provide  pro- 
tection for  the  units  from  damage  due  to  any  abnormal 
potential;  second,  to  open  the  circuit  of  the  unit  to  the 
bus  in  case  of  failure  of  that  unit;  and  third,  to  provide 
an  easy  way  of  reducing  the  capacity  of  the  condenser 
eijuipment  in  ca.se  of  seasonal  changes  in  the  load  when 
the  full  corrective  capacity  is  not  required. 

The  principal  advantages  of  the  static  conden.ser  are 
small  losses,  ease  of  installation,  absence  of  moving 
parts  and  the  fact  that  no  attendant  is  reciuired  for 
its  efficient  operation.  When  one  considers  the  evil 
effects  of  poor  power  factor  on  operating  conditions, 
it  is  easy  to  realize  that  such  a  device,  which  is  a  highly 
efficient  corrective,  is  a  most  valuable  asset,  both  from 
the  standpoint  of  the  central  station  and  that  of  the 
factory  owner  with  a  load  of  low  power  factor. 

Two  Mammoth  Waterwheels  for  Fall 
River  (Cal.)  Plant 

The  Mount  Shasta  Power  Corporation,  a  subsidiary 
company  to  the  Pacific  Gas  and  Electric  Co.,  of  San 
Francisco,  Cal.,  has  recently  placed  orders  with  the 
Allis-Chalmers  Manufacturing  Co.  for  two  large  hydro- 
electric units.  Each  waterwheel  will  be  rated  at  40,000 
hp.  and  is  to  operate  under  a  normal  effective  head  of 
421  ft.  at  a  speed  of  275  r.p.m.  The  water  will  be  led 
to  the  unit  through  a  penstock  9  ft.  in  diameter  and 
at  the  entrance  to  the  turbine  will  be  controlled  by  a 
butterfly  valve  9  ft.  in  diameter,  forming  a  part  of  the 
turbine.  Each  unit  has  a  vertical  shaft  24  in.  in 
diameter.  The  spiral  casing  is  of  cast  steel  and  will  be 
made  in  five  sections.  Each  machine  is  to  be  equipped 
with  a  telescopic  draft  tube,  directly  connected  governor, 
and  a  pressure  regulator  with  a  48-in.  connection  to  the 
.spiral  casing.  The  pi-essure  regulator  is  designed  to 
discharge  80  per  cent  of  the  capacity  of  the  turbine, 
which  means  that  for  the  few  seconds  that  the  governor 
must  operate,  it  must  divert  completely  and  largely  dis- 
sipate 32,000  hp.,  and  maintain  a  very  carefully  gradu- 
ated control.  An  efficiency  of  89  per  cent  has  been 
guaranteed  by  the  builders,  this  high  guarantee  being 
justified  by  the  use  of  the  White  Hydraucone  Regainer. 

Each  of  the  turbines  drives  a  35,000-kva.  1,835 
ampere  11,000  volt  three-phase  60-cycle  275  r.p.m. 
generator.  The  two  units  are  to  be  installed  in  a  new 
station  known  as  Fall  River  Plant  No.  1,  Fall  River 
being  a  branch  of  the  Pit  River,  which  drains  the 
region  north  of  Mount  Lassen  and  south  of  Mount 
Shasta  in  California.  The  power  is  to  be  transmitted 
to  the  Pacific  Gas  and  Electric  Company's  transmission 
-systems  in  and  around  San  Francisco  by  means  of  a 
transmission  line  about  210  miles  long.  It  is  con- 
templated to  transmit  the  current  at  210,000  volts. 

Poiver  is  glad  to  be  able  to  promise  its  readers  some 
interesting  information  as  to  the  details  of  the 
apparatus  going  to  make  up  this  unusual  development  as 
soon  as  the  machines  are  completed  and  placed  in 
.-ervice  the  early  part  of  next  year. 
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Economy  in  Industrial 
Power  Plants 

MODERN  development  in  power  plants  has  resulted 
in  economy  not  only  in  fuel,  but  also  in  equipment 
and  building  space.  In  the  boiler  room  the  introduction 
of  the  mechanical  stoker  has  made  possible  the  forcing 
of  boilers  three  hundred  to  three  hundred  and  fifty  per 
cent  of  their  normal  rating;  thus  the  same  load  may  be 
tarried  with  approximately  one-third  the  number  of 
boilers  as  required  where  hand-fired  units  are  used  of 
the  same  normal  rating,  besides  resulting  in  much  bet- 
ter fuel  economy.  In  the  power  plant  the  steam  turbine 
has  made  it  possible  to  reduce  the  space  per  horsepower 
of  installed  capacity  many  times  below  that  required 
by  the  reciprocating-engine-driven  units.  Not  only  is 
this  true  of  the  main  units,  but  it  also  applies  to  the 
auxiliaries.  In  industrial  plants  where  large  quantities 
of  waste  heat  from  processes  are  available,  the  utiliza- 
tion of  this  heat  has  resulted  in  large  coal  savings. 
The  leading  article  in  this  issue  describes  the  power 
plant  of  the  International  Nickel  Company  of  Canada, 
vvhei-e  the  foregoing  is  very  nicely  exemplified,  in  an 
industrial   plant. 

Fuel  economy  accomplished  by  the  utilization  of  waste 
heat  in  this  plant  is  of  particular  interest  at  this  time, 
in  view  of  the  high  price  of  fuel  and  the  difficulty 
in  obtaining  it.  By  installing  a  four-hundred-horae- 
power  waste-heat  boiler  on  each  of  the  two  nickel- 
refining  furnaces,  it  has  been  possible  to  operate  with 
one  less  coal-fired  boiler  in  the  power  plant.  The 
utilization  of  the  cooling  water  from  the  rabble  arms  of 
the  calciner  furnaces  for  boiler  feed  and  the  large 
quantities  of  hot  water  used  in  the  processes  also  results 
in  a  large  saving  in  fuel,  amounting  to  the  equivalent 
jf  approximately  another  six-hundred  boiler-horsepower, 
and  indicating  some  of  the  possibilities  of  waste-heat 
jtilization.  Fuel  saving,  although  the  most  important, 
is  not  the  only  thing  accomplished;  there  is  also  the 
saving  in  cost  in  the  boilers  by  a  reduction  in  the 
'lumber  installed  and  al-so  in  the  size  of  the  boiler  room. 
rhe  power-plant  equipment  throughout  operates  at 
speeds  that  make  the  space  occupied  per  unit  capacity 
/ery  small,  and  this  makes  for  economy  in  plant  dimen- 
iions.  Some  of  the  old  reciprocating  blowing  engines 
)f  one  thousand  horsepower  capacity  occupied  a  space 
ipproximately  the  same  as  required  for  this  plant  hav- 
ng  a  capacity  of  five  thousand  horsepower  of  high- 
peed  turbo-blowers  and  turbo-direct-current  generators. 
)ne-thousand-kilowatt  direct-current  generators  oper- 
iting  at  seventeen  hundred  revolutions  per  minute  and 
ine-thousand  horsepower  turbo-blowers  operating  at 
•ight  thousand  five  hundred  revolutions  per  minute 
uch  as  used  in  this  plant,  even  in  this  period  of  high- 
peed  equipment  have  not  as  yet  become  general  prac- 
ice,  although  they  indicate  what  the  future  may  hold. 

Metal-refining  industries,  along  with  many  others, 
re  generally  offensive  to  most  communities  on  account 
if  their  smoke  and  obnoxious  gases  and  also  because  of 
he  pollution   of   streams   with   the   water   from   their 


processes.  The  plant  under  discussion  is  a  good  example 
of  how  these  objections  can  be  overcome  by  giving  them 
proper  consideration  in  the  design.  Instead  of  the  water 
from  the  processes  going  back  into  Lake  Erie  polluted, 
it  is  subjected  to  a  treatment  that  gives  an  effluent 
free  from  objectionable  matter,  and  all  solid  matter  is 
removed  from  the  gases  before  they  reach  the  stacks 

Feed-Water  Heating 

THE  design  of  p>ower  stations  with  turbo-generators 
of  large  size  has  introduced  a  number  of  new  prob 
lems  connected  with  feed-water  heating. 

High-pressure  integral  economizers  or  steel  tubt 
economizers,  now  used  in  standard  practice,  require 
feed  water  to  be  at  a  temperature  of  about  two  hundi-ed 
and  ten  degrees  Fahrenheit.  There  are  several  meth- 
ods available  to  heat  the  feed  up  to  this  temperature 
and  maintain  a  proper  heat  balance  on  the  plant. 

The  method  that  has  been  popular  in  this  country  fo) 
many  years  requires  the  use  of  non-condensing  steam 
driven  auxiliaries  with  their  exhaust  steam  used  in  ar. 
open  heater.  There  are  two  objections  to  this  system: 
First,  it  is  very  difficult,  if  not  almost  impossible,  to 
maintain  a  heat  balance  under  all  load  conditions,  and 
secondly,  the  heat  energy  of  the  steam  available  to  pro 
duce  work  can  be  only  partly  utilized  in  these  smal> 
units. 

Electric  motors  can  be  used  efficiently  for  practicallj 
every  auxiliary  sen'ice,  and  their  use  has  been  greatlj 
extended  in  the  newer  power  plants.  There  are  threi 
possible  methods  of  heating  feed  water  with  all  elec 
trically  driven  auxiliaries,  the  first  of  which  is  as  fol 
lows:  A  non-condensing  house  turbo-generator  tiec 
electrically  to  the  main  generator  busbars  can  be  in 
stalled  to  furnish  exhaust  steam  to  heat  all  the  feeo 
water  in  an  open  heater  to  two  hundred  and  twelve 
degrees  Fahrenheit.  When  the  main  generating  unit^ 
are  large,  this  involves  a  large  house  turbine,  which,  ir 
heating  the  feed  water  to  the  required  temperature,  ma} 
develop  much  more  power  than  is  needed  by  the  auxili 
aries.  This  surplus  power  passes  out  onto  the  system 
over  the  main  busbars. 

A  second  method  is  to  bleed  the  main  turbine  at  a 
point  near  the  exhaust  end  where  the  pressure  will  be 
about  twenty  inches  of  vacuum  at  normal  load.  Thi^ 
bled  steam  is  u.sed  in  a  closed  heater  to  heat  the  con 
densate  on  its  way  to  an  open  heater.  A  non-condensing 
house  turbine  is  installed  just  large  enough  to  carry  all 
the  electrically  driven  auxiliaries  and  to  heat  the  feed 
water  through  the  remaining  temperature  range  in  the 
open  heater  into  which  it  exhaiLsts.  Double  auxiliary 
busbars  are  provided,  one  set  connected  to  the  house 
turbine  and  the  other  to  the  main  generator.  The  heal 
balance  and  desired  feed-water  temperature  at  the  operi 
heater  may  be  maintained  at  all  times  by  shifting  the 
load  of  the  auxiliary  motors  to  or  from  the  house  tur- 
bine to  the  main  generator  busbars. 

The  third  method  consists  of  bleeding  steam  at  two 
or  more  points  on  the  main  turbine,  so  that  at  norma' 
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load  the  .steam  loavinp  the  connected  clo.sed  heaters  will 
be  at  the  re(iuire(l  tempeiatiin'.  No  open  heater  is  used 
in  this  system.  In  fact  in  both  this  and  the  previously 
described  systems  the  only  steam-driven  auxiliaries  are 
usually  a  boiler-feed  pump  and  sometimes  a  forced- 
draft  fan.  The  conden.sate  pump  forces  the  condensate 
through  both  heaters  on  its  w.iy  to  the  hot  well,  where 
any  necessar.\  makeup  water  is  added.  The  disadvan- 
tage of  this  system  is  that  the  pressures  vary  at  dif- 
ferent stages  as  the  load  changes  and  at  lijrht  loads  the 
temperature  from  heaters  so  connected  will  probably 
be  quite  low.  On  the  other  hand,  this  latter  method 
is  most  economical  at  rated  load  of  all  three  sy.stems  if 
one  considers  the  pross  steam  demand  on  the  boilers  in 
each  case.  In  the  third  system  the  greatest  amount  of 
the  available  heat  energy  resulting  from  expansion  of 
the  steam  is  recovered  as  work  in  the  highly  economical 
main  unit.  This  system  is  under  consideration  for  sev- 
eral large  new  stations. 

Several  engineers  favor  the  second  system,  since  it  is 
generally  only  slightly  less  economical  in  gross  steam 
demand  on  the  boilers  than  the  third  system,  while  it 
has  the  advantage  that  the  heat  balance  can  be  adjusted 
at  all  loads. 

Feed-water  heating  is  an  individual  problem  in  every 
large  station  and  must  be  studied  carefully  to  get  best 
results. 

Social  Engineering  at  A.  S.  M.  E. 

TO  THOSE  who  are  wont  to  regard  the  mechanical 
engineer  as  a  .sort  of  glorified  mechanic  the  pro- 
gram adopted  for  the  celebration  of  the  fortieth  anni- 
versary of  the  founding  of  the  American  Society  of 
Mechanical  Engineers  may  seem  a  little  beside  the 
mark.  It  was,  however,  demonstrative  of  the  broad 
view  which  the  society  has  lately  taken  of  its  func- 
tions and  of  the  inclusiveness  of  its  field.  In  consid- 
ering The  Opportunity  and  Responsibility  of  the  Engi- 
neer the  program  dealt  with  him  as  the  administrator 
rather  than  as  the  designer  and  creator. 

An  address  by  J.  Herbert  Case,  acting  director  of 
the  Federal  Reserve  Bank  of  New  York,  threw  up  a 
fitting  background  for  the  engineer  in  this  role.  The 
workingmen's  side  was  presented  by  Samuel  Gompers, 
president  of  the  American  Federation  of  Labor.  The 
high  point  of  his  discourse  was  the  thought  that  the 
workman  should  be  considered  as  the  real  product  of 
industry,  the  goods  or  service  produced  as  the  by- 
product.    His  address  was  moderate  and  conservative. 

William  B.  Dickson,  vice-president  of  the  Midvale 
Company,  Inc.,  captain  of  industry  and  large  employer 
of  labor,  expressed  in  his  address  the  convictions 
that  have  been  growing  in  the  minds  of  an  increasing 
number  of  responsible  thinking  people  who  can  see 
out  over  their  immediate  personal  interests  into  the 
real  problems  of  our  industrial  life.  "The  feudal 
system,"  he  said,  "was  based  upon  the  ownership  of 
land  and  its  appurtenances,  such  as  highways,  mines, 
streams,  fisheries,  etc.,  by  the  barons,  and  it  was  ef- 
fective in  securing  autocratic  control  of  the  workers 
because  the  vast  majority  were  tillers  of  the  soil  or 
workers  in  other  industries  controlled  through  land 
ownership. 

"The  tendency  of  our  modern  industrial  system  is 
toward  autocratic  control  of  the  workers  through 
ownership  of  what  our  socialistic  friends  call  the 
*tools  of  production.'  which  include  not  only  the  natural 


resources,  but  also  the  furnaceK,  mills,  factories  and 
t  ransportation  systems." 

He  cited  two  cases  where,  in  order  that  prices  might 
l)e  maintained  in  the  face  of  a  diminishing  demand, 
great  companies  had  decided  to  shut  down  their  plantn. 
The  result  was  disaster  to  the  communities  where  they 
were  located.  Merchants  were  driven  out  of  businesB, 
real  estate  values  were  depreciated,  and  workers  hiul 
to  break  up  their  homes  and  seek  employment  else- 
where. None  of  these  persons  had  any  voice  in  the 
momentous  decision,  made  in  a  New  York  ofl^ice. 

"By  reason  of  this  condition  we  have  the  unstable 
situation  of  a  government  founded  on  the  BuffrageB  of 
Mien  who  Tor  all  practical  purposes  are  industrial 
bondmen. 

"The  Carnegie  labor  policy  was  highly  autocratic 
as  is  that  of  its  successor,  the  United  States  Steel 
Corporation,  a  benevolent  autocracy,  if  you  please,  in 
many  splendid  ways,  but  however  large  you  write  the 
word  ber:  olent  you  must  always  write  after  it  the 
word  autocracy. 

"Any  manifestation  of  autocracy  is  repugnant  to  the 
American  people  whether  it  proceeds  from  a  president 
of  a  corporation,  a  president  of  a  labor  union,  or  a 
president  of  the  United  States. 

"The  answer  is  industrial  democracy." 

And  the  looks  of  intelligent  approval  with  which 
the  address  was  followed  indicated  no  less  than  the 
hearty  arplause  which  came  upon  its  conclusion  that 
the  big  intellectual  audience  that  filled  the  auditorium 
found  such  broad  views  and  fearless  utterances  good 
to  listen  to. 

How  About  Boilers? 

ON  PAGE  786  of  this  issue  there  is  printed  a  short 
analysis  of  data  on  boiler  explosions  covering  the 
period  from  1880  through  1919.  This  material  is  pre- 
sented more  with  the  idea  of  showing  what  may  be  done 
than  for  the  purpose  of  giving  precise  information. 

The  figures  upon  which  this  analysis  is  based  are  not 
precise — they  could  not  be  under  the  circumstances. 
For  forty  years  the  Hartford  Steam  Boiler  Inspection 
and  Insurance  Company  has  painstakingly  been  com- 
piling them,  and  now  vouches  for  their  accuracy  as  far 
as  they  go.  But  this  company  was  one  among  many 
and  had  neither  the  authority  nor  the  facilities  for 
searching  out  all  the  facts  in  connection  with  even' 
explosion,  much  less  for  keeping  track  of  every  boiler 
installed. 

The  comnany  that  made  this  survey  did  .so  on  its  own 
initiative,  at  its  own  expense  and  for  its  own  purpo.ses. 
The  results  are  helpful  and  welcome.  Yet  nobody  has 
so  far  been  given  the  responsibility  and  the  means  of 
securing  precise  and  all-inclusive  data;  "let  George  do 
it"  has  been  the  rule  of  procedure. 

Every  ten  years  Uncle  Sam  counts  noses  to  see  how 
his  family  has  growm.  A  great  many  other  things  are 
counted,  too;  in  fact,  the  Government  keeps  records  of 
pretty  nearly  everything  except,  perhaps,  boilers.  It 
may  he  that  boilers  are  not  important  enough,  as  their 
toll  of  dead  and  injured  is  reported  to  be  only  695  per 
year.  Perhaps,  too,  the  registration  of  boilers  would 
make  too  much  red  tape  and  would  cost  too  much. 

Meanwhile  the  state  insists  that  every  dog  shall  have 
a  license,  and  a  careful  record  of  licenses  is  kept.  Motor- 
cycles are  registered ;  so  are  automobiles. 

But  boilers  are  different. 
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Pit  Holes  in  Feed  Pipes 

In  Power  of  Sept.  28,  1920,  page  514,  C.  W.  Wallace 
writes  that  he  is  having  trouble  with  pit  holes  in  his 
feed  piping.  This  is  fairly  common  with  steel  feed 
pipes  and  occurs  with  most  waters,  the  quality  of  steel 
having  little  apparent  effect  on  the  corrosion.  There 
appears  to  be  no  doubt  that  the  trouble  is  caused  by  the 
combined  chemical  and  electrolytic  action  due  to  dis- 
solved oxygen  in  the  vi^ater,  and  the  obvious  remedy  is 
to  get  rid  of  the  oxygen  before  the  water  is  pumped 
through  the  pipes. 

An  apparatus  to  accompish  this  is  described  by  F.  W. 
Speller  and  R.  C.  Knowland  in  the  Journal  of  the  Amer- 
ican Society  of  Heating  and  Ventilating  Engineers, 
pages  249-59,  January,  1918,  also  on  page  426  of  the 
Sept.  14,  1920,  issue  of  Power. 

The  corrosion  of  feed  pipes  is  very  ably  dealt  with 
in  Power,  Feb.  26,  1918.  In  this  article  the  activity 
is  said  to  be  at  a  maximum  when  the  temperature  of 
the  water  is  approximately  14  deg.  F.,  decreasing  as 
the  temperature  of  the  water  rises. 

The  following  case  shows  how  far  this  agrees  with 
practice.  A  certain  boiler  plant  consisting  of  six  Lan- 
cashire boilers  8  ft.  6  in.  in  diameter  and  30  ft.  long, 
working  at  120  lb.  pressure,  was  arranged  with  4-in. 
steel  feed  piping,  lapwelded,  with  flanges  screwed  and 
expanded  on.  Each  pair  of  boilers  was  served  with  an 
economizer  having  192  tubes.  The  feed  pump  was  of 
the  vertical  direct-acting  type,  drawing  water  from  an 
open  feed  tank.  The  average  temperature  of  the  water 
entering  the  economizer  was  from  130  to  140  deg.  F., 
the  average  temperature  of  the  water  leaving  the  econ- 
omizer from  260  to  270  deg.  F. 

After  the  piping  had  been  in  use  about  twelve  months 
■several  pit  holes  were  observed  in  the  pipes  leading  to 
he  economizer,  necessitating  putting  on  clamps  until 
he  pipes  could  be  replaced. 

An  examination  was  then  made.  Six  pipes  leading  to 
the  economizer  were  found  to  be  in  a  very  badly  pitted 
condition  internally,  and  five  leading  from  the  econo- 
tiizer  were  practically  as  good  as  new.  The  trouble  was 
emedied  by  fitting  cast-iron  pipes  leading  to  the 
'conomizer. 

It  is  nearly  three  years  since  the  steel  feed  pipes 
vere  first  put  in,  and  those  leading  from  the  economizer 
re  just  beginning  to  show  signs  of  pitting,  which  will 
lecessitate  replacing  them  with  cast-iron  ones  in  the 
lear  future. 

The  cast-iron  pipes  are  made  of  hard,  close-grained 
letal,  are  ,'  in.  thick  and  were  tested  to  350  lb.  before 
eing  used.    The  water  supplied  to  the  boilers  was  from 


the  town  supply  and  was  not  treated  in  any  way;  the 
analysis  showed  five  to  six  degrees  of  hardness. 

Personally,  I  have  found  that  cast-iron  feed  pipes  are 
satisfactory  up  to  160  lb.  pressure  provided  they  are  of 
even  thickness  all  the  way  round  and  that  a  spring- 
loaded  relief  valve  is  placed  on  the  discharge  side  of 
the  feed  pump  to  take  care  of  any  sudden  pressure  due 
to  shock.  With  turbo-feed  pumps  shock  is  practically 
absent,  and  in  my  opinion  they  are  preferable  in  every 
way  to  piston  pumps.  W.  M.  Hebbleth waiter. 

Haddersfield,  England. 

Fuel  Waste  Causes  Failure  of  Central 
Heating  Station 

Referring  to  the  article  by  William  M.  McNeill  on 
page  476  of  the  issue  of  Sept.  21,  I  think  that  he  worked 
with  the  wrong  idea.  He  certainly  could  have  tur- 
bined  the  600-hp.  boiler,  cleaned  the  tubes  of  soot, 
put  the  baffles  in  shape,  repatched  the  brickwork  where 
required,  and  stopped  the  leaks  in  the  boiler  setting, 
all  at  a  small  expense.  As  to  the  chain-grate  stoker, 
there  was  no  reason  why  the  bent  shaft  could  not 
have  been  straightened,  and  owing  to  the  success  that 
we  are  having  now  with  oxyacetylene,  thermit  and 
electric  welding  it  would  not  be  wise  to  throw  good 
castings  away  when  they  could  easily  be  repaired. 

It  would  have  been  possible  to  run  the  plant  with  the 
600-hp.  boiler  in  first-class  order,  and  using  the  hand 
lance  twice  a  day  results  could  have  been  shown  right 
away,  and  the  chances  are  the  repairs  for  the  three 
other  boilers  would  have  come  much  easier. 

In  every  plant  there  is  a  certain  amount  of  fuel  loss 
that  is  out  of  the  control  of  the  operator;  this  depends 
largely  on  the  efficiency  of  the  stoker  machinery  used. 
It  should  be  the  pi'actice  to  operate  the  boiler  plant  at 
the  highest  efficiency  possible.  Then  if  something  new 
is  brought  out  that  will  save  enough  above  the  old 
method  to  make  its  installation  profitable  it  is  time 
to  go  before  the  executive  officers  and  ai'gue  the  case. 

There  are  plenty  of  good  operating  engineei-s,  but 
few  real  chief  engineers,  and  after  the  way  the  man 
who  pays  the  bills  has  been  stung  it  is  a  wonder  that 
improvements  are  not  harder  to  get  than  they  are. 

There  is  one  mistake  that  the  majority  of  companies 
make — they  do  not  take  their  chief  engineers  into  their 
confidence  enough,  whereas  they  should  consider  them 
as  acting  officers  and  should  keep  in  touch  with  them, 
for  they  are  the  connection  between  the  executive  offi- 
cers and  the  men.  To  get  the  best  results  they  must  all 
work  together.  C.  D.  DiSPENNETTE. 

Columbus,  Ohio. 
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Excess  FuriiiU'r  Air  Supply 

SeverHl  communications  have  boon  pubiiHhcd  recently 
rojrardinp  excess  air  leaking  into  boiler  furnaces 
through  the  cracks  in  the  l)rick  setting.  Even  thoujfb 
the  sottinp  may  be  in  the  l)est  of  shape,  most  furnaces 
are  operatoil  with  too  lar^re  an  amount  of  excess  air. 
Proper  furnace  operation,  such  as  to  obtain  the  best 
combustion  of  the  fuel,  should  be  had  with  not  more 
than  40  per  cent  excess  air.  Air  above  the  amount 
required  for  proper  combustion,  dilutes  the  trases  and 
carries  heat  up  the  chimney;  and  not  takiiiR  into  account 
the  heat  that  is  lost  in  the  chimney  pases,  the  admission 
of  excess  air  also  causes  furnace  losses  due  to  incom- 
plete combustion  because  of  the  low  temperature  created 
in  the  furnace. 

Most  engineers,  if  asked  to  give  an  opinion,  would 
say  that  a  cracked  boiler  setting  is  a  sure  sign  of  excess 
air.  This  does  not  necessarily  follow  becau.se  it  can 
be  considered  only  when  compared  with  the  air  entering 
the  furnace  from  the  ash  pit  or  through  the  furnace 
doors  while  firing.  If  the  pressure  in  the  furnace  is 
greater  than  that  on  the  outside,  air  will  pass  out  of 
instead  of  into  the  furnace. 

Air  readily  passes  through  a  clean  fire,  and  therefore 
a  large  amount  of  fuel  can  be  burned  and  what  air 
leak?  in  through  the  .setting  will,  under  such  conditions, 
be  but  a  small  part  of  the  total  admitted  to  the  furnace. 
If  the  fire  becomes  dirty  and  filled  with  clinkers,  a  less 
volume  of  air  will  pass  through  the  fuel  bed  and  the  air 
leaking  into  the  furnace  through  the  setting  will  be  a 
much  larger  part  of  the  total  used. 

Air  leaking  through  the  brick  fittings  is  of  much  less 
importance  than  that  leaking  into  the  furnace  through 
holes  in  the  fire.  Therefore,  firemen  should  be  careful 
not  to  carry  too  thin  a  fire  and  also  to  keep  the  fire 


DETECTING  AIR   LEAKS   IN  BRICK   SETTING 
WITH  A  LIGHTED  TORCH 


evenly  distributed  on  the  grate.  There  is  a  large  amount 
of  combustible  gases  rising  from  the  fuel,  and  it  is 
therefore,  essential  that  the  proper  amount  of  air  be 
supplied  above  the  fuel  bed. 

What  has  been  said  does  not  mean  that  air  should  be 
allowed  to  leak  through  the  setting.  All  air  leakae^e 
should  be  stopped  and  all  air  admitted  to  a  furnace 
should  be  under  control  of  a  fireman.  Every  crack  is 
admitting  air  to  cool  the  heating  surface  of  the  boiler. 


It  has  been  estimated  that  the  loss  due  to  air  leakiiiK 
into  a  furnace  is  10  per  cent  of  the  heat  generated  in 
the  funuicc  in  the  average  heating  plant. 

There  are  various  ways  of  determining  where  the 
l)rick  .setting  is  leaking  air.  One  is  by  holding  a  lighted 
candle  at  the  cracked  places,  Kig.  1,  around  the  boiler 
drum.s,  clean-out  doors  and  where  the  blowolf-pipe  come.s 
out  through  the  setting.  If  the  dami)er  is  in  the  "wide 
open"  jmsition  the  flame  of  the  candle  or  torch  will  be 


SMOKE    FROM    FRESHLY    FINE    FIRE    DISCLOSES- 
AIR  LE.VKS 


drawn  into  the  crack.  Another  method  is  to  fire  up  with 
fresh  fuel  with  the  damper  wide  open  and  then  close  it 
tight,  when  smoke  will  issue  from  the  cracks  and 
crevices.  Marking  such  spaces  with  chalk  will  enable 
one  to  make  repairs  to  the  setting  whenever  the  oppor- 
tunity arrives. 

When  repairing  ci-acked  fittings,  do  not  smear  mortal 
into  the  cracks,  but  first  remove  the  old  mortar  in  the 
joints  of  the  brickwork  to  the  depth  of  at  least  one  inch 
and  clean  off  the  face  of  the  brick  with  an  old  bastard 
file.  Then  point  up  the  brick  with  cement  mortar  and 
fireclay  to  which  enough  ammonia  has  been  added  to 
give  off  a  strong  odor.  The  ammonia  retards  the  setting 
of  the  mortar  and  makes  it  more  able  to  resist  the 
changing  temperature  of  the  brickwork.  If  possible, 
allow  the  mortar  to  stand  for  three  days  before  firing  up 
the  boiler.  A  coat  of  asphalt  paint  makes  a  very  good 
finish  for  the  brickwork.  C.  E.  Anders. 

Cleveland,  Ohio. 


Air  Kept  Centrifugal  Pump  Cool 

We  are  operating  a  five-inch  two-stage  centrifugal 
pump  several  hours  per  day  with  no  load,  on  account  of 
its  being  belted  to  an  engine  that  drives  other  i 
machinery. 

When  the  unit  was  first  started,  we  closed  the  suction 
and  the  discharge  lines,  and  opened  a  2-in.  pipe  connec- 
1  ion  to  the  atmosphere.    The  small  amount  of  water  thai 
was  discharged  into  the  pump  casing  from  the  thrust 
bearing  and  from  the  two  lanterns  in  the  stufling  boxe&j 
would  not  keep  the  pump  casing  cool  enough.     It  wa*  | 
found  out  by  one  of  our  engineers  that  by  opening  all  I 
six  of  the  air  cocks  on  top  of  the  pump  enough  air  would  I 
be  drawn  in  to  keep  the  pump  cool. 

Canton,  Miss.  .John  T.  Sharp,  Jr. 
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Ventilation  of  Coal  in  Storage 

Possibly  if  I  knew  more  about  the  subject  I  would 
not  be  writing  this  letter,  but  the  article  "Ventilation 
of  Coal  in  Storage,"  page  618  of  Oct.  19  issue,  is  very 
interesting  and  the  idea  occurred  to  me  that  coal  might 
be  ventilated  by  means  of  compressed  air.  Not  having 
data  on  hand  as  to  the  importance  of  this  subject,  of 
the  capacity  of  storage  wherein  the  problem  presents 
itself,  and  other  information  on  which  to  base  figures, 
[  cannot  say  whether  compressed  air  would  be  commer- 
cially feasible. 

As  the  service  of  compressed  air  to  ventilate  coal 
would  undoubtedly  be  required  at  infrequent  intervals, 
simply  at  such  times  as  heat  in  stored  coal  becomes 
excessive,  the  idea  may  be  practical.        CURTISS  Main. 

New  York  City. 


Why  Does  a  Leaky  Compressor 
Valve  Get  Hot? 

1  am  operating,  along  with  other  machinery,  a  motor- 
driven  air-compressor  that  runs  against  a  300  lb.  per 
sq.in.  discharge  pressure. 

This  compressor  is  a  two-stage  machine  and  we  often 
have  trouble  from  leaky  valves.  Whenever  the  gage 
on  the  discharge  line  drops  I  know  a  valve  is  leaking, 
but  I  can  never  tell  which  one.  Since  it  means  remov- 
ing a  dozen  valves  to  find  the  bad  one,  it  was  a  help 
when  the  chief  told  me  that  a  leaky  valve  always  gets 
hotter  than  usual  and  that  I  could  always  depend  on 
this  to  locate  the  leak.  As  it  is  usually  one  of  the 
high-pressure  discharge  valves  that  leaks,  I  would  like 
to  know  just  why  it  gets  hot.  Will  some  Potver  reader 
explain  to  me  the  reason?  Donald  McFee. 

New  York  City. 

Diesel  Indicator  Cards 

1  am  operating  a  500-hp.  Diesel  oil  engine  which 
runs  at  164  revolutions  per  minute  and  am  sending  two 


I  send  there  does  not  appear  to  be  any  combustion  line 
at  constant  pressure.  In  fact,  they  look  to  me  as  though 
the  combustion  was  an  explosion,  as  in  the  Otto-cycle 
engine. 

I  would  like  to  have  someone  who  is  familiar  with 
Diesel  engines  explain  this  to  me  and  give  some  informa- 


FIG.   1.     FROM  NO.   1   CYLINDER,   89  LB.   M.E.P. 

indicator  diagrams  for  criticism  by  Poiver  readers. 
These  diagrams  are  from  No.  1  and  No.  4  cylinders  and 
were  taken  while  the  engine  was  carrying  480  brake 
horsepower. 

I  have  seen  a  number  of  diagrams  published  in  Power 
and  in  various  books.  All  that  were  classed  as  good 
had  a  fairly  flat  combustion  line.     In  the  cards  which 


FIG.    2.      FROM   NO.    4    CYLINDER.    90   LB.   M.E.P. 

tion  as  to  how  to  avoid  the  sharpness  of  the  diagram 
and  to  give  a  flatness  to  the  combustion  line. 

Kansas  City,  Mo.  G.  POWELL. 

Pounding  in  Two-Cycle  Gas  Engine 

The  several  letters  appearing  in  Power  concerning 
pounding  in  a  semi-Diesel  oil  engine  recall  to  mind 
similar  difficulties  I  once  had  with  a  two-cycle  ga? 
engine. 

This  gas  engine  had  a  throttling  governor  on  the 
gas  supply ;  the  engine  used  a  qualitative  mixture.  On 
low  loads  the  mixture  was  weak  since  the  governor 
throttled  the  gas  supply.  On  full  load  the  governor 
increased  the  richness  of  the  mixture  and  after  running 
a  few  minutes  the  engine  would  begin  to  pound;  as  the 
load  increased  the  thumping  grew  stronger,  and  if  over- 
loaded, the  noise  was  such  that  to  the  uninitiated  it 
seemed  the  engine  would  break  to  pieces.  In  fact,  I 
shut  it  down  more  than  once,  thinking  something  was 
broken  inside  the  crankcase. 

The  only  thing  that  would  stop  the  pounding  was 
the  partial  closing  of  the  gas  throttle  on  full  load.  In 
this  way  the  engine  drew  in  a  leaner  mixture  and  the 
pounding  ceased.  Often,  as  the  engine  began  to  die 
down,  I  closed  the  throttle  a  slight  amount  and  the 
machine  immediately  came  up  to  speed. 

It  is  apparent  that  on  heavy  loads  the  mixture  was 
so  rich  that  it  exploded  early  in  the  stroke  when  the 
compression  rose  above  the  self-ignition  temperature. 
The  pounding,  of  course,  came  from  the  preignitions. 

I  also  found  that  if  the  ignition  timing  was  late  w-ith 
a  weak  mixture,  the  engine  would  not  carry  so  much 
load  and  pounded  badly.  This  was  due  to  the  crank 
passing  dead  center  before  the  gas  ignited;  any  loose- 
ness in  the  bearing  was  made  evident  by  the  pound. 

A  "sticky"  or  seized  piston  will  also  cause  a  pound. 
In  such  cases  the  piston  has  a  close  fit  and,  as  it  ex- 
pands from  the  heat,  grips  the  cylinder  walls.  The 
remedy  is  to  turn  off  a  few  thousandths  of  an  inch, 
beginning  at  the  second  ring  from  the  top  and  making 
the  cut  a  taper.  Earl  Pagettt. 

Cherryvale,  Kan. 
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l*<>i'iilinr    riiiiiii|>   oil   a   (lorlinK    I^ii«;iii4' 

I  vvjus  callod  upon  rocontly  to  overhaul  a  (JOO-hj). 
doiil)U*-ot(iMitrii-  iioii-fondi'ii.sinjr  ("orlis.s  t'lifrim-  thai  ha<l 
jfiven  ooii.'<i(ionihlo  troiiliU'.  On  (li.Hmaiitlinn;  tht-  oiij^ini'. 
I  discovered  that  the  lomuHtinjj  rod  had  l)eeii  rubl«ill^r 
ajrain.st  the  crank  disc  while  pa.s.sintr  the  back  center, 
and  by  the  appearance  of  the  rod  it  must  have  been  run 
for  some  time  in  that  position,  as  there  was  an  impres- 
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sion  on  the  side  toward  the  di.sc  si.x  inches  long  and 
from  nothing  to  one-fourth-inch  deep.  This  was  caused 
by  the  crankshaft  being  out  of  alignment.  The  peculiar 
part  of  this  incident  is  that  the  operating  force  claims 
that  the  bearings  never  overheated  under  these  condi- 
tions. 

It  was  necessary  to  turn  the  crankpin  and  put  in  new 
brasses  and  new  shoes,  brasses  and  a  pin  in  the  cross- 
head  and  line  up  the  engine.  When  the  engine  was 
again  put  in  operation,  it  ran  very  smoothly  and  gave 
no  trouble  for  about  three  months;  then  it  started  to 
develop  a  thump  that  sounded  very  much  as  though  the 
piston  was  striking  the  back  head,  but  on  stopping  the 
engine  and  locating  the  striking  points  we  found  them 
to  be  all  right.  When  it  was  started  again,  there  was 
no  knock  or  thump  for  two  days ;  then  it  started  to 
thump  at  intervals  of  about  three  or  four  minutes  for 
about  an  hour,  when  it  stopped.  This  continued  off  and 
on  for  three  months,  and  during  this  time  I  visited  the 
plant  every  Sunday  to  work  on  the  engine  when  it  was 
down,  and  once  or  twice  a  week  when  it  was  under  load. 
I  indicated  the  engine  several  times  under  different 
loads  and  steam  pressures,  but  this  did  not  bring  me 
any  nearer  to  solving  the  difficulty. 

Then  I  decided  to  call  in  two  engineers  in  consulta- 
tion to  see  if  we  could  locate  the  difficulty,  but  after 
spending  eight  hours  going  through  all  the  procedures 
we  could  think  of  that  \\ould  overcome  the  trouble,  we 
were  no  nearer  a  solution  than  when  we  started. 

While  putting  the  indicator  on,  I  heard  a  faint  squeak- 
ing noise  as  though  something  needed  oil;  I  asked  the 
oiler  what  that  was,  and  he  said  it  was  the  governor 
pulley  rubbing  the  safety  guard.  On  looking  at  it,  I 
saw  that  the  pulley  was  striking  on  one  side,  and  bv 
watching  it  I  noticed  that  it  would  strike  when  the 
engine  was  on  the  back  stroke,  and  as  the  governor 
shaft  is  fastened  to  the  crosshead  piece  A.  it  showed 
that  the  connecting  piece  was  moving  first  one  wav  and 
then  the  other  at  right  angles  to  the  stroke  of  the 
engine. 

On  closer  inspection  I  discovered  that  of  the  twenty 
bolts  holding  the  distance  piece  to  the  frame  B  of  the 
engine  all  were  broken  but  three,  two  on  the  bottom 
and  one  on  the  top,  caused  by  the  pedestal  C  settling 


about  a  (|uarter  of  an  inch,  which  allowed  the  di.slaiice 
piece  to  sjjring,  causing  the  crosshead  to  twist  on  the 
back  stroke  and  throwing  the  crank  end  of  the  rod 
against  the  disc  when  the  load  was  at  a  certain  point. 
After  the  bolls  had  been  renewed  and  the  pedestal 
raised  to  |)lace  the  thumping  leased.  C.  J.  MlIJ-KR. 
North  Tonawaiida,   .N.   Y. 

Preveiit«'<l  Sleaiii  in  CoiiiprcHHor 
Wairr  Jarkrl 

A  well-known  type  of  cross-compound  air  compressor 
was  sent  out  from  the  factory  with  a  1-in.  pet-cock 
.screwed  into  the  highest  part  of  the  water  jacket  on 
the  low-pressure  cylinder  for  releasing  the  .steam  that 
might  accumulate  at  this  point.  It  was  found  that  in 
practice  this  cock  was  seldom  opened,  and  to  obviate  this 
non-automatic  feature,  it  was  removed  and  enough  I -in. 
pipe  and  Pttings  used  tc  run  this  discharge  to  the  funnsl 
that  catches  the  cooling  water  coming  from  the  cylinder. 
A  small  part  of  the  cooling  water  is  discharged  from 
this  pipe  and  thus  prevents  any  accumulation  of  steam. 

Canton,  Miss.  John  T.  Sharp. 

Repair  to  a  Diesel  iMain  Bearing 

Fractured  Diesel  crankshafts  are  not  of  everyday 
occurrence.  When  one  does  let  go,  usually  some  other 
engine  part  suffers. 

In  a  recent  crankshaft  failure  the  section  next  to  the 
flywheel  was  thrown  to  one  side,  breaking  the  end  main 
bearing.  The  upper  half  of  the  bearing  housing  was 
broken  away,  taking  with  it  a  part  of  the  lower  housing. 
The  upper  half,  with  an  entire  new  shell,  was  secured 
from  the  manufacturer.  To  repair  the  fracture  in  the 
lower  part,  electric  welding  was  resorted  to.  The  surface 


WKLDED   DIESEL,  BEARING 

was  thoroughly  cleaned  and  a  row  of  steel  studs  inserted 
into  tapped  holes  along  the  break.  The  welding  mate- 
rial was  then  built  up  around  these  studs.  From  an 
examination  of  the  repair  it  seems  that  the  added  mate- 
rial has  not  actually  united  with  the  cast  iron  of  the 
base.  The  steel  studs  apparently  were  welded  into  the 
added  material  and  serve  to  bond  the  two  parts  together. 
The  bearing  is  perfectly  satisfactory  in  service,  and  the 
weld  shows  no  signs  of  giving  way.  E.  E.  Snow. 
New  York  City. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Advantage  of  Multi-Valves  for  Pumps — Why  are  many 
small  valves  used  in  a  pump  instead  of  a  few  larg:e  ones  ? 

C.  T.  C. 

Small  valves  have  less  lift  and  therefore  can  open  and 
close  quicker  and  are  subjected  to  less  wear  from  pounding 
on  their  seats;  there  is  less  friction,  and  the  shorter  studs 
or  spindles  are  less  likely  to  become  broken  from  shocks  or 
unequal  distribution  of  pressure;  they  are  cheaper  to  con- 
struct and  repair,  and  the  valve  seats  are  easier  to  replace 
than  those  of  larger  valves. 


Burning  Mixed  Sizes  of  Coal — For  hand-firing  boilers,  is 
it  better  to  stoke  mixed  sizes  of  coal  or  fire  with  one  size  at 
a  time?  R.  N.  G. 

The  best  results  are  obtained  when  there  is  greatest 
uniformity  in  size  of  the  coal.  When  large  and  small  sizes 
are  mixed  together  in  equal  proportions  there  is  more 
obstruction  to  the  draft  than  from  use  of  only  a  smaller  size, 
as  the  fire  becomes  dirty  before  the  larger  sizes  have  been 
consumed  and  in  cleaning  the  fire  there  is  greater  waste  of 
unburned  coal.  Greater  economy  is  to  be  obtained  by  suit- 
ably fii'ing  the  different  sizes  separately,  and  if  that  is  not 
practicable  for  obtaining  the  necessary  boiler  capacity  the 
different  sizes  should  be  stoked  in  alternate  layers  with 
changes  of  size  and  thickness  of  the  layers  so  timed  as  to 
obtain  complete  combustion. 


Advantages  of  Early  Release — What  is  the  advantage  of 
releasing  steam  before  the  end  of  the  expansion  stroke  ? 

W.  B.  G. 

Since  some  area  of  the  indicator  diagram  must  be  lost  in 
expelling  the  exhaust  it  is  better  that  the  loss  should  be 
above  than  below  the  expansion  line,  for  in  bringing  the 
piston  to  rest  at  the  end  of  the  stroke  there  is  no  object  in 
keeping  up  the  forward  pressure  near  the  end  of  the  stroke 
at  the  expense  of  requiring  higher  compression  on  the 
opposite  side  of  the  piston.  When  a  condenser  is  used 
release  before  the  end  of  the  stroke  insures  prompter  real- 
ization of  the  vacuum  for  the  return  stroke  with  a  larger 
percentage  of  the  load  thrown  on  the  condenser,  as  the 
larger  area  in  the  vacuum  portion  of  the  diagram  calls  for 
earlier  cutoff  and  less  initial  steam. 


Hunting  of  Shaft-Governed  Engine — What  makes  a  shaft- 
governed  engine  hunt?  A.  H. 

The  force  of  governor  springs  and  effective  centrifugal 
force  of  the  weights  are  unbalanced  and  alternate  in  over- 
coming each  other.  The  remedy  is  to  give  less  tension  on 
the  springs  to  decrease  sensitiveness,  and  changing  the 
weight  to  get  the  desired  speed.  Hunting  and  racing  may  be 
caused  also  by  friction  of  the  governor  parts  or  connections. 
When  caused  by  friction  the  weights  will  remain  on  their 
inner  position  until  the  speed  developed  is  so  high  as  to 
throw  them  out  with  a  noise;  or  when  the  engine  is  above 
speed  they  will  stick  where  they  are  until  the  speed  is 
reduced  enough  for  the  springs  to  draw  the  weights  back 
again. 


Liquid-ammonia  drums  are  supposed  to  be  made  strong 
enough  for  handling  the  ammonia  without  danger  of  rupture 
of  the  drums  from  pressure  of  ammonia  that  would  be  due 
to  ordinary  atmospheric  temperatures.  The  safe  tempera- 
ture for  storage  of  ammonia  in  drums,  therefore,  should  be 
considered  as  not  higher  than  about  80  deg.  F.  But  to  insure 
against  absorption  of  heat  to  a  higli  temperature,  ammonia 
drums  should  not  be  exposed  to  the  direct  rays  of  the  sun; 
that  is,  they  should  be  kept  in  the  shade  and  the  drums 
should  not  be  stored  in  a  place  like  an  engine  or  boiler  room, 
where  they  may  become  heated  to  a  higher  temperature 
than  about  80  deg.  F. 


Horsepower  Required  to  Raise  Water — What  number  of 
horsepower  would  be  required  to  raise  2,500  gal.  of  water  to 
a  height  of  60  ft.?  W.  S.  R. 

Horsepower  is  a  rate  of  doing  work,  and  the  number  of 
horsepower  required  to  be  developed  while  raising  2,500  gal. 
of  water  to  an  elevation  of  60  ft.  at  a  uniform  rate  would 
depend  on  the  time  employed.  A  gallon  of  water  weighs 
8.33  lb.,  and  2,500  gal.  would  weigh  2,500  X  8.33  =  20,833 
lb.  If  the  pumpage  of  2,500  gal.  is  performed  in  one  hour,  then 
there  would  be  20,833  -^  60  =  347.2  lb.  of  water  pumped  per 
minute;  and  if  elevated  60  ft.  the  net  work  would  be  347.2 
X  60  =  20,833  ft. -lb.  per  minute.  As  one  horsepower  is  de- 
velopment of  work  at  the  rate  of  33,000  ft.-lb.  per  minute 
the  net  power  developed  would  be  at  the  rate  of  20,833  -^ 
33,000  =  0.6  hp.  Neglecting  pipe  friction,  the  power 
required  to  be  developed  on  the  steam  end  of  a  pump  to 
develop  an  actual  or  net  horsepower,  would  depend  on  the 
mechanical  efficiency  of  the  pump.  For  pumps  of  the  size 
required  the  mechanical  efficiency  would  be  about  60  per 
cent,  and  the  power  required  to  be  developed  on  the  steam 
end  for  development  of  0.6  hp.  in  the  water  end  would  be 
about  0.6  -^  0.6  =  1  i.hp. 


Safe  Temperature  for  Storage  of  Ammonia  Drums — What 
is  the  safe  temperature  for  storage  of  ammonia  in  drums? 

A.  H. 


Drier  Steam  With  Reduction  of  Pre.ssure  From  Wire- 
drawing—How does  steam  become  di-ier  or  superheated  by 
the  process  of  wiredrawing?  E.  M. 

When  steam  flows  thi-ough  an  aperture  the  discharge 
takes  place  in  consequence  of  the  difference  in  pressure  on 
opposite  sides  of  the  aperture,  and  in  its  passage  through  a 
reducing  valve  or  other  form  of  opening,  without  doing  any 
external  work,  there  is  practically  neither  loss  nor  gain  of 
heat  per  pound  of  the  steam.  There  is  relatively  small  loss 
due  to  work  required  for  overcoming  inertia,  and  the  heat 
that  is  converted  into  work  required  for  overcoming  friction 
is  restored  to  the  steam  or,  under  favorable  conditions,  a 
portion  of  it  may  be  lost  by  radiation.  Hence,  ordinarily, 
after  thus  expanding  to  a  reduced  pressure,  each  pound  of 
the  steam  contains  more  heat  than  necessary  for  the  same 
percentage  of  dryness  that  it  had  at  the  initial  pressure;  so 
that  the  process  of  vnredrawing,  whether  performed  by 
passing  the  steam  through  a  throttled  valve,  a  pressure- 
reducing  valve  or  other  form  of  aperture,  converts  wet 
steam  into  a  drier  steam  at  the  lower  pi-essure,  dry  steam 
to  steam  that  is  superheated  for  the  lower  pressure,  or  may 
convert  superheated  steam  to  steam  at  a  lower  pressure  with 
more  degrees  of  superheating  for  the  lower  pressure  than  it 
had  for  the  initial  pressure. 
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INolablc  Meeling  Marks  lOlh  Anniversary  A. S.IM.E. 

lM)iir  Foiiiulrr  Sorirtirs  Join  in  (Iclrhralioii— ''''0|i|M>rtiinily   aiul    lt<'S|M>nsil>ililv   of 

lilt'  KiijjiiHM'r*'  l)isriiss<Ml— Proniiiirnl  K<*prrs»'nliili\rs  of   (.apilal.   Labor 

und  Manam'nu'iil  llt'anl— William  B.  DicIiHon  Stiirll<*s  His  Hearers 


A'"''  '"  ""  enfccblintr  influence  in  the  lives  of  men,  but 
A\  to  associations  of  men  it  may  pive  ever-incroasinR 
^  J^vitaiity,  strenirth  and  influence."  With  this  aptly 
tliosen  tliouRht,  Prcsitlent  Fred  J.  Miller  opened  the  Anni- 
versary Meeting  of  the  .American  Society  of  Mechanical 
Enjrineers  on  the  evening  of  Nov.  5.  After  a  few  intro- 
ductory remarks,  he  presented  the  first  "speaker,"  the 
Mapnavox.  This  is  an  electrical  sound-reproducing  instru- 
ment which  has  been  developed  hy  Prof.  Bristol,  a  member 
of  the  society.  A  double-faced  record  was  used;  the  first 
side  pave  a  messape  of  preetinp  from  Ira  N.  Hollis,  past 
president  of  the  A.  S.  M.  E.,  and  when  the  second  side  was 
used.  President  Miller  had  the  unique  experience  of  listen- 
inp  to  himself  makinp  a  speech. 

The  subject  of  the  eveninp  had  been  announced  as  "The 
Opportunity  and  Responsibility  of  the  Enpineer,"  but  be- 
fore introducinp  the  principal  speakers,  President  Miller 
called  upon  the  representatives  of  the  four  founder  societies 
for  brief  addresses. 

Founder  Societies  Participate 

The  first  of  these  speakers  was  Henry  R.  Towne,  the 
oldest  living  past  president  of  the  A.  S.  M.  E.  Mr.  Towne 
pave  some  reminiscences  of  the  early  days  of  the  society. 
He  recalled  that  he  became  a  member  in  1882  and  attended 
his  first  meeting  in  October  of  1883.  The  attendance  at 
that  meeting  was  150,  and  the  number  of  members  was 
about  600.  For  the  year  1883,  continue''.  Mr.  To\vne,  the 
society's  income  was  $7,560;  of  this  $7.56  was  a  balance 
carried  over  from  the  previous  year.  These  fipures  pro- 
vide an  interesting  comparison  with  the  S500,000  budget 
proposed  for  the  coming  year.  Mr.  Towne  discussed  a  paper 
which  he  had  presented  at  a  Chicago  meeting  of  the  society 
in  1886,  entitled,  "The  Engineer  as  an  Economist."  At 
that  time  he  proposed  that  engineers  take  up  the  responsi- 
bility of  the  study  of  economic  and  allied  subjects.  The 
idea  has  since  taken  root,  and  indeed,  the  interest  of  engi- 
neers in  the  subject  of  economics  was  amply  demonstrated 
by  the  program  which  was  to  be  presented  that  very 
eveninp.  As  a  result  of  this  responsibility,  which  engineers 
have  accepted,  it  becomes  their  duty  not  only  to  secure 
efficiency  of  methods  and  machines,  but  also  to  work  for 
co-operation  among  those  who  dii-ect  the  processes  of  in- 
dustry and  those  who  perform  the  work. 

A.  P.  Davis,  president  of  the  American  Society  of  Civil 
Engineers,  presented  the  greetings  of  his  organization, 
which  is  the  oldest  engineering  society  in  the  United  States, 
and  congratulated  the  A.  S.  M.  E.  on  its  rapid  growth  and 
ever-widening  activities.  He  expressed  strongly  the  hope 
that  the  American  Society  of  Civil  Engineers  and  other 
afssociations  would  join  the  Federated  American  Engineer- 
ing Societies,  and  in  this  way  expand  the  usefulness  of 
engineers  all  over  the  country.  "The  minds  of  mankind," 
he  said,  "are  in  a  state  of  flux."  It  is  the  duty  of  engineers 
to  crystallize  the  thought  and  guide  the  energy  of  men  in 
the  right  direction. 

W.  L.  Saunders  was  introduced  as  the  past  president  of 
the  American  Institute  of  Mining  and  Metallurgical  Engi- 
neers, and  also  as  the  representative  of  Herbert  Hoover, 
president  of  that  society.  Mr.  Saunders  pointed'  out  that 
the  object  of  the  meeting  was  to  bring  home  the  achieve- 
ments of  the  past  forty  years,  but  suggested  that  the  mem- 
bers should  devote  their  attention  also  to  retaining  the 
advantages  that  have  been  won  and  cai-rying  them  to 
greater  usefulness.  He  gave  it  as  his  opinion  that  the  pro- 
fession oi  mechanical  engineering  is  a  basic  one  and  is 
even  of  more  importance  than  any  other  branch  of  engineer- 
ing. The  big  men  of  the  civil,  electrical  and  mining 
branches,    he    said,    must    have    a   thorough    knowledge    of 


mechanical  engineering  as  a  foundation,  bccauRG  in  all 
their  work  they  must  depend  upon  machinery  of  one  kind 
or  another.  He  felt  that  the  spirit  of  collectivism  versus 
individualism  is  admirably  represented  by  the  four  Founder 
Societies. 

Mr.  Scott,  past  president  of  the  American  Institute  of 
Electrical  Enpineers,  illustrated  his  speech  with  lantern 
slides,  showing  a  comparison  between  the  increase  in  popu- 
lation in  the  United  States  during  the  past  forty  years  and 
the  increase  in  the  use  of  various  products  of  the  engineer's 
resourcefulness.  These  slides  demonstrated  the  speaker's 
point  that  engineering  progress  has  been  extremely  rapid, 
until  now,  with  the  creation  of  the  great  forces  liberated 
by  engineering  genius,  has  come  a  very  great  responsibility 
of  the  enpineer  in  the  way  of -controlling  these  forces  and 
keeping  them  in  operation.  As  to  the  opportunities  of  the 
engineer,  he  pictured  the  field  as  most  inviting.  Our 
methods,  though  we  have  continually  improved  them,  are 
still  wasteful  and  inefliicient,  and  in  this  lies  the  engineer's 
great  opportunity.  The  solution  of  labor  troubles  is  another 
opportunity  before  the  profession  today,  and  when  Mr.  Scott 
said,  "The  modern  engineer  is  a  director  of  human  activities 
as  Well  as  of  inanimate  operations,"  Mr.  Gompers  voiced  his 
approval  by  starting  the  applause. 

Mr.  Miller  then  drew  a  laugh  from  his  audience  by  saying 
that  engineers  sometimes  have  some  business  to  do  with 
banks  and  that,  therefore,  they  should  be  interested  in 
hearing  an  address  from  the  next  speaker,  whom  he  intro- 
duced as  J.  Herbert  Case,  acting  governor  of  the  Federal 
Reserve  Bank  of  New  York. 

The  Banker  a  Financial  Engineer 

Mr.  Case  congratulated  the  society  upon  its  forty  years 
of  progress  and  upon  the  fact  that  its  list  of  members 
represents  a  roster  of  men  who  are  leaders  in  thought  and 
action.  He  pointed  out  that  three  directors  of  the  Federal 
Reserve  Bank  of  New  York  were  drawn  from  the  mem- 
bership of  the  American  Society  of  Mechanical  Engineers. 
Mr.  Case's  address  was  a  thoughtful  one,  carefully  prepared 
and  notable  for  its  frequent  use  of  analogies.  In  fact,  his 
entire  speech  was  based  on  the  parallel  which  he  drew  be- 
tween the  engineer  and  the  banker.  In  this  connection  he 
called  the  attention  of  his  hearers  to  the  fact  that  the 
constitution  of  the  Federated  American  Engineering  Soci- 
eties defines  engineering  as  "the  science  of  controlling  the 
forces  and  of  utilizing  the  materials  of  nature  for  the  bene- 
fit of  man."  He  then  went  on  to  develop  his  idea  that 
bankers  have  essentially  the  same  problems  before  them 
as  engineers;  he  referi-ed  to  bankers  as  financial  engineers 
and  said  that  they  are  now  coming  to  use  essentially  en- 
gineering methods.  He  felt  strongly  that  the  recent  period 
of  inflation,  which  we  are  apparently  passing  in  safety, 
might  have  developed  into  a  very  serious  crisis  had  it  not 
been  for  the  preparations  made  by  bankers  to  meet  just 
such  a  contingency.  These  preparations  consisted  princi- 
pally in  the  establishment  of  the  Federal  Reserve  system, 
by  which  one-third  of  the  number  of  banks  in  the  country, 
representing  two-thirds  of  our  banking  resources,  have 
practically  pooled  their  resources  to  the  end  that  individual 
failures  may  be  averted.  This  action  Mr.  Case  compared  to 
the  allowance  made  by  engineers  for  a  "factor  of  safety"; 
the  idea  being,  in  both  cases,  to  provide  beforehand  what- 
ever strength  will  be  needed  to  cope  with  any  •  emergency 
that  may  arise.  The  speaker  suggested  that  it  is  not  un- 
reasonable to  suppose,  that  as  a  result  of  improved  financial 
methods,  we  have  probably  seen  our  last  general  panic. 
"But,"  he  continued,  "I  look  farther  ahead  than  that."  As 
engineers  are  never  satisfied  with  the  machines  they  have 
created,  but  continually  work  and  strive  to  improve   upon 
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them,  so  bankers  will  finally  improve  their  methods  to  such 
a  point  that  they  can  avoid  not  only  catastrophies  such  as 
panics,  but  even  the  minor  crises  and  financial  disturbances 
which  trouble  us  so  preatly  today.  It  ought  to  be  possible 
in  this  way  to  restrain  American  enthusiasm  from  going 
beyond  the  safety  point  and  to  apply  the  brakes  efficiently, 
yet  gradually;  it  should  be  possible  to  develop  a  smoothly 
working  governor  that  would  free  us  from  our  present 
troubles  with  fluctuations  in  prices.  Mr.  Case  emphasized 
the  point  that  if  we  can  do  this,  we  shall  have  gone  a  long 
Svay  in  the  elimination  of  social  and  labor  disturbances; 
and  in  conclusion  said: 

"You  have  given  American  engineers  and  American 
engineering  the  highest  place  in  the  world.  Some  of  your 
achievements,  the  feats  that  you  have  accomplished,  are 
among  the  marvels  of  mankind.  You  have  set  a  wonderful 
and,  I  may  say,  a  difficult  example  to  follow.  What  I  wish 
you  to  know  is  that  much  the  same  ideas,  much  the  same 
aims  and  methods,  are  at  work  now  in  the  development  of 
the  Federal  Reserve  System  of  the  United  States." 

The  Labor  Point  of  View 

Samuel  Gompers,  president  of  the  American  Federation 
of  Labor,  was  the  next  speaker.  The  keynote  of  his  address 
was  to  the  effect  that  "One  of  the  difficulties  that  arise 
nowadays  about  our  discussion  of  responsibility  is  that 
we  fail  to  realize  that  professional  men,  whether  doctors, 
lawyers  or  engineers,  should  be  in  a  very  real  sense  agents 
of  society  and  not  merely  masters  in  their  particular  pro- 
fessions." He  thought  it  unnecessary  to  review  the  achieve- 
ments of  engineers  in  mechanical  ways,  but  declared  that  a 
very  serious  error  is  frequently  made  in  describing  manu- 
factured articles  as  the  product  of  an  industry.  It  is  not 
the  inanimate  objects  produced  in  the  factory  that  count; 
it  is  the  men  developed  there.  In  other  words,  "men,  not 
things,  are  the  true  goal  of  civilization."  In  a  realization 
of  this  fact  lies  the  engineer's  opportunity  to  develop  co- 
operation between  capital  and  labor.  There  is  a  great  future 
ahead  for  both  capital  and  labor  if  they  will  join  hands  with 
engineers  and  make  an  effort  to  improve  the  conditions  of 
labor,  to  give  the  workman  a  chance  for  self-expression  in 
his  daily  woi'k  and  to  relieve  the  deadly  monotony  of  repe- 
tition work,  which  is  the  principal  cause  of  labor  troubles. 
In  our  mad  rush  for  efficiency  we  have  allowed  the  man 
to  become  too  greatly  a  part  of  the  machine.  The  old  spirit 
of  craftsmanship  has  gone,  so  that  men's  work  today  tends 
to  become  mere  toil.  Mr.  Gompers  drove  home  his  point 
with  this  vivid  warning:  "Beware  that  the  machines  you 
create  do  not  become  a  Frankenstein  and  enslave  the  human 
race."  The  avoidance  of  this  danger  is  a  part  of  the  coming 
responsibility  of  the  engineer.  In  conclusion  Mr.  Gompers 
said:  "If  you  will  study  the  laws  of  humanity  with  the  same 
degree  of  intensity  that  you  study  the  laws  of  material 
science,  you  will  render  a  tremendous  service,  and  as  pres- 
ident of  the  American  Federation  of  Labor  it  is  my  firm  con- 
viction that  the  labor  movement  not  only  welcomes,  but 
invites,  your  co-operation." 

Radical  Stand  Taken  by  Mr.  Dickson 

The  next  speaker  was  William  B.  Dickson,  the  vice  pres- 
ident of  the  Midvale  Steel  and  Ordnance  Co.  Mr.  Dickson's 
address  was  remarkable  for  the  fact  that  he  so  frankly  and 
so  whole-heartedly  espoused  the  cause  of  the  workingman. 
In  fact,  he  was  hardly  less  emphatic  than  Mr.  Gompers 
himself.  For  this  reason  his  speech  may  be  said  to  have 
been  the  feature  of  the  evening.  Mr.  Dickson  expressed 
the  same  thought  which  had  just  previously  been  spoken  by 
Mr.  Gompers;  namely,  that  our  modern  system  of  the  di- 
vision of  labor,  consisting  in  the  assignment  of  a  highly 
specialized  task  to  each  individual  workman,  has  deprived 
men  of  the  joy  which  they  once  secured  through  the  exercise 
of  creative  instinct  in  their  work.  The  result  of  this  con- 
dition, he  said,  will  tend  to  stunt  men  mentally,  morally  and 
physically,  unless  it  is  counteracted  by  some  other  vital 
force.  It  cannot  be  met  by  reverting  to  original  and  obso- 
lete methods;  our  factories  must  continue  to  produce  effi- 
ciently, but  not  at  such  a  sacrifice  of  individuality.  "This 
is  a  human  problem."  said  Mr.  Dickson,  "and  I  have  not 
been    able   to    solve    it,    so    T   am    leaving   it   to    you."      He 


then  read  a  poem  on  efficiency  by  Walter  Prichard  Eaton. 
"It  has  been  said,"  he  continued,  "that  free  government  is 
more  important  than  good  government.  I  believe  that  this 
is  substantially  true;  and  I  would  say  that  if  there  must  be 
a  choice,  it  is  better  to  be  free  and  inefficient  than  to  secure 
efficiency  by  having  men  become  mere  cogs  in  a  complex 
social  machine,  operated  by  a  so-called  superior  class.  I 
am  afraid  that  we  are  making  a  fetish  of  efficiency."  There 
is,  however,  another  broader  and  more  important  question 
than  this;  it  is  the  great  issue  between  democracy  and 
autocracy.  W?  have  been  accustomed  to  consider  that  this 
question  was  solved  in  1776,  as  indeed  it  was,  politically;  but 
in  industry  the  present  tendency  is  to  revert  to  the  feudal 
system  of  despotism.  This  has  been  exemplified  in  the  past 
few  months  by  restriction  of  production,  and  even  the  clos- 
ing down  of  plants,  with  the  object  of  holding  prices  up. 
An  example  that  is  still  fresh  in  our  memory  is  that  of  the 
large  textile  mills  which  were  shut  down  completely,  result- 
ing in  great  suffering  to  the  entire  community.  It  is  this 
"unconscious  insolence  of  conscious  power"  which  is  at  the 
root  of  our  industrial  difficulties.  "Consider,  for  a  moment," 
said  Mr.  Dickson,  "the  despotic  power  which  our  modern 
system  of  industry  gives  a  few  men  over  the  lives  and  for- 
tunes of  hundreds  of  thousands  of  their  fellow  citizens.  By 
reason  of  this  condition  we  have  the  unstable  situation  of  a 
government  founded  on  the  suffrages  of  men  who,  for  all 
practical  purposes,  are  industrially  bondsmen."  We  are 
approaching  the  time  when  we"  shall  need  an  industrial 
Lincoln,  to  say:  "A  house  divided  against  itself  cannot 
stand;  this  nation  cannot  continue  to  exist  politically  demo- 
cratic but  economically  autocratic."  The  appreciation  of 
the  audience  at  this  point  resulted  in  a  round  of  applause, 
which  was  again  led  by  the  president  of  the  American  Fed- 
ei-ation  of  Labor.  In  fact,  Mr.  Gompers,  after  the  first  few 
moments  of  Mr.  Dickson's  address,  seemed  to  be  enjoying 
himself  thoroughly. 

Constructive  Recommendations 

Mr.  Dickson  declared  himself  to  be  in  favor  of  a  fair  sys- 
tem of  collective  bargaining  and  of  giving  workmen  some 
share  in  the  conduct  of  business,  probably  through  applying 
a  portion  of  their  wages  to  the  purchase  of  stock  in  the  com- 
pany. These  systems,  of  course,  must  be  designed  to  meet 
the  needs  of  the  particular  plants  which  are  to  use  them; 
and  unless  they  are  permeated  with  democratic  principles 
there  can  be  no  solution  of  our  labor  troubles.  To  paraphrase 
St.  Paul,  "Though  they  pay  the  highest  wages,  give  pensions, 
and  furnish  every  modei'n  convenience  and  safeguard  to  their 
workmen,  and  have  not  democracy,  it  profiteth  them 
nothing."  Some  people  may  claim,  however,  that  they  are 
satisfied  with  present  conditions  and  do  not  desire  a  change. 
This  is  only  an  evasion  of  the  issue.  The  choice  does  not 
lie  between  industrial  democracy  and  the  present  way  of 
doing  things;  it  lies  between  industrial  democracy  and  a 
condition  of  chaos  and  feudalism  such  as  we  see  in  Russia 
today. 

The  speaker  offered  two  suggestions  to  meet  the  situation. 
First,  he  said  that  we  should  democratize  industry,  giving 
recognition  to  management  and  labor  as  equal  partners  with 
capital;  and  second,  we  should  teach  democracy  in  the  schools 
as  thoroughly  as  we  now  teach  reading,  writing  and  arith- 
metic, so  that  the  coming  generation  will  be  thoroughly 
grounded  in  democratic   principles. 

"I  am  not  looking  foi-ward,"  concluded  Mr.  Dickson,  "to 
the  new  era  of  industrial  democracy  as  a  period  of  peace 
and  serenity,  but  rather  as  a  time  in  which  the  way  has  been 
cleared  for  a  further  toilsome  climb  up  the  spiral  of  evolu- 
tion." 

Between  the  speeches  President  Miller  read  a  number  of 
congratulatory  telegrams,  notably  those  from  Herbert 
Hoover,  E.  S.  Carman,  the  president-elect  of  the  society, 
Governor  Coolidge  and  Senator  Harding. 

The  best  thing  about  this  meeting  was  that  it  had  what 
the  college  boy  calls  "pep."  The  speeches  were  not  idly 
flattering  outpourings  of  verbiage;  they  represented  the 
carefully  thought  out  and  deliberately  expressed  opinions 
of  some  very  able  men.  The  American  Society  of  Mechani- 
cal Engineers  deserves  great  credit  for  having  arranged 
and  conducted  such  a  successful  meetinir. 
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Tin-  ri'Vision  of  tho  »Uiuiar<l  tipi'iilicntioii^  foi  potioli-um 
products  which  Kuidos  nil  Govt«innu«»t  petroleum  purchases 
i8  under  considcrntion  by  tho  committee  which  represents 
the  various  Government  departments,  as  designated  by  the 
President  to  participate  in  this  work  in  the  orijrinal  order 
of  July,  lOlS.  The  public  conference  on  this  matter  which 
was  held  Oct.  IS  in  Washinpton  was  attended  by  rcpre 
sentatives  of  all  the  Oovernment  departments  interested, 
state  oil  inspectors,  oil  producin>r  and  refininir  interests. 
and   nutoniot  ve   interests. 

The  specifications  particularly  under  consideration  were 
those  for  gasoline,  kerosene,  burninp  oils,  fuel  oils  and  a 
wide  variety  of  lubricants.  In  executive  session  the  com- 
mittee continued  consideration  of  the  proposals  for  the 
two  days  followinp  the  public  conference,  and  it  is  expected 
that  the  revision  of  the  standards  will  be  completed  within 
a  short  time  and  revised  standards  published  covering-  all 
these  materials.  In  this  connection  it  should  be  under- 
stood that  the  committee  will  continue  only  until  six  months 
after  the  prodamat'on  of  peace,  as  it  is  one  of  the  war- 
time apencies  still  functioning.  Nominally,  the  specifica- 
tions which  it  adopts  relate  only  to  Government  purchases 
of  petroleum,  but  in  practice  a  number  of  states  are  adopt- 
ing: the  specifications,  particularly  those  for  gasoline,  and 
a  number  of  large  purchasers  outside  the  Government  also 
use  them.  They  are,  therefore,  of  much  wider  significance 
and  interest  than  otherwise. 

State  Adoptions  ok  Federal  Standards 
Four  states  have  already  adopted  the  motor  gasoline 
specifications  of  this  Federal  committee,  and  others  give 
evidence  that  they  are  likely  to  do  so.  Some  states  are 
writing  the  specificatir.n.e;  into  the  state  law;  others  simply 
provide  that  the  latest  specification  of  the  committee  shall 
govern,  or  place  the  matter  in  the  hands  of  a  commissioner. 
The  question  of  states  rights  as  compared  with  Federal 
supervision  of  course  enters  as  a  factor.  The  question 
also  is  raised  as  to  what  will  be  the  significance  of  these 
.state  laws  when  the  present  committee  no  longer  exists. 

The  advantage  of  state  regulation  in  contrast  with 
Federal  legislation  seems  to  be  wholly  with  the  smaller 
refiners,  who  like  to  have  different  standards  which  will 
permit  disposal  of  their  poorer  products  in  states  where 
less  rigid  requirements  prevail.  It  was  the  consensus  of 
opinion  that  in  every  state  whose  laws  do  specify  gasoline 
standards,  the  refiners,  and  particularly  the  larger  oper- 
ators, are  very  careful  as  to  the  quality  of  material  shipped 
into  that  state.  It  seemed  to  be  generally  agreed  that  a 
unifonn  law  for  the  entire  country  would  not  in  any  way 
reduce  the  total  gasoline  production.  It  would  interfere, 
however,  with  careless  operations  in  interstate  traffic,  es- 
pecially by  tank-wagon  practice  near  certain  state  border 
lines,  and  would  also  necessitate  improvement  of  plant 
practice  by  some  of  the  smaller  operators.  The  large  ad- 
vantage in  uniform  standards  for  all  of  the  country  would 
be  economy  in  storage  and  handling,  for  only  a  single  set 
of  gasoline-handling  equipment  would  be  essential  under 
such  circumstances,  except  of  course  for  special  gasolines 
such  as  aviation  fuel,  dry-cleaning  gasolines,  etc. 

The  question  was  raised  whether  the  companies  would 
all  actually  comply  with  a  general  standard  were  it 
adopted.  Almost  unanimous  opinion  prevailed  that  there 
would  be  no  difficulty  in  securing  compliance,  despite  the 
fact  that  at  the  present  time  much  of  the  gasoline  does 
not  comply  with  existing  standards  as  shown  by  the  recent 
reports  of  the  Bureau  of  Mines.  The  characteristics  of 
gasoline  now  supplied  were  believed  to  be  the  result  of  the 
freedom  in  practice  which  is  possible  rather  than  the  result 
of  any  necessity. 

Gasoline  Specifications 
The    original    motor-gasoline    specifications    proposed    by 
the   committee   in   October,   1918,  were   revised   and   a  new 
form  made  effective  Nov.  25,  1919.     This  revised  specifica- 
tion provides  for  a  distillation  test  as  the  chief  requirement. 


Keliners  preHciU  agreed  that  careful  preparation  of  gaso 
line  to  comply  with  the  iipecificationH  in  the  prop()Hed  morli 
lied  form  would  permit  large  increases  in  output.  It  was 
stated  that  small  refiners  could  increase  their  output  by 
more  careful  plant  operation,  since  the  same  bad  plant 
|)ractice  which  gives  a  high  maximum  temperature  in  dis- 
Lillation  also  results  in  leaving  a  larger  percentage  of  gaso- 
line in  the  higher  oils  than  is  necessary  or  desirable. 

It  is  evident  that  the  committee  will  lake  pains  to  in- 
crease the  definiteness  and  simplicity  of  the  Hpecifications 
as  to  how  the  distillation  test  will  be  made.  The  committee 
feels  that  it  is  even  more  important  to  have  uniform  and 
significant  methods  of  testing  than  it  is  to  get  exactly  uni- 
form specifications.  No  conclusion  was  indicated  by  the 
committee  nor  was  a  general  agreement  in  opinion  of  the 
refiners  evident  on  the  question  of  the  number  of  olephine;, 
permissible  in  a  cracked  gasoline. 

Navy  Fuct^Oil  Specifications 

It  was  i)roposed  that  the  specifications  for  navy  fuel  oil, 
which  now  are  based  largely  upon  the  specific  gravity  tests, 
should  be  changed  and  viscosity  of  the  oil  substituted  as 
the  important  criterion.  It  was  pointed  out  that  a  16  deg. 
Be.  fuel  oil  made  from  Pennsylvania  crude  could  not  be 
handled  in  any  way  except  with  shovels  because  of  its 
very  high  viscosity.  Agreement  seemed  to  be  unanimous 
that  the  gravity  means  even  less  with  fuel  oils  than  with 
motor  gasoline,  and  that  the  viscosity  recjuirements  should 
be  chosen  to  be  those  corresponding  to  the  fuel  oils  now 
received  by  the  Navy  under  grades  A,  B  and  C,  these  being 
made  from  Mexican  crude. 

It  was  agreed  that  the  viscosity  requirements  should  be 
based  upon  tests  with  the  new  type  of  Saybolt  fuel-oil 
viscosimeter  used  at  122  deg.  F.  This  is  the  temperature 
for  which  this  apparatus  is  commonly  built  for  testing  road 
oils;  at  this  temperature  it  gives  results  in  from  seven  to 
ten  minutes,  which  cannot  be  obtained  in  less  than  two  or 
three  hours  with  the  older  types  of  viscosimeter. 

Diesel-Oil  Requirements 

It  was  pointed  out  that  the  present  requirements  of  no 
asphaltum  in  gas  oil  for  Diesel  engines  have  no  real  sig- 
nificance, as  there  is  no  means  of  knowing  either  what  this 
signifies  or  how  to  test  for  asphaltum.  The  question  was 
discussed  at  length  as  to  whether  a  distillate  oil  was  essen- 
tial for  this  work,  and  it  was  po'nted  out  that  in  general 
distillate  oils  burn  cleaner  than  crude  residues.  The  com- 
mittee indicated  that  some  adjustment  of  this  specification 
would  be  made  after  further  consideration. 

REQI  IREMENTS  FOR  LUBRICANTS 

The  question  of  color  requirements  for  lubricants  raised 
some  criticism  of  present  specifications,  and  it  was  recom- 
mended to  the  committee  that  they  consider  transparency 
rather  than  color  as  the  important  factor.  For  this  pur- 
pose the  transparency  of  a  quarter-inch  layer  should  be 
sufficient  to  enable  one  to  read  ordinary  print  through  it, 
according  to  one  suggestion  made. 

The  refiners  emphasized  particularly  that  cup-grease 
specifications  should  make  no  distinction  between  animal 
fats  and  vegetable  fats  nor  between  animal  fats  and  fatty 
acids.  The  present  requirements  permit  only  pure  animal 
fats  for  use  in  blending  these  greases,  and  it  is  believed 
that  this  would  result  in  prohibitive  cost  if  attempted.  As 
a  matter  of  fact,  it  is  practically  impossible  to  tell  after 
blending  what  has  been  used,  and  in  general  the  use  ex- 
clusively of  animal  fats  is  no  longer  practiced. 

Specifications  now  include  provisions  for  a  variety  of 
miscellaneous  lubricants,  among  which  are  the  following: 
Aircraft  machine-gun  oil,  buffer  oil,  transmission  lubricant, 
steam-cylinder  oils,  compounded  steam-cylinder  oils,  chain 
or  wire-rope  lubricant,  gun  and  ice-machine  oil,  hydroline  oil, 
aero  and  motorcycle  oil,  marine-engine  oil  and  oil  and  grease 
for  the  recoil  mechanism  of  guns.  It  was  pointed  out  that 
most  of  the  specifications  for  these  materials  were  very 
satisfactory.  The  large  steam-evaporation  losses  from  cer- 
tain compounded  cylinder  oils  were  discussed,  but  no  modi- 
fication in  specification  was  recommended  as  a  remedy. 
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Progress  Being  Made  in  Adopting  the 
A.  S.  M.  E.  Boiler  Code 

The  administrative  council  of  the  American  Uniform 
Boiler  Law  Society  in  its  annual  report  has  given  encour- 
aging news  of  its  efforts  for  the  adoption  of  the  A.  S.  M.  E. 
Code  in  the  various  states.  These  efforts  have  consisted 
in  presenting  the  matter  before  the  officials  of  different 
states,  explaining  the  provisions  of  the  code,  smoothing 
out  misunderstandings  and  giving  out  information  of  value 
to  those  interested.  In  regard  to  legislation,  however,  it 
was  pointed  out  that  only  five  state  legislatures  other  than 
those  which  have  already  accepted  the  code  have  convened 
this  year;  it.  has  been  what  might  be  termed  an  off  year 
in  legislation. 

An  interesting  development  is  that  the  code  is  coming 
into  general  use  in  colleges  and  universities.  The  follow- 
ing universities  now  use  it  as  a  textbook:  Massachusetts 
Institute  of  Technology,  Sheffield  Scientific  School,  Yale 
University,  Armour  Institute  of  Technology  (Chicago), 
Case  School  of  Applied  Science  (Cleveland),  University 
of  Vermont,  University  of  Cincinnati,  Johns  Hopkins  Uni- 
versity (Baltimore),  University  of  Michigan,  University 
of  Minnesota,  Rensselaer  Polytechnic  Institute,  Rutgers  Col- 
lege and  University  of  Texas.  The  code  is  being  used  as 
a  reference  book  at  the  following  universities:  Vanderbilt 
University  (Tennessee),  New  Mexico  College  of  Agricul- 
ture and  Mechanic  Arts,  Tulane  University  of  Louisiana, 
University  of  Colorado,  University  of  Washington,  Univer- 
sity of  Maine,  University  of  Wyoming,  Virginia  Polytechnic 
Institute  and  Washington  University    (St.   Louis). 

This  is  a  most  promising  sign  as  it  means  that  young 
men  who  will  be  engineers  a  few  years  hence  will  be  con- 
versant with  boiler  code  practice;  hence  the  adoption  of  the 
code   should   become   a   natural   and   easy   step. 

Progress  in  Several  States 

Jn  Indiana  there  had  been  certain  restrictions  placed  upon 
boilei's  which  practically  eliminated  uniformity.  This  ques- 
tion was  taken  up  in  November,  1919,  with  the  Industrial 
Board  and  the  chief  inspector,  with  the  result  that  the 
board  removed  the  restrictions  and  agreed  to  accept  the 
A.  S.  M.  E.  Code  in  full. 

In  the  same  month  a  misunderstanding  arose  in  Cali- 
fornia over  the  specifications  that  were  required  for  boilers 
during  the  war  period.  The  chairman  of  the  Boiler-Law 
Society's  committee,  Charles  E.  Gorton,  entered  a  confer- 
ence with  the  state  officials  and  two  of  the  largest  boiler 
manufacturers  on  the  coast,  upon  their  request.  After  a 
discussion  covering  several  days  the  question  was  satis- 
factorily settled;  and  it  was  due  to  that  fact  that  these  two 
prominent  manufacturers  have  since  co-operated  with  the 
society  so  that  it  was  possible  to  secure  the  adoption  of 
the  code  in  the  state  of  Oregon. 

On  his  way  back  from  this  conference  in  California  Mr. 
Gorton  stopped  off  in  Little  Rock,  Ark.,  and  had  a  meeting 
with  the  Hon.  Thomas  A.  Wilson,  State  Labor  Commis- 
sioner, and  J.  D.  Newcomb,  Jr.,  State  Boiler  Inspector. 
The  outcome  of  this  was  that  on  March  1  Arkansas  adopted 
the  code  and  put  it  into  full  effect. 

Progress  has  been  made  in  Virginia  in  the  way  of  col- 
lecting facts  and  figures  relating  to  the  boiler  situation, 
although  it  has  not  yet  been  considered  advisable  to  intro- 
duce a  bill.  Recommendations  are  being  prepared  for  the 
coming  session  of  the  legislature. 

Although  it  was  declared  impossible  to  secure  a  state- 
wide law  in  Maryland  such  a  law  was  introduced  and  passed, 
the  provisions  of  which  for  the  organization  of  the  Board 
of  Boiler  Rules  are  to  go  into  effect  Jan.  1,  1921. 

The  state  of  Washington  is  expected  to  adopt  the  code 
within  the  next  few  months,  and  the  city  of  Seattle  has 
already  done  so. 

There  are  now  seventeen  states  which  have  adopted  the 
A.  S.  M.  E.  Boiler  Code,  and  of  these  Oregon,  Utah, 
Arkansas  and  Maryland  have  been  added  this  year.  Eleven 
cities  also  now  use  the  Code,  Scranton  and  Seattle  having 
accepted  it  this  year. 


Progress  is  being  made  in  reconciling  the  more  important 
points  of  difference  between  the  Massachusetts  Rules  and 
those  of  the  A.  S.  M.  E.,  as  reported  in  the  account  of  the 
semi-annual  hearing,  elsewhere  in  this  issue. 

Power  Scarcity  a  Factor  in  Electric 
Heat  Treatment 

Electric  heat  treatment  was  the  subject  discussed  by  the 
members  of  the  Philadelphia  Section,  Association  of  Iron 
and  Steel  Electrical  Engineers,  at  the  Engineers'  Club, 
Philadelphia,  Nov.  6.  A.  J.  Standing,  section  chairman, 
in  opening  the  meeting,  pointed  out  that  the  successful  de- 
velopment of  electric  heat  treatment  required  large  quan- 
tities of  cheap  power,  and  the  tying  together  of  power 
plants  will  assist  materially  in  accomplishing  this  end. 
The  wide  application  of  electric  heat  treating  was  explained 
by  G.  P.  Mills,  who  also  with  lantern  slides  showed  the  con- 
struction of  modern  furnaces,  method  of  control,  etc.  The 
control  for  electric  furnaces  has  been  developed  to  a  state 
where  it  is  possible  to  automatically  maintain  the  tempera- 
ture at  within  i  of  1  per  cent  of  that  required.  An  electric 
furnace  is  an  ideal  load  for  a  power  plant  since  it  is 
balanced  and  has  a  high  power  factor  and  in  many  cases 
they  can  be  used  as  off-peak  loads.  These  furnaces  have 
a  thermal  efficiency  as  high  as  90  per  cent  and  have  been 
constructed  for  temperatures  up  to  1,800  deg.  F.  Power 
consumption  ranges  from  40  to  225  kw.-hr.  per  ton  of 
metal  treated. 

J.  E.  Wilson  told  of  his  experience  using  oil  for  heat 
treating  and  expressed  the  opinion  that  the  electric  fur- 
nace was  to  be  preferred  to  the  oil-heated  furnace.  Mr. 
Wilson's  experiepce  had  been  with  both  the  low-pressure 
and  high-pressure  type  of  furnaces,  and  he  thought  that 
there  was  a  little  preference  between  the  two  types.  With 
the  oil-type  furnace  it  has  been  found  necessary  to  reline 
it  twice  a  year;  the  temperature  is  not  easily  controlled; 
care  must  be  taken  to  have  complete  combustion;  the  fur- 
naces are  very  hot  to  work  around,  especially  in  the  sum- 
mer time,  and  they  are  not  all  that  could  be  desired  from 
a  safety-first  standpoint.  With  oil  at  15c.  per  gal.  cost  of 
heat  treating  was  given  ranging  from  0.6  to  2.4  mills  per 
pound  of  product  treated. 

In  his  paper  J.  R.  Brown  discussed  the  application  of 
electricity  to  heating  rivets.  The  electric  rivet  heater  con- 
sists of  a  transformer  having  one  turn  in  the  secondary 
arranged  so  that  the  two  ends  of  this  turn  are  closed  by 
placing  the  rivet  in  circuit.  In  heating  rivets,  as  in  heat 
treatment,  the  electincal  method  has  many  advantages  over 
other  methods.  It  is  easily  moved  from  one  location  to 
another,  is  sanitary,  is  easy  of  operation,  etc.  It  has  been 
found  that  the  power  consumption  per  100  lb.  of  rivets 
heated  is  14  kilowatt-hours. 

Considerable  discussion  was  centered  on  the  possibility 
of  obtaining  power  at  this  time  for  operating  electric  heat- 
treating  furnaces,  it  being  argued  by  some  that  there  was 
a  real  power  shortage  and  that  burning  a  few  tons  of 
coal  was  an  easy  way  to  solve  the  heat-treating  problem. 
Others  pointed  out  that  going  around  to  the  users  of  elec- 
tric furnaces  did  not  show  any  scarcity  of  power.  As  an 
illustration  of  the  development  in  electric  furnaces  atten- 
tion was  called  to  those  installed  in  1913.  To  keep  these 
in  shape  for  operation  took  more  time  than  they  were  in 
service,  whereas  the  present  furnace  gives  practically  no 
trouble.  In  presenting  the  central-station  side  of  the  ques- 
tion, the  opinion  was  expressed  that  the  electric  furnace 
load  was  a  favorable  one. 


With  the  object  of  determining  the  possibilities  of  alcohol 
as  a  motor  fuel  the  Empire  Motor  Fuel  Committee  of  the 
Imperial  Motor  Transport  Council,  in  England,  has  recently 
appointed  small  technical  committees  to  consider  the  mod- 
ification of  custom  and  excise  regulations  pertaining  to 
alcohol;  to  experiment  for  determining  the  best  conditions 
for  developing  the  alcohol  engine,  and  the  types  of  alcohol 
pure,  alone  or  in  mixture  best  suited  for  industrial  purposes; 
and  to  develop  methods  of  denaturing  alcohol;  that  is, 
rendering  it  unpotable. 
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Coal  Proflurtion  ContiniieH  Hifl;li 

Prixluftion  iif  soft  I'dJil  (luriru;  tlu'  wcrk  f?i<litu;  Orl.  HO 
not  only  coiitinuotl  above  tin-  lli.OOO.OOO-ton  niiirk,  liut  rose 
quite  Hpprcoiably.  accordinj:  to  the  weekly  report  just 
reoeivei!  from  the  Geolojrieal  Survey.  In  fact,  a  new  niax- 
injum  for  the  year  wa.s  established  by  th<'  total  for  the  week 
of  12.:i.l8.t)00  net  ton.s.  This  was  97,000  tons  more  than  the 
precejIiiiK  week,  am!  except  for  the  corresponding  week  of 
October,  IDlll,  which  was  just  before  the  jrreat  coal  strike, 
has  not  Seen  exceeded  since  the  Armistice.  It  is  predicted 
that  production  for  the  week  ended  Nov.  6  will  fall  con- 
siderably below  this,  on  account  of  Election  Day  and 
rclijrious  holidays. 

Reports  showing  the  percentajres  of  full-time  output  have 
been  delayed,  so  that  the  latest  figures  available  on  that 
phase  of  the  question  are  for  the  week  endinjr  Oct.  2H. 
According  to  these  figures,  which  are  fairly  representative 
of  the  country  as  a  whole,  losses  attributed  to  labor 
amounted  to  7  per  cent  of  full  time,  out  of  a  total  loss  due 
to  all  causes  of  31.9  per  cent.  Transportation  disability  was 
the  most  important  of  all,  causinjr  losses  of  20.8  per  cent. 
The  week  was  marked  by  an  improvement  in  car  supply, 
notably  in  West  Virginia. 

The  Geological  Survey  bases  its  figures  upon  statements 
received  from  about  3,000  mines,  which  represent  approxi- 
mately GO  per  cent  of  the  total  capacity  of  the  country. 

The  BHuviuiotis  Coal  Bulletin  of  the  Federal  Trade  Com- 
missio  1  for  June,  just  now  received,  covers  reports  from 
only  555  operators,  but  contains  some  interesting  figures  on 
;osts.  There  is  some  doubt  as  to  whether  these  data  are 
truly  representative,  as  so  few  operators  have  reported; 
but  it  seems  probable  that  the  costs  of  those  who  refused  to 
report  are  no  greater,  and  possibly  lower, 'than  the  costs  of 
those  who  responded.  Accordingly,  they  are  presented  here 
for  what  they  are  worth,  together  with  corresponding  figures 
for  the  year  of  1918.  The  first  number  in  each  set  given 
here  represents  the  cost  per  ton  for  the  year  1918,  and  the 
second  is  for  the  month  of  June,  1920:  Labor  cost,  $1.49 
and  $2.02;  supplies,  $0.26  and  $0.31;  general  expenses,  $0.29 
and  $0.37;  total  cost,  f.o.b.  mine,  $2.04  and  $2.70;  sales  real- 
ization, $2.65  and  $3.44;  making  a  "margin"  of  $0.61  and 
$0.74.  It  should  be  remembered  that  margin  is  not  profit, 
for  selling  expenses,  interest,  etc.,  must  be  deducted  from 
it  before  the  actual  profit  may  be  found. 

As  announced  in  Power  last  week,  these  bulletins  of  the 
Federal  Trade  Commission  are  to  be  suspended  until  the 
courts  decide  whether  the  commission  can  force  operators 
to  turn  in  reports  instead  of  requesting  it,  as  at  present. 


Seini-Annual  Hearing  of  Massachusetts 
Board  of  Boiler  Rules 

The  semi-annual  hearing  of  the  Massachusetts  Board  of 
Boiler  Rules  was  held  at  the  State  House,  Boston,  on  Nov. 
4.  John  H.  Plunkett,  chief  of  inspections  of  the  Department 
of  Public  Safety,  of  which  department  the  boiler-inspection 
service  became  a  part  in  the  recent  reorganization,  is,  by 
virtue  of  his  office,  chairman  of  the  board,  and  presided  at 
the  hearing.  The  other  members  present  were:  Frederick 
A.  Wallace,  representing  the  boiler-using  interest;  Henry 
H.  Lynch,  representing  the  boiler-manufacturing  interest; 
and  John  A.  Collins,  representing  the  boiler-insurance 
interest. 

Mr.  Plunkett  explained  that  the  purpose  of  the  present 
hearing  was  a  dual  one — first,  to  hear  petitions  from  those 
who  desired  changes  in  or  intei'pretations  of  the  Rules,  and 
second,  to  submit  for  public  discussion  changes  in  the  Rules 
which  had  been  proposed  on  the  initiative  of  the  board  itself, 
copies  of  which  proposed  changes  had  been  published  and 
made  available  to  those  interested. 

The  only  petitions  to  appear  under  the  first  division  of 
the  program  were  the  Buffalo-Springfield  Road  Roller  Co., 
in  reference  to  the  location  of  the  stamp  upon  their  boilers, 
and  the  Keystone  Driller  Co.,  petitioning  for  the  favorable 
consideration  of  the  Porcupine  Boiler  which  they  manu- 
facture. 


The   principal    changes   proposed   by   the   board   wore    the 
adoption   of   specifical  ions   for  boiler-plate   steel,   boiler-rivet 
steel,    staybolt    steel,    steel    bars,    steel    castings,    gray-iron 
casting.s,  malleable  castings,  boiler-rivet  iron,  staybolt  iron, 
wrought-iron  bars  and  lap-welded  and  seamlesH  boiler  tubei 
These    specifualions   are,    for    the    most   part,   those    of   the 
.\merican  Society  for  Testing  Materials,  which  is  the  high- 
est authority  upon   the   subject,  and   as   these  specifications 
of   the    A.    S.    T.    M.    are    used    in    the    Boiler   Code    of    the  \ 
American  Society  of  Mechanical   Engineers,  their  adoption] 
by   the    Massachusetts    Board    of   Boiler   Rules   reduces    th« 
points  of  difference  between  these  two  codes.     There  werJ 
no  engineering  considerations  urged  against  the  adoption  of' 
the     proposed    changes,    the     only    opposition    being     from 
Massachusetts    boiler    manufacturers    who    stigmatized    the 
revision  as  "an  entering  wedge  for  the  A.  S.  M.  E.  Boiler 
Code,"  to  any  attempt  in  the  direction  of  uniformity  with 
which  they  appear  to  be  implacably  opposed 

French  Hy<lro-Power  Planfc* 
for  the  Rhine 

The  Comite  economique  regional  de  I'Est  has  submitteo 
to  the  French  government  plans  for  the  exploitation  of  the 
water  power  of  the  Rhine.  These  plans  have  been  approved 
and  will  in  the  course  of  the  near  future  be  put  into  opera- 
tion. It  is  proposed  to  build  ten  power  plants  between 
Hiiningen  and  Strassburg,  each  estimated  at  80,000  hp 
As  Switzerland  has  certain  rights  relating  to  navigation 
on  the  Rhine,  the  plants  will  necessarily  be  erected  some 
distance  from  the  banks.  The  plans  provide  for  a  canal 
running  parallel  to  the  Rhine,  which  will  feed  the  power 
stations.  The  total  cost  is  estimated  at  350,000,000  francs, 
but  will  probably  be  very  much  higher.  The  power  thus 
obtained  will  be  used  for  supplying  the  mining  district  of 
the  French  East,  especially  the  Briey  district. 

The  Versailles  peace  treaty  provides  that  the  water  power 
of  the  Rhine  along  the  German-Frtnch  frontier  is  common 
property  of  both  countries.  In  the  case  of  new  power 
plants  the  country  building  them  has  to  recompense  the 
other  country  up  to  half  of  the  value  of  the  produced  power 
either  by  supplying  power  or  by  the  money  equivalent. 


The  Engineer,  of  London,  reports  a  recent  economizer 
explosion  that  was  caused  by  improper  handling.  The 
economizer,  which  was  in  reasonably  good  condition,  was 
used  to  heat  feed  water  for  three  Lancashire  boilers,  and 
the  flues  were  so  arranged  that  the  gases  could  be  bypassed 
directly  to  the  chimney.  The  accident  was  evidently  caused 
by  a  sudden  change  in  the  temperature  of  the  economizer 
tubes,  which  took  place  when  the  engine  was  started  up  in 
the  morning.  Just  previous  to  this  while  the  steam  pressure 
was  being  raised  but  no  demands  made  on  the  boilers,  the 
economizer  undoubtedly  became  very  hot.  When  the  engine 
was  started,  the  feed  pump,  which  was  belt-driven  from  the 
main  engine,  forced  the  cold  water  into  the  economizer.  The 
resultant  contraction  of  the  tubes  cracked  them,  and  they 
blew  up  under  the  steam  pressure.  The  proper  way  to 
handle  the  plant  would,  of  course,  have  been  not  to  pass  the 
hot  gases  from  the  fires  through  the  economizer  until  feed 
water  was  needed  by  the  boilers,  and  it  might  even  be  nec- 
essary, on  account  of  leaky  dampers,  to  keep  down  the 
temperature  of  the  economizer  during  the  night  by  giving  it 
a  little  feed  water.  Added  to  these  considerations  it  would 
be  better,  for  the  sake  of  economy  in  coal  and  for  the  pre- 
vention of  external  cori'osion  of  the  economizer  tubes,  if 
the  feed  water  was  warmed  before  being  led  to  the  econo- 
mizer in  the  ordinary  course  of  working. 


That  the  coal  situation  is  improving,  in  the  opinion  of 
the  Interstate  Commerce  Commission,  is  shown  by  the  order 
releasing  25,000  open-topped  cars  from  the  coal  trade.  Cer- 
tain cars  suitable  for  handling  steel,  sand,  grave?,  and  other 
building  and  road  materials  were  released  from  the  coal 
priority  order  on  Nov.  6.  The  cancellation  of  the  Lake 
order  and  the  maintenance  of  production  in  excess  of 
12,000,000  tons  a  week  are  doing  a  great  deal  to  relieve  the 
general  situation. 
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Specific  Heat  and  Dissociation  in 
Internal-Combustion  Engines 

At  the  meeting  of  the  Engineering  Section  of  the  British 
Association  Committee  on  Gaseous  Explosions,  on  Aug.  25, 
a  paper  relating  to  the  subject  of  specific  heat  and  dis- 
sociation in  internal-combustion  engines  was  presented  by 
H.  T.  Tizard  and  D.  R.  Pye. 

In  this  paper  it  was  pointed  out  that  the  British  Asso- 
ciation Committee  on  Gaseous  Explosions  devoted  a  good 
deal  of  attention  before  the  war  to  the  question  of  the 
specified  heat  of  the  working  fluid  and  the  possible  effects  of 
dissociation  of  carbon  dioxide  and  water  vapor  at  high  tem- 
peratures. Unfortunately,  this  work  was  interrupted  by 
the  war,  and  there  had  been  in  recent  years  very  little  ad- 
vance in  the  thermo-dynamical  theory  of  internal-combus- 
tion engines.  On  the  other  hand,  there  had  been  great 
practical  advances,  and  the  actual  efficiency  of  a  modern 
high-speed  engine  was  higher  than  the  theoretical  efficiency 
calculated  on  the  old  specific  heat  figures  of  Clerk  and 
Langer,  even  if  no  allowance  was  made  for  loss  of  heat. 
The  relative  advantages  of  different  fuels,  increase  in 
efficiency  to  be  expected  from  an  increase  in  compression 
ratio,  and  the  reasons  for  the  change  in  power  with  dif- 
ferent "mixtures"  were,  said  the  authors,  all  problems  which 
had  not  yet  been  satisfactorily  solved.  For  these  reasons 
the  authors  were  led  to  take  up  the  subject  afresh. 

Calculating  Thermal  Efficiency 
FROM  Specific  Heats 

A  method  for  calculating  thermal  efficiency  from  a  knowl- 
edge of  specific  heats  was  worked  out  very  completely  by 
the  late  Professor  Hopkinson  in  his  paper  on  "The  Thermal 
Efficiency  of  Gas  Engines,"  but  all  work  on  these  lines  had 
suffered  under  two  great  disadvantages:  (1)  The  specific 
heats  of  the  gases  concerned  were  not  known  at  all  accu- 
rately above  1,500  deg.  C. ;  (2)  the  dissociation  of  CO2  and 
H,0  in  the  cylinder  was  unknown,  and  no  attempt  had  been 
made  to  separate  the  two  effects  of  specific  heat  and  of 
dissociation.  As  to  the  first  point,  there  was  ample  evi- 
dence that  the  maximum  temperature  reached  in  a  petrol 
engine  was  of  the  order  of  2,500  deg.  C.  As  to  the  second 
point,  the  Committee  on  Gaseous  Explosions  pointed  out 
rightly  that  it  was  the  "apparent"  specific  heat  that  was 
of  primary  importance  for  the  theory  of  engine  efficiency, 
and  this  included  any  effects  of  dissociation.  But  as  the 
dissociation  of  COj  and  H.O  was  accompanied  by  an  in- 
crease in  the  number  of  molecules,  its  extent  depended 
considerably  upon  the  pressure  as  well  as  the  temperature. 
Further,  since  they  had  one  dissociation  product  in  com- 
mon— namely,  oxygen — dissociation  in  a  mixture  of  the  two 
was  not  the  same  as  when  they  were  separate;  the  extent 
of  the  dissociation  of  each  would  in  fact  depend  on  the 
ratio  of  the  amounts  present,  and  the  "apparent"  specific 
heat  of  a  mixture  might  be  very  different  to  the  sum  of 
the  "apparent"  specific  heats  of  each  measured  separately. 
The  only  possible  way  to  attack  the  problem  was  to  find 
the  true  specific  heats  and  to  measure  the  dissociation  under 
definite  conditions,  from  which  it  was  possible  to  obtain 
sufficient  data  to  calculate  equilibrium  conditions  in  any 
mixture.  Sufficient  data,  we  were  reminded,  already  existed 
for  this  purpose.  It  was  assumed  in  the  first  place  that 
the  only  molecular  species  present  after  an  explosion  and 
during  the  expansion  were  C0=,  H^O,  CO,  U,,  O2,  N„ 
and  at  the  high  temperatures  reached  the  reaction  velocity 
was  such  that  chemical  equilibrium  was  always  maintained 
throughout  the  working  stroke.  There  was  considerable 
evidence  in  favor  of  the  substantial  accuracy  of  this  as- 
sumption. Mixtures  of  pure  benzene  with  air  were  the 
subject  of  experiment.  It  was  shown  that  the  power  curve 
should  show  a  sharp  maximum  when  benzene  was  present 
in  the  correct  proportion  for  complete  combustion  to  COj 
and  H,0  and  should  fall  off  steadily  for  both  weaker  and 
rich  mixtures.  This  was  contrary  to  observations,  which 
in  itself  was  evidence  of  "dissociation."  When  dissociation 
was  taken  into  account  it  was  shown  that  the  power  should 
remain   constant  to  within   about   1   per  cent  for  mixtures 


ranging  from  the  correct  mixture  to  about  30  per  cent 
rich  mixtui-es.  This  was  entirely  confirmed  by  experiment. 
It  was  further  predicted  that  the  same  curve  of  an  engine 
running  on  a  paraffin  mixture  should  fall  off  more  sharply 
with  the  richness  of  mixture  than  if  benzene  were  used 
This  had  also  been  confirmed  by  experiments  on  Mr.  Ri- 
cardo's  exoerimental  engine. 

Maximum  Thermal  Efficiencies 
WITH  Weak  Mixtures 

Maximum  thermal  efficiencies  in  practice  were  obtained 
with  mixtures  so  weak  that  any  further  weakening  resulted 
in  mi.sfiring.  Experiments  by  Watson  and  others  had  shown 
that  that  occurred  when  the  amount  of  fuel  present  was  only 
about  80  per  cent  of  that  required  for  complete  combustion 
of  the  air.  It  was  shown  that  if  the  compression  ratio  were 
5  to  1  the  theoretical  efficieficy,  if  there  was  no  heat  loss, 
should  be  38  per  cent  of  the  heat  of  the  fuel.  Indicated 
thermal  efficiencies  as  high  as  70  per  cent  of  the  "air  cycle 
efficiency" — equal  to  33  per  cent — were  said  to  have  been 
obtained  in  engines  working  at  this  compression  ratio.  The 
highest  thermal  efficiency  under  these  conditions  that  the 
authors  had  been  able  to  obtain  was  32  per  cent  of  the 
heat  of  the  fuel.  The  difference  between  the  calculated  and 
observed  values  corresponded  to  a  loss  of  heat  during  the 
working  stroke  of  about  13  per  cent  of  the  heat  of  the  fuel. 
Since  the  total  loss  of  heat  to  the  cylinder  jackets  was  found 
to  be  about  25  per  cent  the  correspondence  between  calculated 
and  observed  values  must  be  considered  very  satisfactory. 
It  was  interesting  to  note  that  with  weak  mixtures  the 
theoretical  efficiency  was  about  the  same  whether  the  gases 
were  assumed  to  be  dissociated  or  not.  The  effect  of  dis- 
sociation— which  was  about  20  per  cent  of  the  COj  present 
at  the  maximum  temperature — was  to  lower  the  maximum 
temperature  without  affecting  appreciably  the  work  done 
on  expansion.  The  maximum  temperature  for  a  benzene- 
air  mixture  was  2,700  deg.  C,  but  was  much  lower  for  a 
paraffin-petrol-air  mixture. 

As  regarded  maximum  power  with  different  fuels,  it  was 
shown  that  when  all  factors  were  taken  into  account  the 
maximum  power  with  perfect  distribution  should  be  the 
same  within  1  per  C3nt  for  any  kind  of  hydrocarbon  fuel, 
if  the  initial  charge  temperature — or  volumetric  efficiency- - 
and  the  compression  ratio  were  constant.  The  maximum 
power  with  alcohol  should  be  slightly  lower,  but  as  the  latent 
heat  of  alcohol  was  high  the  charge  temperature  in  prac- 
tice was  lower,  and  the  maximum  power  reached  the  same 
as,  or  slightly  higher  than,  that  reached  with  hydro-carbon 
fuels.  These  conclusions  had  also  been  confirmed  by  experi- 
ment. Finally,  it  was  shown  that  no  other  gases  besides 
Nu,  O,,  H.,  CO,  COu,  H,0  could  exist  in  appreciable  quanti- 
ties in  equilibrium  during  the  explosion  and  expansion 
stroke.  Methane  could  be  formed  during  the  exhaust  stroke, 
and  also  aldehydes  if  the  mixture  was  rich.  The  ratio  of 
carbon  monoxide  to  hydrogen  in  the  exhaust  gases  undei 
different  conditions  could  be  calculated.  If  a  paraffin  petrol 
was  used  the  ratio  H,/C0  was  calculated  as  0.4,  whereas 
Bannatyne's  empirical  rule  gave  0.36.  With  aromatic  fuels 
this  ratio  would  be  very  different. — The  Engineer. 


All  restrictions  against  the  use  of  power,  except  skip- 
stops  in  the  operation  of  street  railways,  have  been  re- 
moved recently  by  the  California  state  power  adminis- 
trator, H.  G.  Butler.  Recent  rains  have  made  possible  the 
lifting  of  the  ban,  and  there  will  be  no  return  to  the  re- 
strictions unless  there  is  a  dry  fall.  In  this  event  the 
power  companies  and  the  public  will  again  be  placed  on 
a  limited  allowance  of  electricity.  The  present  order, 
however,  does  not  relieve  the  power  companies  from  the 
necessity  of  operating  their  steam  plants  to  capacity.  There 
is  still  need  for  steam-generated  power,  the  recent  rains 
being  sufficient  only  to  relieve  the  immediate  strain. 


The  American  consul  at  Newcastle,  New  South  Wales 
Australia,  reports  that  the  total  amount  of  coal  mined  in 
that  district  in  September  was  468,000  tons,  of  which  117,- 
600  tons  was  exported  overseas;  the  remainder  was  for  Aus 
tralian  consumption. 
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Wairr  Powor  Applic^itions 

Addilidtial  applu'iitions  liavc  hi'cii  iiuulc  lo  tlic  KecU'rul 
I'owiT  ('uiiiiiiis.sion  ft)r  pri-liniinary  l)t'rmil»  as  follows 
(tho  sorial  iiunibtT,  tin-  luum-  and  atldri-ss  of  the  upplicant, 
llu'  typo  of  project  works,  their  location,  and  the  use  to 
which  they  are  to  be  put  are  shown): 

7:!.  .1.  C!.  \'an  Zandt,  care  W.  L.  Huher,  First  National 
Bank  lUiildinjr.  Smi  I'lancisco;  Hear  Creek  and  Santa  Anna 
t'reek,  Cal.;  reservoirs,  conduit  and  power  house;  purpose, 
not  jriven. 

74.  Klectro- Metals  Co.,  care  W.  C.  Devereaux,  729  Call 
Building',  San  Francisco;  dam,  reservoir,  tunnels,  peji- 
stocks,   power   house;    Salmon    River;    reduction   of  ores. 

T.'i.  R.  (!.  McDonald,  Williams,  Cal.;  two  power  plants, 
reservoir,  conduits;  Convict  Creek,  Inyo  Forest  Reserve; 
mines,  mills,  pumping. 

7G.  J.  Harvey  Pierce,  48.'}8  Elmwood  Ave.,  Los  AnReles; 
three  dams,  three  power  houses;  Mammoth  Creek,  Inyo 
Forest  Reserve;  mininj;  and  liKhtinp. 

77.  Snow  Mountain  Water  &  Power  Co.,  Standard  Oil 
Buildinp,  San  Francisco;  two  dams,  conduits,  reservoir, 
location  not  shown;  public  utility. 

78.  Western  States  Gas  &  Electric  Co.,  Stockton,  Cal.; 
enlargement  American  River  conduit;  South  Fork,  Ameri- 
can River,  El  Dorado  National  Poorest,  Cal.;  public  utility. 

79.  William  C.  Albeitson  and  Stephen  L.  Mershon,  care 
Fort,  Hunt  &  Shipman,  Newark,  N.  J.;  dam  and  power 
house;  Delaware  River  at  Foul  Rift,  two  miles  south  of 
Belvidcre,  N.  .1.;  use  not  stated. 

Amazon-Dixie  Mining  Co.,  Wallace,  Idaho;  license;  to 
construct  transmission  line  over  Lolo  National  Forest,  Mon- 
tana; use,  mining;. 

Granite  Falls  Manufacturing  Co.,  Granite  Falls,  N.  C; 
preliminary  permit;  dam,  reservoir,  conduit,  power  house, 
and  transmission  line  on  Wilson  Creek,  Caldwell  County, 
North  Carolina;  use,  public  utility. 

Alabama  Power  Co..  Birmingham,  Alabama;  license;  dam, 
power  house  and  transmission  line;  Coosa  River,  at  Dun- 
can's Riffle,  Ala.;  use,  uublic  utility. 

Paving  Granite  Quarry  Co.,  Rapid  City,  S.  D.;  license; 
transmission  line  in  Black  Hills  National  Forest  Preserve; 
use,   quarrying. 

Town  of  Ronan,  Mont.;  preliminary  permit;  dam,  power 
house  and  transmission  line;  Crow  Ci'eek,  Mont.;  use,  public 
utility. 

Information  About  the  State 
License  Board 

Engineers  throughout  New  York  State  have  for  some  time 
been  anxious  to  know  the  names  of  the  members  of  the  new 
state  board  which  is  to  have  charge  of  granting  licenses  to 
professional  engineers  and  land  surveyors.  Power  has  been 
able  to  secure  these  names  from  an  authoritative  source  and 
presents  them  herewith.  The  members  of  this  board  have 
been  selected  with  the  object  of  providing  representation  for 
every  important  branch  of  the  engineering  profession.  Their 
names,  together  with  the  branches  which  they  represent, 
are:  For  mechanical  engineering,  Vii-gil  M.  Palmer,  of  the 
Eastman  Kodak  Co.,  Rochester;  civil  engineering,  Col.  W.  J. 
Wilgus,  consulting  engineer,  of  New  Yoi-k  City;  mining 
engineering,  Major  Percy  E.  Barbour,  consulting  engineer, 
of  New  York  City;  electrical  engineering,  H.  A.  Reist,  of  the 
General  Electric  Co..  Schenectady;  electro-chemical  engi- 
neering, A.  H.  Hooker,  of  the  Hookei-  Electro-Chemical  Co., 
Niagara  Falls.    The  boai'd's  first  meeting  is  set  for  Nov.  23. 

A  summary  of  the  law  through  which  this  board  will 
operate  follows.  It  has  been  condensed  from  a  longer  ab- 
stract prepared  by  Engineering  Council. 

A  candidate  for  an  engineering  license  must  have  had  at 
least  six  years  of  active  professional  engineering  work,  one 
of  which  shall  have  been  in  responsible  charge,  of  a  char- 
acter satisfactory  to  the  board.  At  least  four  years  of 
active  engagement  in  land-surveying  work  are  required  of  a 
candidate  for  a  surveyor's  license.  Each  two  years  of  study 
of  engineering  in  an  engineering  school  of  standing  satis- 
factory to  the  board,  however,  will  be  considered  as  equiv- 
alent to  one  year  of  active  practice.     A  candidate  for  the 


surveyor'.s  license  must  be  a  citizen  of  the  United  SUiles  or 
must  have  declared  his  intention  of  becoming  one;  this  pro- 
vision does  not  apply  lo  engineers.  The  api)licant  riiu.'^l  ba 
at  least  21  years  of  age,  of  good  character  and  repute,  and 
to  practice  surveying,  must  speak  and  write  the  F^nglinlj 
language.  Candidates  may  be  retjuired,  however,  to  furniit^ 
further  evidence,  which  may  include  the  result  of  a  refjuire 
examination.  The  fee  for  either  license  is  $2r»,  and  foj 
license  to  jiraclice  both  engineering  and  surveying  is  i'.iU. 

Two  years  after  the  act  takes  effect,  no  county,  city,  tov 
or  village,  or  other  |)olitical  subdivision  shall  engage  in  con^ 
struction  or  maintenance  of  any  public  work  involving  pro 
fessional  engineering  or  land  surveying  foi-  which  plant 
specifications  and  estimates  have  not  been  made  by,  ar 
construction  and  maintenance  supei'vised  by,  a  licensed  engi- 
neer or  land  surveyor,  unless  the  expenditure  for  the  conj 
pleted  project  is  less  than  .$2,000.  Plans,  specifications,  plat- 
and  reports  may  be  stamped  with  a  seal  the  design  of  which 
shall  have  been  approved  by  the  board.  State  and  municipal 
employees  are  exempted  only  until  their  term  of  office 
expires.  Employees  of  the  United  States  are  entirely 
exempt.  A  non-resident  may  practice  in  this  state  if  he  i.s 
legally  (|ualified  for  professional  service  in  his  own  state  or 
county,  where  the  necessary  qualifications  meet  the  require- 
ments of  the  board.  He  may  practice  for  such  reasonable 
time  as  the  board  requires  for  considering  his  application  for 
a  license.  The  board  may  revoke  a  license  for  cause  only 
after  a  hearing  at  which  the  accused  has  the  right  to  be 
represented  by  counsel,  to  introduce  evidence  and  to  examine 
and  cross-examine  witnesses.  Penalties  for  violation  of  the 
law,  after  it  has  been  in  eflFect  for  two  years,  may  be  a  fine 
of  between  $100  and  $500,  imprisonment  for  three  months, 
or  both. 

The  law  covers  all  those  practicing  or  offering  to  practice 
professional  engineering  or  land  surveying  in  a  supervisory 
capacity. 

A.  S.  C  E.  Votes  Against  Joining  Federated 
American  Engineering  Societies 

A  referendum  vote  of  the  members  of  the  American 
Society  of  Civil  Engineers  on  the  question  of  accepting 
membership  in  the  Federated  American  Engineering 
Societies  has  resulted  in  the  defeat  of  the  proposition  by  a 
vote  of  3,278  to  2,330.  The  total  number  of  votes  was  there- 
fore 5,608,  representing  57  per  cent  of  the  membership, 
which  is  9,773. 

For  some  time  a  small  group  in  the  society  has  been  very 
active  in  its  opposition  to  the  Federated  American  Engineer- 
ing Societies  and  has  been  circularizing  the  members  of  the 
A.  S.  C.  E.  and  spreading  propaganda  in  a  way  that  now 
appears  to  have  been  very  effective.  While  this  vote  is 
subject  to  review  by  the  society's  council,  it  is  doubtful 
whether  that  body  will  reveise  the  expressed  instructions  of 
a  majority  of  the  members. 

The  civil  engineers  have  always  been  extremely  conserva- 
tice;  it  will  be  remembered  that  it  was  only  a  few  years  ago 
when  they  finally  joined  the  other  three  so-called  Founder 
Societies  and  moved  into  the  Engineering  Societies  Building. 
It  is  to  be  hoped  that  here  again  better  judgment  will 
eventually  prevail. 


City  Engineer  M.  M.  O'Shaughnessy,  of  San  Francisco, 
has  announced  that  plans  for  the  city's  new  $6,000,000  elec- 
tric power  plant  at  Hetch-Hetchy  are  under  way,  and  that 
construction  of  this  plant  may  be  followed  by  the  estab- 
lishment of  au.xiliary  plants  at  other  points.  The  main 
plant  is  to  be  built  at  Priest's  Hill,  where  the  water  will 
have  a  sheer  drop  of  1,200  ft.  and  400,000,000  gal.  of  water 
a  day  will  pass  through  the  weirs  to  the  turbines.  It  is 
expected  that  66,000  hp.  can  be  developed. 


The    London   Morning   Pont    for    Sept.    2    published    some 
particulars  of  a  vei'y  important  oil  ti'ansaction  in  Rumania 
The  Anglo-Persian  Oil  Co.,  allied  with  some  other  Britisj 
and  foreign  financial  interests,  has  acquired  the  control 
one  of  the  large  oil  properties  in  Rumania.     It  is  expecte 
that  a  company  will  be  floated  with  a  capital  of  more  tha 
£2.000  000. 
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Personals 


Ralph  T.  Bratt  has  left  OIney  &  Warrin, 
Inc.,  and  is  now  employed  in  the  industrial 
department  of  the  Locomotive  Superheater 
Co.,   New  York. 

navid  S.  Wesx.  .Ir.  has  left  the  Allis- 
Chalmers  Manufacturing  Co.  to  become 
associated  with  W.  A.  Gilchrist,  of  Chicago, 
as  electrical  engineer. 

II.  M.  Lowenstein,  formerly  designer 
with  the  De  La  Vergiie  Machinery  Co..  is 
now  designer  for  the  Babcock  &  Wilcox 
Co.,    Bayonne,    N.    J. 

A.  Pohlnian,  well  known  in  tht'  com- 
bustion field,  is  now  with  the  engineering 
department  of  the  Diamond  Power  Special- 
ty   Co.,    Detroit,    Mich. 

Elias  Schlank  has  opened  offices  in  New- 
ark and  is  prepared  to  advise  silk  manufac- 
turers and  allied  industries  on  engineering 
problems  pertaining  to  plant  operation  and 
maintenance. 

Wallace  H.  Alartiii  has  resigned  as  asso- 
ciate professor  of  mechanical  engineering  at 
the  Pennsylvania  State  College  and  is  now 
professor  of  heat  engineering  at  the  Oregon 
Agricultual    College. 

John  Breslau,  formerly  sales  engineer, 
manager  of  publicity  and  production  man- 
ager of  the  Terry  Steam  Turbine  Co.,  of 
Hartford,  Conn.,  is  now  owner  of  the  .1.  B. 
Kngineering    Sales    Co.,    of    Hartford. 

•lames  D.  Slooney,  until  recently  assistant 
to  A.  P.  Sloan.  Jr.,  vice  president  of  the 
General  Motors  Corporation,  has  been  made 
general  manager  of  the  Reniy  Klectric 
Division  of  that  corporation.   Anderson.  Ind. 

AVebster  TallmadBe,  who  has  been  con- 
nectetl  with  the  AVestinghouse  Electric  and 
Manufacturing  Co.,  South  Philadelphia 
Works.  Lester,  Pa.,  is  now  manager  of  the 
Power  Division,  Thomas  A.  Edison  Indus- 
tries, Orange,  N.  J. 

Robert  I^acy  announces  his  resignation 
from  the  Geo.  T  Ladd  Co.  Pittsburgh,  and 
appointment  as  sales  engineer  by  the  Rush 
Machinery  Co..  Pittsburgh,  to  act  as  rep- 
resentative for  steam  equipment  specialties 
and    water-tube    boilers. 

W,  H.  Moore  has  resigned  as  chief  oper- 
ating  engineer   of   the   electric    plant    of    th.- 


Society  for  Kstablishing  Useful  Manufac- 
tures, at  I'aterson,  N.  .1.,  to  accept  the 
position  of  chief  engineer  of  Dartmouth 
College,    Hiuiover,    N.    H. 

Mayo  D.  Herse.v,  who  for  over  ten  years 
has  been  a  i)hysicist  at  the  United  States 
Bureau  of  Standards,  and  recently  chief 
of  the  Aeronautic  Instruments  Section. 
Washington,  1).  C,  is  now  with  the  Massa- 
chusetts Institute  of  Technology,  as  asso- 
ciate professor  of  Properties  of  Matter  in 
the  Department  of  Physics 

Thomas  B.  Wilson  has  been  appointed 
steam  engineer  in  charftc  of  the  newly  or- 
ganized department  of  steam  enginering 
at  the  plant  of  the  Bethlehem  Steel  Co., 
Kijarrows  Point,  Md.  He  was  formerly 
steam  engineer  for  the  Cambria  Steel  Co. 
and  for  the  past  two  years  has  been  on 
combustion  work  for  the  Du  Pont  Co.. 
Wilmington,    Del. 


Society  Affairs 


The    American    Society   of    Civil   Ene'neers 

is  to  hold  a  meeting  Nov.  17,  at  8:30,  at  its 
rooms  in  the  Engineering  Societies  Build- 
ing, New  York  City.  The  subject  will  be 
"Urban  and  Sul)urban  Passenger  Transpor- 
tation." 

Memorial  Kxercises  for  Dr.  Samuel  Shel- 
ilon  are  to  be  held  in  the  main  auditorium 
of  the  Engineering  Societies  Building,  New 
York  City,  on  Nov.  17,  8:.3n  p.m.  Arthur 
W.  Berresford,  president  of  the  A.  I.  E.  E.. 
will  preside,  and  will  introduce  the  following 
speakers:  William  N.  Dickinson.  Bancroft 
(rherardi.  Dr.  .Arthur  K.  Kennelly,  T.  Com- 
merford  Martin  and   Dr.  AVilliam  H.  Nichols. 

The  CliicuKo  Section  of  the  A.  S.  M.,  E. 
will  celelirate  the  fortieth  anniversary  of 
the  .society  on  Nov.  22  in  the  auditorium 
of  the  AV<-slern  Society  of  Engineers.  Mon- 
adnock  Building,  at  7  p.m.  Short  addresses 
will  he  made  by  Herbert  S.  Philbrick  and 
Captain  Robert  AV.  Hunt,  after  which  Dr. 
G.  O.  Smith,  director  of  the  United  States 
Geological  Sur\'ey,  will  speak  on  "Indus- 
tries'   Supply    of   Energy." 

-Ameriean  Kngineering;  Council,  the  gov- 
erning body  of  the  Federated  American 
Engineering  Societies,  is  to  hold  its  first 
meeting  on  Thursday  and  Friday,  Nov.  18 
and    19.    at    the    .Vew    Willard    Hotel,    AVash- 


ington.  Thursday  morning  will  be  devoted 
to  registration,  a|)pointment  of  committees 
and  other  preliminary  business,  and  the 
afternoon  to  an  address  by  .).  Parke  < 'ban- 
ning, followed  l>y  discussion  of  the  field  of 
activity  for  the  societies.  On  Friday  re- 
ports will  be  received  from  committees,  and 
the  election  of  permanent  ollicers  will  take 
place.  Friday  evening  Herbert  Hoover 
will  make  an  address,  after  which  an  in- 
formal   recei)tion    ,ind    smoker    will   be    held. 


Bui^iiK'ss  Iteius 


The  J.  B.  Kneineerin);  .Sales  Co.  has  been 
iippointed  Connecticut  sales  agents  of  the 
Conveyors  Corporatioti  of  .\inerica.  for- 
merly -American  .Steam  Conveyor  <'ori)Ora- 
tion.  Offices  are  at  HO  Prospect  St..  Hart- 
ford,  Conn. 

The  Towers  Keeulator  Co..  of  Chicago, 
which  liegan  business  in  1890  in  a  12  x  16- 
ft.  room,  has  recently  moved  into  its  new 
factory,  a  firei)roof  building  containing 
40,0(10  sq.ft.  of  floor  space.  The  conii)any 
manufactures  a  line  of  temperature-regu- 
lating apiiaratus  for  use  in  heating  proc- 
esses and   the   heating   of  roor"" 

The  Monarch  Soot  Remover  Co.,  Inc..  of 
Troy,  N.  Y..  having  closed  its  Troy  factory, 
has  established  a  new  machine  shop  and 
brass  foundry  in  AVoUaston.  Mass..  and  has 
incorporated  inider  the  laws  of  Ma.«sachu- 
setts.  l^radford  I..  Ames,  of  Boston,  is  the 
president,  and  Lefinard  \V.  Newell,  treas- 
urer of  the  AA'oIlaston  Foundry  Co.,  is  the 
treasurer. 


Trade  Catalogs 


The  Parkard  Kleetrir  Co.,  of  AVarren. 
Ohio,  has  issued  a  bulletin  on  "Metering 
Transformers"  in  which  are  described  the 
weatherproof  and  switchboard  tyjies  of  the 
single-  two-  and  three-phase  i)Otential  and 
current  transformers.  The  weatheriiroof. 
or  outdoor  type  of  oil-insulated  transformer, 
has  been  developed  in  compliance  with  the 
demand  from  the  central  manager,  who  is 
an.xious  to  avoid  the  l)uil(ling  of  a  housing 
to  protect  the  tr.-insfoiiiurs  from  the 
weather. 


New  Construction 


PROPOSKI)     WORK 

Me.,  Old  Town — The  Bangor  Ry.  &  Elec- 
tric Co.,  IMi  Harlow  St..  Bangor,  plans  to 
build  a  2  story.  70  x  75  ft.  pumping  plant 
and  substation,  here.  Crowell  &  Lancaster. 
Exchange    Bldg ,    Bangor,    .Archts. 

Mass.,  Boston — The  American  Can  Co.. 
120  Bway  .  New  A'ork  City,  plans  to  btiild 
a  factorv  here,  including  a  steam  heating 
system.    "  .About    $250. OoO. 

Mass.,  Churlestown — Tiie  Charle.stown 
Terminal  BIdg.  Co..  27  State  St.,  Boston, 
will  soon  award  the  contract  for  a  7  story, 
mercantile  building  inclu.ling  a  steam  heat- 
ing system  on  City  S(|iiare.  here.  F.  O. 
Lewis,  50  Bromfield  St..  Boston.  Archt.  and 
Engr. 

Mass..  Springfield — The  Masonic  Hall 
Assn.,  Ma.sonic  Bldg.,  is  having  plans  pre- 
pared for  a  Masonic  Temple  on  State  St. 
About  $750,000.      E.   A.  Bludgett.   Pres. 

Conn..  Hartford — The  Conn.  Gen'l.  Life 
Insurance  Co..  64  Pearl  St..  is  having  plans 
prepared  for  a  6  story  otficr  building  includ- 
ing a  steam  heating  sy.nem  on  Elm  .St. 
James  Gamble  Rogers,  367  Lexington  .Ave.. 
New  York   City,   Archt.   and   Engr. 

Conn..  Xewington — The  Conn.  Children's 
Aid  Society.  926  Main  St.,  Hartford,  plans 
to  build  a  new  1.  2  and  :'.  story  children's 
home,   here.      .About    $500,000. 

N.  Y..  New  York — The  Missionary  Sisters 
of  the  Sacred  Heart,  c /o  St.  Lawrence  Hos- 
pital, 457  AA'est  163d  St.,  plan  to  build  a 
6  story.  165  x  228  x  244  ft,  hospital  on 
Kdgecomb  Ave  between  163rd  and  164th 
Sts. 

N.  Y.,  New  York — Dept.  Pub.  Wks..  Al- 
h.Tny,  received  bid  for  the  installation  of 
a  steam  heating  system  in  the  Barge  Canal 
Terminal  headhouse  at  Pier  93,  AVest  53d 
St.,  here,  from  the  .Austin  Engineering 
Corp.,   121    AVest   42d   St..   at   $4,875. 

N,  .J.,  Atlantic  City — The  City  will  soon 
award  the  contract  foV  a  3  story  fire  house 
including  a  .steam  heatim;  sy.stem.  About 
$2.')0.nnn. 


X.  .!.,  Vineland — The  State  plans  to  build 
a  40  X  64  ft.  power  plant  here,  including  2 
boilers.  About  $21,500.  P.  H.  Bent,  142 
West  State  St.,  Trenton,  State  .Archt. 

Pa..  .Vltoona — The  Catholic  Diocese  of 
Altoona,  c/o  Rt.  Rev.  Bishop  John  J. 
McCort,  1211  13th  St.,  is  planning  for  a  100 
X  150  ft.  cathedral  on  12th  Ave.  About 
$1,000,000.      .Archt.    not   selected. 

Pa..  Franklin — The  Franklin  Exch.  Nat'l. 
Bank  will  .soon  receive  bids  for"  a  3  story. 
100  X  100  ft.  addition  to  bank  including  a 
steam  heating  system.  W.  L.  Stoddart,  9 
East  40th  St.,  New  A'ork  City,  Archt.  and 
Engr. 

Pa..  FreemansburB^The  New  Jersey 
Zinc  Co.  plans  to  install  additional  motors, 
make  changes  in  power  equipment  and  in 
the   method    of   firing   boilers,   etc. 

Pa.,  IMiiladelphia — The  Hotel  Walton  Co., 
R.  AV.  <;oelet.  Pres..  Broad  and  Locust 
Sts..  is  having  plans  prepared  for  a  20 
story,  70  x  130  ft.  hotel  and  store  building 
including  a  steam  heanng  svstem  on 
Broad  St.  .-Vbout  $1,700,000.  A.  M.  Gray. 
1402  Bway.,  New  A'ork  City,  Archt.  and 
ICngr. 

Md.,  .Aberdeen — The  Constructing  Quar- 
termaster, .Aberdeen  Proving  Grund,  will  re- 
ceive bids  until  Nov.  18  for  a  generator 
bouse,    steam    heating   system,    etc. 

Md.,  Baltimore — The  Bd.  of  AAvards  re- 
eeived  lowest  bi<l  for  a  3  Story.  76  x  271 
ft.  school  at  Fort  .Ave.  and  Latrobe  Park 
from  the  Standard  Constr.  Co..  1713  San- 
son! St.,  Philadelphia,  Pa.,  at  $485,000. 
Contract  for  steam  heating  plant  will  be 
sublet.  ().  G.  Simonson.  Maryland  Caslialty 
Tower.  R:'ltimore.  .\rcbt  .  H.  F.  .Adams, 
Calvert    Bldg.,    Engr. 

I).  ('..  Bellevue  (Wa.shington  P.  O.) — The 
Bureau  of  A'ards  and  Docks,  Navy  Dept.. 
Wa.shington.  ]>.  C.  plans  to  install  a  turbo- 
.irenerator.  switchlioard  equipment  and  a  re- 
ciprocating   air   "ompressor.    here 

W.  Va.,  Blnefleld  The  Baptist  Educa- 
tional Comn.  plans  to  build  a  college  con- 
sisting of  18  buihltngs.  About  $750,000. 
.\rcht.   not   yet   selected 

N.  C.,  Smithfield — The  City  plans  to  build 
a  4  story.  79  x  117  ft.  court  house  includ- 
ing a  steam  heating  svstem  on  Market  St. 
.About  $500,000.  H.nrrv  Bnrton.  Creensboro. 
Archt 


Fla.,  Fort  Myers — Peter  Schutt  and  as- 
sociates, Bradford  Hotel,  are  having  plans 
prepared  and  will  receivi'  bids  early  in 
December  for  a  3  and  5  story  hotel  includ- 
ing steam  heating  and  pumping  plants  on 
McGregor  Blvd.  Cost  between  $400,000  and 
$500,000.  F.  J.  Kennard,  American  Bank 
Bldg..    Tampa.    Archt. 

Fla..  .lacksonville — The  Wilson-Toomer 
Fertilizer  Co..  A'iaduct,  is  having  plans  pre- 
pared for  a  new  plant.  .About  $1,000,000. 
N.  M.  G.   Prange,  Mgr 

Ala..  Tuscaloosa — D.  O.  Whilldin,  Archt.. 
Title  fJuaranly  Bldg.  Birmingham,  will  re- 
ceive bids  until  Dec.  15  for  a  107  x  235  ft. 
dormitory  and  the  first  units  of  a  power 
house,  laundr.%-  and  other  buildings  for  the 
-Alabama  Home  for  the  Feeble  Minded, 
here.      About    $163,000. 

La..  New  Orl<-ans — The  American  Can 
Co.,  120  Bway.  Sew  York  City,  plans  to 
l>uild  a  factory  including  a  steam  heating 
system,    here.      .About    $250,000. 

O..  Ashtabula — The  City  voted  on  $1,000.- 
000  bonds  for  a  new  electric  light  and 
power   i)lant. 

O..  Cincinnati — The  Business  Men's  Club. 
9th  and  Race  Sts..  is  having  plans  prepared 
for  a  9  story.  150  x  200  ft.  club  house  at 
8th  and  Rxice  St.s.  About  $1,000,000 
Samuel  Hannaford  &  Sons.  6th  and  9th 
Sts..    -Archts. 

O.,  Cleveland  Heights  ( Warrensville  P. 
O.) — The  Bd.  Educ.  c/o  E  K.  Brvan.  Lee 
Rd..  will  receive  bids  until  Nov.  24  for  a 
2  story.  50  x  67  ft.  power  plant.  F  C 
Warren,  Hipjiodrome  Bldg..  Cleveland. 
.\rcht..  L.  A.  Quayle.  1455  West  98th  St.. 
ICngr.      Noted   June  8. 

O..  Huron — The  City  voted  on  $42,000 
tionds  for  improvements  to  the  electric  light 
plant 

O.,  Kent — The  Bd.  Blduc.  is  having  i>lans 
prepared  for  a  2  story,  160  x  200  ft.  high 
school.  About  $275,000.  Mills  &  Mills- 
paugh,  67  East  Long  St.,  Columbus,  Archts. 

O..  T.akewood  (Cleveland  P.  O.) — Bd. 
Educ.  G.  Grill.  Clk..  Warren  Rd.,  plans  to 
build  a  2  story  school  including  a  steam 
heating  system.  About  $250,000.  C,  AV 
Hopkinson,  900  Ro.so  Bldg.  (Mev.land, 
.Archt 
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O..  Wi>nl  P«rh — The  n<1  Kdiii-  plnni  fo 
Millil  K  3  mory  hiKh  whool  liy-luillnc  « 
Mi-nm  h.ntlnit  iiyiiti'tn  About  ll.OOO.ftOO. 
V    W     Kfnih.THtoM.-.   Clk 

Ind..  KIklmrl— Tlio  Wnwimi'*'  Tin-  *  llu»>- 
(MT  »'o  IM  n-tflvliiK  \>Mh  fi>r  ii  1  Hlory,  17G 
K  17R  ft.  fiii-tory  Incltnllnk'  i>  ii'»m  hi'ut- 
lt\i:  pliint.  About  JidO.OOO  It.  1.  SliiiinoiiH, 
Nr.hl 

Mlrh..  Drirolt — Tho  IVIroll  Art  MuBcum. 
J.-rriTH(in  Avi'.  nnil  HnntliiKH  SI.,  pliin-s  to 
l>ullil  a  I  iinil  i  Ktc.ry.  150  x  3011  ft  iirt 
MUi.si'Um  lMclu<lliiK  II  Ntriiin  Ix^jitiiiK  nyHl<-n> 
nn  Wo.Klwiird.  Kirl>v.  KiiriiHwoilh  iiiiil  John 
Sin.      About    $2,000.(100. 

.Mich..  nrlroU — Tho  Central  f'hrlBllan 
rbun-.li.  o/o  John  Po  Tarr.  rulnani  .\vp., 
plans  to  builil  a  2  story  rhurrh  InclurllnK 
n  .xti-ain  hoatlni;  plant  on  .Srrond  Hlvd. 
About   $500,000.      Archt    not  yi't  sriorfrd 

Mich..  Drtrolt — The  Bd  VAuc.  50  Hway 
Aviv.  has  a.-ikcd  for  an  appropriation  for 
iiians  for  a  20  story.  100  x  loo  ft,  olllco 
building;  includlnB  a  steam  licatinK  system. 
nt  tlraliot  and  Liibrary  Aves.  About 
11.000.000. 

MIrli..  Urtrolt — Tho  Bd.  Fire  romrs.. 
Wavne  and  Ijirned  Sts..  will  revive  bids 
until  Nov.  22.  for  a  2  story.  !»0  x  90  ft. 
pumpini;  station  at  Ilandolph  St.  and  De- 
troit Uivor.  Bids  will  be  icceiveil  later  for 
2  motor-cenerator  sets.  C  hitrh-pressuro 
pumps,  vacuum  pumps,  etc.  .Smith.  Hinch- 
nian  &  Cry  lis.  710  WashinKton  Arcade. 
Knurs 

III..  Chlraro — Tho  B'nai  .-Vbraham  Zion 
PonKreKation.  c 'o  1,o\t  .t  Klein,  .\rchts.. 
Ill  West  WashinRton  St..  will  soon  award 
tho  contract  for  a  1  stor.v.  12<">  x  Ifi.'i  ft. 
synapocuo  includine  a  steam  heatinK  sys- 
tem, on  Washington  Blvd.  and  Karlov  Ave. 
About   J250.000. 

111.,  rbioaeo — Tohan  &  Harris.  22B  W. 
I2d  St..  Now  York  City,  are  having-  pre- 
liminarv  plans  prepared  for  a  1  story  loii 
X  13.S  ft.  theater  at  121  North  Clark  St. 
here,  including  a  steam  heating  system. 
About  $400,000.  A.  X.  PJebori.  410  South 
Michigan   Ave..   Chicago.   Archt. 

111.,  riiirnco — The  Stearns  Bros.  &  Co.. 
iU!>  South  I«T  Salle  St..  will  soon  award 
(he  contract  for  a  3  story.  100  x  160  ft. 
printing  plant  including  a  steam  heating 
evstom  at  Kast  Huron  St.  and  Fairbanks 
Court.  About  $200,000.  IVrlin.  Sworn  & 
Randall.    10    South    I-;v    Salle   St..    Arclits. 

Wis..  Marsbflold — The  Bd.  Pub.  Wks  .  c/o 
John  Seubert,  City  Clk..  is  having  plans 
prepared  for  a  1  storv.  3fi  x  40  ft.  addition 
to  power  house.  About  $2.";. 000.  Cahill  & 
Douglas.  217  West  Water  St..  Milwaukee. 
Engrs. 

Wis..  Wankoshn^^The  U.  S.  Public  Health 
Service  Hosiiital  is  in  the  market  for  one 
125-hp.    boiler.      Lester  McQuilkin.    Supt. 

Wis..  West  Bend — The  West  Bend 
Aluminum  Co.  is  having  preliminary  plans 
prepared  for  a  2  storv  boiler  and  power 
house  on  Main  St.  .\hout  $75,000.  Fed- 
eral Rngr.  Co.,  Stephenson  Bldg.,  Mil- 
waukee.   Kngr. 

Wis..  West  Bond — The  Miller  Spouting 
Co..  Inc..  P.  O.  Box  425.  is  receiving  bids 
tor  twelve  220-volt.  60-cycle.  three-phase 
motors,    switchboard,    air    compressors,    etc. 

Iowa.  Council  Bluffs — The  Women's 
Christian  Assn..  Mrs.  K.  lyuojis.  Chn..  ia 
ha\'ing  plans  prepared  for  a  3  storv  addi- 
tion to  the  Jennie  Edmundson  Hospital  in- 
cluding a  steam  heating  system.  .\bout 
$350,000.  J.  Chris  Jensen.  30.">  West  Bway., 
Archt. 

Iowa.  Mason  Cit.v — The  North  Iowa 
Lutheran  Hospital  Assn.  plans  to  build  a 
4  story  addition  to  the  hospital  including  a 
steam     heating     system,     at     3rd     St.     and 
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clo.irirln  Ave.  N  K  About  $300,000  ll-v. 
Kli-biird    Vordiile.    S«'cy. 

Inwii.    roeubniiUm — ('.   (lllcbrlHt,  Co.    Auil., 

will     ri Ive    bIdH    until     Nov      23     for    a     2 

Htiiry.  HO  X  125  ft.  court  boiiite  includliiK  a 
Kli-am  hiallng  MyMl.-m  About  $400,oou 
IToudfool,  Bird  «i  BiiwHon.  Hlo  llubbell 
Bldg.  !).•«  MolneB,  ArclitH.  ( Ineorre.tly 
noted    Nov     !>  ) 

Minn..  Mlnnonpollii — The  State  Bd.  of 
Control.  D.  K  Mullen.  S.ty .  Ciipltol.  St 
Paul,  received  bids  for  a  steam  heating  sys 
ti  in  In  the  profioNed  3  .ttory  musli-  biilMliik' 
ul  the  Stale  ITiilversllv  campus,  lure,  from 
ir  Kellv  Co..  ".•25  PIvmoulh  Hlilg  .  $12,000. 
Archambo  Htg.  &  Plbg  Co.  315  5lh  Ave. 
S..  $12,540,  and  M.  J.  ONoll.  608  Kxchange 
Bank  Bldg.  St.  I'aul.  $43.07fi  .Vot.d 
Juno   15.  • 

N.  I»..  KurKo — The  Young  Men's  Clin.stian 
Assn.  plans  to  build  a  Y.  .M.  C.  .\  buihllng 
including  a  str-am  healini;  Hystem  .\bout 
$275,000. 

W.vo..  PouKlaH — Prince,  Nixon  &  Co . 
Kngrs..  C)maha.  Neb.,  will  soon  receive 
bids  for  tho  installation  of  a  water  sys- 
t<'m.  hope,  including  a  pump  housi'.  engines 
to  bo  driven  by  fuel  oil.  etc.     About  $75.00o 

Ark..  Cotter— Tb.-  Dixie  Power  Co  .  Title 
Guaranty  Bldg..  St.  Ix>uis.  Mo.,  is  having 
plans  prepared  for  a  h.vdro-electric  dam  on 
tho  White  River,  here.  Col.  Henry  A.  Al- 
len. 23  Metropolitan  Block.  Chiaigo.  111.. 
Engr. 

Tex.,  Dulla* — Ben  Ablon.  Cailiz  anil 
Sant.i  Fe  Sts..  will  receive  bids  until  Jan.  1. 
for  an  ice  and  cold  storage  plant  consisting 
of  a  4  story.  100  x  150  ft.  building  and 
four  1  and  2  stoiT  buildings.  40  x  loit  ft. 
each       About    $500,000 

Toi.,  Terrell — The  City  Commission  will 
receive  new  bids  for  two  5-in.  two-stage 
centrifugal  pumps.  500  to  800  gal  per 
minute  against  a  200-ft.  hoa<l.  direct-con- 
nected to  two-  or  three-phase,  (io-c.vcle. 
2.200-volt  electric  motor,  adequate  to  oper- 
ate pumps  at  full  capacity;  installation  to 
be  made  complete  with  all  wiring,  etc.  .Mso 
as  counter  proposal,  two  5-in..  tlirei-stage 
centrifugal  pumps.  500  to  SOO  gal.  capacity, 
belted  to  two  or  three  75  hp.  oil  engines  of 
high  compression  type.  Former  bids  wen- 
rejected.      Noted    Oct.    Ifl. 

Tox..  Waco — The  Met'iodist  Orphanage. 
Herring  Ave.,  is  having  plans  prepared  for 
a  dairy  barn  and  a  steam  or  hot  wiitor 
heating  pl.ant  for  the  orphanage.  .\bout 
$45.n00.  Address  Ed.  .McCullough.  1108 
North   18th   St. 

Okla..  Big  Heart — The  Big  Heart  Light  & 
Power  Co..  recently  incornorated.  plans  to 
install  two  units  and  is  in  the  market  for 
meters,  transformers,  etc.  P.  J.  Minck, 
Secy. 

Colo..  Greelo.v — The  Colorado  Milling  & 
Elevator  Co..  1441  7th  .St..  Denver,  is  hav- 
ing plans  prepared  for  i  flour  mill.  here. 
About    $350,000.      Supt.    of  company.    .Archt 

Wash.,  Tacoma — The  Olvmpic  Ice  &  Ma- 
chine Co..  612  East  2.5th  St..  plans  to  build 
a  4  storv.  100  x  130  ft.  ice  plant.  .About 
$125,000. 

Cal..  .San  Diego — The  San  Diego  Consoli- 
dated C?as  &  Electric  Co.  has  applied  to 
the  State  Water  Commission  for  permission 
to  utilize  waters  of  the  west  fork  of  the 
San  Luis  Rey  River  for  the  development  of 
775  hp.  Plans  include  dam  and  conduit. 
About   $235,000 

Ont..  London — J.  C  Nichols.  R.R.  2.  Wil- 
ton Grove,  will  have  plans  prepared  for  a 
new  dairv.  creamerv  and  milk  plant  on 
East    London    St..    here.      About    $250,000. 

Que..  Westmount — The  City  Engr.  will 
receive  bids  until  Dec.  1  for  4.000  ft.  of 
cable  and  a  power  house  switchboard. 
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.Muim..  Ilrookllne  (lloHlon  P  ()  )  'Hj< 
tNimtiioliwi  allli  iif  MaMH.,  Mel  I  >|MI  Coinii  , 
1  AMbliurlon  I'l  .  ItoHlon.  ban  awiird<-d  lb' 
(v.iitraiTl  for  a  pumping  engine  at  the 
Chestnut  Hill  puinplng  Ktallon,  here,  to 
Iho  Wiirlhlngtiin  Puim|i  &  .Vtai-h  Corp..  20« 
HevoiiMliIre   St.    Boston,   at    $7G.!t00. 

.Mum..  Hyde  I'urb  ( Bo:iton  P.  O  )--Th( 
l^llHoii  i;ii'<-lrlc  llluinliiatlng  Co..  3'J  HoylH- 
ton  .SI  .  lloHloii.  has  awarded  the  eoritruct 
for  a  I  story.  25  x  50  ft  elec-trlc  HUbHtatlon 
on  Hyde  Park  Ave.,  here,  to  F.  F  Jonsbory 
Co..  15  AHbbiirlon  PI.  BoHton.  at  $12,000 
Conn.,  ItrldKrport  The  City  ICngr..  r/o 
l!d  of  Blilg.  Coninrs..  has  awarded  tho  eon- 
Irael  for  a  1  story,  25  x  30  ft.  pumpiiiK 
Htalloii  to  be  known  as  the  Black  l(oi-k 
pumping  slat  Ion  to  the  Bridgeport  Constr 
Co..  ;»83    Broad  St.  at   $32,000. 

Ciinn.,  irurtford- -  Tho  TravelerB'  InMur- 
anee  Co..  700  .Main  .St..  has  awarded  the 
contract  for  a  printing  plant  on  Albany 
Ave.  to  Marc  Eldeltz,  30  East  42nd  St., 
New    York   City,    at   $1,000,000. 

.N.  Y.,  New  York— The  Liberty  Nal'l 
P.ank,  120  Kway..  has  awarded  the  con- 
tract for  alteration  to  bank  including  a 
steam  heating  system  at  100  Bway.,  to  the 
ThompBon-Starrelt  Co.,  19  Wall  St..  at 
$400,000. 

N.  Y..  .stulen  iHland — The  Bd.  of  Welfare. 
Municipal  Bldg..  New  York  City,  has 
award<<l  the  contract  for  the  installation 
of  boilers  in  the  proposed  addition  to  pres- 
ent boiler  house  at  the  Sea  View  Hospital, 
here,  to  the  Almerall  &  Co..  1  Uominick 
St..    .Vew   York   City,   at   $7'J.789. 

Pa..  I'hiludelphia  —  The  Harbison's 
Dairies.  Front  and  Diamond  Sts..  has  award- 
ed the  contract  for  a  2  Jtory,  80  x  196  ft 
dairv  plant  ami  boiler  room  to  Barclay- 
White  &  Co..  1713  Sansom  St.,  at  $240,000 
Mich.,  UelroU — ^Tho  Bank  of  Detroit 
Fort  St..  has  awarded  the  contract  for  a  3 
story.  50  x  140  ft.  bank  including  a  steam 
Bleating  system  to  Hazelton  &  Clark,  Book 
Bldg..    at    $300,000. 

Wis..  Janesville — The  City  has  awardea 
the  contract  for  a  pumping  engine  to  the 
Murray  Iron  Wks..  880  Washington  St.. 
Burlington.  la.,  at  $46,538.  Noted  Sept.  14 
.Minn..  Fridle.v — The  Walsh  Tie  Co .  H 
S.  C.ilkey.  Secy  and  Treas..  954  McKnighl 
Bldg..  Minneapolis,  has  awarded  contract 
for  a  creosoting  plant  here,  including  a 
steam  heating  plant,  to  C.  F.  Haglin  & 
Sons,  226  Lumber  Exchange,  Minneapolis 
About   $300,000. 

Kas..  Wagstaff — E.  A.  Hadloy.  Chief 
Engr.  for  the  Mi.ssouri  Pacific  R.R.  Co., 
Railway  Exchange  Bldg..  St.  Louis.  Mo. 
has  awarded  the  contract  for  a  water 
works  s.vstem  including  pump  house,  dam, 
eta.  here,  to  E.  Nelson  &  Sons.  3240  South 
Michigan  Ave..  Chicago.  III.  About  $90,000 
Tex..  Dallas — The  City  has  awarded  the 
contract  for  furnishing  imd  installing  an 
electrically  ilriven  centrifugal  pump  with 
dailv  capacity  of  25.000.000  gal.,  to  Jones 
&   .Allinger.    at    $82,000. 

Tex.,  I>eniRon — The  Missouri.  Kansas  A 
Te.xas  Ry.  Employees'  Assn.  has  awarded 
the  contract  for  a  3  storv  hospital  to  the 
Munn  Constr.  Co..  at  $300  000. 

Colo.,  Denver — The  City  has  awarded 
the  contract  for  a  2  story,  125  x  350  ft 
junior  high  school  at  South  Washington 
and  South  Pearl  Sts.,  Beard  and  Cedar 
Avos.  to  Simpson  &  Sullivan.  Interstate 
Trust  Bldg..  at  $400,000,  A  steam  heating 
sy.stem    will   be   installed    in   same. 

Wa-sh..  Seattle  —  The  Seattle  School 
Board.  Central  Bldg..  has  awarded  the  con- 
tract for  a  3  story.  126  x  250  ft.  ware- 
house and  shop  to  the  Puget  Sound  Bridge 
&  Dredging  Co..  at  $247,380.  A  steam 
heating  plant  will  be  installed  in  same. 
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Diesel 


Engines 


in   a  Modern  Flour  iMill 


IN  HUL'  tlu>  StaiiJinl-Tiltoii  Millin;r  Co.  cmtcd  a 
1,200-bairol  flour  mill  in  Dallas,  Tex.,  the  mill  l>einR 
ono  of  (ho  nio.sl  modern  in  tho  Southwest.  To  .secure 
maximum  otlici(;n(y  in  the  iiovver  plant,  Die.sel  oil 
tnjrines  were  chosen.  Several  manufacturers  were 
experiment  ill);:  with  this  t.vpe  of  enjrine,  hut  only  one 
t'lrm.  the  Buseh-Sulzer  Co.,  was  in  a  position  to  furni.sh 
engines  backed  by  a  number  of  years  of  actual  field 
work.  Although  the  mill  reciuired  not  over  400  brake 
horsepower,  a   i-eserve  capacity  was  deemed  desirable; 


horsepower.  The  two  Rusch-Sulzer  Diesels  appear  in 
Fig.  1.  The  rope  drive  from  the  driving  pulley  to  the 
mill  is  shown  to  tlie  right  of  the  engines;  the  rope  is 
practically  horizontal  and  has  a  horizontal  tension 
carriage. 

To  give  light  and  power  to  the  grain  elevator,  a  50- 
kva.  generator  is  driven  off  the  flywheel  of  the  rear 
engine  in  Fig.  1.  The  air  compressor  for  the  unit  is 
belt-driven  from  the  rear  engine,  the  drive  appearing 
in  Fig.  2,  which  shows  the  switchboard  as  well.     The 


FIG.  1.     450-HP.  BUSCH-SULZER  TYPE  "A"  DIESELS 


consequently  a  450-hp.  type  A  Busch-Sulzer  Diesel  was 
in.stalled. 

This  unit  is  not  a  single  engine,  but  is  made  up  of 
two  separate  three-cylinder  machines  each  controlled  by 
its  individual  governor.  The  two  crankshafts  are  belted 
to  a  common  drive  pulley  placed  on  a  stub  shaft  between 
the  two  engines.  The  flywheel  effect  is  obtained  from, 
two  flywheels,  one  being  mounted  on  each  engine  shaft. 
The  crank  throws  are  so  set  that  the  cylinders  of  the 
two  engines  fire  by  pairs;  the  unit  is  then  a  double 
three-cylinder  engine.  It  has  been  found  that  the 
regulation  is  better  than  when  the  cylinders  are  set  to 
fire  in  rotation  as  a  six-cylinder  single  engine.  On  the 
other  hand  the  latter  arrangement  gives  a  greater  brake 


exhaust  lines  run  horizontally  through  the  building  wall 
with  vertical  e.xhaust  pipes  outside.  From  an  examina- 
tion of  Fig.  1  it  will  be  noticed  that  the  exhaust  pots  are 
provided  with  a  water  drip.  It  is  u.sual  to  find  the  pots 
eaten  out  by  the  sulphur  and  water,  but  in  this  plant 
no  trouble  of  this  kind  has  occurred. 

The  cooling  water  is  carried  in  a  rectangular  overhead 
tank  just  outside  the  building.  The  cooling  water  from 
the  engines  flows  into  a  sump,  is  picked  up  and  dis- 
charged over  the  cooling  racks  in  the  overhead  tank. 

The  water  flows  through  the  engines  by  gravity.  The 
circulating  pump  and  motor,  both  of  Allis-Chalmers 
make,  appear  in  Fig.  3,  which  also  shows  the  heating 
boiler  and  auxiliary  engine. 
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FIG.    2.      TYPE    "A"    AIR-COMPRESSOR    DRIVE 


FIG.    3.      CIRCULATING-WATER    PUMPS 


In  1919  the  milling  company  erected  a  duplicate  mill 
adjoining-  the  one  under  discussion.  This  mill  is  com- 
pletely equipped  with  roller  bearings,  thereby  reducing 
the  friction  loss  by  50  per  cent.  To  drive  this  mill  a 
585-hp.  Fulton-Tosi  Diesel  was  purchased.  This  unit  is 
shown  in  Fig.  4  and  is  set  behind  the  two  type  A 
engines. 

The  new  engine  has  four  working  cylinders ;  the 
cylinder  liners  are  pressed  into  A-frames.  A  192-kva. 
G.  E.  three  phase  60  cycle  generator  is  direct-connected 
to  the  extended  shaft  and  has  a  built-in  exciter.  The 
engine-shaft    extension    also   carries   a   friction    clutch 


and  rope-drive  pulley.  The  engine  is  always  started 
u-ith  the  clutch  disengaged.  To  prevent  damage  to  the 
rope,  a  Dodge  electric  telltale  operates  a  solenoid,  which 
iii  turn  allows  a  ^^'eight  to  unclutch  the  pulley. 

At  present  the  new  mill  is  not  in  operation  and  the 
Fulton  engine  is  used  to  drive  the  old  mill,  while  the 
type  A  engines  are  held  in  reserve. 

This  Diesel  station  is  a  revelation  to  a  steam  engineer 
accustomed  to  a  plant  where  the  available  space  is 
filled  with  machinery  such  as  pumps,  fans,  condensers, 
etc.  The  oil  engine,  with  the  exception  of  the  circulat- 
ing pump,  is  self-contained.     The  engine  room,   as   a 


FIG.    4.      585-HP.   FULTON-TOSI   DIESEL 
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result,  is  lijrht  and  airy,  with  every  inducement  to  the 
operators  to  keep  the  place  clean. 

The  Stanard-Tilton  plant  has  had  an  exceptionally 
line  history.  No  serious  accidents  or  breakdowns  have 
tccurred.  This,  in  a  ^rreat  measure,  is  due  to  the  hijrh 
•lass  of  engineers  that  have  operated  the  plant  since  it 


Scale:  SOOIbs.-  tin. 
M.E.P.  86.5lb3.per  Sq.ln. 
MaK.Pres.445lbS  per  Sq.ln 


FIG.  5       FUKTON-TOSl  INDICATOK   Dl.\r.R.\M 

first  started.  It  is  one  of  the  few  plants  where  indicator 
cards  are  taken  regularly.  Fijr.  5  is  a  diagram  from  the 
Fulton  engine  while  carrying  approximately  full  load. 

Chain-Grate  Stoker  Operation 

By  W.  M.  McNikll 

The  selection  and  preparation  of  the  coal  is  of  first 
importance  in  the  successful  and  economical  operation 
of  a  chain-grate  stoker.  With  the  fuel  situation  as 
it  is  at  present,  the  engineer  has  very  little  choice 
in  the  kind  of  coal  he  burns,  as  he  is  glad  to  get  any- 
thing that  even  resembles  coal,  but  he  can  at  least  see 
that  the  fuel  is  properly  prepared  before  it  is  passed 
to  the  stoker.  When  it  can  be  obtained,  a  non-caking 
bituminous  coal  should  be  used.  It  should  contain  as 
small  a  percentage  of  ash  as  possible  and  the  fusing 
temperature  of  the  ash  should  be  high  in  order  to  elimi- 
nate the  clinker  nuisance  as  far  as  possible.  Of  course 
the  greater  the  number  of  heat  units  the  coal  contains 
the  more  desirable  it  is,  provided  that  the  heat  units 
are  available  for  producing  steam.  If  the  coal  contains 
a  large  percentage  of  ash  and  the  ash  fuses  at  a  low 
temperature,  forming  clinkers,  thus  preventing  a  suffi- 
cient amount  of  air  passing  through  the  fuel  bed  and 
retarding  combustion,  even  though  the  coal  contains  a 
great  number  of  heat  units,  only  a  small  percentage 
may  be  available  for  the  production  of  steam,  and  it 
would  not  be  as  desirable  as  a  fuel  that  contained  less 
heat  units,  but  more  of  which  were  available  for  useful 
work. 

As  stated  at  the  outset,  a  non-caking  bituminous  coal 
will  give  better  results  on  a  chain  grate  than  a  coking 
coal.  The  latter  will,  of  course,  run  together,  forming 
one  solid  mass  of  coked  coal  through  which  it  is  next 
to  impossible  to  get  sufficient  air  to  secure  complete 
combustion.  There  are  a  great  many  other  reasons 
why  a  non-caking  coal  is  more  desirable  than  a  coking 
coal,  vi^hich  will  not  be  discussed  in  this  article. 

Next  in  importance  to  the  selection  is  the  prepara- 
tion of  the  fuel.  In  plants  not  prepared  to  crush  the 
coal  it  is  best  to  secure  a  good  grade  of  screenings 
of  as  near  uniform  sizes  as  possible.  It  will  be  found 
that  these  give  fairly  satisfactory  results  on  this  type 
of  stoker.  In  supplying  screenings  from  an  overhead 
bunker  through  a  spout  to  the  hopper  of  the  stoker, 
the  lumps  and  the  fine  coal  have  a  tendency  to  separate, 
the  larger  sizes  coming  out  on  each  side  of  the  hopper 
and  the  fines  accumulating  in  the  center  of  the  hopper. 
This  of  course  distributes  the  larger  sizes  on  each  side 


of  the  chain,  while  the  fine  coal  will  l)e  in  the  center. 
The  large  sizes  along  each  side  will  burn  off  first,  leav- 
ing the  grate  bare  and  allowing  e.xcess  air  to  enter  the 
furnace  at  the.se  points,  with  insufficient  air  entering 
through  the  center  of  the  grate,  where  the  coal  is  not 
burned   and   where   it   is   most    needed. 

This  can  he  overcome  by  providing  means  for  thor- 
oughly mixing  the  coal  as  it  is  delivered  to  the  stoker. 
Large  lumps  of  coal  or  other  objects  should  never  be 
allowed  to  reach  the  stoker  hopper,  as  they  are  sure  to 
break  out  the  brick  in  the  grate  and  give  trouble  in 
numerous  ways.  I  was  once  forced  to  use  some  run-of- 
mine  coal  on  a  chain  grate  very  much  to  my  sorrow. 
The  coal  was  broken  up  as  much  as  was  possible  with 
hammers,  but  the  large  chunks  soon  ruined  a  perfectly 
good  grate  and  forced  the  plant  out  of  .service. 

In  the  larger-sized  plants  crushers  are  usually  in- 
stalled for  reducing  the  coal  to  the  proper  dimensions, 
and  such  plants  may  purchase  a  run-of-mine  or  even 
the  domestic  sizes,  if  they  are  not  too  expensive,  and 
prepare  them  for  use  on  the  chain  grate.  These  plants 
have  an  advantage  over  the  smaller  ones  which  are  not 
fortunate  enough  to  be  equipped  with  coal-crushers,  as 
they  may  purchase  the  coal  that  is  best  adapted  to  their 
needs. 

It  is  also  essential  to  keep  the  ignition  arches  and 
other  brickwork  in  connection  with  the  stoker  in  good 
condition.  Given  the  very  best  of  coal,  well  adapted  to 
the  stoker  and  the  conditions  under  which  the  coal  is 
to  be  used,  and  assuming  that  it  has  been  properly 
prepared,  results  cannot  be  expected  unless  the  stoker 
and  all  its  accessories  are  kept  in  the  very  be.st  of 
condition.  The  arch  should  be  watched  clo.sely  to  see 
that  it  is  kept  in  good  order,  especially  if  it  happens 
to  be  a  flat  suspended  arch,  for  as  soon  as  one  or 
two  bricks  have  spalled  off  to  a  great  extent,  the  fire 
will  begin  to  reach  the  supporting  ironwork  and  will 
cause  it  to  fail  in  a  very  short  time.  Even  if  the  arch 
does  not  fail  entirely,  it  functions  very  poorly  in  its 
duties  toward  promoting  combustion. 

The  stoker  should  be  watched  closely  also,  as  a  broken 
link  means  a  hole  in  the  fuel  bed  for  excess  air  to 
enter,  as  well  as  an  increased  amount  of  unburned  coal 
under  the  grate  to  be  raked  out  and  returned  to  the 
hopper.  Frequently  the  coal  under  the  grate  is  allowed 
to  take  fire  and  burn  for  a  considerable  time.  This 
overheats  the  chain  as  well  as  other  parts  of  the  stoker 
and  will  surely  cause  serious  trouble.  It  should  never 
be  permitted. 

The  efficiency  of  a  chain-grate  stoker  will,  of  course, 
depend  to  a  great  extent  on  the  design  of  the  stoker 
and  the  manner  in  which  it  is  installed.  If  an  engineer 
has  to  accept  the  stoker  his  employer  feels  like  furnish- 
ing him,  he  has  nothing  to  say  about  the  design,  but 
he  can  have  something  to  say  about  the  way  in  which 
it  is  installed.  He  should  see  that  observation  holes 
are  properly  placed  in  the  setting,  so  that  the  condi- 
tion of  the  fires  and  the  furnace  may  be  readily  observed. 
He  should  have  clean-out  doors  so  located  that  clinkers 
and  other  objects  may  be  easily  removed  from  the  fur- 
nace. In  case  of  extremely  wide  furnaces,  a  clean-out 
door  as  well  as  observation  holes  should  be  placed  on 
each  side  of  the  setting. 

The  stoker  should  be  set  so  that  it  may  be  rolled 
out  of  the  setting  for  examination  and  repairs.  In 
a  certain  plant,  a  chain-grate  stoker  was  installed  under 
a  Stirling  boiler.    The  stoker  was  fifteen  feet  in  length, 
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but  the  distance  from  the  front  end  was  only  six  feet 
from  the  boiler-room  wall,  making  it  impossible  to  draw 
the  stoker  from  under  the  boiler.  Whenever  repairs 
were  to  be  made  it  was  necessary  to  go  inside  the 
furnace  to  do  the  work,  which  of  course  made  it  incon- 
venient. This  same  setting  has  a  clean-out  door  on  each 
side,  but  the  boiler-room  wall  is  only  three  feet  from 
one  of  the  doors  on  one  side  and  a  set  of  boiler  feed 
pumps  are  directly  in  front  of  the  other  door.  The 
doors  in  any  setting  should  be  so  arranged  that  the 
fireman  may  hook  the  clinkers  out  of  his  fires,  for  he 
will  surely  have  to  keep  them  out  if  he  would  get  eco- 
nomical results. 

If  the  fuel  bed  is  carried  too  thick  and  the  chain  is 
driven  too  fast,  the  fuel  will  have  a  tendency  to  pile 
up  at  the  water  back  or  bridge  wall.  When  this  hap- 
pens, either  the  fuel  bed  must  be  thinned  down  or 
the  speed  of  the  chain  slowed  up.  At  times  it  is  well 
to  compromise  by  thinning  the  fuel  bed  a  small  amount 
and  at  the  same  time  slowing  dovsni  the  speed  of  the 
chain. 

Under  ordinary  conditions  the  proper  speed  for  a 
chain  is  about  eight  inches  per  minute.  With  very 
light  loads  it  may  be  less  and  with  heavy  loads  a  little 
more.  However,  it  is  better  to  thicken  or  thin  the  fuel 
bed  to  suit  the  conditions  than  to  change  the  speed  very 
much. 

The  PhUo  Multigage 

The  Philo  Multigage  is  the  result  of  a  demand  for 
an  instrument  that  will  tell  at  a  glance  a  complete 
story  of  the  existing  draft  and  pressure  conditions. 
It  is  a  combination  di-aft  and  pressure  indicator,  and 
it  gives  either  reading  or  both  simultaneously. 

The  gage  is  a  nickel-plated  brass  casting  and  weighs 
approximately  10  lb.  The  six  tubes  into  which  the 
liquid  flows  connect  with  a  common  storage  tank,  which 
is  filled  to  the  zero  mark  on  the  scale  with  special 
gage  oil  having  a  specific  gravity  of  0.89.  The  tubes 
are  in  such  proximity  that  a  careful  comparison  of  each 
reading  with  any  other  may  be  obtained.  With  condi- 
tions running  along  normally,  the  height  of  the  liquid 
in  the  various  tubes  forms  a  certain  curve.  Any  varia- 
tion in  the  characteristic  of  this  curve,  caused  by  too 
heavy  fire  on  some  point  of  the  grate  or  by  blowholes, 
will  tell  the  fireman  what  he  should  do  and  where  he 
should  do  it,  to  adjust  conditions. 

There  is  nothing  mechanical  to  get  out  of  order. 
Gravity  is  the  sole  adjuster  in  this  instrument.  To 
insure  a  tight  oil  seal  at  the  bottom  of  each  tube, 
a  stuffing  gland  and  oilproof  packing  are  used. 

This  gage,  which  is  manufactured  by  the  Schumacher- 
Santry  Co.,  141  Milk  St.,  Boston,  Mass.,  is  designed 
not  only  to  indicate  graphically  the  pressure  conditions 
at  various  points  in  the  blast  system,  but  also  to  in- 
struct and  guide  the  engineer  as  to  the  proper  relative 
pressures  at  the  different  indicated  points  in  the  sys- 
tem. 

The  gate  is  made  in  two  sizes.  Type  C,  indicating 
the  draft  up  to  1.3  in.  and  pressure  up  to  4  in.,  is 
supplied  with  a  special  proportional  chart  for  use  in 
connection  with  the  Coxe  type  of  traveling-grate  stoker. 
This  chart  consists  of  a  series  of  zigzag  lines  each 
showing  the  comparative  air  pressures  desii-able  under 
a  given  set  of  operating  conditions  in  the  first,  second 
and  third  air  compartments,  when  burning  anthracite 
buckwheat.    For  example,  the  outside  tube  of  the  gage 


is  connected  to  the  first  compartment.  If  this  shows, 
•say,  3  in.  pressure,  the  liquid  will  .stand  at  the  hori- 
zontal part  of  one  of  the  zigzag  lines  3  in.  below  0. 
By  following  this  same  zigzag  line  upward  and  over 
to  the  second  tube,  it  will  be  seen  that  the  next  hori- 
zontal part  of  this  line  is  about  2.1  in.  below  0,  at 
or  near  which  point  the  liquid  should  stand.  Farther 
upward  and  over  on  this  same  line  to  the  other  tubes, 
a  pressure  of  1.4  in.  will  be  indicated. 

When  other  fuel  is  used  on  this  stoker  or  when  the 
gage  itself  is  applied  to  other  kinds  of  stokers,   the 


PHILO    SIX-TUBE    MULTIGAGE 

adjustable  sliding  clips  shown  in  the  cut  may  be  used 
in  place  of  the  chart. 

The  Type  E  gage  indicates  a  draft  up  to  1.3  in.  and 
a  pressure  up  to  6  in.,  and  is  for  use  in  connection 
with  other  kinds  of  mechanical  stokers. 

A  Correctioij 

In  the  editorial,  "Power  Development  of  the  Future," 
on  page  753  Lazarovich-Hrebelianovich  is  referred  to  as 
being  a  "well-known  Czecho-Slovakian  engineer  and 
economist."  Instead,  he  is  of  Serbian  nationality,  and  i.'^ 
well  known  as  such  in  engineering,  banking  and  diplc- 
matic  circles  in  this  country. 
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Appliralion   of  Induction  Motors — III 

Location    of    Motors (loiiiirctioiis    lt«'t>v«'«'ii  tlir  Motor  and  Driven  MachincH  - 

.\atnr<>  of  l^tad  and  l*oH«*r  Demand — Und^-rwritcrs'  l{('(|uir<>ni('nth  for  Motor 
and  (]ontrolh'rs — Protection  of  iMotors — Other  IVpcs  of  MotorH. 

By  FRASER  JEFFREY 
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IN  TH^]  first  article  of  this  series,  published  in  the 
issue  of  Oct.  26,  si.xteen  points  to  be  considered  in 
application  of  induction  motors  were  outlined  and 
five  of  them  discussed.  In  the  second  installment. 
Nov.  9,  five  more  of  these  features  were  treated  and 
in  this,  the  last  article  of  the  .series,  the  remaining  six 
are  considered. 

11.    Location  ok  Motor,  Etc. 

A  great  deal  of  trouble  with  motors  has  been  experi- 
enced due  to  improper  foundations.  Epecially  is  this 
true  of  motors  suspended  from  ceilings  of  poorly  con- 
structed build- 
ings,  when  the 
ceilings  tend  to 
sag  and  the  pull- 
ing up  of  the 
foundation  bolts 
throws  the  motor 
out  of  alignment. 
The  same  is  more 
or  less  true  also 
for  floor  or  wall 
mounting,  and 
proper  motor  op- 
eration cannot  be 
expected  unless 
rigid  foundations 
are  used.  Motors 
are  frequently  re- 
quired to  operate 
indoors  or  out- 
doors and  under 
conditions  where 
they  are  subject 
to  steam  vapors, 
acid  fumes,  ex- 
treme dust,  extreme  heat,  explosive  gases,  etc.  In  order 
to  meet  these  different  requirements,  the  American  In- 
stitute of  Electrical  Engineers  has  realized  that  often- 
times standard  apparatus  is  unsuited  to  meet  special 
conditions  and  has  therefore  recognized  the  following 
types  of  machines :  (1)  Open;  (2)  protected;  i3;  semi- 
inclosed;  (4)  inclosed;  (5)  separately  ventilated;  (6) 
water-cooled;  (7)  self -ventilated ;  (8)  drip-proof;  (9) 
moisture-resisting;  (10)  submersible;  til)  explosion- 
proof;   (12)  explosion-proof  slip-ring  inclosure. 

Standard  commercial  machines  may  be  classified  un- 
der 1,  7  and  9,  and  are  defined  as  follows : 

1.  An  "open"  machine  is  of  either  the  pedestal- 
bearing  or  end-bracket  type  where  there  is  no  restric- 
tion to  ventilation  other  than  that  required  by  good 
mechanical  construction. 

7.  A  "self-ventilated"  machine  differs  from  a  sepa- 
rately ventilated  machine  only  in  having  its  ventilating 
air  circulated  by  a  fan,  blower  or  centrifugal  device 
integral  with  the  machine. 


FIG.   1.      SQUIRREL-CAGE   MOTOR   COX- 
XECTED  DIRECTLY   TO  LIXE 


9.  A  "moisture-resisting"  machine  is  one  in  which  all 
parts  are  treated  with  moisture-resisting  material. 
Such  a  machine  shall  be  capable  of  operating  contin- 
uou.sly  or  intermittently  in  a  very  humid  atmosphere 
such  as  in  mines,  evaporating  rooms,  etc. 

As  altitude  directly  affects  temperature,  it  is  recom- 
mended by  the  American  In.stitute  of  Electrical  Engi- 
neers that  for  machines  intended  for  operation  in 
altitudes  higher  than  .3,300  ft.  above  sea  level,  the  per- 
missible rise  in  temperature  at  sea  level  shall  be  re- 
duced by  1  per  cent  for  each  330  ft.  by  which  the  alti- 
tude exceeds  3,300  ft. 

It  is  therefore  seen  that  due  consideration  must  be 
given  the  location  and  conditions  under  which  motors 
have  to  operate,  otherwise  correct  applications  cannot 
intelligently  be  made. 


12. 


Will  the  Motor  be  Direct-connected 
OR  Belted,  Etc.? 


As  has  already  been  indicated  ( in  the  second  article, 
Nov.  9  issue)  it  is  desirable  for  motors  direct-connected 
to  their  loads  to  have  .some  form  of  flexible  coupling 
between  the  two  members.  There  are,  of  course,  ex- 
ceptions such  as  may  be  found  in  small  units  or  vertical 
outfits,  but  in  gen- 
eral it  is  advisable 
that  the  drive  be  so 
arranged  that  any 
chance  for  vibration, 
thrusts,  misalign- 
ments, etc.,  of  the 
driven  load  be  con- 
tained therein  and 
not  be  transmitted 
to  the  motor.  In- 
correct belting  ar- 
rangements are  of- 
ten the  cause  of  con- 
siderable bearing 
trouble  and  are  sel- 
dom given  the  neces- 
sary thought  to  in- 
sure good  operation. 
Belt  speeds  to  insure 
the  best  results 
should  not  exceed  from  3,700  to  4.500  ft.  per  min.  and 
in  the  most  extreme  cases  the  limit  should  not  exceed 
5,500  to  5,700  ft.  per  minute. 

It  is  desirable  that  the  angle  of  the  belt  with  the 
floor  should  not  exceed  45  deg.  and  the  direction  of  the 
belt  motion  should  always  be  such  that  the  loose  side 
or  sag  is  on  top.  This  increases  the  arc  of  contact, 
which  in  correct  practice  probably  averages  in  the 
neighborhood  of  180  degrees. 

Vertical  belt  drives  should  be  avoided  wherever  pos- 
sible inasmuch  as  the  belt  must  be  kept  very  tight  to 
do  the  work.     In  addition  to  this,  it  should  be  noted 
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that  in  cases  where  the  belt  drive  is  downward,  such  as 
in  ceiling-suspended  motors  driving  to  the  floor,  the 
whole  weight  of  the  belt  is  a  factor  contributing  to 
increasing  the  pressure  on  the  motor  bearings. 

For  standard  horizontal  drives  the  belt  centers  should 
be  such  as  to  allow  a  slight  sag  to  the  belt  when  in 
motion,  and  for  the  usual  small  drive  for  belts  not 
wider  than  4  in.  10  to   15  ft.  is  the  lowest  limit  rec- 


F    HFuse 


c 


k   AC. 
Source 


Low-Voltfsqe 
Release 


Current  ^'^^^'''^^^i'll. 


:Troinsformer 


Breoiker 


OjTOR 


FIG.    3. 


Hop-Autq  Oil 
Circuif-r 


y^ 


1 0'l  ciT— rr' 

^'Breaker       ^  f*      I 

Transf   "^  I      I 


-re 

STARTING  AUTO- 
TRANSFORMER 


CONTROL    rONNECTIOXS    FOR   LARCJE   SQUIRREL- 
CAGE   jrOTORS 


ommended.  For  larger  drives  30  to  45  ft.  or  even  more 
is  the  limit  used,  depending  on  the  power  transmitted, 
the  pulley  sizes,  etc. 

As  the  pressure  on  the  bearing  on  the  pulley  end  of 
the  motor  is  directly  dependent  on  the  belt  pull,  which 
in  turn  is  dependent  on  the  belt  speed  set  by  the  pulley 
diameter,  any  change  to  pulley  diameters  smaller  than 
given  as  standard  or  a  minimum,  by  the  motor  manu- 
facturer, reduces  the  factor  of  safety  on  the  bearing 
beyond  that  deemed  safe  for  good  operation. 

13.    If  Power  Is  To  Be  Bought,  Will  the  Power 
Demand  Meet  the  Local  Power  Com- 
pany's Requirements? 

In  cases  where  power  is  to  be  bought,  the  nature  of 
the  load  and  the  power  demand  is  not  often  fully  under- 
stood. For  instance,  many  power  companies,  in  addi- 
tion to  a  flat  rate,  have  a  maximum-peak  rate  and  also 
penalize  for  power  factors  lower  than  80  or  85  per  cent. 
Frequently,  the  nature  of  the  load  is  such  that  a  fly- 
wheel can  be  used  to  reduce  the  peaks  and  in  this 
manner  insure  lower  power  bills.  Again,  high-speed 
motors,  having  better  power-factor  characteristics  than 
slow-speed  motors,  may  be  advantageously  used  by  a 
change-  in  the  method  of  drive.  This  might  involve 
higher  first  costs  which  will  be  more  than  offset  by 
savings  ultimately  made  in  the  cost  of  power.  Further- 
more, some  power  companies  might  be  able  to  carry 
a  certain  true  power  load  at  80  per  cent  to  85  per  cent 
power  factor,  but  be  unable  to  carry  it  at  65  per  cent  to 
70  per  cent  power  factor  owing  to  the  limitations  of 
their  generating  equipment.  While  this  latter  applies 
more  to  units  of  fairly  large  capacity,  still  a  large 
number  of  smaller  units  will  produce  the  same  effects. 
It  simply  goes  to  show  that  due  consideration  must  be 
given  the  power  apparatus  back  of  the  motors. 


14.    Will  the  Motors  and  Control  Meet  the  Local 
Underwriters'  Requirements? 

All  electrical  apparatus  must  be  installed  in  accord- 
ance with  the  rules  and  requirements  of  the  local  under- 
writers as  well  as  the  National  Board  of  Fire  Under- 
writers or  any  other  board  holding  jurisdiction  in  the 
particular  district  in  which  the  apparatus  is  to  be 
installed.  Unfortunately,  districts  and  states  are  gov- 
erned by  rules  differing  from  other  districts  and  states. 
A  large  difference  in  requirements  is  apparent,  from  a 
perusal  of  the  different  rules,  for  motor-driven  fire- 
pump  apparatus,  both  motors  and  control,  and,  while 
differing  widely  for  different  districts,  is  usually  cov- 
ered by  special  regulations  made  by  the  particular  city 
or  town  in  which  the  installation  is  to  be  made,  in  addi- 
tion to  the  requirements  of  the  National  Fire  Protec- 
tion Association.  Apparatus  for  use  in  flour  mills  and 
grain  elevators  is  generally  governed  by  the  Millers 
mutual  fire  insurance  companies,  so  that  standard  or 
commercial  machines  frequently  cannot  be  used  for 
special  and  particular  applications.  A  study  of  all  the 
underwriters'  requirements  for  the  districts  in  which 


!■  IC.    4.      STARTING   PANEL   WITH   FACEPLATE   STARTER 
FOR  SLIP-RING  MOTORS 

the  apparatus  will  ultimately  be  installed  may  reveal 
the  fact  that  special  motor  construction,  pump  con- 
struction, and  even  control  construction  is  sometimes 
involved. 

15.    Will  the  Motors  Be  Supplied  with  Adequate 

Protection  Such  as  Overload,  Low-voltage  and 

the  Necessary  Interlocking  Devices? 

All  motors  should  be  protected  against  overload.  For 
small  squirrel-cage  motors,  5  hp.  and  under,  a  fuse, 
as  in  Figs.  1  and  2,  is  often  deemed  sufficient,  while 
for  the  larger  motors  a  relay.  Fig.  3,  used  in  combi- 
nation with  a  no-voltage  release,  is  to  be  advocated. 
The  method  shown   in   Figs.   1  and  2  for  starting  the 
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sniitll  motois  provides  protect  ion  for  the  running  toii- 
ditiori  only  Jiiui  mnke.s  no  provi.sion  for  protection  dur- 
intr  the  stiirtiiiK'  fh''''"<'-  H'l'H  overload  protection  diirinK 
start ing  and  running  and  no-voltaKe  reloa.se  may  also 
1)0  had  by  the  u.se  of  .starters  made  e.specially  for  the.se 
small  types  of  machines,  hut  their  lirst  cost  is  naturally 
K'reater  than  the  simple  knife  switch  and  fuses. 

For  slip-rinn  motors  the  forejjroinj?  jjrotection  is  also 
needed,  but  some  form  of  interlock,  either  electrical  or 
mechanical,  and  between  the  primary  switch  and  the 
secondary  starter  and  control,  i.s  recommended,  espe- 
cially for  motors  in  capacities  of  50  hp.  and  above. 
This  prevents  throwinp  the  stater  windings  across  the 
line  with  all  .secondary  resi.stance  out  of  the  circuit. 

With  multiple-switch  starters  the  no-voltage  release 
takes  the  place  of  the  interlock,  but  with  the  drum-type 
starter  auxiliary  contacts  on  the  drum,  acting  in  con- 
junction with  the  relay,  prevent  the  redosing  of  the 
primary  switch  until  the  .starter  is  brought  to  the  off 
position.  A  mechanical  lock  functioning  in  the  same 
manner  and  used  in  connection  with  primary  oilswitches 
and  face-plate  starters  is  shown  by  Fig.  4.  The  use 
of  this  type  of  lock  is  limited,  however,  to  the  back  of 
board  type  of  oil  switch  and  hence  a  panel  for  mounting 
is  required. 

16.    Would  Some  Type  of  Machine  Other  than  an 

Induction   Motor  Be  Preferable  to  Meet 

the  Existing  Conditions? 

Applications  requiring  extremely  slow-speed  induc- 
tion motors  involve  the  question  of  extremely  low  power 
factor.  As  a  conservation  measure,  an  efficiency  meas- 
ure, or  from  an  engineering  .standpoint  alone,  the  use 
of  induction  motors  in  these  cases  is  not  especially  good. 
For  such  drives  the  synchronous  motor  has  of  late 
been  supplanting  the  induction  motor  at  practically  no 
greater  first  cost.  As  the  starting  and  pull-in  torques 
of  this  type  of  machine  are  not  comparable  to  those  of 
the  slip-ring  induction  motor,  and  where  the  starting- 
torque  requirements  are  large,  a  form  of  magnetic 
clutch  between  the  motor  and  its  load  has  been  suc- 
cessfully used.  This  allows  the  motor  to  be  brought 
up  to  speed  without  load,  after  which  the  magnetic 
clutch,  having  a  certain  element  of  slippage,  is  brought 
into  play.  Such  installations  have  been  used  in  rubber 
mills,  flour  mills,  cement  mills,  etc.  (see  Fig.  5). 

A  study  of  details  sometimes  reveals  conditions  that 
at  first  thought  do  not  seem  logical  or  even  correct. 
Take,  for  instance, 
a  centrifugal  pump 
that  has  to  operate 
against  a  vaiying 
head  and  deliver  a 
constant  quantity  of 
water.  It  does  not 
seem  logical  and 
correct  to  say  that 
more  efficient  opera- 
tion can  be  had  un- 
der such  conditions 
by  the  use  of  a  slip- 
ring  type  induction 
motor  running  at  re- 
d  u  c  e  d  speed  by 
means  of  energy 
dissipated  in  an  ex- 
t  e  r  n  a  1  resistance  pjQ  5  synchronous  MOTOR 
unit  than    could   be  mill  through  a 


ol)tained  by  the  u.se  of  a  squirrel-cage  typi'  induction 
motor  driving  the  pump  at  constant  speed,  the  variations 
in  heiid  being  taken  care  of  by  throttling  the  di.scharge 
line.  But  such  is  the  case  provided  a  reasonaljle  amount 
of  running  has  to  be  done  at  the  lower  speed  and  the 
volume  of  water  delivered  has  to  remain  con.stant. 

Assume  the  condition  whore  the  .slip-ring  motor  ha." 
to  run  at  a  reduced  speed  all  the  time.  Suppo.se  that 
the  pump  re(|uires  a  2r)0-hp.  motor  which  operates  at 
a  speed  of  1,760  r.p.m.  when  the  full  amount  of  water 
is  being  delivered.  If  the  full-load  efficiency  of  the 
motor  equals  92  per  cent  and  the  full-load  power  factoi 
eiiuals  92  per  cent,  then  if  the  pump  is  run  at  l,4i»') 
r.p.m.,  the  power  required  will  be 

.  ,     ,    /       ,  (1,490)' X  250 

h.p.  output  of  motor  =  — TTffiO)* —  ~  ^^^• 

and  the  efficiency  will,  for  practical  purposes,  fall  ofT 

directly  as  the  speed  and  be 

1  490 

zTn^  X  92  =  78  per  cent  at  1490  r.p.m. 

1,  (DU 

{Assmniny  a  fiat  efficiency  cun'e) 
At  this  load  of  152  hp.  the  power  factor  will  drop 
from  92  per  cent  to  90  per  cent.  (This  would  be  con- 
siderably lower  if  a  slow-speed  motor  were  being  con- 
sidered.) The  input  and  the  basis  on  which  the  cost  of 
power  will  be  based  is  therefore 

152 
Hp.  input  of  motor  =  ttijo  =  195  hornepower. 

Consider  now  the  case  of  the  constant-speed  squirrel- 
cage-type  induction  motor  operating  at  the  same  full- 
load  speed  of  1,760  r.p.m.  as  the  slip-ring  motor.  If 
the  full-load  efficiency  is  92  per  cent  and  the  full-load 
power  factor  is  93  per  cent,  then  when  the  pump  is 
delivering  the  same  amount  of  water  (by  throttling)  as 
when  driven  by  the  slip-ring  motor  at  1,490  r.p.m.,  the 
load  on  the  motor  remains  constant  and  the  efficiency 
and  power  factor  do  not  alter.  On  this  basis  the  power 
input  to  the  motor  will  be 

250 


hp.  input  of  motor 


0.92 


=  272. 


which,  when  compared  to  the  195-hp.  input,  shows  that 
a  much  larger  expenditure  for  power  is  required  in  the 
latter  case  if  power  is  bought  on  the  basis  of  so  much 
per  kilowatt-hour.  It  has  the  advantage,  however,  of 
a  better  operating  power  factor. 

The  importance  of  correct  application  is  being  realized 
more  and  more  every  day.     It  is  becoming  more  or  less 

of  a  science,  and 
men  are  beginning 
to  make  a  study  of  it 
and  to  devote  more 
time  to  it.  The  old 
hit-or-miss  method 
is  being  done  away 
with  because  of  the 
fact  that  it  is  recog- 
nized as  being  not 
only  wasteful,  but 
also  inefficient. 
Looking  at  the  prop- 
osition broadly,  it 
can  be  asserted  that 
correct  application 
is  a  means  ultimate- 
ly conserving  the 
DRIVING  A  cement  -  GRINDING  natural  resources  of 
magnetic  clutch  the  country. 
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Piling  Storage  Coal  to  Prevent  Fire 

By  W.  D.  LANGTRY 

President  Commercial  Testing  and   Engineering  Co..   Chicago,  111. 


In  the  storage  of  coal  more  care  must  be  given 
to  selection  as  to  origin  and  size,  the  choosing  of 
a  suitable  place,  avoidance  of  breakage  in  unload- 
ing, segregation  of  different  sizes,  outside  sources 
of  heat  and  the  mixing  of  combustible  matter 
with  the  coal.  Do  not  pyramid  the  coal,  but  pile 
in  layers  and  as  shallow  as  the  available  space 
will  'nermit. 

THE  storing  of  coal  i.s  a  national  necessity. 
Storing  during  the  summer  months  will  act  more 
or  less  as  a  governor,  tending  to  even  up  the  load 
factor  on  the  mines.  If  the  railroads  of  the  countiy  can 
be  relieved  of  at  least  a  p^irt  of  the  coal  hauling  during 
the  winter  months,  it  will 


help  them  also.  The  con- 
sumer will  have  been  ma- 
terially benefited  as  well 
as  the  railroads  and  a 
more  even  running  time 
given  the  mines.  It  is 
entirely  possible  and  likely 
that  when  "a  normal"  is 
reached  in  the  coal  indus- 
try, there  will  be  a  sum- 


coal  comes  from,  no  oily  waste,  rags,  paper,  shavings, 
nor  in  fact  anything  foreign  of  a  combustible  nature, 
should  be  left  under  or  in  the  coal. 

Some  coals  are  more  susceptible  to  spontaneous  com- 
bustion than  others.  If  the  purchaser  has  his  choice, 
naturally  the  kind  best  suited  for  storing  should  be  pur- 
chased. There  are  few  bituminous  coals  that  have  not 
at  some  time  given  trouble,  and  again  some  that  have 
the  worst  reputations  for  firing  have  been  stored  suc- 
cessfully. 

It  is  known  that  coal  will  absorb  heat  very  easily.  It 
is  for  this  rea.son  that  storing  of  coal  in  summer  is 
more  hazardous  than  during  the  winter,  so  that  far  more 
care  and  attention  should  be  exercised.  In  fact,  sum- 
mer storage  should  be  surrounded  with  all  known  pre- 
cautions. Steel  railroad 
cars  that  were  saturated 
with  heat  have  been 
known  to  transmit  the 
heat  to  the  coal.  This 
may  be  a  source  of  trouble 
unless  the  coal  is  given  a 
chance  to  cool  off.  Like- 
wise, hot  steam  pipes,  the 
top  of  sewer  manholes  or 
hot   furnace   walls,    when 
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METHODS  OF  PILING  COAL.   A,  INCORRECT 
METHOD;  B  AND  C,  CORRECT  METHODS 


FIG.  2. 


PILE  FORMED  BY  CONTINUOUS  DUMPING 
FROM  TOP  EDGE 


PILE  FORMED  BY  LAYER  METHOD  GAVE 
NO  TROUBLE 


mer  and  winter  price  similar  to  the  hard-coal  arrange- 
ment, where  there  is  a  drop  in  price  April  1  and  then  a 
raise  of  ten  cents  per  ton  each  month  to  Sept.  1.  If  thirty 
to  fifty  cents  a  ton  can  be  saved,  it  is  an  item  well  worth 
considering.  The  railroads  have  realized  this  and  have 
stored  thousands  and  thousands  of  tons  annually  when 
coal  could  be  bought  cheapest  and  transported  the 
easiest.  They  have  been  great  offenders  in  the  past 
when  it  came  to  successfully  storing  coal,  but  they  have 
realized  the  importance  of  storing  and,  by  studying  the 
causes  of  fires,  are  far  more  successful  than  heretofore. 
When  the  average  plant  buys  coal  for  storage,  the 
management  tells  the  engineer  it  is  on  the  way  and  to 
see  that  it  is  unloaded.  Coal  will  never  be  stored 
successfully  in  this  way.  Some  one  person  should  be 
made  responsible.  There  are  some  general  principles  that 
hold  true  for  every  storage  pile.    No  matter  where  the 


in  close  proximity  to  the  coal,  may  be  the  means  of 
adding  heat  and  accelerating  the  process  of  combu.stion. 

The  surface  of  coal  is  oxidized  by  the  air.  This  being 
the  case,  it  would  seem  judicious  to  go  on  the  principle 
of  "locking  out"  the  air,  as  it  were,  from  a  pile.  This 
is  accomplished  when  coal  is  stored  under  water — the 
most  successful  system  of  storage  known. 

Mine-run  coal  has  all  the  different  sizes  that  come 
from  the  mine.  It  is  the  one  kind  of  coal  in  which  the 
segregation  of  the  different  sizes  is  most  likely  to  take 
place  if  care  is  not  taken  when  it  is  unloaded.  If  clam- 
shell after  clamshell,  or  shovelful  after  shovelful  of  this 
coal  are  dropped  on  top  of  each  other,  it  will  be  found 
that  the  lump  coal  rolls  to  the  bottom  and  to  the  outside 
of  the  pile.  This  causes  the  fine  to  pyramid  in  the 
center.  As  the  large  lumps  will  not  lie  close  together,  it 
is  possible  for  the  air  to  pass  on  through  to  the  interior 
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of  thi'  pile,  whfio  the  liruT  loal  is  locaU'd  with  riioii'  of 
its  surlaci'  exiutsod  to  the  oxidiziiiK'  elonu'nt. 

Kxporii'iui"  soiMU.s  to  iiidiiate  that  if  this  sfKrejration 
i.s  not  pormitlt'd  to  lake  phiio  and  the  coal  piled  in  layers 
and  not  allowcHl  to  pyramid,  the  ihiinces  for  spontunuou.'* 
lonihustion  are  rcduiod  to  a  mininuini  provided  some 
other  outside  agent  is  not  contril)utary  to  the  heating  of 
the  coal.  Pile  -4  in  Fig.  1,  gives  an  idea  of  the 
pyramiding  effect  from  clamshell  unloading.  Pile  li 
to  the  right  shows  individual  dump.s  side  by  side.  Then 
if  it  is  possible  to  level  off  the  coal  .so  that  each  layer 
is  approximately  two  feet  thick,  the  fine  will  fill  in 
l)etween  the  lumps  and  act  as  a  seal;  the  pile  thus 
formed  appears  at  C. 

A  striking  example  was  photographed  at  a  plant  in 
Chicago.  Screenings  from  two  different  mines  were 
delivered  mixed  for  storage.     As  shown  in  Fig.  2,  the 


throughout  the  pile  will  be  .seen  in  the  |)icture.  Thin 
coal  gave  no  lroul)le  whatever  from  spontaneouH  com- 
bustion. At  a  plant  in  Indianapolis  the  same  plan  was 
adopted  and  the  coal  was  carried  through  for  two  yearH, 
until  it  was  necessary  to  use  it  during  the  strike. 

To  many  plants  i)lacing  coal  in  .storage  the  depth  of 
the  pile  seems  to  be  a  perplexing  (luestion.  A  good  plan 
to  follow  is  to  go  on  the  principle  of  piling  the  coal  as 
.shallow  as  possible  and  in  layers  over  the  entire  space 
that  is  availal)le  for  this  purpose.  The  item  of  expense 
always  enters  into  this  method  both  for  unloading  and 
reclaiming.     Safety  first  is  a  good  motto  to  follow. 

Figs.  4.  and  5  show  a  pile  of  coal  over  the  top  of 
which  has  been  placed  a  sprinkler  .system.  The  coal  in 
this  pile  started  to  heat  and  the  engineer  knew  if  he 
could  get  enough  water  to  the  seat  of  the  fire  it  would 
be  quenched.     Fig.  T)  shows  the  spray  in  action.     The 


FIGS.   4   TO   7.      FIRE   PREVENTIVE   .METHODS 

Fig.    4 — Sprinkler   line   on   top   of  mine   run.      Fig.    5 — Sprinkler   lino  in  action.     Fis.  6— Unsuccessful  attempt  at  "cooling  off"  with 

line  of  hose.     Fig.   7 — Hot  coal  that  was  cooh'd  off  by  repiling  in  layers. 


coal  was  unloaded  onto  the  pile  by  wheelbarrows  dump- 
ing one  load  on  top  of  another  until  the  pile  reached  the 
height  shown  in  the  picture.  It  was  then  extended  back 
from  the  railroad  switch  by  continually  dumping  the 
coal  at  the  top  edge,  this  causing  it  to  roll  to  the  bottom. 
The  coarser  coal  will  be  seen  at  the  bottom  and  in 
streaks  up  the  sides.  This  pile  was  placed  in  one  part 
of  the  yard  and  gave  an  immense  amount  of  trouble  from 
spontaneous  combustion  and  had  to  be  moved  and  used  up. 
The  coal  in  Fig.  3  from  the  same  mines  was  unloaded 
by  dumping  one  wheelbarrow  alongside  of  another  and 
leveling  off  so  that  a  layer  of  coal  was  formed  on  the 
entire  available  space  for  the  storage  pile.  The  first 
layer  put  down  was  about  two  feet  deep.  The  second 
layer  was  put  on  top  of  the  first  by  wheeling  over  it. 
This  had  the  effect  of  packing  down  the  first  layer,  thus 
helping  to  keep  out  the  air.  In  this  way  a  pile  eight 
to  nine  feet  deep  was  built  up  layer  by  layer.  The  more 
or  less  even   distribution  of  the  fine  and  large  pieces 


water  was  sprinkled  24  hours  a  day  for  a  stretch  of 
about  thirty  consecutive  days.  This  method  successfully 
kept  the  heating  under  control  and  finally  cooled  off  the 
pile  so  that  no  more  spraying  was  necessary. 

It  is  a  well-known  fact  that  unless  enough  water  is 
used,  it  is  poor  policy  to  try  this  method  for  cooling-off 
purpose.s.  Where  a  hose  and  nozzle  are  used,  it  will  be 
found  more  effective  to  bury  the  nozzle  in  the  pile, 
directing  the  stream  toward  the  seat  of  trouble.  More 
harm  than  good  takes  place  unless  the  pile  is  thoroughly 
soaked  and  completely  cooled  off.  Unless  the  stream 
actually  reaches  the  hot  spot,  it  may  have  the  tendency 
to  temporarily  seal  up  the  heat  and  cause  the  fire  to 
break  out  afresh  a  little  later  on. 

It  is  almost  impossible  to  combat  successfully  a  fire 
that  has  spread  all  over  a  pile  with  a  line  of  hose,  as  in 
Fig.  6.  A  better  way  is  to  move  it.  In  some  cases 
where  coal  has  heated,  it  is  good  policy  to  burn  it  up  at 
once,   as   it  saves   rehandling  and  any  further  danger 
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from  fire.  When  storing  coal,  it  would  be  well  to  keep  in 
mind  the  following  suggestions: 

1.  Some  one  person  should  be  appointed  to  supei"vise 
the  storage  of  coal  and  be  held  responsible  for  its 
success. 

2.  A  suitable  place   for  storage   should   be  selected. 

3.  The  coal  should  be  carefully  selected  as  to  origin 
and  size. 

4.  The  breakage  in  unloading  should  be  kept  at  a 
minimum. 

5.  Segregation  of  the  different  sizes  should  be 
avoided. 

6.  The  coal  should  noi.  be  piled  where  outside  sources 
could  be  contributing  agents  for  transmission  of  heat. 

7.  The  principle  of  "packing"  the  coal  so  as  to  lock 
out  the  air  should  be  followed. 

8.  Interior  temperature  readings  should  be  taken 
every  ten  days  to  two  weeks. 

9.  If  the  pile  has  heated  to  150  or  160  deg.  F.,  it 
should  be  moved. 

10.  If  water  is  to  be  used,  soak  the  coal,  break 
through  the  coke  that  is  sometimes  formed  over  and 
around  the  heated  part. 


Norwalk  Iron  Works  Refrigerating 
Machine 

The  Norwalk  Iron  Works,  of  South  Norwalk,  Conn., 
well-known  builders  of  air  compressors,  have  entered 
the  refrigeration  field.  For  the  present,  at  least,  this 
company  will  confine  itself  to  small  machines  from  one- 
quarter  ton  up.  The  illustrations  show  clearly  the  con- 
struction. The  long  pistons  are  actuated  bj^  connecting 
rods  which  get  their  motion  from  eccentrics  on  the 
shaft  (see  Fig.  1).  The  suction  gas  enters  through 
ports  ;in  the  piston,  which  uncover  on  the  suction 
stroke.  The  gas  fills  the  space  in  the  piston  and  com- 
presses until  the  pressure  overcomes  the  condenser  pres- 
sure and  weight  of  the  valve.     The  valve  area  is  large. 

The  ring  on  the  base  of  the  connecting-rod  slips  over 
a  loose  ring  which  in  turn  fits  over  the  body  or  disc  of 
the  eccentric,  the  middle  ring,  as  a  bearing,  being  of 
babbitt  metal.  This  bearing  is  retained  by  a  lip  on 
the  inner  edge  of  the  eccentric-shaft  ring  and  a  similar 
lip  on  the  outer  edge  of  the  connecting-rod  ring. 

Lubricant  is  supplied  through  holes  in  the  inner  and 
outer  rings.    The  crankshaft  journals  have  bearings  of 
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II<;.    1.      SHOWING   SECTION  OF  THE   COMPRESSOR 


FIG.   2.      COMPLETE   SM.A.LL   REFRIOERATIXG   PLANT 

the  same  loose-ring  type.  On  the  inside  of  the  housing, 
where  the  crankshaft  passes  through,  there  is  a  babbitt 
ring  floating  on  the  shaft  which  is  forced  by  the  pres- 
sure of  the  gas  within  the  housing,  against  the  stuffing 
box.  The  pressure  put  on  the  stuffing  box  in  packing  it 
is  limited  by  a  spring  between  the  stuffing-box  outside 
cap  and  the  packing.  The  crankshaft  bearings  are  of 
the  loose  ring  or  shell  type.  Fig.  2  shows  a  complete 
small  motor-driven  refrigerating  plant. 

For  lubrication  a  graphite  mixture  is  used  instead 
of  oil.  The  aim  is,  of  course,  to  avoid  carrying  oil  into 
the  ammonia  system,  also  to  avoid  volatilization  of  the 
lubricant.  The  housing  is  packed  with  graphite  which, 
the  builders  claim,  will  last  for  many  months. 

Ice-freezing  tanks  and  complete  small  self-contained 
plants  are  built  by  this  company. 


Diesel-Engine  Pointers 

The  main-bearing  oil  grooves  should  be  examined  at 
frequent  intervals.  Small  carbon  particles  often  choke 
up  the  passages. 

The  bearing  cap  studs  should  always  be  locknutted 
and  cotterpinned. 

In  cutting  grooves  in  rebabbitted  bearings,  never 
extend  them  to  the  edges  of  the  bearing.  This  will  pre- 
vent a  too  free  escape  of  the  oil. 

Each  time  the  crankpin  bearing  is  taken  out,  caliper 
the  bearing  to  see  if  it  has  belled.  If  the  bearing  is 
larger  at  the  ends  than  at  the  middle,  it  will  likely 
beirin  to  run  hot.  What  causes  belling  is  unknown — 
probably  the  result  of  the  crank  and  piston-pin  bearings 
being  cut  of  line,  or  side  shifting  of  the  mainshaft. 

The  Diesel  engineer  should  remember  that  as  the 
crankpin  and  piston-pin  bearings  wear,  the  connecting 
rod  is  shortened.  This  wear  increases  the  clearance  in 
the  cylinder,  decreasing  the  compression.  Each  time  the 
wear  is  taken  up,  the  rod  end  should  be  shimmed  back 
to  its  original  length. 

In  tightening  up  the  big  end  bearing  bolts,  a  heavy 
hammer  can  be  used  en  the  wrench.  The  locknuts  must 
be  drawn  tight  and  cotter  pins  used.  Washers  can  be 
placed  between  the  nuts  and  cotter  pin  to  fill  the  space. 

The  crank  bearing  should  hnve  but  little  play.  A 
clearance  of  0.006  in.  is  ample.  If  a  slight  movement 
can  be  detected  when  jumping  with  a  bar,  the  clearance 
is  sufficient. 
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The  Air  Lift 


By  a.   H.   riLAISI)p:LL 

Anitliitnnt  Profpaaor  Mechanical  Uiiuliiui'rliii;,  CuxncKlu  InHtliuli-  of   'IVohnoloKy 


It  is  the  aim  of  the  follo%ving  discnasion  to  give 
in  as  simple  a  manner  cus  possible  a  brief  cxvlana^ 
tio7i  of  how  th-e  air  lift  ivorks,  and  to  indicate  in 
a  general  way  how  to  carry  out  calculations  m 
conjiection  with  this  apparatus. 

AS  a  means  of  pumping  liquids  from  deep  bore-holes 
l\  or  wells  the  air-lift  system  is  excellent.  Not  econ- 
J.  \.  omy  but  expediency  appears  to  be  the  governing 
factor  in  the  use  of  air-lift  apparatus.  Thousands  of  in- 
stallations scattered  over  the  globe  testify  to  the  great 
success  of  this  method  of  pumping  water,  oil,  liquid  sul- 
phur, etc.  In  spite  of  its  extensive  use  there  has  been 
little  investigation  of  the  air  lift  and  there  are  few 
engineers  that  claim  to  know  much  about  this  method  of 
pumping. 

Operating  Principle 

Referring  to  A,  Fig.  1,  this  represents  a  well  of 
great  depth  as  compared  to  diameter,  the  diameter  of 
such  holes  ranging  from  6  to  12  in.  and  the  depth  from 
300  to  1,500  ft.  or  more;  B  is  a  pipe  of  large  diameter 
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FIG.  1.     SECTIONS  OF  THE  AIR  LIFT 

which  projects  down  into  the  well  to  any  desired  extent; 
C  is  a  pipe  of  smaller  diameter  than  B  and  not  quite  so 
long;  its  lower  end  may  project  into  pipe  B  as  shown  or 
into  a  chamber  which  connects  with  B  by  means  of  a 
number  of  small  holes  (see  diagram  to  left  of  A).  At 
mm  is  the  water  level  in  the  well  when  no  water  is  being 
pumped,  the  water  standing  to  the  same  level  on  the 
inside  of  pipes  B  and  C  as  on  the  outside. 

Now  suppose  that  air  under  pressure  is  supplied  to 
the  pipe  line  C:  as  the  pressure  of  the  air  in  C  is  grad- 
ually increased,  the  water  level  in  this  pipe  is  lowered 
until  finally  it  reaches  the  end  of  the  pipe.  It  is  quite 
evident  that  the  air  pressure  at  this  instant  must  be 
equal  to  the  pressure  due  to  the  head  of  water  hxc. 
Any  further  increase  of  air  pressure  will  now  cause 
the  air  to  push  the  remainder  of  the  water  out  of  C 
and  the  air  will  start  to  ascend  in  pipe  B  in  the  form 
of    bubbles.      The    effect    of    this    action    will    be    to 


lengthen  out  the  fluid  column  in  /?,  although  the  water 
level  outside  of  li  remains  unchanged.  The  level  of  the 
aerated  column  of  water  finally  reaches  the  top  of  pipe 
li  and  at  this  point  we  have  then  a  column  of  water  h,. 
feet  in  length  supporting  a  column  of  air  and  water 
(A,  -f-  hu)  feet  in  length.  The  instant  that  overflow 
occurs  at  the  di.scharge  end  of  B  the  pressure  is  relieved 
on  the  upper  portion  of  the  fluid  column  in  B,  the  air 
bubbles  rapidly  expand  and  water  is  blown  out  from  the 
upper  end  of  B  followed  by  a  vigorous  and  continued 
discharge  of  aerated  water  C,  Fig.  1,  which  is  main- 
tained as  long  as  air  is  supplied  to  the  system. 

With  the  beginning  of  flow  the  level  of  the  water  in 
the  well  on  the  outside  of  B  will  drop  from  15  to  20  or 
more  feet,  depending  on  the  geologic  formation  of  the 
strata  which  supplies  water  to  the  well  and  to  the  rate 
at  which  water  is  being  removed  from  the  well.  The 
distance  from  the  new  level  of  the  water  to  the  center 
line  of  the  jet  is  known  as  the  pumping-head  or  lift 
ih,,) ;  see  C.  It  will  always  be  greater  than  the  static 
head  (/iv).  The  distance  (/i',c)  is  called  the  submerged 
head  and  is  customarily  given  in  terms  of  a  percentage. 

Before  flow  begins,  the  air  serves  only  to  lighten  the 
column  of  water  in  B,  but  with  the  commencement  of 
flow  it  really  performs  two  functions — to  maintain  a 
fluid  density  for  the  air  and  water  mixture  less  than 
that  of  the  water,  and  at  the  same  time  to  furnish  a 
portion  of  the  motive  force  required  to  keep  up  a  con- 
tinuous discharge  of  water  from  the  discharge  pipe  B. 
Some  authorities  have  argued  that  the  motive  force  is 
due  entirely  to  the  difference  in  density  of  the  fluid 
columns  within  and  without  the  pipe  B,  while  others 
have  claimed  that  it  is  the  buoyancy  of  the  air  bubbles 
which  supplies  this  motive  force.  It  seems  resonable  to 
suppose  that  both  these  effects  occur  simultaneously, 
although  the  former  predominates  over  the  latter  to  a 
greater  or  lesser  extent,  depending  on  circumstances. 

To  secure  as  much  lifting  effect  as  possible  from  the 
buoyancy  of  the  bubbles,  it  is  desirable  to  reduce  the 
slippage  of  the  latter  as  they  move  upward  through  the 
water  in  B.  The  larger  the  slip  or  relative  velocity  of 
the  air  with  respect  to  the  water,  the  greater  the  loss  of 
energy.  The  slip  increases  with  the  size  of  the  air 
bubbles,  and  for  that  reason  it  seems  best  to  supply  the 
air  to  the  water  in  the  lower  end  of  the  discharge-pipe, 
in  a  finely  dispersed  state. 

Submergence  Varies  with  the  Lift 

It  is  quite  evident  that  the  greater  the  lift  (,hp)  the 
larger  the  submergence  must  be,  since  it  is  due  to  the 
difference  in  weight  of  the  aerated  column  of  water 
inside  of  pipe  B  and  the  solid  water  on  the  outside  of 
this  pipe  that  flow  from  the  discharge  pipe  B  is  sus- 
tained. What  the  submerged  head  (/i'«)  should  be,  for 
a  given  well,  can  be  ascertained  only  by  actual  test. 
Apparently,  it  is  influenced  by  the  quantity  and  rate 
at  which  water  is  taken  from  the  well  and  the  volume 
furnished  to  the  well  by  the  water-bearing  strata.  The 
difference  in  head  (/i,r  —  h\)  is  approximately  equal 
to  the  drop  in  the  air  pressure  at  the  instant  that 
pumping  begins  and  is  different  for  each  well.  Formula 
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(1)  can  be  used  to  estimate  this  drop  when  the  change 
in  air  pressure  is  known  or  assumed. 


The  quantity  of  water  and  air  in  cubic  feet  passing 
by  the  lower  end  of  the  air  pipe  is  given  by 


h,c 


,,.,  „  ,«  X  (p^.)  ^  I 


2g 


(1) 


hw  =  Head  of  water  in  feet  on  end  of  air  pipe 

before  pumping  begins; 
k'u!  =  Head  of  water  in  feet  on  end  of  air  pipe 
after  pumping  beings; 
V  =  Velocity  of  fluid  mixture  at  point  where  air 
enters  discharge  pipe    (feet  per  second)  ; 
d  =  Air  density  in  pounds  per  cubic  feet    (see 
table) ; 
p^  &,  p,  ^=  Pressures  of  air  before  and  after  delivery 
begins  in  pounds  per  square  inch  absolute 
respectively. 
g  =-  32.2 
The  fact  that  the  air  pressure  necessary  to  keep  the 
air  lift  in  operation  is  less  than  that  required  to  start 
the  apparatus  is  because  energy  is  consumed  in  over- 
coming the  initial  inertia  of  the  water  in  the  discharge 
pipe  and  setting  it  into  motion.     After  flow  has  once 
been  established,   this  additional  energy  is  no  longer 
required   and   hence   a  lessening   of   the  air  pressure 
results.     Of  course  the  drop  in  pressure  will  also  be 
influenced  by  the  resistances  which  the  water  may  have 
to  overcome  when  entering  the  lower  end  of  the  dis- 
charge pipe,  such  as  strainers,  etc.    It  is  this  change  in 
hw  that  makes  air-lift  estimates  so  uncertain,  and  for 
that    reason    experience    is    necessary   before   one   can 
expect  to  design  or  install  such  pumping  outfits  with 
reasonable  expectation  of  success. 

In  making  preliminary  calculations,  the  submerged 
head  (/i',o)  can  be  assumed  as  ranging  from  0.5  to  0.6 
times  h\r  -\-  hp.  In  this  connection  the  submergence 
curve  of  Fig.  2  can  be  used  to  advantage.  This  is  a 
composite  curve  based  upon  results  of  various  tests 
made  by  E.  M.  Ivens  on  different  types  of  air  lifts,  and 
represents  in  a  general  way  how  the  percentage  of  sub- 
mergence should  vary  with  the  lift.  It  can  be  taken  for 
granted  that  the  higher  the  lift  the  greater  will  be 
h\;  but  the  smaller  will  be  the  percentage  of  sub- 
j  mergence. 

Size  of  Discharge  Pipe 

}  The  size  of  the  discharge  pipe  will  be  governed  by 
several  factors — the  diameter  of  well,  rate  of  water 
delivery,  and  allov/able  velocities  of  fluid  mixture  in  the 
discharge  pipe. 

The  size  of  the  well-bore  is  fixed,  but  the  rate  of 
delivery  and  the  velocities  admit  of  some  variation. 
When  deciding  upon  what  velocity  value  shall  be 
assumed  for  the  discharge  pipe,  it  must  be  borne  in 
mind  that  a  large  area  of  pipe  means  a  low  water 
velocity  with  small  friction  loss  in  so  far  as  the  water 
is  concerned;  but  this  gain  is  offset  by  the  greatly 
increased  slip  of  the  air  bubbles,  this  slippage  increas- 
ing as  the  discharge  pipe  is  enlarged. 

The  velocity  of  the  air  and  water  mixture  at  the 
upper  end  of  the  discharge  pipe  will  be  from  three  to 
four  times  that  in  the  lower  portion  of  the  same  pipe 
(if  the  pipe  is  of  constant  diameter  throughout)  due  to 
the  expansion  of  the  air  bubbles  as  they  ascend  in  the 
discharge  pipe  and  reduce  the  effective  area  for  the  flow 
of  water.  It  will  serve  for  most  purposes  to  assume  a 
velocity  of  from  6  to  8  ft.  per  sec.  for  the  lower  end  of 
this  pipe  and  18  to  26  ft.  per  sec.  for  the  upper  end.  A 
gradual  increase  of  velocity  can  be  secured  by  making 


Q  =  Q„(7.48(7^'  +  /) 
Pi 


(2) 


where 

Q  =^  Cubic  feet  per  second  of  water  and  air; 
Qw  =  Cubic  feet  per  second  of  water  pumped; 
q  =  Cubic    feet    of    free    air    per    gallon    of    water 

pumped; 
Pi  =  Atmospheric  pressure  in  lb.  per  sq.in.  abs. ; 
p..  =  Pressure  at  lower  end  of  air  pipe   in  lb.  per 
sq.in.  abs. 
Formula  2   applies   to  but   one   section   of  the   dis- 
charge pipe;  for  any  section  of  this  pipe  located  y  feet 
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FIG.   2.     CURVES  TO  ASSIST   IN  DESIGNING  AIR  LIFT 
FOR  WATER 


from  the  lower  end  of  the  air  pipe,  the  density  of  the 
fluid  mass  is  less  than  it  was  lower  down  in  the  pipe 
and  Q  becomes  greater  although  the  weight  of  fluid  dis- 
charging from  the  pipe  per  second  remains  constant. 
The  diameter  of  the  discharge  pipe  is  given  by 

JG(7A8qf  +  l) 
D  =  0.62  J  — ^^ ^ -^  (3) 

vvhere 

D  =  Diameter  of  discharge  pipe  in  inches; 

V  =  Velocity  of  fluid  mixture  in  lower  end  of  dis- 
charge pipe  in  feet  per  second; 

G  =  Gallons  of  water  pumped  per  minute. 

The  value  of  D  given  by  this  formula  must  be  less 
than  that  of  the  well  by  3  to  5  in.  A  suitable  value  of 
V  for  the  lower  end  of  the  discharge  pipe  can  be 
assumed  as  already  mentioned,  but  should  never  exceed 
10  ft.  per  sec.  As  a  rough  estimate  one  can  allow  about 
one  square  inch  of  free  cross-sectional  area  for  dis- 
charge pipe  for  every  12  to  18  gal.  of  water  pumped. 

Cubic  Feet  op  Free  Air  per  Gallon  of  Water  Pumped 

An  uncertain  item  in  air-lift  calculations  is  the  quan- 
tity of  free  air  required  per  gallon  of  water  pumped  from 
the  well.  It  will  be  influenced  by  the  capacity  of  the 
installation,  the  submergence,  the  sizes  of  the  air  and 
discharge  pipes,  etc.  It  is  practically  impossible  to 
deduce  a  theoretical  relationship  between  the  air  sup- 
plied and  the  water  pumped  that  can  be  at  all  reliable, 
and  for  that  reason  it  is  customary  to  use  empirical 
formulas  which  check  fairly  well  with  tests  of  actual 
installation.  One  of  the  best  known  is  that  originated 
by  Edward  Rix  and  T.  H.  Abrams.     In  this  case,  how- 
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rolies  for  its  accuracy  on  the  relation  between  (h\)  and 
the  otlkitMuy  (ti)  a.s  determined  from  tests  on  air  lifts. 
Thi'  fornuila  is 

62.5  hp 


'I  = 


,  X  ifi.oar,  X  log. 


(4) 


where  <]  cubic  feet  air  per  gal.  water  pumped;  hp  = 
lift  in  feet:  p,  —  (0.4:M  //'„.  -\-  5)  +  14.7  lb.  per  sq.in. 
abs. ;  p'  --^-  atmospheric  pressure  in  lb.  per  sq.in.  abs. 
Values  of  q  as  calculated  from  this  formula  compare 
favorably  with  those  secured  from  empirical  formulas 
in  use  at  present.  The  curves  of  Fig.  2  show  the 
variation  of  tj  </  and  /('„  and  /j,,.  The  data  for  the 
«'„-  and  7]  curves  were  taken  from  tests  made  by  E.  M. 
Ivens.  The  t,  curve  is  of  a  composite  nature  and  gives 
average  values  covering  several  different  types  of  air- 
lift installations.  It  will  be  observed  from  these  curves 
that  as  /j,,  Micreases,  the  submergence  /('»■  gradually 
grows,  while  the  efficiency  drops  off  rather  abruptly  at 
first  and  then  quite  slowly.  The  cubic  feet  of  free  air 
required  per  gallon  of  water  pumped  is  least  for  low 
lifts  and  a  maximum  for  high  lifts. 

As  the  curve  for  q  is  based  on  test  results,  it  is  not 
necessary  to  increase  q  in  figuring  the  required  air 
compressor  cap.icity,  since  this  curve  includes  the  effect 
of  volumetric  efficiency  of  the  average  compressor. 

The  air  pipe  must  be  of  such  size  that  the  velocity  of 
air  flow  shall  not  exceed  about  R.OOO  ft.  per  min.  Veloci- 
ties in  excess  of  this  cause  a  considerable  drop  in  the 
air  pressure  between  the  compressor  and  the  end  of  the 
air  pipe,  particularly  for  long  pipes.  It  is  customar>% 
in  practice,  to  make  the  area  of  the  air  pipe  about 
one-sixth  that  of  the  discharge  pipe,  but  if  the  former 
is  very  long  it  is  well  to  calculate  the  probable  drop  in 
pressure. 

AiR-LiFT  Efficiency 

The  efficiency  of  an  air  lift  is  usually  stated  as  the 
ratio  of  the  work  done  in  lifting  W  lb.  of  water  through 
the  height  /);,  and  the  expansion  work  of  the  air  while 
passing  up  through  the  discharge  pipe.  Expressed 
mathematically,  it  is 

212  XK  p 

''       qXdXT  X  log,„  f 


(5) 


where  t,  =  efficiency  in  per  cent;  hp  =  pumping  head 
in  feet;  d  =  density  of  air  taken  in  by  compressor,  in 
lb.  per  cu.ft.  (see  Table  I)  ;  p,  =  air  pressure  at  base 
of  air-pipe  in  lb.  per  sq.in.  abs.  (;=  0.434  /«'„-  -j-  5  -|- 
14.7)  ;  p,  =  atmospheric  pressure  in  lb.  per  sq.in.  abs.; 
T  =  temperature  of  water  in  well  in  deg.  F.  abs.;  q  = 
cu.ft.  of  free  air  per  gal.  of  water  pumped. 

This  formula  is  based  upon  the  assumption  that  the 
air  expands  isothermally  while  rising  up  through  the 
discharge  pipe.  A  more  exact  expression  for  the  effi- 
ciency would  be  one  that  considered  the  compression 
work  done  by  the  air  compressor  rather  than  the  ex- 
pansion work  of  the  air  in  the  discharge  pipe. 

An  examination  of  the  efficiency  curve  of  Fig.  2  shows 
that  the  efficiency  of  an  air  lift  will  vary  between  50  and 
20  per  cent,  the  higher  values  acccm.panying  the  lower 
lifts.  The  low  average  efficiency  is  offset  by  the  great 
advantage  of  having  an  outfit  which  does  not  require 
constant  tinkering.  An  air  lift  can  handle  dirty,  gritty 
or  acid  water  with  equal  facility.  As  a  matter  of  fact 
its  over-all  efficiency  is  as  good  as,  if  indeed  not  greater 
than,  that  of  an\  pumping  apparatus  that  could  be  used 
for  the   purpose  of  raising  fluids   from   great   depths. 

Siinnnse   that   a    well.    10-in.   bore,    is   to   be   eauioned 


with  an  air-lift  .system?  If  the  distance  to  the  water 
level  from  the  ground  surface  is -242  ft.,  what  will  be 
the  probable  tot.il  length  of  the  discharge  pipe  and  air 
pipe,  air-compressor  capacity  in  cubic  feet  per  minute, 
sizes  of  both  pipes,  and  efficiency  of  installation?  Well 
capacity  to  be  200  gal.  of  water  per  min. 

The  effective  length  of  the  discharge  pipe  equals  the 
lift  plus  the  submergence.  The  lift  or  pumping  head 
(/(,,)  will  be  greater  than  /i„,  but  just  how  much  it  is 
impossible  to  say.  We  will  assume  a  drop  in  the  water 
level  of  the  well  of  about  20  ft.  when  pumping  begins. 
In  that  case  the  pumping  head  can  be  estimated  as  abou' 
242  +  20  --=:  262  ft.  Referring  to  the  (/i'„)  curve  of 
Fig.  2,  we  find  that  for  hp  =  262  ft.  h\.  =  300  ft. 
Hence  the  effective  or  working  length  of  this  pipe  must 
be  at  least  262  -f  300  =  562  ft.,  and  since  the  lower  end 
of  the  pipe  will  be  anywhere  from  5  to  20  ft.  below  the 
air-pipe  connection  to  the  discharge  pipe,  we  can 
estimate  the  total  or  over-all  length  of  this  pipe  as  being 
562  -f  10  =^  572  ft.,  from  which  fact  it  is  evident  that 
the  well  must  have  a  depth  of  from  575  to  580  ft. 

The  air-pipe  length  will  be  exclusive  of  that  portion 
above  the  ground  surface,  562  ft. 

From  the  q  curve  of  Fig.  2  we  observe  that  for 
hp  =  262  ft.  q  or  the  free  air  required  per  gallon  of 
water  pumped,  is  1.33  cu.ft.,  or  a  total  of  200  X  1-33  = 
266  cu.ft.  per  min.,  and  this  must  be  the  air-compressor 
capacity. 

For  {h\,)  equal  to  300  ft.  p,  is 
p,  =  300  X  0.434  +  5  -f  14.7  =  150  lb.  per  sq.in.  abs. 
and  the  diameter  of  the  discharge  pipe  must  be  from 
formula  (3) 


i 


D  =  0.62 


1200(7. 

V 


48  X  1.33  X  ^  +  1) 


=  5.07  in. 


That  is,  allowing  for  friction,  etc.,  about  a  6-in.  pipe 
would  undoubtedly  fill  the  bill  provided  the  velocity  in 
the  upper  portion  of  the  pipe  does  not  exceed  30  ft.  per 
sec.  To  check  this,  let  p,  ==  p,.  Then  if  Z)  =  6  in.  we 
find,  on  re-arranging  formula  (3)  and  solving  for  V, 
that 


V 


0.384  X  G  (7.48  X  9  X  I'  +  /) 


D'- 


0.384  X  200  (7.48  X  1.33  Yq  +  A 


36 


=  23.4  ft.  per  sec. 


Evidently,  with  a  6-in.  pipe  the  velocity  in  the  upper 
portion  of  the  discharge  pipe  will  be  considerably  less- 
than  30  ft.  per  sec,  and  we  may  consider  this  size  of 
pipe  as  satisfactory. 

If  the  area  of  the  air  pipe  is  taken  as  one-sixth  thai 
of  the  discharge-pipe,  then 

Z)„  =  -^  =  H-^  =  2.45  in. 
]/  6       2.4o 

That  is,  a  .standard  22-in.  pipe  is  required. 

The  efficiency  r,  will  be,  from  efficiency  cui*ve  of  Figl 

2,  about  30  per  cent. 

Increase  or  Decrease 

of  Weight  for  Each 

0.  I  Lb.  Change  i 

Pressure,   Lb. 

0  000549 

0  000546 

0  000540 

0  000535 

0  000530 

0  000525 

0  000520 


Weight  of  One  Cu.  Ft.  of 

Dry  .\ir  (at   14  Lb.  per 

Temp., 

Sq.I 

1.  or  28.5  In.  of 

Deg.  F. 

Hg.).  Lb. 

32 

0.07688 

35 

0  07642 

40 

0  07565 

45 

0  07.490 

50 

0  07417 

55 

0  07340 

60 

0  07272 
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Strong  Vacuum  and  Pumping  Trap 

This  trap,  "Type  M,"  is  designed  for  draining 
exhaust  lines  to  condensers  or  for  draining  any  system 
under  any  degree  of  vacuum,  such  as  the  receiver  of  a 
compound  engine  or  the  receiver  between  an  engine  and 
exhaust  or  low-pressure  turbine,  whether  the  receiver 
is  under  pressure  or  under  vacuum.  It  will  also  drain 
vacuum  oil  separators  and  deliver  the  water  to  any  dis- 
stance  or  any  height,  limited  only  by  the  steam  pres- 
sure available. 

This  trap,  designed  by  L.  A.  H.  Merrihew  and  manu- 
factured by  the  Strong,  Carlisle  &  Hammond  Co.,  Bos- 
ton, can  also  be  used  as  a  pumping  trap,  as  it  will 
take  the  water  from  low-pressure  or  gravity-heating 
returns  and  pump  it  anywhere,  limited  only  by  the  avail- 
able steam  pressure.     It  will  also  serve  as  a  sump  pump. 

The  principal  parts  of  the  trap  are  the  body,  cover 
with  valve  chamber,  open  float  bucket,  vacuum  or  equal- 
izer valve,  steam  valve  and  valve-operating  connections. 
The  steam  and  equalizer  valves  are  both  connected  to 
the  valve  rocker  arm  F,  which  swings  on  a  bearing  at 
E.  The  bucket  is  hinged  at  H  to  an  extension  from  the 
trap  cover  and  is  connected  to  the  valve  rocker  arm 
by  the  valve-operating  rod  G. 

The  illustration  shows  the  trap  in  the  filling  position. 
The  bucket  is  up  and  afloat.  The  steam  valve  S  is 
on  its  seat,  and  the  equalizer  valve  V  is  open.  Water 
comes  into  the  trap,  fills  the  bucket,  which  sinks  and 
pushes  up  the  rod  G,  closing  valve  V  and  opening  valve 
S.  The  valve  V,  in  closing,  cuts  off  the  trap  from 
equalizer  pipe;  valve  S,  opening,  admits  live-steam  pres- 
sure  to   the   trap   and  discharges   it  from   inside   the 


SECTION  THROUGH  VACUUM  AND  PUMPING  TRAP 

bucket,  through  the  outlet  pipe.  The  bucket,  be- 
coming empty,  floats  and  reverses  the  valves  to  the 
filling  position.  When  live  steam  is  admitted  to  the 
trap,  it  cannot  go  out  through  the  inlet  because  of  the 
check  valve.  After  the  trap  has  discharged  and  the 
steam  is  cut  off  by  the  rising  of  the  bucket,  the  steam 
pressure  in  the  trap  equalizes  back  into  the  system 
or  exhausts  through  the  equalizer  port,  as  the  case  may 
be.  The  trap  then  functions  in  this  manner  continu- 
ally. A  check  valve  in  the  discharge  cuts  off  any  air 
or  back  flow  from  the  discharge  line. 


Hydraulic  Turbines  in  the  Rural  Districts 
About  1830 

As  illustrating  the  "state  of  the  art"  some  eighty  or 
ninety  years  ago  in  backwoods  New  England,  the  fol- 
lowing true  story  may  be  worth  recording.  It  was  told 
to  the  writer  by  Z.  Coffin,  founder  of  the  Coffin  Valve 
Co.,  of  Neponset,  Mass.,  many  years  ago. 

There  were  two  men  in  his  town,  an  old  conservative 
and  an  enterprising  young  man,  who  owned  a  sawmill 


■THAT    IS    BECAUSE    YOU    WERE    SO    GOL-HURNED    MEAN- 
TO   MB  ABOUT   PUTTING   IN  A  NEW   WHEEL" 


in  common  and  operated  it  in  alternate  weeks.  The  out- 
put of  the  mill  did  not  satisfy  the  younger  man,  so  he 
proposed  to  his  colleague  that  they  should  put  in 
a  better  turbine  wheel,  which  he  thought  could  be  bought 
in  the  market.  But  the  old  man  would  not  agree  to  this 
proposition. 

"You  can  put  in  a  new  wheel,  if  yer  want  to,"  said  he, 
"but  you  must  put  it  in,  in  your  week.  And  you  must 
keep  the  old  wheel  in  good  shape  and  put  it  back  again, 
if  the  new  wheel  is  no  better  than  the  old  one,  in  your 
week." 

That  was  not  very  encouraging,  so  the  young  man  did 
the  next  best  thing  and,  experimenting,  soon  found  that 
the  efficiency  of  the  whole  plant  was  improved  when  he 
smoothly  plugged  up  some  quarter  part  of  the  guides ; 
or  perhaps  it  was  of  the  buckets,  "undergating"  and 
"overgating"  being  common  defects  at  the  time.  But 
he  said  nothmg  about  it  to  anybody,  and  at  the  end  of 
his  week  took  the  plugs  out  again.  The  result  was  that 
the  old  man  soon  noticed  that  there  was  something  mys- 
terious about  the  output  of  that  sawmill  which  he 
couldn't  account  for. 

"How  is  it,"  he  said  to  his  fellow-owner,  "that  in  your 
week  the  saw  seems  to  buzz  faster  and  that  you  always 
turn  out  more  sawed  stuff  in  a  week  than  I  am  able  to 
turn  out?" 

"Don't  you  know  why  that  is?"  asked  the  younger. 
"That  is  because  you  were  so  gol-durned  mean  to  me 
about  putting  in  a  new  wheel.  It  is  a  punishment  from 
God  Almighty." 

This  did  not  seem  rational  to  the  older  man,  but  when 
it  continued  week  after  week,  it  at  last  brought  him. 
around.  The  old  wheel  was  taken  out  at  the  close  of  one 
man's  week,  and  a  new  one  installed  in  the  beginning 
of  the  other  man's  week;  the  weekly  output  of  sawed 
stuff  was  permanently  increased,  and  presumably  they 
lived  happily  ever  after. 
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Views  oi'  Powrr  K4|iii|»inriil  Aloii<r  ihe  Lais  Angeles 
A<|iir(lii('l  System 


FIG.  1.     THKEE  110,000-VOLT  TRA>-:;r  ui^-MJ:.J:i:^.     r  i^,.   ..     PART  OF  PENSTOCKS  AND  SURGE  CHAMBER  AT  NO.  1  PLANT. 

FIG.  3.     TURBINE  INCASED  IN  CONCRETE  WITH  STATOR  FOR   15.000-KVA.   GENERATOR   IN  PLACE. 

FIG.   4.      SAN   FRAXCISQUITO    (LITTLE   ST.    FRANCIS)    POWER  HOUSE   XO.   1 
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Ice  Tank  of  New  Design  Gives  Remarkable  Results 

By  C.  WILKIE 

Engineer,  Finney  Avenue  Plant,  Merchants  Ice  and  Coal  Company,  St.  Louis 


DURING  the  season  of  1919  it  was  decided  to 
increase  the  capacity  of  the  ice-freezing  tanks  in 
the  Finney  Avenue  Plant  of  the  Merchants  Ice 
and  Coal  Company,  St.  Louis,  Mo.,  the  location  of  the 
new  tank  being  the  first  question  to  be  determined.  In 
the  June  22,  1920,  issue  of  Power  a  general  description 

of  the  plant  was  published. ___^ 

The  reader  may  remember 
that  there  were  three 
freezing  tanks,  each  79  ft. 
long  and  wide  enough  to 
hold  eighteen  400-lb.  cans 
in  a  row.  To  build  a  new 
tank  by  the  side  of  the  old 
ones  it  would  have  been 
necessary  to  extend  the 
building  on  that  particu- 
lar side,  and  to  locate  the 
new  tank  under  one  of  the 
old  ones  would  have  de- 
prived the  plaint  of  an  ice- 
storage    house    having    a      

volume  of  58.000  cu.ft.  At 

one  end  of  the  older  tanks  was  an  unoccupied  room  which 

would  give   ample   space   for   extending   the   old   tanks 

35  ft.  and  at  the  same  time  provide  the  necessary  space 

for  ice  conveyors  to  carry  the  ice  to  the  storage  rooms 

below. 

Extending  the  old  tanks  was  much  the  cheaper  plan, 
although  it  would  make  an  excessively  long  tank,  call- 
ing for  a  coil  1,500  ft.  long,  provided  the  coil  ran  the 
full  length  of  the  tank.  During  the  winter  of  1919-20 
one  of  the  tanks  was  extended  and  the  coils,  propellers 
and  pipe  connections  were  rearranged.  The  results 
obtained  from  the  new  tank  during  last  season  were  so 


This  ice  tank  is  114  feet  Ions,  holding  856 
cans,  freezing  400-pound  blocks.  Direct-ex- 
pansion coils  are  in  one  end,  flooded  coils  with 
horizontal  accumulator  in  the  other  end.  Seven 
inches  of  agitation  is  produced  by  one  pro- 
peller, 36  inches  in  diameter,  at  the  center  of 
the  tank.  Special  floor  design,  cans  four  inches 
higher  than  usual  and  means  for  holding  cans 
vertical  permitted  this  rapid  circulation.  Other 
features  are  eighteen-can  pneumatic  crane  and 
spring-bottom  dumps.  New  lank  shows  heat 
transfer  of  40  B.t.u.,a  remarkable  performance. 


much  above  expectations  that  the  other  two  tanks  are 
being  rebuilt  along  the  same  lines.  After  removing  the 
old  coils,  the  tank  was  raised  31  ft.  by  means  of  li-in. 
continuous  threaded  rods,  which  were  put  through  tim- 
bers above  and  passed  through  6  x  6  x  «-in.  angles  10  in. 
long,  bolted  to  the  side  of  the  tank,  with  a  takeup  nut  on 

the  bottom  side  of  the 
angle,  as  shown  in  Fig.  2. 
With  a  man  at  each  rod 
the  tank  was  raised  to  the 
proper  height  and  blocked 
up  in  a  short  time.  The 
addition  was  made  and  the 
coils  arranged  as  in  Figs. 
3,  4  and  5.  To  preserve 
the  efficiency  in  a  freezing 
tank  of  such  length,  it  was 
considered  necessary  to 
make  one  end  of  the  tank 
direct  -  extension,  with 
double  coils,  and  to  expand 
100  per  cent  excess  liquid 
through  them.  This  end 
of  the  tank  was  practically  flooded  and  really  better 
than  a  regular  flooded  coil,  as  it  would  have  higher 
internal  velocity.  The  opposite  end  of  the  tank  was 
arranged  to  operate  on  the  flooded  system,  as  it  made 
possible  the  use  of  a  short  coil  in  which  each  foot  of 
pipe  had  a  decided  pitch.  This  coil  will  be  used  to 
evaporate  the  100  per  cent  excess  liquid  fed  to  the 
opposite  end  of  the  tank.  With  the  arrangement  out- 
lined it  was  possible  to  use  a  horizontal  accumulator  in 
the  place  of  headers,  and  it  was  made  of  large  capacity 
to  insure  delivery  of  dry  saturated  gas  to  the  machine. 
Inlet  headers  and  check  valves  are  used  on  practically 
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lill  rtooileii  system.^,  as  it  hn.s  been  proved  by  to.st.s  that 
there  is  a  periodir  kick-hack  in  the  circulation  of 
ammonia.      The  ammonia  ovaponites  in  the  loil.s  faster 
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ICE        FREEZING        TANK 


FIG.  2.     METHOD  OK  RAISING  ICE-FREEZING  TANK 

than  it  can  flow  steadily  forward.  Thus  the  closing  of 
the  check  valve  against  its  return  accelerates  the  forward 
circulation.     In  the  present  case  the  check  valves  and 


if  the  coil.s  were  .short  cnoiiKh  and  had  .sullicicnl  pitch 
there  would  he  no  kick-hack  and  no  neccHHity  for  check 
vidvcs.  Thi.H  arrangement  al.so  reduced  materially  the 
lo.st  of  construction. 

While  these  tanks  were  being  designed,  the  idea  waw 
conceived  that  the  cau.sc  of  most  of  the  (looded-HyHtem 
failures  was  due  to  excessively  long  coils  and  to  small 
accunudator  capacity.  The  latter  difliculty  was  aolved 
by  building  an  unreasonably  large  accumulator  and 
placing  it  horizontal  so  that  its  .separating  area  would  be 
as  large  as  j)ossible.  It  was  expected  that  even  with 
this  arrangement  the  machine  would  gel  wet  gas  and 
that  possibly  a  drier  or  superheating  accumulator  would 
have  to  be  installed  in  the  main  suction  line.  Results 
obtained  .so  far  have  proved  that  such  a  precaution  is 
unnecessary. 

The  expansion  header  is  made  of  5-in.  single-strength 
pipe,  drilled  and  tapped  for  1 1-in.  nipples,  71 -in.  centers, 
to  receive  the  two  connections  from  each  double  coil. 
Ninety  degrees  from  the  coil  connections  and  six  feet 
from  either  end,  1  1-in.  nipples  have  been  in.serted  for 
expansion-line  connections.  The  nipples  were  screwed 
into  the  header  and  welded,  and  H-in.  firebox  .steel  plates 
were  welded  to  each  end.  The  header  lies  in  the 
bottom  of  the  tank  and  feeds  the  two  bottom  pipes 
of  each  double  coil.  This  gives  an  even  ammonia  feed 
for  each  coil  as  the  header  is  half  full  of  liquid  before 
any  of  the  coils  can  receive  any  of  the  fluid.  The  suc- 
tion header  for  the  direct-expansion  coils  is  made  up  of 
7-m.  single-strength  pipe  drilled  and  tapped  for  1^-in. 
nipples,  which  are  made  up  and  welded.  The  continua- 
tion of  this  header  connects  with  the  accumulator. 

In  the  direct-expansion  end  of  the  tank  the  coils  are 
double;  that  is,  two  coils  in  one,  each  376  ft.  long. 
U-bends  of  5-  and  13-in.  radius  were  used  to  make  up  the 
coils.     The  latter  are  welded  throughout  except  where 


A  CO  U  M  U  L  AT  O  R 

FIG.    3.      GENERAL  LAYOUT  OF  ICE  TANK  AND  CONNECTION.S  TO  HORIZONTAL  ACCUMULATOR 


headers  were  not  installed  because  it  would  have  been 
necessary  to  shorten  the  tanks  two  or  three  rows  of  cans 
to  get  the  necessary  alley.  The  difficulty  was  overcome 
by  using  short  and  steep  flooded  coils,  on  the  ground  that 


they  are  connected  to  the  expansion  header,  steel  flanges 
being  used  here. 

In  the  flooded  end  of  the  tank  triple,  or  three-in-one, 
coils  are  used,  each  220  ft.  long.     The  liquid  ammonia 
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for  the  flooded  end  passes  through  the  direct-expansion 
coils,  then  through  the  7-in.  line  to  the  accumulator. 
From  this  point  it  is  gravity-fed  into  the  bottom  of  the 
flooded  coils,  and  the  gas  passes  from  the  coils  back  into 
the  side  of  the  accumulator  above  the  liquid  level.    These 


connection  was  made  to  the  bottom  pipe  of  the  triple 
coils.  The  main  suction  header  and  line  to  the  compres- 
sor room  is  12  in.  in  diameter  and  passes  above  the 
accumulators.  The  connections  between  the  accumula- 
tors and  the  header  are  7  in.  in  diameter.  The  suction 
does  not  pass  through  any  forecooler,  and  yet  with  this 
arrangement  it  is  difficult  to  freeze  back  to  the  com- 
pressor. 

The  propeller  was  designed  on  the  theory  that  higher 
efficiency  can  be  secured  with  a  large  unit  than  with 
several  small  ones.    In  present-day  practice  there  is  too 


FIG.   4.      CONNECTION  OP  FLOODED  COILS   TO   ACCUMULATOR 


coils  have  a  gradual  incline  of  about  i^  in.  to  the  foot. 
Fig.  3  shows  the  accumulator,  which  was  made  of 
J-in.  marine  steel  plate  with  welded  seams.  The  2-in. 
liquid  feeds,  which  are  welded  to  the  bottom  of  the 
triple  coils,  are  insulated  and  made  waterproof  so  as 
to  prevent  any  of  the  liquid  ammonia  from  evaporating 
before  it  enters  the  coils.    A  10-in.  dry  pipe  was  placed 


much  room  for  slippage  between  blades  and  the  blade 
tip  speed  is  so  high  as  to  cause  cavitation. 

Fig.  6  shows  the  propeller.  It  is  36  in.  in  diameter 
and  has  three  blades  made  of  :l-in.  steel  plate  welded  to 
a  piece  of  8-in.  pipe,  18  in.  long,  which  has  solid  heads 
in  either  end  and  is  bored  for  a  2Io-in.  shaft.  This 
completes  the  hub,  which  is  keyed  on  the  shaft  and  held 
against  a  shoulder  by  means  of  a  jam  nut  on  the  end  of 
the  shaft.  The  propeller  has  a  blade-tip  speed  of  16  ft. 
per  second,  and  is  located  in  the  center  of  the  tank.  It 
produces  seven  inches  of  agitation  or  one  inch  to  seven 
cans.  The  wall  of  the  tank  was  made  four  to  six  inches 
higher  on  the  high  brine  side  to  take  care  of  the  high 
agitation.     The  tank  floor  was  raised  five  inches  on  the 


,-Bnne  Level  when  Prop,  runs- 
!  Brine  Level  when  Prop,  sfops^^i, 
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KIG.   5.      DIRECT-EXPANSION  COILS 


inside  of  the  accumulator  with  a  7-in  suction  connection 
leading  from  it.  The  dry  pipe  has  a  slot  one  inch  wide 
for  its  full  length  through  which  the  gas  must  pass 
before  it  can  enter  the  suction  line.  To  get  liquid 
to  the  compressor  would  require  that  the  accumulator  be 
practically   full  of  liquid   ammonia.     A    l}-in.   blowoff 


high-brine  side  immediately  in  front  of  the  propeller, 
with  a  fall  of  2\  in.  from  the  center  to  each  end  of  the 
tank  and  al.so  a  2  A -in.  fall  from  each  end  to  the  center 
of  the  tank  immediately  behind  the  propeller  on  the  low- 
brine  side.  The  floor  on  the  high-brine  side  was  made 
of  concrete,  that  on  the  low-brine  side  of  yellow  pine. 
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New  cans  four  inches  lonprer  thnn 

the  old  ones  were  or(lere<l.  the  e.xtra 

lenRth  co.stiiiK  hut  tittle  more.     This 

seemed  to  he  the  hest  method  to  meet 

the    hiph-hrine    circulation.       With 

cakes  of  ice  53  in.  lonp,  cans  62  in. 

deep  and  .special  tank-floor  desijrn,  it 

wa.s  easy  to  pet  from  seven  to  nine 

inches    of    agitation    and    keep    the 

brine  above  the  ice  without  flooding 

over  the  top  of  the  cans,  whether  the 

propeller  was   running  or  standing. 

The   propeller   is   motor   driven   and 

takes  about  7^  hp.  motor  input. 
It  was  necessary  to  provide  in  the 

freezing  tanks  some  means  of  hold- 
ing the  cans  in  a  vertical  position 
against  the  rapid  circulation.  This  was  accomplished 
by  the  use  of  tapered  blocks  bolted  to  the  sills  for  hold- 
ing to  tops  of  the  cans,  a  li  x  3!  x  3^-in.  yellow-pine 
strip  located  on  the  tank  floor  between  the  cans  to 
prevent  the  bottoms  from  moving,  and  guide  rod  i  in, 
in  diameter  bolted  to  the  tapered  block.  The  lower  end 
of  the  rod  is  forked  and  is  fastened  to  the  is-in.  strip 
by  drive  screws.  The  rod  and  coils  serve  as  guides 
while  the  cans  are  being  filled. 

A  crane  designed  to  handle  eighteen  400-lb.  blocks  of 
ice  at  one  time  is  one  of  the  outstanding  features  of  the 
installation.  It  is  of  the  pneumatic  type  and  motor- 
propelled.  Two  12-in.  X  8-ft.  cylinders  are  located,  one 
on  either  side  of  the  channel-iron  frame,  each  cylinder 
handling  nine  cans,  as  shown  in  Fig.  7.  The  round  rings 
between  the  clevises  on  the  can  dog  and  the  clevis  on  the 
tee-bar  were  desiged  to  hold  the  cans  straight  for 
entering  the  dumps  and  at  the  same  time  allow  the 
can  dog  free  movement  so  that  it  could  be  connected 
easily  to  the  can. 

In  the  past  16-  and  18-block  cranes  have  failed  owing 
to  the  fact  that,  when  a  whole  row  of  ice  was  pulled, 
the  brine  would  be  lowered  below  the  water  in  the  cans. 
This  would  seriously  affect  the  freezing  rate  and  leave 
a  large  cup  in  the  top  of  the  block.  In  the  present  case 
the  special  floor  design  and  the  extra-long  cans  solve 
this  problem,  as  three  rows,  or  54  blocks,  can  be  pulled 
out  without  lowering  the  brine  below  the  water  level 
in  the  cans. 

As  shown  in  Fig.  8,  the  ice  dumps,  eighteen  in 
number,  are  located  at  one  end  of  the  tank.  The  sides 
are  made  of  i-in.  sheet  iron  with  a  2-in.  oak-wood  back. 
The  most  interesting  feature  of  these  dumps  is  the 
spring  bottoms  used  to  protect  the  cans  from  shock, 
the  springs  serving  as  cushions  when  lowering  the  cans 
into  the  dumps. 


FIO.  6.     SINGLE  36-IN.  PROPELLER 
I'.SEP  TO  CIRrt'LATE  nRIXR 


The  ire  in  transferred  to  a  con- 
veyor directly  in  front  of  the  dumps, 
(  arried  across  the  tankroom  and  auto- 
matically transferred  to  a  retarding 
( onveyor  which  delivers  the  ice  to 
the  storage  rooms  below.  The  two 
conveyors  are  timed  so  that  the  ice 
on  the  cross  conveyor  is  transferred 
first  behind  a  shoe  on  the  retarding 
conveyor,  which  in  turn  holds  the 
cake  of  ice  back  until  it  is  delivered 
to  the  storage  room. 

Table  I  gives  a  fair  indication  of 
the  performance  of  the  new  tank,  and 
these  data  may  be  compared  to  the 
results  obtained  with  the  older  tanks, 
reproduced  in  Table  II.     In  the  lat- 
ter a  heat  transfer  per  degree  temperature  difference 
per  square  foot  per  hour  of  25.8  was  considered  excel- 
lent, as  it  was  above   results   usually   obtained.     The 

TABLE  I.  PERFORMANCE  OF  THE  NEW  TANK 

Number  of  400-lb.  rang 

Tons  of  i'T  p<T  day ............'.'......'..'. 

Average  ran  allowanee  per  ton \[[ 

Lineal  feet  of  I  J-in.  pipe ,.,',. 

Lineal  feet  of  I  J-in.  pipe  per  ton  of  ice '..'.'.'. 

Average  suetion  pressure,  lb ',,'.'.. 

.\verage  brine  temperature,  dog.  F !!!!.'! 

Temperature  eorrespnnding  to  surtion  pressure,  dog.  F '.'.'.'.". '. '. 

Temperature  difference,  deg.  F 

Surface  external  pipe,  srj  ft '.'.'.'.'. 

Tons  refrigeration  in  24  hours 

B.t.u.  water  cooling  and  freezing '.'.'.......     38,720.000 

B.t.u.  losses  tank  covers,  sidewalls,  air  for  agitation 2,744|000 

Total  Btu 41  464,000 

B  t.u.  per  biuarefeet  external  pipe  surface  per  hour 140 

K-heat  transmitted  per  degree  temperature  difference  per  square  feet 

t^per  hour 40 

TABLE  II.    PERFORNLAXCE  OF  OLDER  TANKS 

Number  of  cans,  400  lb |,8I8 

Tons  of  ice  pr  day 238 

.\verage  can  allowance  per  ton 7.6 

f.ineal  feet  of  I  J-in.  pipe 57,000 

Lineal  feet  of  1  J-in.  pipe  per  ton  of  ice 239 

.\verage  suction  pressure,  lb 20 .  5 

Average  brine  temperature,  deg.  F 12 

Temperature  corresponding  to  suction  pressure,  deg.  F 7 

Temperature  difference,  deg.  F 5 

.Surface  external  pipe,  sq.ft 24,800 

Tons  refrigeration  in  24  hours 266 . 9 

Btu.  per  24  hours  ice  cooling  and  freezing 76,892,000 

Btu.  per  square  foot  per  hour 129 

K-heat  transmitted  per  deg.  temperature  difference  per  square  foot 

per  hour 25 . 8 

40-B.t.u.  heat  transfer  of  the  new  tank  is  nearly  60 
per  cent  better  and  must  be  taken  as  a  remarkable 
performance. 

The  design  throughout  was  by  company  engineers, 
Messrs.  Ormsby  and  Gass  being  responsible.  R.  H. 
Tait,  of  the  consulting  engineering  firm  of  Tait,  Nord- 
meyer  Engineering  Co.,  was  retained  as  an  expert  to 
pass  upon  the  design  of  the  flooded  coils,  accumulator, 
etc.,  since  many  features  were  included  that  were  not  of 
current  practice  in  refrigerating  work. 
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fig.  ?.   motor-propelled  pneumatic  crane 
Carrying  eighteen  ioo-Le.  blocks 


EIGHTEEN-CAN  ICE  DUMPS  WITH 
SPRING  BOTTOMS 
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Eliminating  Waste  To  Reduce 
Power-Plant  Costs 

By  Paul  R.  Duffey 
One  of  a  number  of  power  plants  under  my  super- 
vision was  showing  month  by  month  a  gradual  increase 
in  operating  costs.  When  these  increases  were  analyzed, 
it  was  found  that  additional  load  on  the  plant  was  partly 
responsible.  Not  being  satisfied  that  this  was  the  entire 
cause,  a  further  check  showed  that  the  plant  in  general 
was  so  run  down  and  badly  located  that  unless  it  was 
changed  and  necessary  repairs  made,  nothing  could  be 
expected  but  a  continuation  in  the  rising  costs  each 
month. 

Relocating  the  Boilers 

In  order  to  keep  the  plant  in  operation  while  relocat- 
ing the  boilers,  it  was  decided  to  put  in  a  continuous 
ashpit  to  accommodate  four  locomotive-type  boilers 
spaced  four  feet  apart,  allowing  sufficient  room  between 
the  boilers  to  make  repairs  to  staybolts,  etc.  The  pit 
completed,  a  new  125-hp.  boiler  was  set  and  temporarily 
connected  to  the  steam  main.  This  boiler,  after  being 
fired  up,  pennitted  cutting  two  of  the  old  boilers  out  of 
service  and  relocating  them  over  the  new  pit.  A  fourth 
unit  was  installed,  and  after  this  work  was  completed 
and  all  boilers  temporarily  connected  to  the  old  steam 
header,  the  boiler  room  was  built  up  around  the  boilers 
and  over  the  old  boiler  room,  which  was  later  torn  down. 

The  new  boiler  room  is  of  wooden  construction,  the 
framing  being  covered  with  corrugated  galvanized  iron 
siding.  The  ends  are  provided  with  windows  extending 
across  the  entire  length ;  windows  are  placed  in  the  side 
next  to  the  coal  bunker  and  firing  aisle,  thus  affording 
plenty  of  natural  light  and  a  cheerful  place  in  which  to 
work.  The  roof  is  made  up  of  three-ply  roofing  and 
slag  finish.  A  space  four  feet  square  was  provided 
around  each  stack  where  it  comes  through  the  roof  of 
the  building.  These  openings  are  covered  with  steel 
plates  securely  held  to  place,  thus  giving  protection  to 
the  roof  and  building  against  fire  and  weather.  A  con- 
crete floor  and  steel  plate  along  the  firing  aisle  add  to 
the  cleanliness  of  the  plant  as  well  as  to  the  convenience 
of  the  operator. 

Special  attention  was  given  to  locating  the  boilers  in 
relation  to  the  fuel  supply,  and  it  has  been  so  arranged 
that  the  fireman  does  not  have  to  take  any  unnecessary 
steps  to  reach  the  fuel,  which  is  unloaded  from  the  cars 
in  quantity  against  the  coal  gates  six  feet  from  the  fire- 
doors  of  the  boilers.  The  coal  bunker  has  a  capacity 
of  200  tons,  which  can  be  readily  replenished  with  the 
clamshell  crane  used  in  other  parts  of  the  plant. 

Feed-Water  Heater  and  Feed  Pump  Installed 

Previous  to  relocating  the  boilers  the  feed  water 
was  obtained  directly  from  the  general  service  tank 
and  handled  to  the  boilers  through  injectors  at  a 
temperature  of  70  deg.  F.  In  the  new  location  an  old 
abandoned  closed  feed-water  heater  was  put  in  good  con- 
dition and  a  suitable  feed  pump  secured  from  another 
plant  where  it  had  become  obsolete.  These  were  in- 
stalled and  the  water,  instead  of  being  pumped  directly 
from  the  supply  tank,  is  taken  from  a  new  concrete 
sump  basin  into  which  is  run  the  overflow  from  the 
water  jackets  of  three  air  compressors  and  coolers; 
this  water  was  formerly  wasted.  It  has  been  found  that 
no  makeup  water  is  needed,  as  there  is  still  a  slight 
excess  on  warm  days,  when  it  is  necessary  to  have  a 


good  supply  of  jacket  and  cooling  water.  Exhaust 
steam  for  the  heater  has  been  secured  by  piping  the 
exhausts  from  the  supply  pump,  mill  engines  and  air 
compressors  into  a  common  header  discharging  thMUgh 
the  heater  to  the  atmosphere.  There  has  also  been  pro- 
vided the  usual  bypass  arrangement  for  cutting  the 
heater  out  at  any  time  for  repairs.  The  temperature  of 
the  feed  water  under  the  new  arrangement  shows  an 
average  of  180  deg.,  or  a  rise  of  115  deg.,  making  an 
effective  fuel  saving  of  more  than  10  per  cent.  Besides 
hot  feed  water,  there  is  also  a  supply  of  hot  water  for 
filling  dead  boilers  which  can  be  brought  up  to  the 
steaming  point  with  very  little  fuel  waste.  Sufficient 
exhaust  steam  is  available  for  heating  the  wood  mill  and 
offices,  live  steam  being  used  formerly  in  this  service. 

A  new  and  substantial  steam  header  has  been  run  to 
all  boilers  and  plant  machinery  served  from  it.  Steam 
and  hot-water  lines,  including  exhaust-steam  line,  feed- 
water  heater  and  boilers,  have  been  properly  insulated 
with  sectional  covering  and  lagging,  making  an  addi- 
tional saving  in  fuel  of  10  per  cent. 

Engines  and  Compressors  Overhauled 

All  engines  and  air  compressors  have  been  thoroughly 
overhauled  and  put  in  first-class  running  condition.  A 
concrete  floor,  well  drained,  was  laid  around  all  such 
equipment,  which  can  be  kept  in  a  clean  condition,  and 
the  man  in  charge  has  already  shown  that  he  is  inter- 
ested in  doing  better  work  under  good  working  condi- 
tions. All  air  lines  were  gone  over  for  leaks,  the  valves 
and  cocks  repaired,  and  a  new  discharge  line  common 
for   all  compressors   has  been   provided   to  the   main 

MONTHLY  0PER.\TING  DATA 


Last — Under  Old  Arrangement 


Fireman 4®  $137.84 

Ashman |@      115.20 

Coalpans 2@      115.20 

Fuel 300tons@5.15 

Water estimated 

Oils,  etc 


$551.36 

115.20 

230.40 

1.545  00 

35  00 

50.00 

2,526  96 
1,319.02 


Present  Xew  Arrangement 
3@$I37  84     $413.52 

None  

None 

170tons(o  5.  15  $875.50 

No  charge 

30  66 


$1,319  02 


Saving  per  month $1,207.94 

Saving,  year,  $14,495  28.    The  cost  of  the  project  was  $3,500.00  and  it  paid 
for  itself  in  three  months. 

storage  reservoirs  which  has  suitable  oversize  valves 
from  each  compressor  discharge  to  the  main.  All  drains, 
traps  and  miscellaneous  equipment  have  been  put  in 
good  condition,  with  the  results  shown  in  the  table. 
A  master  gage-board  containing  gages  showing  steam 
pressure,  air  pressure  and  feed-water  pressure,  as  well 
as  a  duplex  recording  gage  for  air  and  steam  pressures, 
has  been  added  as  a  further  incentive  for  the  operator  to 
produce  good  results. 


Semi-Diesel  and  Hot-Bulb 
Engine  Suggestions 

On  starting  the  engine,  do  not  inject  too  much  fuel 
oil.  Two  strokes  of  the  hand  lever  should  be  suflfcient. 
If  an  excessive  amount  of  oil  is  used,  there  is  great 
danger  of  blowing  the  cylinder-head  joint. 

In  old  engines  where  the  usual  copper  gasket  fails  to 
keep  the  head  joint  tight,  try  using  asbestos  wicking 
braided  into  a  rope.  This  should  be  soaked  in  salt  water 
and  then  covered  with  graphite  and  oil  before  using. 

In  installations  where  the  starting  torch  is  fitted  with 
a  heating  coil,  small  carbon  particles  will  choke  the  coil ; 
a  spare  torch  should  be  always  on  hand.  The  coil  can 
be  cleaned  in  lye  water  and  then  blown  out  with  air. 
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The  WorUrs  Lar«;est  Boilers 


THE  oitrht  cnnrmous  hoilors  that  mo  Ikmmk  iiistalicd 
:it  Iho  Ford  IMaiit  at  River  Uouko.  Mioh.,  are  the 
larKost  of  their  kind  and  are  part  of  the  first  really 
larjre  |K)\ver  plants  in  the  United  States  to  use  pulver- 
ized fuel.  One  of  these  boilers  is  already  in  successful 
operation. 

An  idea  of  the  K>'t'at  size  of  the  installation  may 
l>e  Ki>''i*?d  from  the  picture,  which  shows  eiyht  Ford 
cars  lined  up  inside  one  of  the  furnaces.  There  is 
plenty  of  room,  as  the  furnace  measures  23  x  25  ft. 
and  is  55  ft.  in  height.  The  boilers,  which  are  beinj? 
made  by  George  T.  Ladd  Co.,  Pittsburgh,  Pa.,  are  of 
the  water-tube  type  and  have  an  effective  heating  sur- 
face of  2G,470  sq.  ft.  Each  one  has  two  lower  drums, 
twx)  upper  drums  and  one  steam  drum.  Connecting 
the  upper  and  lower  drums  are  1,467  tubes,  3i  in.  in 
diameter  and  having  an  average  length  of  20  ft.  6 
in.  Placed  end  to  end  they  would  extend  a  distance 
of  six  miles. 

Pulverized  coal  and  bla.st-furnace  gas  will  be  burned 
at  the  same  time  by  firing  the  coal  vertically  from  the 
top  and  injecting  the  gas  horizontally  through  the  side. 
The  coal  flame  and  the  gas  flame  will  unite  at  the 
proper  point  to  give  the  greatest  efficiency.  It  is 
planned  to  operate  the  boilers  in  the  day-time  at  about 


250  per  cent  of  the  rated  capjicity,  although  continuous 
()peration  at  about  400  per  cent  will  be  possible. 

It  is  estimated  that  1,000  tons  of  coal  will  be  con- 
sumed daily.  From  the  lime  this  coal  leaves  the  Ford 
mines  in  West  Virginia  and  Kentucky  until  it  is  car- 
ried away  as  ashes,  it  never  is  handled  manually.  All 
the  operations  are  done  mechanically — dumping,  pulver- 
izing, carrying  to  the  bins,  stoking,  even  to  carrying 
the   ashes   away    in   small   dummy   cars. 

Economizers  will  not  be  installed  until  some  time  in 
the  future  when  it  may  be  deemed  advi.sable,  but  con- 
siderable attention  has  been  paid  to  the  superheater 
units.  These  are  located  in  the  first  pa.sH  of  the  boiler, 
where  they  are  protected  by  the  boiler  tubes. 

There  are  many  other  interesting  features  about  this 
plant;  it  is  in  almost  every  way  a  bold  departure  from 
established  practice.  It  will  be  the  first  combined  blast 
furnace,  steel  mill  and  foundry  in  the  world,  and  will 
cover  about  23  acres.  It  is  designed  so  as  to  make 
pcssible  the  pouring  of  castings  with  uncooled  metal 
which  has  come  directly  from  the  blast  furnaces,  a 
step  never  before  attempted. 

Power  plans  to  publish  at  an  early  date  a  description 
of  the  power  plant  of  this  new  works  and  will  include 
more  details  of  these  boilers. 


EIGHT  FORD  CARS   INSIDE  THE  FURNACE 


November  23,  1920 


POWER 
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The  Boiler  Code 
and  Cheap  Boilers 

THERE  has  recently  developed  a  wave  of  agitation 
against  the  A.  S.  M.  E.  Boiler  Code  by  builders  and 
users  of  boilers,  usually  of  the  portable  type,  vi'hich 
do  not  comply  with  its  requirements. 

In  order  to  judge  the  conditions  intelligently,  one 
should  understand  that  the  Boiler  Code  is  a  collection 
of  rules  for  the  design,  construction  and  equipment  of 
boilers,  and  of  specifications  for  the  material  of  which 
they  should  be  composed  in  order  that  they  may  be 
safe. 

These  rules  and  specifications  are  not  unnecessarily 
restrictive,  designed  to  produce  a  boiler  of  superlative 
quality  which  only  specially  equipped  shops  can  pro- 
duce. The  specifications  are  almost  word  for  word  those 
of  the  American  Society  for  Testing  Materials,  the 
highest  authority  upon  the  qualities  which  materials 
should  possess  for  given  purposes.  The  rules  for  design 
represent  the  best  thought  of  the  world's  best  experts 
who  have  made  the  construction  and  failure  of  boilers 
a  study  in. foreign  countries  as  well  as  in  our  own. 
In  the  process  of  its  formulation  exhaustive  hearings 
were  held  in,  which  boiler  users,  insurance  companies, 
manufacturers  of  materials  and  accessories,  boiler 
manufacturers  and  in  fact  every  interested  party  ap- 
peai'ed  and  discussed  the  bearing  of  the  proposed  rulings 
upon  their  interests.  The  Boiler  Code  Committee  itself 
comprises  representatives  of  most  of  these  classes.  The 
result  is  a  formula  for  a  boiler  of  high  grade  but 
without  any  frills,  which  does  not  exclude  any  boiler 
that  is,  reasonably  safe  nor  condemn  types  or  prac- 
tices that  are  not  admittedly  bad.  The  American 
Society  of  Mechanical  Engineers  offers  it  as  a  standard, 
a  boiler  built  to  which  will  be  free  from  defects  that 
have  been  found  to  be  productive  of  explosion. 

Having  done  this,  the  society  concerns  itself  only 
with  the  interpretation  and  betterment  of  the  Code. 
It  has  no  power  to  impress  the  Code  upon  industry, 
no  right  to  insist  that  new  boilers  be  built,  to  its 
standard,  and  especially  no  concern  with  boilers  already 
built. 

True,  the  Code  has  a  short  section  relating  to  exist- 
ing installations,  but  it  is  a  dead  letter.  It  consists  for 
the  most  part  of  a  reiteration  of  the  rules  of  the  main 
section  and  for  the  rest  of  provisions  which  had  better 
be  left  to  the  judgment  of  the  authorities  of  the  states 
or  municipalities  adopting  the  Code.  In  its  inclusion  of 
this  feature  it  follows  the  Massachusetts  Boiler  Rules 
upon  which  the  code  was  largely  modeled,  which  feature, 
whjle  pertinent  and  necessary  in  the  rules  governing  the 
administration  of  a  state  boiler  department,  is  out  of 
place  in  the  code  of  a  society  competent  to  define  what  a 
boiler  ought  to  be,  but  which  is  not  called  upon  to  decide 
what  ought  to  be  done  with  a  lot  of  boilers  already  in 
use  which  are  not  up  to  its  standard. 

Gradually,  the  legislatures  of  the  several  states  are 
awakening  to  the  importance  of  industrial  accidents  and 


are  establishing  industrial  commissions,  departments  of 
safety,  factory-inspection  bureaus,  etcetera.  Some  of 
the  states  have  made  a  separate  case  of  the  steam 
boiler  and  under  some  of  their  safety  commissions 
have  instituted  divisions  of  boiler  inspection.  In  fifteen 
of  the  states  and  in  a  number  of  cities  the  boards  or 
other  bodies  having  the  regulation  of  boilers  in  charge 
have  adopted  the  A.  S.  Mi.  E.  Code  boiler  as  their 
standard,  and  in  the  interest  of  uniformity  it  is  hoped 
that  the  others  will  do  so.  Usually,  this  standard  is 
applied  only  to  new  installations,  existing  boilers  being 
so  dealt  with  as  to  allow  them  to  serve  out  their 
term  of  usefulness  without  becoming  too  mluch  of  a 
menace  to  the  public  safety. 

If  all  the  states  would  thus  adopt  and  enforce  the 
Code  for  new  installations,  all  would  be  simple.  The 
old  and  inferior  boilers  would  be  gradually  worked 
out,  boiler  practice  would  be  standardized,  the  boiler- 
maker  would  simply  have  to  build  a  boiler  to  the 
Code  to  have  it  universally  acceptable,  the  customer 
would  know  what  he  was  getting,  and  the  danger  of 
explosion  would  be  confined  to  faulty  operation.  But 
there  are  those  who  insist  upon  building  a  cheap  and 
inferior  grade  of  boiler,  claiming  that  it  is  good  enough 
for  the  purposes  for  which  it  is  designed.  These  are 
mostly  of  the  portable  type  for  use  out  in  the  open 
country,  and  if  they  blow  up  will,  it  is  claimed,  kill 
only  a  few.  farmers,  lumbermen  or  oil-well  drillers  any- 
way. The  curious  thing  is  that  the  users  of  these 
boilers  are  as  persistent  and  aggressive  in  their  in- 
sistence upon  their  right  to  use  them  as  are  the  builders 
in  their  insistence  upon  their  right  to  make  them,  and 
between  them  they  have  enough  influence  with  the 
legislators  of  the  majority  of  the  states  to  prevent 
them  from  adopting  measures  for  regulating  the  con- 
struction and  use  of  boilers  or,  if  such  measures  are 
adopted,  to  get  themselves,  as  a  class,  exempted  from 
their   provisions. 

Such  pressure  and  such  tactics  will  delay  for  a  time 
the  nation-wide  adoption  of  the  Boiler  Code,  but  grad- 
ually the  law  makers  will  recognize  that  the  use  of 
steam  boilers  must  be  regulated,  and  when  legislation 
providing  for  such  regulation  is  passed,  the  inspectors 
appointed  under  it  will  be  increasingly  likely  to  adopt 
the  A.  S.  M.  E.  Code  boiler  as  the  standard  to  which 
they  will  require  new  boilers  to  conform  before  they 
can  be  operated,  at  least  in  factories  and  centers  of 
population. 

The  treatment  of  existing  installations  must  not  be 
so  drastic  as  to  put  out  of  commission  a  lot  of  boilers 
which,  while  not  so  immune  from  explosion  as  the  Code 
boiler,  have  a  fair  chance,  with  good  supervision,  to 
put  in  yet  a  few  years  of  usefulness.  This  treatment 
will  require  tact  on  the  part  of  the  Board  and  vigilance 
and  skill  on  the  part  of  the  inspectors.  These  old  boilers 
will  work  themselves  off  in  a  generation.  As  a  matter 
of  expediency,  legislators,  in  adopting  boiler-inspection 
laws  and  inspectors  in  enforcing  them  may  have  to 
tolerate  for  a  time  the  risk  of  murder  and  suicide  upon 
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the  part  of  the  adherents  of  the  cheap  boiler  for  use 
in  sparsoly  settled  districts  in  order  to  secure  protec- 
tion for  the  public  in  more  conKesled  i)arts.  But  the 
matter  will  eventually  work  it,self  out.  If  the  cheaper 
boilers  do  not  explode,  if  the  provisions  of  the  Code 
by  which  thoy  are  dis(iualiru'd  are  jiroven  to  be  un- 
called for  and  unnecessary  to  safety,  the  ('ode  will  have 
to  be  modified  Iti  these  respects.  If,  on  the  other  hand, 
they  do  continue  to  explode  and  it  can  be  shown  that 
their  explosion  is  due  to  the  failure  of  their  makers 
or  users  to  comply  with  the  requirements  of  a  safe 
boiler  as  defined  by  this  board  of  recotrnized  authorities, 
any  court  will  ascribe  their  explosion  to  willful  neg- 
litrence,  and  the  damajres  and  opprobrium  may  be  more 
onerous  than  compliance  with  approved  practice. 

l*ower-l*laiit  Acroiiuliug 

IN  TOO  many  manufacturing  plants  the  power  and 
heating  requirements  are  considered  "non-productive" 
departments  and  insufflcient  attention  is  given  to  either 
economical  operation  or  betterments.  Coal  is  purchased 
and  stored  with  only  the  most  cursory  record  of  the 
tally  and  expenditure.  In  a  modem  plant  or  machine 
shop  a  tenpenny  nail  could  not  be  obtained  without  the 
proper  requisition  passing  throuRh  the  accounting  chan- 
nels, notwithstanding  that  the  cost  of  this  particular 
record  may  be  greater  than  the  article  involved. 

Contrast  this  with  the  methods  of  handling  fuel.  In 
many  cases  thousands  of  tons  of  coal  are  purchased, 
piled  in  the  yard  and  used  for  heating  and  power  gen- 
eration with  no  check  except  the  invoice  and  car  weights 
from  the  coal  or  railroad  company.  No  record  of  its 
distribution  or  accounting  is  attempted.  A  truck  could 
be  loaded  and  large  amounts  divei-ted  to  personal  uses 
with  no  fear  of  discovery  unless  the  theft  was  actually 
observed,  and  such  instances  are  not  unknown. 

This  is  one  of  the  inherent  causes  of  power-plant 
astes  and  also  the  reason  why  so  many  suggested  im- 
j  i  ovements  in  operation  are  received  with  skepticism. 
As  the  management  has  not  the  faintest  idea  where  the 
fuel  is  being  used  or  how  economically,  there  is  no  basis 
by  which  to  judge  changes  or  to  ascertain  whether  a 
saving  is  possible.  This  lack  of  accounting  in  large 
manufacturing  plants  is  more  widespread  than  is  gen- 
erally realized. 

Plant  operators  having  no  records  or  methods  of 
demonstrating  facts  are  sadly  handicapped  when  trj'ing 
to  improve  conditions.  It  is  a  function  of  the  executive 
to  probe  the  suggestions  offered  and  determine  the 
facts.  Complete  records  in  the  power  plant  and  a  little 
money  spent  for  proper  accounting  would  not  only  solve 
his  difficulty,  but  automatically  bring  about  economy  in 
operation  by  showing  up  shortages  and  departure  from 
standard  conditions.  In  operating  results  the  executive 
would  have  a  basis  of  comparison — he  would  know  what 
to  demand  when  an  addition  or  new  plant  was  to  be 
built  and  after  installation  he  would  be  able  to  check 
what  had  been  received. 

With  initial  investment  averaging  from  one  hundred 
to  one  hundred  and  fifty  dollars  per  kilowatt  of  gener- 
ating capacity  and  coal  and  labor  bills  running  to  ex- 
tremes, it  would  seem  that  the  comparatively  few  dollars 
required  for  power-plant  accounting  would  be  warranted 
many  times  over.  If  every  department  received  monthly 
bills  for  power  and  heat  the  same  as  for  raw  products 
and  labor,  it  would  create  a  demand  for  accurate  ac- 
counting and  in  doing  so  insure  more  economical  results. 


riu;  introduction  of  a  few  miHcellaneous  metei-s,  even 
if  they  are  read  rep:ularly,  and  the  compilation  of  fuel 
costs  monthly  or  yearly  arc  of  little  use.  Such  i)ractice 
may  be  likened  to  maintaining  a  ledger  and  neglecting 
part  of  the  entries  on  one  side  or  the  other.  Accounting 
records  .should  be  kept  so  that  at  any  time  the  manufjic- 
tured  products,  such  as  .steam  for  heating  and  process- 
ing, hot  water  and  power,  can  be  exactly  balanced 
again.st  all  loss  and  expense,  including  the  cost  and 
(juantity  of  the  particular  fuel  purchased  and  used. 

In  charging  departments  a  profit  should  be  added  to 
cover  upkeep  and  betterments.  In  other  words,  the 
power  •plant  should  be  on  a  separate  basis  of  its  own 
and  made  to  stand  on  its  own  feet.  Each  finished  manu- 
factured product  and  each  department  should  bear  its 
portion  of  the  expense.  Unnecessary  use  of  power  by 
overmotoring  and  other  wastes  would  be  reflected  in  the 
costs  of  the  offending  departments. 

Compiling  Useful  Data 

WHERE  can  the  information  be  found  to  solve 
such  and  such  a  problem?  Where  did  I  see  this 
information  in  some  technical  paper  or  book?  These 
are  questions  that  most  of  us  frequently  have  occasion 
to  ponder  over,  and  we  spend  much  time  in  searching, 
all  because  our  memorj'  fails  us  at  an  inopportune 
time.  The  amount  of  valuable  data  published  in  tech- 
nical books  and  magazines  for  engineers  is  beyond 
comprehension,  but  that  there  is  still  a  great  void  that 
has  not  been  filled,  is  clearly  evident  from  the  many 
inquiries  we  receive  each  week.  The  majority  of  these 
questions  are  not  on  subjects  on  which  there  is  a  lack 
of  reliable  data,  but  on  the  very  questions  discussed 
from  week  to  week  in  Potver.  Frequently,  the  answers 
to  the  questions  are  given  by  sending  those  asking  for 
information  pages  taken  from  a  previous  issue  contain- 
ing an  article  dealing  comprehensively  with  the  subject. 

All  this  leads  to  the  suggestion,  which  has  frequently » 
been  made  before,  that  Power  readers  should  have  some 
system  of  making  available,  when  needed,  the  informa- 
tion published  each  week  pertinent  to  their  particular 
problems.  One  of  the  simplest  and  easiest  ways  of 
doing  this  is  to  file  the  copies  away  and  at  the  end  of 
each  six  months  file  the  index,  which  is  supplied  gratis, 
either  with  the  copies  or  in  a  binder.  Then,  when  any 
question  arises  on  which  information  is  desired,  it  can 
be  easily  determined  what  has  been  published  in  Power 
on  this  subject.  Another  method  is  to  keep  a  clipping 
file  or  scrapbook  and  file  each  week  the  articles  which 
the  reader  thinks  may  be  of  service  to  him,  under 
subject  heads.  Some  of  the  best  handbooks,  so  far  as 
the  individual  owmer  is  concerned,  are  of  the  home-made 
variety  and  have  been  compiled  by  arranging  useful 
data  in  available  form,  as  it  comes  to  hand.  It  makes 
little  difference  how  much  useful  information  may  be 
stored  in  books  and  magazines,  so  long  as  the  possessor 
of  these  does  not  know  when  and  how  to  call  it  to  his 
assistance  when  needed.  Information,  to  be  of  real 
service,  must  be  in  one  of  two  places — either  in  the 
individual  head  or  in  such  published  form  as  to  be  read- 
ily accessible  when  needed. 


The  Standard  Oil  Company  of  Indiana,  with  an  out- 
standing capital  of  thirty  million  dollars,  has  a  surplus 
of  one  hundred  and  five  million  dollars  and  has  declared 
a  stock  dividend  of  one  hundred  and  fifty  per  cent. 

Gasoline  today  thirty-five  cents! 


November  23,  1920 


POWER 


831 


COR 


How  Can  Shavings  Be  Burned  With  Coal? 

In  a  plant  with  which  I  am  acquainted  enough  shav- 
ings and  wood  cuttings  are  produced  to  supply  four 
16-ft.  X  72-in.  return-tubular  boilers.  There  are  other 
boilers  using  coal.  The  furnaces  by  some  stretch  of  the 
imagination  have  been  called  dutch  ovens,  but  how 
nearly  they  resemble  the  dutch  oven  may  be  judged 
from  the  accompanying  sketch.  The  opening  through 
which  fuel  is  fed  is  about  4  ft.  6  in.  by  8  in.  The 
shavings  are  fed  direct  from  the  cyclone  shavings  col- 
lector, and  the  wood  cuttings,  which  measure  up  to  four 
feet  in  length,  are  dumped  from  barrows  into  the  open- 
ing and  then  shoved  back  by  pokers. 

Formerly,  the  custom  was  to  let  the  opening  fill  up 
with  shavings,  then  shove  them  back  with  the  poker. 


IhuTe  rrom 
Cyc/one 


FURNACE  FOR  BURNING  SHAVINGS  AND  COAL, 

The  result  was  that  carbon  monoxide  was  formed,  which 
invariably  caught  fire  in  the  smoke-box  from  in-leakage 
of  air.  It  is  said  that  flame  has  been  seen  at  the  top  of 
the  chimney. 

The  remedy  for  this  kind  of  combustion  was  to  keep 
an  opening  at  each  end  of  the  furnace  for  the  admission 
of  air.  With  cuttings  this  was  not  necessary,  as  suffi- 
cient air  could  enter  through  the  voids  unless  these  were 
filled  with  shavings.  The  horizontal  grates  are  40  in. 
long  with  80  per  cent  air  space,  the  spaces  being  %  in. 
wide.  The  result  with  this  width  of  air  space  is  not 
satisfactory  as  the  grates  choke  too  easily  with  ashes. 
Last  summer  one  of  the  furnaces  was  fitted  with  grates 
48  in.  long  and  over  38.5  per  cent  air  space,  the  spaces 
being  5  in.  wide.  The  result  was  a  great  improvement. 
The  plant,  is  equipped  with  an  automatic  damper,  and 
the  smoke  is  decidedly  worse  when  it  is  closed  to  the 
limit  for  which  it  is  set. 


On  account  of  lack  of  floor  space  the  coal  is  burned 
under  certain  boilers  and  the  wood  and  shavings  under 
others,  but  I  believe  it  is  better  to  keep  the  fuels  sep- 
arate anyway. 

In  regard  to  leaking  tubes,  the  present  engineer's 
place  of  worship  from  Sunday  morning  to  Sunday  even- 
ing was  in  the  combustion  chambers  of  the  wood- 
burning  boilers  rolling  and  beading  tubes,  but  as  the 
boilers  were  exceedingly  dirty  the  leaking  cannot  with 
certainty  be  said  to  have  been  due  to  the  fuel  because 
the  tubes  of  the  coal  burners  leaked  also. 

The  compound  used  was  a  well-known  water  treat- 
ment. By  careful  attention  to  the  compound  and  the 
use  of  a  tube  cleaner,  the  boilers  reached  a  condition 
described  as  "very  good."  But  there  was  still  too  much 
tube  trouble.  Early  last  summei  a  so-called  meta^ 
treatment  was  used  and  leakage  was  greatly  reduced 
but  whether  as  a  coincidence  or  as  a  result  it  is  as  yet 
impossible  to  say. 

Next  spring  we  expect  to  begin  alterations  that  will 
include  a  real  dutch-oven  furnace  and  a  type  of  boiler 
that  will  give  sufficient  floor  space  for  it,  and  my  inten- 
tion is  to  feed  the  shavings  thi'ough  the  roof  of  the 
furnace  and  the  cuttings,  some  of  which  are  heavy,  at 
the  front  end  onto  inclined  grates  considerably  flatter 
than  they  are  at  present  so  as  to  give  them  a  slide  into 
the  furnace,  and  also  to  have  an  adjustable  shutter  to 
regulate  the  air  admitted  to  the  furnace. 

Toronto,  Ont.,  Canada.  R.  McLaren. 

Boiler  Drum  Pitted 

In  the  Oct.  26  issue  of  Power,  page  675,  Charles  W. 
Carter,  Jr.,  asks  for  the  opinions  of  readers  regarding 
the  pressure  on  the  different  drums  of  a  water-tube 
boiler. 

I  believe  that  the  pressure  on  the  six  drums  is  equal 
so  far  as  steam  pressure  is  concerned,  but  that  there 
must  be  more  pressure  on  the  lower  drums  due  to  the 
water  in  the  boiler.  This  extra  pressure  will  be  ap- 
proximately one  pound  pef  square  inch  for  each  twenty- 
eight  inches  in  height  of  the  body  of  water. 

Therefore,  if  it  is  seven  feet  from  the  bottom  of  the 
lowest  drum  to  the  water  line  in  the  boiler,  there  must 
be  about  three  pounds  per  square  inch  more  pressure 
on  the  bottom  of  the  lower  drum  than  at  the  water  line. 
There  is  no  other  reason  why  there  should  be  a  differ- 
ence in  pressure  on  any  part  of  a  water-tube  boiler. 

I  think  Mr.  Carter'.s  theory  as  to  the  cause  of  pitting 
is  correct.  '   '  L.  M.  Reed. 

Webster,  Mass. 
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l*rt>v«"iilril  WuUt  (vetting  Into  drank  CuMt' 

A  self-oilinK  enRine  Riive  trouble  from  water  peltiiiK 
into  the  crankcaae  from  the  stuniiip  box  and  cnu.sinjr  thi' 
oil  to  emiil.sify.  Almost  every  kind  of  oil  wa.s  u.sed  with- 
out rc.^ult.s.  At  the  end  of  the  frame  was  a  ca.st-iroii 
partition  with  a  Tj-in.  hole  through  it.  This  was  covered 
with  a  sheet-brass  plate  through  which  the  rod  ran.  A 
drain  hole  in  the  cast-iron  partition  let  the  water,  which 


LOCATION    OF    AfjJlI.IARY    STUFFINO    BOX 

dripped  out  of  the  stuffing  box,  run  into  the  crankcase. 
A  stuffing  box  and  gland  was  made  and  bolted  to  the 
partition,  as  shown  in  the  illustration,  and  the  drain 
was  stopped  up  with  a  metal  cement.  A  A-in.  pipe  con- 
nection was  made  through  the  side  of  the  frame  into  the 
space  between  the  stuffing  boxes  to  drain  out  the  water. 
Since  this  has  been  done  the  oil  remains  perfectly  clear. 
Canton,  Miss.  JOHN  T.  Sharp. 

Detecting  Elongation  of  Connecting-Rod 
Bolts 

Seemingly,  very  little  attention  is  paid  by  operators 
of  Diesel  and  semi-Diesel  engines  to  the  question  of 
elongation  of  the  connecting-rod  bearing  bolts.  In 
tightening  up  the  nuts,  often  the  bolts  are  severely 
stressed  before  the  engine  is  put  in  service.  Frequently 
the  cranking  bearing  is  allowed  to  run  entirely  too 
slack.  The  inertia  of  the  pistons  as  the  crank  passes 
dead  center  is  sufficient,  in  view  of  the  play  in  the 
bearing,  to  stretch  the  bolt  beyond  its  elastic  limit. 
The  bolt  then  fails.  This  puts  all  the  stress  on  the 
remaining  bolt,  which  either  bends,  opening  up  the 
brass,  or  breaks.  When  such  an  accident  occurs,  the 
connecting  rod  and  piston  come  loose,  wrecking  the 
engine. 


.Several  such  wrwks  have  occurred  during  the  last 
few  months.  Undoubtedly,  one  or  more  have  been  due 
to  excessive  slackness  in  the  crank-pin  bearing.  The 
engineer  has  no  reasonable  excuse  to  offer  for  this 
da.ss  of  accidents.  The  pounding  of  the  bearing  should 
indicate  to  a  trained  ear  that  the  engine  re()uires  im- 
mediate adjustment.  The  fractured  bolts  resulting 
from  elongation  occurring  when  the  nuts  were  being 
tightened  are  hardly  blameable  to  the  operator,  although 
he  should  u.se  judgment  as  to  the  manner  of  tightening. 
Klongation  of  bolts  resulting  from  loo.se  bearing  or 
undue  tightening  does  not  take  place  immediately;  it  is 
gradual,  and  for  that  reason  .some  device  for  detecting 
the  elongation  before  it  reaches  the  danger  point  should 
be  provided. 

The  little  contrivance  illustrated,  which  might  well 
be  called  an  extensometer,  was  made  by  a  Die.sel 
engineer  and  will  detect  alterations  of  le.ss  than  one-half 
of  a  thousandth  of  an  inch.  On  the  two  Diesel  engines 
in  the  plant,  a  hole  was  drilled  in  the  side  of  the  con- 
necting-rod bolt  heads  and  reamed  to  size.  A  tool-steel 
bar  was  bent  as  shown,  and  was  threaded  at  one  end  for 
an  adjustment  screw.  The  other  end  was  also  fitted 
with  a  pin  that  fitted  the  hole  in  the  bolt  head.  The 
ends  of  the  bolts  were  ground  until  all  were  of  equal 
length,  the  variation  in  length  being  less  than  0.001  in. 
The  adjusting  screw  was  then  set  to  barely  touch  a  0.01 
brass  plate  when  placed  on  the  end  of  the  bolt.  In 
tightening  up,  a  wrench  and  heavy  hammer  were  used, 
but  the  bolt  was  never  drawn  up  enough  to  elongate. 

Each  time  the  inspection  doors  on  the  crankcase  were 
opened,  the  bolts  were  measured.     If  the  clearance  be- 


CONNECTIXG-ROD   BOLT  CJAGE 

tween  bolt  and  gage  was  less  than  0.008,  it  was  assumed 
that  the  bolt  had  stretched  and  it  was  removed.  Only 
one  defective  bolt  was  ever  detected.  This  particular 
one,  however,  showed  a  decided  lengthening,  and  on 
investigation  a  fracture  which  extended  half  through 
the  bolt  was  discovered.  E.  Long. 

Dallas,  Tex. 
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Does  a  License  Law  Help? 

In  an  article  in  the  issue  of  Oct.  12,  page  591,  "Does 
a  License  Law  Help?"  the  ailthor  severely  criticises 
license  laws  and  is  of  the  opinion  that  such  are  prac- 
tically of  no  use  or  benefit  to  anyone.  If  it  were  not 
for  license  laws  one  can  imagine  the  undesirables  that 
would  be  found  running  engines,  not  knowing  one  part 
from  another,  and  being  obliged,  when  a  breakdown 
occurred,  to  call  up  a  near-by  machine  shop  and  get 
a  mechanic  to  do  the  necessary  repairs. 

If  we  had  a  uniform  graded  license  law,  there  would 
be  more  chance  for  advancement  and  engineers  would 
make  it  a  point  to  study  and  get  the  first-class  grade,  as 
that  position  would  undoubtedly  pay  the  most  wages. 

I  do  not  say  that  an  engineer  must  have  a  college 
education,  although  he  would  be  better  off  if  he  had,  but 
I  do  maintain  that  he  should  thoroughly  understand  the 
mechanism  of  every  machine  under  his  supervision. 

I  say,  pass  laws  requiring  licenses  and  make  non- 
licensed  engineers  get  in  line  and  show  whether  they 
are  capable  or  not;  do  not  let  every  Tom,  Dick  and 
Harry  come  along  and  be  promoted  to  engineers  in 
two  days'  time.  Charles  W.  Carter,  Jr. 

Olean,  N.  Y. 


Regarding  Mr.  Shaw's  communication  "Does  a  License 
Law  Help?"  there  are  two  sides  to  every  question  and 
I  would  like  to  have  the  readers  of  Power  hear  the  other 
side  of  this  one. 

I  am  glad  that  Mr.  Shaw  is  not  opposed  to  license 
laws.  Neither  am  I.  In  fact,  I  am  strongly  in  favor  of 
them.  I  will  not  attempt  to  defend  the  license  laws  of 
other  states  or  cities,  but  will  take  up  the  question  from 
the  viewpoint  of  a  licensed  engineer  in  Massachusetts. 

I  know  that  the  license  laws  here  do  help  the  engineer, 
increasing  his  pay  and  enlarging  his  knowledge  of  the 
proper  operation  of  the  steam  plant.  As  a  matter  of 
fact  the  operating  engineers  in  this  state  receive  con- 
siderably higher  wages  than  those  in  adjoining  states 
where  there  are  no  license  laws.  As  to  increased 
knowledge  there  is  no  greater  incentive  for  a  fireman  or 
an  engineer  to  increase  his  knowledge  than  for  him  to 
tackle  the  steam-power  plant  game  in  this  state.  This  I 
state  as  a  result  of  my  own  experience.  I  do  not  doubt 
what  Mr.  Shaw  says  in  regard  to  the  vast  number  of 
engineers  who  carry  diff'erent  forms  of  licenses  and 
operate  in  other  states,  but  I  believe  that  the  percentage 
of  those  who  operate  on  stolen  licenses,  etc.,  is  but  a 
small  fraction  of  one  per  cent  of  the  whple  number  of 
engineers  employed,  therefore  I  do  not 'think  that  part 
of  the  argument  amounts  to  very  much. 

I  believe  that  the  Alabama  engineer  of  whom  Mr. 
Shaw  speaks  is  an  exception  the  rule.  I  have  met  and 
worked  with  quite  a  number  of  engineers  whose  educa- 
tion was  about  as  limited  as  this  one,  and  I  have  found 
that,  in  the  operation  of  their  own  plants,  they  were 
pretty  good,  but  when  it  came  to  the  knowledge  of  the 
underlying  principles  that  govern  the  care  and  operation 
of  any  steam  plant  their  ideas  were  very  limited,  which 
is  a  natural  consequence. 

I  do  not  claim  that  the  possession  of  a  license 
indicates  that  a  man  is  infallible  as  an  engineer,  but  I 
do  claim  that  one  who  has  obtained  a  first-class  Massa- 
chusetts engineer's  license  within  the  last  five  years 
has  proved  himself  to  be  a  practical  man  and  to  be  pos- 
sessed of  a  sufl[icient  knowledge  of  the  construction  of 
iteam  boilers  and  of  the  vital  facts  and  principles  that 
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govern  the  care  and  operation  of  a  steam  plant  to  make 
him  a  pretty  safe  man  to  place  in  charge  of  one. 

As  to  the  case  cited  by  R.  G.  Summers,  in  the  Sept.  14 
issue,  it  is  my  candid  opinion  that  a  real  engineer, 
whether  licensed  or  not,  would  have  been  able  to  show 
his  employer  where  he  was  in  error. 

The  engineers  of  the  country — the  real  engineers — 
want  a  license  law  and  they  are  going  to  get  it;  perhaps 
not  all  in  the  same  form  as  those  of  this  state,  some  not 
so  good,  some  perhaps  better.  As  to  a  Federal  license 
law,  no  such  thing  can  exist  owing  to  the  sovereignty  of 
the  individual  states,  but  if  55  per  cent  of  the  engineers 
in  the  diff'erent  states  knew  the  actual  benefit  to  be 
derived  through  the  enactment  of  sound  license  laws  and 
were  not  afraid  that  if  such  laws  were  enacted  their 
knowledge  would  not  measure  up  to  the  standard 
required,  there,  would  be  license  laws  passed  in  the 
various  states  as  soon  as  their  legislatures  convened. 

It  is  true  that  the  holder  of  a  license  may  be  no 
better  as  an  engineer  than  the  one  who  does  not  hold 
one,  but  the  average  engineer  who  holds  a  license  is 
certainly  more  capable  of  approaching  his  employer  with 
suggestions  owing  to  the  very  fact  that  he  had  to  study, 
to  dig  down  to  the  very  bottom  of  things  to  obtain  enough 
knowledge  to  pass  his  examination,  and  in  so  doing  he 
acquired  more  confidence  and  is  better  able  to  talk  with 
his  employer  upon  the  subjects  which  arise. 

Mr.  Shaw  states  that  a  man's  competency  to  operate 
a  plant  could  easily  be  found  out  as  soon  as  the  man 
began  work  if  his  employer  knew  anything  about  it  at 
all.  I  take  it  from  that  he  means  if  his  employer  knew 
anything  about  steam  plants.  I  would  like  to  a.sk  what 
he  considers  a  fair  percentage  of  the  employers  of 
engineers  throughout  the  country  who  know  even  the 
simplest  rudiments  of  the  care  and  maintenance  of  a 
steam  plant?  The  average  employer  is  not  to  be  com- 
pared •with  the  average  official  who  sits  on  the  examining 
board  of  engineers  in  this  state.  Every  one  of  these 
men,  I  think,  has  been  a  practical  operating  engineer 
and  has  had  to  pass  a  rigid  examination  to  obtain  the 
position  he  holds  and  is  possessed  of  a  considerable 
amount  of  very  useful  knowledge  of  technical  things. 

Then,  where  does  the  average  employer  fit  when  it 
comes  to  determining  a  man's  ability  as  an  engineer  as 
compared  with  the  judgment  of  three  such  men  as  com- 
prise a  board  of  examiners  for  a  second  or  first-class 
engineer's  license  in  Massachusetts?  Not  only  do  they 
judge  a  man's  ability  by  what  he  can  show  them  during 
his  examination,  but  a  man  begins  with  them  as  a  rule 
as  an  applicant  for  a  second-class  fireman's  license,  and 
they  follow  him  along  as  he  obtains  a  higher-grade 
license,  in  his  plant,  in  his  daily  work.  They  visit  those 
plants  which  are  in  their  particular  territory,  and  if  a 
man  in  a  certain  plant  has  applied  for  a  license  they  look 
him  up,  see  what  his  reputation  is  as  a  fireman  or  as  an 
engineer  and  talk  with  him  on  the  job. 

Things  have  changed  since  Brother  Shaw  obtained  his 
first-class  license  25  years  ago.  By  no  means  do  I 
intend  to  infer  by  this  that  he  is  not  in  reality  a  first- 
class  engineer,  but  I  fear  he  is  out  of  step  with  the 
times  as  regards  Massachusetts  license  laws.  Twenty- 
five  years  ago  we  were  examined  by  but  one  man,  today 
by  three  men.  A  man  who  had  sufficient  knowledge  to 
obtain  a  first-class  license  in  1895  would  do  mighty  well 
now  to  obtain  a  second,  and  the  laws  are  getting  more 
strict  each  year;  and  as  they  become  so  there  can  be  but 
one  eff"ect — it  must  raise  the  standard  of  the  licensed 
engineer. 
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1  can  .si'o  tliiil  the  onKineors  of  the  country  would  be 
liottor  otr  with  a  lii-enso  law  than  they  are  at  the  present 
time,  and  i  al.so  can  see  that  the  employers  would  be 
benefited;  if  this  were  not  so,  the  claim  that  education 
is  beneficial  would  be  without  foundation,  and  if  it 
plta.ses  one  any  better  to  call  our  license  law  a  com- 
pulsory-education law,  .so  be  it.  for  that  is  just  what  it  is. 

They  are  learninjr  more  and  more  to  appreciate  an 
eURineer  who  is  educated  alonp  his  line,  and  are  jjettinpr 
to  realize  that  while  the  steam  plant  may  be  a  necessary 
evil,  it  is  somethinp  that  does  need  skilled  attention. 
Thinps  are  shaping  themselves  very  fast  in  favor  of 
license  laws  in  every  state  where  there  is  at  lea.st  a 
normal  amount  of  industry,  and  the  high  price  of  coal 
is  not  the  least  factor  which  tends  to  help,  by  any  means. 
Let  us  have  licen.se  laws;  if  each  engineer  helps  himself, 
a  license  law  will  help  him. 

We  realize  that  there  will  be  a  small  percentage  of 
men  who  are  unable,  due  to  limited  education,  to  acquire 
a  high-grade  license,  and  it  is  to  be  regretted,  for  in 
many  cases  it  is  not  their  fault;  but  a  few  sacrifices 
must  be  made  for  the  good  of  the  whole. 

Webster,  Mass.  L.  M.  Reed. 


The  license-law  question  should  be  dealt  with  from  all 
sides.  It  is  admitted  that  a  license  is  of  little  value  as 
regards  a  man's  ability,  as  there  are  men  operating  who 
are  not  licensed  and  are  receiving  salaries  equal  to  that 
of  the  licensed  man  who  has  spent  years  in  study  and 
work  to  obtain  a  license.  The  licen.sed  engineer  is 
entitled  to  and  .should  receive  a  much  higher  rating  than 
the  non-license  man. 

The  license  should  be  graded  into  three  classes.  The 
first-class  man  should  be  capable  of  assuming  the  chief 
duties  of  operating  which,  in  the  general  run  of  the 
plants,  are  left  to  the  watch  engineer. 

The  second-class  man  should  be  capable  of  performing 
the  duties  of  assistant  chief  operator,  and  in  the  course 
of  time  he  can  advance  to  chief  engineer.  He  would 
have  plenty  of  time  to  study  the  plant  and  to  pick  up 
what  he  could  relating  to  combustion,  an  important 
factor  in  the  engineering  of  today. 

The  watch  engineer  should  hold  not  less  than  a  third- 
class  license,  but  there  are  watch  engineers  who  have 
first-  and  second-class  licenses. 

A  license  does  not  help  a  fireman  make  steam,  but 
it  does  incidentally  protect  both  life  and  property.  With 
a  licensed  fireman  and  water  tender  the  manager  knows 
that  they  are  qualified  to  perform  their  duties.  There 
should  be  two  classes  of  firemen's  license  and  there 
should  be  a  fireman  and  a  fireman's  helper.  The  fireman 
should  hold  a  first-class  and  the  helper  a  second-class 
license.  The  water  tender  should  be  in  a  class  by  him- 
self. He  should  be  a  man  that  has  started  as  a  fireman 
or  fireman's  helper  and  has  worked  his  way  up. 

The  water  tender  who  cannot  speak  English  should 
not  be  permitted  to  tend  water  in  any  plant.  I  recall  an 
instance  where  the  engineer  placed  a  log  board  in  the 
boiler  room  and  instructed  each  man  to  fill  in  at  various 
places  when  leaving  his  shift.  When  the  engineer  came 
back,  there  were  no  entries  on  the  log  sheet,  and  upon 
investigating  he  found  that  none  of  the  men  could 
read  or  write  English.  Would  they  be  good  men  to  have 
on  the  job  in  case  of  accident? 

I  was  recently  called  upon  by  the  manager  of  a  mining 
plant  to  go  over  his  plant  with  him.  Each  boiler  was 
provided  with  a  U-tube  draft  gage  and  they  were  being 


operated  under  natural  draft.  Upon  investigating,  only 
one  gage  was  fouiul  to  be  in  wtjrking  order.  Three  were 
broken  and  the  iiiping  on  four  was  clogged. 

Had  the  plant  oeen  in  charge  of  a  licensed  engineer, 
he  would  not  have  allowed  the  plant  to  get  in  this  con- 
dition. I  will  admit,  however,  that  1  have  visited  plants 
where  unlicensed  men  were  in  charge  and  found  things 
in  just  as  good  condition  as  in  the  license-operated  plant, 
i)ut  there  are  exceptions  to  all  cases. 

I  trust  that  the  time  will  .soon  come  when  we  can 
have  a  universal  license  law  and  that  every  individual 
that  is  connected  in  any  way  with  power-plant  opera- 
tion will  be  a  licensed  man.  R,  M.  Jennings. 

Latrobe,  Pa. 

Behavior  of  a  Semi-Diesel  Oil  Engine 

In  Porver  of  Oct.  26,  page  674,  some  troubles  of  a 
semi-Diesel  oil  engine  are  described  and  a  solution  is 
asked.  One  of  the  most  remarkable  things  about  this 
type  of  engine  is  the  extremely  meager  amount  of 
information  published  or  otherwise  obtainable. 

The  seizing  and  sticking  of  the  piston  may  occur  from 
a  faulty  cooling  system  or  poor  bearing  of  piston 
on  cylinder  walls.  The  cooling  system  should  be  suffi- 
cient to  cool  the  cylinders  "stone  cold"  at  the  maximum 
load  the  engine  will  pull.  For  the  volume  of  water 
passing  through  jackets  must  increase  as  the  load  in- 
creases; or  in  other  words,  the  temperature  must  be 
lowered  until  the  piston  stops  pounding  from  heat.  The 
piston  should  show  a  full  bearing  at  full  load  and  no 
high  spots  or  other  distortions.  This  may  be  remedied 
thus:  The  engine  should  be  run  at  its  maximum  load 
and  the  piston  carefully  watched  for  pounding  or  groan, 
and  removed  at  first  sign  of  it,  and  all  high  spots  filed 
down.  This  process  should  be  repeated  until  the  engine 
pulls  its  maximum  load  without  any  sticking  or  seizing. 

The  cracking  of  exhaust  and  inlet  port  bridges  is 
caused  by  unequal  expansion  when  solid  bridges  are 
used  between  exhaust  ports,  and  clogged  circulation 
passages  when  water-cooled  bridges  are  used.  Solid 
inlet-port  bridges  do  not  break  because  they  are  not 
exposed  to  heat,  but  the  exhaust-port  bridges  should  be 
water-cooled  to  prevent  cracking  and  the  circulating 
water  should  pass  these  jwrts  first  before  cooling  else- 
where. 

The  fuel  system  requires  careful  attention,  partic- 
ularly the  straining  of  the  fuel  of  all  grit  and  foreign 
matter.  If  this  is  neglected,  all  manner  of  annoyances 
will  occur,  for  it  breaks  and  misdirects  the  spray  from 
the  fuel  nozzles.  The  fuel  nozzles  should  be  checked 
for  spray  at  intervals.  This  is  very  important  espe- 
cially where  the  spray  is  directed  against  some  special 
igniting  surface. 

If  an  engine  is  a  four-stroke-cycle  type,  there  are 
other  freaks.  I  remember  seeing  such  an  engine  tested. 
It  pulled  its  rated  power  for  one  hour,  the  next  hour 
only  I  load,  the  next  hour  only  J  or  .1  load,  and  finally 
stopped  altogether.  Nobody  could  locate  the  trouble, 
and  design  and  engine  were  scrapped.  Th-ree  years 
afterward  in  another  factory,,  I  ran  across  an  exactly 
similar  circumstance.  We  were  all  about  to  thi'OW'  up 
our  hands  when  one  tester  suggested  we  examine  the 
valves,  and  here  trouble  was  found — the  seat  had  warped 
from  heat.  When  this  was  remedied,  the  trouble  disap- 
peared.  G-  Strom. 

Erie,  Pa. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Carbonizing  of   Diesel-Engine   Cylinder   After   Repairs — 

I  find  that  the  cylinders  of  my  Diesel  carbonize  badly.  What 
is  the  reason?  I  recently  put  in  new  crankpin  bearing. 
Would  this  cause  the  trouble?  J.  M.  C. 

In  putting  in  the  new  bearings,  you  probably  failed  to 
replace  sufficient  shims  between  box  and  rod  end.  Low  com- 
pression resulted,  which  would  produce  soot  or  carbon. 


Welding   Fractured   Crankshaft  of  Oil   Engine  —  Can   a 

fractured  oil-engine  crankshaft  be  welded  successfully? 

C.  B.  H. 
Electric  welding  of  crankshafts  has  been  uniformly  suc- 
cessful. This  does  not  mean  that  an  inexperienced  man  can 
weld  successfully.  Such  work  shou.d  be  turned  over  to 
firms  who  are  experts  in  the  work.  If  the  weld  is  ground 
and  polished,  it  is  easy  to  determine  if  it  is  perfect. 


Suspended  Engine  Foundation — How  can  a  suitable 
foundation  be  provided  for  an  enjine  placed  on  the  second 
floor  of  a  steel-frame  building  so  the  engine  bed  may  bs 
the  usual  height  above  the  main  floor-line?  F.  K. 

The  foundation  recommended  by  the  engine  builde:*  is  for 
the  purpose  of  absorbing  vibrations  as  well  as  for  support- 
ing the  engine,  and  if  the  building  framing  is  stron-? 
enough  to  support  the  engine  and  foundation,  a  mass  of  con- 
crete equal  to  that  recommended  by  the  engine  builder  may 
be  suspended  from  the  floor  framing,  with  the  upper  surface 
of  the  foundation  carried  up  to  the  desi.ed  level  for  receiv- 
ing the  engine. 


Density  of  Steam — What  is  meant  by  the  terms  "specific 
volume"  and  "density"  of  steam  ?  A.  H. 

The  specific  volume  of  saturated  steam  of  any  pressure  is 
the  volume  in  cubic  feet  of  one  pound  of  steam  of  that 
pressure.  Density  signifies  heaviness  or  weight  of  a  unit 
of  volume.  The  density  of  steam  usually  signifies  the  weight 
in  pounds  per  cubic  foot  and  is  the  reciprocal  of  the  specific 
volume.  The  density  of  dry  saturated  steam  increases  with 
the  increase  of  its  pressure.  At  atmospheric  pressure  or 
zero  gage  pressure,  the  density  is  0.03732  lb.  per  cu.ft.,  and 
at  a  pressure  of  100  lb.  gage,  or  114.7  lb.  per  sq.in.  absolute, 
the  density  is  0.2571  lb.  per  cubic  foot. 


Electrical  Input  to  Develop  15  Brake  Horsepower — Will 
an  electric-driven  pump  that  requires  15  hp.  when  driven  by 
a  20-hp.  motor  consume  20  hp.  or  will  it  only  consume 
15  hp.?  C.  D. 

The  actual,  or  brake,  horsepower  developed  by  the  motor 
will  be  the  number  of  horsepower  required  by  the  pump, 
regardless  of  the  rated  capacity  of  the  motor.  The  amount 
of  electric  power  absorbed  by  the  motor  would  depend  on 
the  efficiency  of  the  motor  when  developing  15  brake  horse- 
power. A  20-hp.  motor  developing  15  brake  horsepower 
would  have  an  efficiency  of  about  80  per  cent,  requiring  an 
electrical  input  of  15  -^  0.8  =  18.75  electric  horsepower  or 
18.75  X  746  =  13,987.5  watts. 


Use  of  Crude  Oil  as  Fuel — Why  is  not  crude  petroleum 
used  for  boiler  fuel  ?  W.  R.  F. 

Crude  oil  contains  many  highly  volatile  constituents  that 
can  be  distilled  off  and  have  high  market  value  in  the  forms 


of  gasoline  and  allied  distillates.  The  presence  of  these 
volatile  constituents  makes  the  oil  more  dangerous  to  store 
or  handle,  as  combustible  vapors  are  given  off  in  large 
quantities  at  comparatively  low  temperatures  and  the  mix- 
tures formed  with  the  atmosphere  are  highly  explosive. 
Hence,  the  material  generally  marketed  as  fuel  oil  is  a 
residuum  left  after  the  more  volatile  constituents  of  the 
crude  oil  have  been  distilled  off,  and  it  has  nearly  the  same 
properties  as  the  cnide  oil  without  giving  off  the  dangerous 
vapors  at  so  low  a  temperature. 


Inches  of  Vacuum  Not  Determinable  from  Temperature — 

Cannot  the  number  of  inches  of  vacuum,  or  absolute  pres- 
sure, of  a  condensing  system  be  known  from  the  pressure 
corresponding  to  the  temperature  of  dry  saturated  steam  as 
shown  by  the  steam  tables?  J.  H.  C. 

The  temperature  is  not  an  index  of  the  pressure  because  of 
the  presence  of  an  unknown  quantity  of  "air."  The  exhaust 
of  an  engine  is  a  mixture  of  water,  vapor  and  gases,  the 
gases  being  a  mixture  of  those  originally  dissolved  in  the 
boiler-feed  water  and  atmospheric  air  which  leaks  into  those 
parts  of  a  condensing  system  in  which  a  partial  vacuum  is 
maintained.  Hence,  the  absolute  pressure  within  the  con- 
denser, as  indicated  by  a  vacuum  gage,  is  that  of  water 
vapor  at  the  pressure  corresponding  to  the  temperature, 
plus  the  pressure  due  to  any  gases  present.  As  there  always 
is  more  or  less  of  the  gases  present,  an  actual  vacuum-gage 
reading  always  shows  higher  absolute  pressure  than  the 
pressure  of  saturated  steam  corresponding  to  the  tempera- 
ture as  given  in  tables  of  properties  of  steam. 


Computing  Theoretical  Mean  Effective  Pressure — What  is 
the  formula  for  obtaining  the  theoretical  mean  effective 
pressure  of  an  engine,  knowing  the  initial  pressure  and 
fraction  of  cutoff  ?  D.  R. 

The  mean  forward  absolute  pressure  per  pound  of  initial 
absolute  is  given  by  the  formula 

P  =  (1  -f  loge  R)  if  +  c)  —c 
in  which 

P  =z  The  mean  forward  pressure  per  pound  absolute; 
/  =   The  fraction   of  stroke  at  which   cutoff  takes 

place; 
c  =  Per  cent,  of  clearance; 

R  —  The   actual   ratio   of  expansion,  that   is   1    -4- 
(f  +  c); 
logf  R  =   Hyperbolic  logarithm  of  R. 
The  mean  forward   absolute   pressure   per  pound  of  the 
initial,  multiplied  by  the  initial  absolute  pressure,  gives  the 
mean  absolute  forward  pressure.    Subtracting  from  this  the 
mean    absolute    back    pressure    gives    the    mean    effective 
pressure. 

In  place  of  making  tedious  computations,  values  of  P  for 
different  values  of  R,  f  and  c  may  be  obtained  from  tables, 
such  as  given  on  page  115  of  of  F.  R.  Low's  work  entitled 
"The  Steam  Engine  Indicator." 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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histallation  of  steam  rencnvratoiH  brtweni  mine 
hoiKting  engines  and  the  heating  liiail,  pt  rmitting 
a  large  reduction  in  back  pressure  and  utilizing 
the  exhaust  steam  to  better  advantage,  reduced 
coal  consumption  from  25^000  to  17,000  tons  per 
near — a  saring  of  one-third  the  furl. 


IN  THE  Lake  Superior  district  the  air  indoors  must  be 
heated  continuously  durinjr  eijrht  months  of  the  year  and 
occasionally  during  the  remaininj;:  months.  Incident 
with  mining:  in  this  district,  therefore,  there  is  need  for 
heatinff  many  of  the  buildings  connected  with  these  oper- 
ations. In  addition  .o  the  mine  buildings — that  is,  shops, 
enpine  houses,  offices,  chanjje  houses,  etc. — such  public  build- 
ings as  schools,  library  and  theater,  when  close  to  the  mines, 
are  often  supplied  from  the  mine  heating-  mains. 

At  the  Copper  Ranpe  Co.'s  mines,  Champion,  Trimountain 
and  Baltic,  the  hcatinp;  surface  thus  supplied  from  the  mine 
mains  is  over  50,000  sq.ft.,  which  requires  a  steam  con- 
sumption, at  times,  of  18,000  lb.  per  hour,  or  the  equivalent 


'^forihe  Distribution  of  Steam 
in  the  Water. 

FIG.  1.    ttpp:  of  rkgexer.xtoh   inst.\lled 


of  over  fifty  tons  of  coal  per  day  were  live  steam  used. 
This  figure  is  based  on  a  consumption  of  one-third  pound 
per  square  foot  of  heating  surface  during  the  coldest 
weather,  and  provided  the  system  is  not  wasting  steam  by 
blowing  it  to  the  atmosphere  or  into  the  return  line  on 
account  of  leaky  traps,  which  so  often  is  the  case. 

At  the  stamp  mills  the  use  of  the  exhaust  from  the 
stamps  to  operate  low-pressui-e  turbines  has  reduced  the 
former  water  rate  per  horsepower  developed  by  more  than 
50  per  cent.  Electric  motors  have  replaced  the  many  small 
steam  engines,  so  that  this  supply  of  exhaust  steam  has 
been  practically  eliminated.  The  larger  engines  are  com- 
pound, triple  or  quadruple  expansion,  condensing.  The 
hoists,  however,  in  all  cases  are  simple  and  noncondensing 
and  of  two  sizes,  24  x  60  in.  and  32  x  72  in.  These  hoists 
now  offer  the  only  available  supply  of  exhaust  steam ;  but  as 
the  flow  is  intermittent  and  varies  from  extreme  violence 
to  zero,  the  steam  so  discharged  cannot  be  satisfactorily 
used  without  some  means  of  storage,  such  as  is  offered  by 
a  regenerator  that  transforms  the  variable  flow  into  a 
constant  one. 

Efforts  were  made  to  use  this  exhaust  steam  for  heating, 
without  using  regenerators,  by  having  it  discharge  directly 
into  the  heating  system,  using  a  back-pressure  valve 
weighted  so  as  to  provide  sufficient  pressure  to  permit  the 
circulation  of  the  steam  through  the  system.     The  greater 


•Abstract  of  a  paper  presented  before  the  Lake  Superior  meet- 
ing of  the  American  Institute  of  Mining  and  Metallurgical  Engi- 
neers, Inc. 

tGeneral  manager.  Copper  Range  Co.,  Painesdale,  Mich. 


portion  of  it,  however,  for  lack  of  storage-  capacity,  escaped 
through  the  hack-pressure  valve  to  the  atmosphere.  The 
supply  so  obtained  was  not  sufficient  and  had  to  be  supple- 
mented with  live  steam,  introduced  by  an  automatic  reduc- 
ing valve  at  a  pressure  usually  a  few  pounds  under  that  at 
which  the  relief  valve  was  set.  This  meant  that  the  hoist- 
ing engine  would  exhaust  against  a  back  pressure,  which  in 
cold  weather  and  on  account  of  poor  design  or  condition  of 
the  system  sometimes  was  as  high  as  ten  pounds  or  more, 
thereby  reducing  the  efficiency  of  the  hoist,  because  of  the 
reduction  of  the  range  through  which  the  steam  used  by 
the  engine  could  expand. 

With  this  reduction  in  efficiency  there  was  a  greater  steam 
consumption  for  the  engine,  and  although  some  of  this 
additional  steam  was  used  in  the  heating  system,  most  of 
it  was  discharged  to  the  atmosphere.  As  a  result  the  oper- 
ation was  not  as  profitable  as  feeding  live  steam  directly 
into  the  system  without  the  imposed  back  pressure  on  the 
hoist. 

The  condensate  and  non-condensable  vapors  from  the 
several  buildings  heated  were  returned  to  the  boiler  house 
and  discharged  from  the  system  by  using  steam-driven  wet- 
vacuum  pumps.  This  condensate,  on  account  of  the  oil  con- 
tained therein,  could  not  be  used  for  boiler  feed  and  had  to 
be  wasted. 

A  survey  showed  that  the  steam  requirements  for  heating 
for  more  than  half  of  the  year  were  equal  to  or  in  excess  of 
that  required  by  the  hoists;  further,  during  the  coldest 
weather,  at  most  of  the  plants,  live  steam  would  have  to  be 
supplemented,  and  for  the  remainder  of  the  year  most  of 
the  exhaust  would  be  required.  Considerable  steam  is  used 
in  the  summer  months  for  heating  the  dry  or  change  houses, 
water  for  buildings,  and  feed  water  for  the  boilers.  To 
utilize  as  much  of  the  exhaust  steam  as  possible,  steam 
regenerators  of  the  Rateau  design  were  placed  between  the 
hoisting  engines  and  the  heating  system. 

Method  of  Operation 

As  is  well  known,  the  method  of  operation  consists  in 
passing  an  intermittent  flow  of  steam  through  a  closed 
vessel,  or  regenerator,  in  which  the  steam  is  condensed  and 
re-evaporated.  Condensation  takes  place  when  the  steam  is 
in  excess  of  the  quantity  required  to  maintain  a  constant 
flow  of  outgoing  steam,  and  re-evaporation  takes  place 
when  the  steam  discharged  into  the  regenerator  is  not 
sufficient  to  maintain  this  constant  flow.  The  condensation 
and  re-evaporation  are  due  to  interchanges  of  temperature 
between  the  flo^ving  steam  and  a  large  mass  of  water.  To 
keep  this  water  in  intimate  contact  with  the  steam  flowing 
through  the  regenerator,  the  surface  of  contact  must  be  as 
great  as  possible. 

The  regenerator  is  equipped  with  a  suitable  steam  dome 
for  the  discharge  of  the  regenerated  steam  to  the  heating 
system  and  with  a  special  automatic  water-level  device 
which  removes  the  water  of  condensation  entrained  with 
the  exhaust  steam.  A  relief  valve  controlling  the  maximum 
pressure  pennissible  between  the  exhaust  of  the  engine  and 
the  main  inlet  is  located  at  a  suitable  point  of  the  piping. 
The  exhaust  steam  discharged  into  the  regenerator  always 
contains  water.  After  passing  through  the  water  in  the 
regenerator,  the  steam  never  contains  more  than  a  fraction 
of  1  per  cent  of  moisture.  This  apparatus  was  found  to  be 
equally  efficient  as  an  oil  separator.  The  condensate  of  the 
regenerated  steam  is  practically  free  from  oil  and  suitable, 
therefore,  for  boiler  feed,  which  was  not  the  case  before 
regenerators  were  installed.  A  longitudinal  section  of  the 
regenerator  is  shown  in  Fig.  1. 

Some  of  the  buildings  to  be  heated  are  2,300  ft.  from  the 
engine  house  and  well  above  the  elevation  of  the  boiler 
house,  thus  offering  ideal  conditions  for  gravity  return  and 
good  drainage.     As  a  result  the  condensate  is  returned  to 
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the  boiler  house  and  discharged  from  the  system  (operating 
at  20  in.  of  vacuum)  by  means  of  a  water  seal. 

In  remodeling  the  several  heating  systems,  estimates  of 
the  steam  requirements  were  made  and  pipe  sizes  used  that 
would  give  a  pressure  drop  through  the  mains  of  approxi- 
mately one  pound.  The  return  lines  installed  were  also  of 
ample  size.  Asbestos  sponge  felt  one  inch  thick  was  used 
where  the  pipe  lines  are  sheltered — ^that  is,  where  they  are 
suspended  in  concrete  boxes — and  li  in.  thick  where  the 
pipe  lines  are  exposed  to  the  weather.  The  return  lines  are 
covered  also  so  as  to  conserve  the  heat  in  the  boiler  feed- 
These  coverings  are  protected  from  the  weather  by 
asphalted  asbestos  jackets  which,  when  in  place,  are  given 
a  coat  of  asphalt  paint. 

No  slip  expansion  joints  were  used,  expansion  being  pro- 
vided for  by  offsetting  the  lines  50  or  60  ft.  at  intei-vals  of 
500  ft.  The  piping  is  usually  anchored  midway  between 
the  offsets.  One  of  the  systems  at  the  Champion  mine, 
which  has  2,300  ft.  of  mains  in  which  all  expansion  is  pro- 
vided for  in  this  manner,  has  not  required  the  use  of  a 
wrench  on  it  since  it  was  installed,  about  three  years  ago. 

These  pipe  lines  are  suspended  in  lon:^  slinks  suspended 
from  a  steel  beam  resting  on  concrete  columns.  The  slings 
are  fi*ee  to  swing  from  an  eyebolt  having  a  vertical  threid 
adjustment  for  pipe  alignment.  A  diagrammatic  sketch  of 
one  of  these  installations  is  shown  in  Fig.  2.  From  the 
cylinders  the  exhaust  is  piped  to  the  regenerator  inlet, 
wh!ch  is  placed  at  least  six  feet  below  the  cylinders  to  avoid 
drawing  back  water  from  the  regenerator  into  the  cylinders 
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FIG.    2.      DIAGRAMMATIC    .SKETCH    OF   PIPING    SYSTEM 

when  the  engine  is  idling  or  drifting,  thus  causing  a  vacuum 
sufficient  to  raise  the  water  several  feet  above  the  level  in 
the  regenerator. 

In  some  installations  the  regenerators  are  placed  in  the 
basement  of  the  engine  house;  in  others  they  are  placed  in 
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this  line  is  below  atmospheric,  a  power  or  steam  operated 
steam  trap  is  used  to  discharge  the  condensate  from  the 
heater.  Considerable  condensation  or  entrained  water  is 
carried  with  the  exhaust  steam  into  the  regenerator,  which 
must  be  discharged  from  it.  As  the  working  pressure 
carried  is  usually  below  atmospheric  and  as  ample  head  can 
be  obtained  for  a  water  seal  to  discharge  under  these  condi- 
tions, this  method  of  relief  is  used.     The   overflow  of  the 
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seal  is  situated  so  as  to  operate  either  with  vacuum  or 
pressure,  being  able  to  discharge  to  the  atmosphere  with 
pressures  of  four  or  five  pounds  plus  or  minus. 

Provision  is  made  to  supply  live  steam  to  supplement 
the  exhaust  through  two  reducing  valves  in  series.  The 
reducing  valve  on  the  high-pressure  side  is  of  the  ordinary 
type  and  reduces  down  to  fifteen  pounds.  The  other  valve 
is  of  the  diaphragm  type,  operated  by  auxiliary  pressure 
introduced  by  means  of  a  special  control  mechanism. 

Steam  from  the  regenerator  is  delivered  to  the  buildings 
to  be  heated  with  a  drop  in  pressure  not  to  exceed  two 
pounds  at  times  of  greatest  demand  and  about  one  pound 
during  average  winter  conditions.  A  two-pipe  system  is 
used.  In  the  buildings  the  drainage  of  mains  and  return 
lines  is  in  the  direction  of  the  flow,  thus  eliminating  water 
hammer.  Sylphon  traps  are  used  on  all  radiators,  direct 
and  indirect,  and  all  headers  and  drips.  The  air  and  con- 
densation are  collected  into  and  returned  by  a  3-in.  line,  the 
end  of  which  is  submerged,  foiTning  a  water  seal  that  is 
located  in  the  boiler  house.  At  a  point  about  twenty  feet 
above  the  overflow  of  this  water  seal  is  located  an  air- 
separating  tank,  from  which  the  air  and  noncondensable 
vapors  are  drawn  from  the  system  by  a  vacuum  pump, 
requiring  for  its  operation  about  W  horsepower. 

The  pressure  can-ied  on  the  regenerator,  being  also  the 
back  pressure  on  the  hoist,  varies  from  8  to  10  in.  vacuuni 
to  one-half  pound  above  the  atmosphere;  the  colder  the 
weather  the  lower  is  the  average  of  the  range  maintained. 
The  return-line  vacuum  is  usually  constant  at  about  18  in.. 


RESULTS  OBT.il.NED  BY  INSTALL.\TION  OF  IlEGENERATORS 


•- Coal  Consumption  - — ■ — ■ — ■ — -^ 

Before  After 

Regenerator  Regenerator 

Shaft                                                       Installation  Installation 

Years        Tons  Years          Tons 

Nos.  2  and  3,  Champion 1916           5,340  1917           2,075 

No.  4,  Charanion 1916            4,296  1917            2,256 

No   2  Tnmountain 1918            4,235  1919            2,908 

Nos.  2,  i,  and  4  Baltic 1918          11,410  1919            9,766 

25,281  17,006 


Rock  Hoisted . 

Before                             After 
Regenerator                           Rege  erator 
Installation                          Installation 
Years            Tons               Years            Tons 

Radiation 

Involved 

Sq.Ft. 

1916 
1916 
1918 
1918 

290,000 
335,000 
303,650 
373,150 

1917            240,000 
1917            292,000 
1919            295,510 
1919            349,970 

18,000+ 
11,000+ 
7,000+ 
11,000+ 

1,301.800 

1,177,480 

47,000 

the  boiler  room.  An  atmospheric  relief  valve  in  the  exhaust 
line  near  the  engine  can  be  set  to  maintain  any  pressure 
desired,  but  it  is  usually  set  to  relieve  at  one-half  pound 
above  atmosphere.  The  exhausts  from  the  boiler-feed 
pumps,  hoist  auxiliaries  and  trap  discharges  from  the  hoist 
receivers  are  also  piped  to  the  regenerator.  The  feed-water 
heater  is  connected  to  the  exhaust  line  between  the  engine 
and  the  regenerator,  so  that  it  gets  its  supply  of  steam  from 
the  engine  or  pump  exhaust  or  di-aws  from  the  regenerator 
when  the  other  supply  is  insizfficient.     As  the  pressure  in 


making  a  working  pressure  available,  therefore,  of  about 
eight  pounds,  which  is  more  than  sufficient  in  almost  any 
emergency. 

Of  the  several  plants,  the  coal  consumption  before  and 
after  installing  regenerators,  the  tons  of  rock  hoisted  during 
the  same  periods  and  the  radiation  involved  in  each  plant 
are  given  in  the  accompanying  table.  There  was  a  slight 
reduction  in  the  tons  hoisted  in  most  plants  during  the  year 
follovdng  the  regenerator  installations,  but  this  did  not 
affect  the  coal  consumption  materially,  for  in  most  cases 


H'AH 


I'OW  K  11 


Vol.  52.   No,  21 


some  live  steam  was  usod  for  honlinK.  thiTi-  not  bcinu 
onoujrh  hoisting  to  supply  the  need.  At  Nos.  2  and  :i  (Cham- 
pion, the  live  sti-am  thus  ust-il  would  have  hi-oii  availahlc 
for  ndditiuiial  hoi.stiiiR,  .so  that  only  a  few  nioro  Ions  of  i-oal 
could  have  been  used  had  the  same  tiinnajre  of  rock  been 
hoisted.  The  results  exceeded  expectations,  and  in  some 
instances  the  installation  and  remodeling  costs  were 
leturned  by  the  savings  made  durinjf  the  first  year's  oper- 
ation. In  all  cases  at  least  one  boiler  was  shut  down,  and  in 
some,  two  were  discontinued. 

Relative  steam  requirements  of  the  hoists  before  and 
after  the  rcKenerators  were  installed  were  determined  from 
continuous  indicator  diagrams  taken  in  a  series  of  tests. 
The  curves  in  Fi>r.  3  make  a  comparison  of  the  steam  con- 
sumption per  shaft  horsepower-hour  for  a  24  x  60-in.  engine 
hoistinpr  a  5-ton  loaded  skip  whert  operating  at  various  back 
pressures.  The  dotted  line  shows  the  calculated  consump- 
tion were  the  hoist  to  operate  at  8  in.  vacuum,  which  is  the 
back  pressure  obtainable  when  regenerators  are  used;  this 
result  has  since  been  verified.  The  comparison  shows  why 
a  saving  of  one-third  of  the  coal  is  possible. 

Figuring  Generator  Requirements 

To  show  the  method  of  figuring  regenerator  requirements, 
the  large  plants  at  Champion  (Nos.  2  and  3)  have  been 
taken  as  an  example.  The  radiation  to  be  heated  at  that 
time  totaled  16,000  sq.ft.  Allowing  i  lb.  of  steam  per 
square  foot  for  coldest  weather,  the  maximum  requirements 
per  hour  would  be  5,300  lb.  and  for  average  winter  condi- 
tions, with  a  consumption  of  \  lb.  per  square  foot,  4,000  lb. 
per  hour.  In  addition  to  this  about  600  lb.  is  required  for 
heating  boiler-feed  water,  and  10  per  cent  must  be  allowed 
for  condensation  in  transmission,  requiring,  therefoi-e, 
approximately  5,000  lb.  per  hour  as  the  average  consump- 
tion. The  hoisting  averaged  about  fifty-five  trips  during 
the  eight-hour  working  period,  and  was  from  an  average 
depth  of  1,600  ft.  The  time  to  make  the  complete  hoisting- 
cycle  was  110  sec.  The  idle  period,  or  time  during  which 
no  steam  flows,  was  6.9  min.  and  under  actual  conditions  at 
that  time  did  not  often  exceed  12  minutes. 

Exhaust  from  two  hoists  is  used  to  supply  the  regenerator. 
The  average  steam  consumption  of  these  engines  per  cycle 
when  hoisting  from  the  sixteenth  level  (this  being  the 
average  hoisting  depth)  was  found  to  be  275  lb.,  making 
available  an  average  of  3,800  lb.  per  hour.  To  this  must  be 
added  steam  from  the  auxiliary  cylinders  of  the  hoists, 
which  amounted  to  an  additional  12  per  cent,  or  about  400 
lb.;  also  200  lb.  from  boiler-feed  pumps,  making  a  total 
available  of  4,400  lb.  per  hour. 

For  a  twelve-minute  idling  period  of  both  hoists,  a  steam 
storage  of  1,200  lb.  was  required  to  provide  for  the  heating- 
requirements  during  the  coldest  weather.  The  amount  of 
water  required  to  store  that  amount  of  steam,  when  using  a 
pressure  range  on  the  regenerator  from  8  in.  vacuum  to 
zero,  can  be  determined  as  follows: 

Latent  heat  of  steam  at  4  in.  of  vacuum,  or  average  of 
the  working  range  =  975  B.t.u.;  975  x  1,200  lb.  steam 
=    1,170,000  B.t.u.  required. 

Temperature  of  water  in  the  presence  of  steam  at  atmos- 
pheric pressure,  212  deg.;  temperature  of  water  at  8  in. 
of  vacuum,  197.7  deg.;  difference  14.3  deg. 

Pounds  of  water  required  to  store  this  heat  =  1,170,000 
^   14.3  =  81,818  lb. 

Weight  of  water  at  the  above  temperature  equals  60  lb. 
per  cubic  foot;  amount  of  water  required,  81,818  -^  60  = 
1,363  cu.ft.  The  storage  capacity  of  the  regenerator 
installed,  1,190  cubic  feet. 


Hydro-electric  power  is  beginning  to  be  utilized  by  the 
tin  and  copper  mines  of  Bolivia.  The  Guggenheims,  of 
New  York,  have  acquired  rights  to  three  tin  mines  in  the 
department  of  La  Paz,  consisting  of  more  ■  than  4,000 
hectares.  Water  and  power  rights  to  some  six  streams  in 
the  vicinity  of  the  mines  have  been  secured,  and  a  hydro- 
electric power  plant  is  to  be  built,  but  the  site  has  not 
been  decided  on.  The  installation  of  a  smelting  plant  run 
by  electricity  is  under  consideration.  The  company  plans 
to  found  a  town  below  the  mines  and  construct  an  electric 
tramway  to  it. 


V\u'  l)i«'Hrl  Kii^iiic  and  the  Aiitoin<»l>il<- 

Hv  (  iiAui.Fa  Day,  M.  Sc. 

In  a  paper  read  before  the  Institution  of  Automobile 
K?igincers,  as  leported  in  Tlif  I'mrliriil  ICni/uterr,  Charles 
Day  stated  that  as  regards  the  application  of  the  Dieuel 
engine  to  automobile  work  the  method  of  introducing  the 
fuel  into  the  cylinders  and  the  conditions  of  combustion 
were  the  limiting  factors  at  present. 

In  regard  to  the  spraying  of  the  fuel  into  the  cylinder, 
it  will  be  readily  appreciated  that  time  is  a  factor  in  forc- 
ing oil  through  an  atomizer,  and  that  as  the  viscosity  of 
the  oil  increases  the  time  retjuired  to  force  the  oil  through 
will  increase,  or  the  atomizei'  design  must  be  changed. 
With  free-flowing  oil  and  with  an  air  pressure  of  1,000  lb. 
per  sq.in.,  the  author  was  of  the  opinion  that  atomizers 
of  prevailing  design  could,  with  suitable  oils,  be  arranged 
to  deal  with  speeds  up  to  500  or  600  revolutions  per  minute. 
At  600  revolutions  the  time  during  which  the  fuel  is  sprayed 
into  the  cylinder  is  approximately  1/200  of  a  second.  For 
higher  speeds  atomizer  modifications  will  need  to  be 
developed. 

The  character  of  the  fuel  oil  is  a  factor  in  the  permissible 
engine  speed,  both  from  the  point  of  atomization  and  that 
of  combustion.  Viscous  oils  are  more  difficult  to  atomize 
than  the  free-flowing  oils  and  cannot  be  put  through  a 
atomizer  so  quickly. 

Again,  the  combustion  of  heavy  oils  is  not  so  rapid  as 
that  of  refined  oils  such  as  paraffin  or  petrol,  and  if  the 
engine  speed  is  so  high  as  not  to  allow  sufficient  time  for 
the  combustion  of  the  fuels,  difficulty  will  arise  from  sticky 
pistons,  smoking  exhaust,  etc.  From  this  it  would  seem 
that  high-speed  engines  may  need  refined  oils,  in  which 
event  one  of  the  great  advantages  of  the  Diesel  engine 
will  disappear. 

Another  factor  that  must  be  kept  in  mind  for  automo- 
bile work  is  range  in  speed.  In  the  Diesel  engine  ignition 
depends  on  the  temperature  of  the  air  at  the  end  of  the 
compression,  but  if  the  speed  is  reduced  very  much  it  may 
happen  that  the  cooling  effect  on  the  slowly  compressed 
air  is  enough  to  prevent  the  temperature  from  reaching  the 
ignition  point.  There  is  thus  a  limiting  factor  to  the  slow- 
ness of  speed,  and  the  range  of  speed  pennissible  with  the 
Diesel  engine  is  not  so  great  as  with  petrol  engines,  in  which 
the  ignition  is  obtained  by  a  spark. 

Before  Diesel  engines  are  likely  to  be  applied  extensively 
to  automobile  work,  development  along  the  lines  indicated 
will  be  necessary,  so  that  higher  rotative  speeds  can  be 
adopted  and  reduction  of  space  and  weight  thus  secured. 


The  Electncal  Review,  London,  states  that  the  Italian 
Government  has  already  granted  concessions  for  the  ex- 
ploitation of  water  power  of  more  than  2,000,000  hp.,  of 
which  1,500,000  hp.  has  already  been  developed.  The  fact 
that  the  concessions  have  not  been  utilized  to  their  full 
extent  is  attributable  to  the  high  cost  of  construction  and 
the  lack  of  material.  Italy's  requirements  in  electric  energy 
are  very  large;  500,000  hp.  will  be  required  for  the  manu- 
facture of  nitrogenous  fertilizers  and  4,000,000  hp.  for  the 
running  of  blast  furnaces  and  the  working  up  of  spelter. 
Power  requirements  will  be  further  increased  by  the  elec- 
trification of  the  railways;  projects  already  sanctioned 
provide  for  the  electrification  of  4,000  km.  (2,500  miles). 
The  electrification  of  the  entire  system  would  result  in  the 
saving  of  1,800,000  tons  of  coal  annually,  which  is  equiva- 
lent to  800,000,000  or  900,000,000  lire  ($160,000,000  or 
$180,000,000). 


The  A.  A.  E.  schedule  of  salaries  for  engineers  in  mu- 
nicipal service  was  unanimously  adopted  recently  by  the 
American  Society  for  Municipal  Improvements  at  the  con- 
vention of  that  body  in  St.  Louis.  The  schedule  was 
prepared  by  a  subcommittee  of  the  Committee  of  the  Ameri- 
can Association  of  Engineers  on  Salaries  of  Engineers  in 
Public  Service.  Samuel  C.  Hadden,  editor  of  Municipal  and 
Cminty  Engineenng,  is  chairman  of  the  subcommittee. 
The  schedule  contains  lists  of  fair  salaries  for  engineers 
of  various  grades  in  cities  of  different  populations. 
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Hazards  of  Power  Plant  Construction 


BEFORE  the  National  Safety  Council  Congress  helH 
recently  in  Milwaukee,  W.  H.  Mulligan,  of  the  Hydro- 
Eleetric  Power  Commission  of  Ontario,  presented  an 
interesting  paper  on  the  "Hazards  of  Power  Plant  Con- 
struction," omitting  reference  to  accidents  that  are  common 
to  all  industries  and  may  be  classified  under  handling 
tools,  handling  material,  slipping,  tripping  and  falling,  step- 
ping on  nails,  eye  injuries,  etc. 

In  all  construction  work  good  lighting  is  essential.  The 
wiring  must  not  be  makeshift,  but  of  good  material,  used 
and  installed  under  proper 
supervision.  Damp  places 
require  the  best  reinforced 
portable  cords  and  weather- 
proof sockets,  and  it  should 
be  the  specific  duty  of  some 
one  person  to  see  that  all 
electrical  equipment  is  in 
first-class  condition. 

In  all  building  work, 
ladders  are  in  constant  use, 
and  as  a  rule  all  types  may 
be  found.  It  should  be  a 
rigid  requirement  that  only 
ladders  properly  con- 
structed by  a  competent 
workman  should  be  allowed. 
No  ladder  reinfoi'ced  longi- 
tudinally with  metal  should 
have  a  place  in  any  work  in 
which  it  will  at  some  time 
be  used  for  electrical  opera- 
tion. The  ladder  should  be 
equipped  with  some  form  of 
non-slip  footing.  For  out- 
side use  a  spiked  type  has  proved  most  satisfactory,  and  for 
the  inside,  any  type  that  will  not  damage  the  floor  or  allow 
the  ladder  to  slip  on  a  smooth  floor  on  which  there  may  be 
oil  can  be  used. 

All  scaffolds  should  be  equipped  with  a  railing  42  in. 
high  and  a  toeboard.  To  the  latter  particular  attention 
must  be  paid,  especially  where  the  scaff'old  passes  over 
equipment  that  may  be  alive.  Fig.  1  shows  scaffolds  that 
are  substantially  constructed  but  entirely  lacking  in  safe- 
guards. Neither  railings  nor  toeboards  have  been  pro- 
vided, and  the  platform  is  obstructed  with  various  mate- 
rials. The  conditions  shown  are  exactly  what  must  be 
guarded  against. 

Pure  air  must  be  supplied  to  the  workmen  even  if  it  is 
necessary  to  install  fans.     Drills  and  hammer  heads  must 


If  the  work  is  located  below  a  cliff,  scaling  operations 
must  be  carefully  and  continually  carried  out,  and  cranes, 
hoists,  elevators,  permanent  stairways  and  ladders  should 
be  constructed  as  soon  as  possible. 

If  it  is  necessary  to  operate  a  railway,  a  jn-oper  .set  of 
opei'ating  rules  and  signals  should  be  placed  in  e-fect  and 
all  men  who  operate  the  trains  should  receive  the  stand- 
ard eye  and  ear  tests. 

All  work  in  a  power  house  or  substation  that  is  in  opera- 
tion must  be  under  the  direct  control  of  the  man  who  has 

a    definite    set   of   construc- 

tion    rules    for    his    guide. 

The  operator  in  charge  of 
the  station  should  have  the 
necessary  authority  to  hold 
up  any  work  which  he  feels 
is  going  to  endanger  life  or 
apparatus  and  must  work 
in  close  conjunction  with 
the  man  in  charge  of  the 
construction  work. 

For  the  protection  and 
guidance  of  the  workmen 
danger  signs  should  be  in- 
sta.led.  A  proper  sign 
must  display  the  universal 
danger  emblem  accompanied 
by  such  wording  that  the 
nature  and  location  of  the 
danger  is  apparent.  In 
these  signs  the  foreign  ele- 
ment must  be  considered 
and  the  warning  published 
in  different  languages.  The 
sign  shown  in  Fig.  2  meets 
these  requirements.  It  is  placed  in  all  bunk  houses  and 
at  tool  wickets.  For  general  electrical  use  the  signals 
shown  in  Figs.  3  and  5  are  employed.  The  lined  portions 
indicate  bright  red  as  it  is  used  in  the  signs. 

During  construction,  in  order  that  operation  may  not 
be  unnecessarily  interrupted,  certain  pieces  of  apparatus 
are  alive  one  day  and  dead  the  next.  To  reduce  the  pos- 
sibility of  a  mistake,  the  tag  shown  in  Fig.  6  was  placed 
in  service.  The  foreman  assumes  the  responsibility  for 
this  sign  and  attaches  it  to  the  apparatus  which  has  just 
been  turned  over  to  the  operating  department,  either  for 
temporary  or  permanent  use.  He  marks  the  voltage  and 
a  safe  working  distance.  All  equipment  not  yet  turned 
over  to  the  operating  department  or  which  has  been  re- 
leased by  them  for  construction  purposes,  should  have  one 


SUUSTA'iiUN    .SC.U<KOLIi|.\G    WITH    NO    RAILINGS 
NOR  TOEBOARDS 


Wherever   you   see  the  above  sign  it  means 
DANGER -Keep  Away 


affkhc  rllr   ,nd.q 


DANGER 


DANGEROUS  ELECTRICAL  APPARATUS  HERE 
ADMISSION  BY  AUTHORITY  ONLY 

KEEP  OUT 


DANGER 


FIG.    2.      UNIVERSAL    DANGER   EM- 
BLKJI    .\ND    PRINTED    W.\RNING 


DANG.  ,R  SIGNAL  FOR 
GENERAL    USE 


UNIVERSAL  DANGER 
EMBLEM 


be  kept  dressed,  and  when  holding  drills,  tongs  should  be 
used  and  goggles  worn.  Care  must  be  taken  that  the  jaws 
of  wrenches  are  in  first-class  condition.  No  defective  tools 
should  be  used,  as  a  failure  or  a  slip  will  result  not  only 
in  the  ordinary  hazard  which  would  arise,  but  an  extra 
hazard  imparted  should  live  electrical  equipment  be  present. 


of  these  special  tags,  and  when  the  equipment  is  so  marked, 
it  must  be  wholly  under  the  control  of  the  construction 
foreman.  Safe  working  distances  as  laid  down  by  the 
Hydro-Electric  Power  Commission  of  Ontario  for  their 
various  operating  voltages  are  as  follows:  110,000-volt  line 
or   apparatus,   5   ft.;    46,000-volt   line   or   apparatus,   4  ft.; 
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26,000-voU  lino  or  nppnrntus,  :\  ft.;  13,000-volt  line  or  appa- 
ratus, 2  ft.;  (),((00-volt  lino  or  apparatus,  2  ft.;  2,200-volt 
line  or  apparatus,  2  ft. 

Thesi-  tlistances  arc  only  a  minimum  and  should  be  con- 
sidcri'd  as  such.  As  much  clearance  as  possible  should  be 
obtained  in  ail  cases. 

For  a  universal  danm  r  emblem  the  sijrn  shown  in  Fip.  4 
has  been  of  jr'i'"t  assistance. 

If  Rcncral  work  is  beinp  carried  on  in  the  vicinity  of  live 
apparatus,  it  must  be  screened  in  such  a  way  that  it  will  be 
impossible  to  make  accidental  contact.  There  arc  times 
when  it  may  be  necessary  to  work  within  the  forcKoinp 
minimum  distances.  No  workman  should  be  allowed  to 
use  his  own  judgment  in  this  matter,  but  special  permis- 
sion must  be  obtained  for  each  individual  case  and  then 


DANGER 

HIGH   VOLTAGE 


DANGER 

Hi^b  Voltaic 

SAFE    WORKING    DISTANCE 


FIG.    5.  '  HIGH  -  VOLT.^GE 
DANGER  SIGNAL, 


FIG.    6.      D.ANGER   SIGNAL 
GIVING    DISTANCE 


granted  only  when  it  is  impracticable  to  carry  on  the  work 
in  any  other  manner.  At  such  a  time  two  men  must  always 
be  present.  When  work  must  be  performed  above  live 
equipment,  a  scaffold  should  be  built  over  the  live  section 
so  that  it  will  be  impossible  for  falling  tools  or  materials 
to  cause  an  arc. 

In  all  work  of  this  nature  the  operating  man  must  not 
be  forgotten  when  the  work  for  the  day  has  been  finished. 
Aisles  should  be  left  reasonably  free  from  obstruction,  any 
gallery  rails  that  have  been  removed  should  be  replaced  or 
the  openings  protected,  and  if  any  extra-hazardous  condi- 
tion exists  which  might  interfere  with  operation,  it  must 
be  pointed  out  to  the  operator. 

Relative  to  fire  hazard  care  must  be  taken  to  leave  no 
excelsior  or  packing  around  the  switchroom,  as  such  mate- 
rial is  an  added  risk  in  case  of  an  oil  explosion.  Gasoline 
should  be  stored  in  minimum  quantities  in  safety  cans.  Fire 
equipment  must  not  be  removed  nor  access  to  it  blocked. 
An  adequate  supply  of  extinguishers  should  be  distributed 
over  the  works,  in  the  camps,  storehouses  and  offices. 

In  a  large  construction  camp  it  would  be  impossible  to 
get  every  man  to  practice  resuscitation,  but  a  certain  few 
men  in  each  group  should  be  so  trained,  and  in  the  elec- 
trical construction  gang  every  man  must  know  and  must 
practice  resuscitation. 


According  to  William  Clayton,  vice  president  and  man- 
aging director  of  the  San  Diego  Electric  Railway  Company, 
the  San  Diego  Consolidated  Gas  and  Electric  Co.  has  pur- 
chased the  power  house  of  the  railway  company  for 
$1,000,000  and  also  the  heating  plant  of  the  United  Light, 
Fuel  and  Power  Company,  of  San  Diego,  for  $100,000.  The 
sale  is  now  subject  to  the  approval  of  the  State  Railroad 
Commission.  The  San  Diego  Consolidated  Gas  and  Electric 
Co.  is  to  furnish  the  street-railway  company  with  power 
to  operate  its  cars. 


The  New  York  Chapter  of  the  American  Association  of 
Engineers  has  voted  to  contribute  a  sum  not  to  exceed  $100 
toward  the  promotion  of  the  bill  pi-oviding  for  a  national 
department  of  public  works. 


Electrical  Enpiiieers  Dihcush  Li^litiiiii<; 
Prolcclion 

On  Nov.  12  the  American  Institute  of  Electrical  Engi- 
neers met  in  Chicago  under  the  joint  auspices  of  the  Chicago 
Section  and  the  ProU-ctive  Devices  Committee  of  the  society, 
with  the  electrical  section  of  the  Western  Society  of  En- 
gineers particip'iting.  In  the  afternoon  the  board  of  direc- 
tors of  the  Institute  and  the  various  committees  held  their 
scheduled  meetings  and  in  the  even'ig  a  reception  and  in- 
formal dinner  at  the  City  Club,  followed  by  a  technical 
session  on  "Lightning  Protection"  at  which  f3ur  papers 
were  presented. 

D.  W.  Roper's  paper  on  "Studies  in  Lightning  Protec- 
tion on  4,000-Volt  Circuits"  was  of  exceptional  interest. 
The  author  endeavored  to  list  the  several  factors  that  affect 
lightning-arrester  performance  and  to  describe  the  methods 
of  eliminating  these  several  variables  so  as  to  permit  the 
presentation  of  curves  showing  the  relative  merits  of  the 
arresters  under  investigation.  The  other  three  papers  of 
the  evening  were:  "Electrostatic  Condensers,"  by  V.  E. 
Goodwin;  "Lightning  Arrester  Spark  Gaps,"  by  Chester  T. 
Allcutt,  and  "Life  and  Performance  Tests  of  0  F  Light- 
ning Arresters,"  by  N.  A.  Lougee.  The  attendance  was 
exceptionally  good  and  the  discussion  brought  out  many 
interesting  points  on  the  subject  of  the  evening. 

Union  Labor  and  A.  A.  E. 
Lock  Horns 

The  Building  Trades  Council  of  Newark,  N.  J.,  is  making 
an  effort  to  unionize  engineers,  architects  and  draftsmen. 
The  council  has  issued  an  ultimatum  to  the  effect  that  after 
Nov.  1,  1920,  union  labor,  as  represented  by  its  members 
in  Newark,  would  do  no  work  on  new  buildings  or  other 
structures  for  which  the  plans  were  not  made  by  union 
draftsmen  or  engineers.  The  American  Association  of 
Engineers,  which  is  vigorously  opposing  the  idea,  reports 
that  draftsmen  in  the  architect  offices  in  Newark  have  been 
canvassed  on  the  question  of  union  affiliation,  and  that 
almost  to  a  man  they  are  opposed  to  any  unionization  of 
draftsmen,  engineers  or  architects.  The  General  Con- 
tractors' Association  of  Newark  will  continue  to  use  plans 
made  by  non-union  architects  and  draftsmen,  and  James 
0.  Betelle,  president  of  the  New  Jersey  Chapter  of  the 
American  Institute  of  Architects,  is  working  in  harmony 
with  the  A.  A.  E.  on  this  matter. 


Chile  has  vast  hydro-electric  resources,  which  have  been 
but  slightly  developed,  chiefly  by  German  and  British  capi- 
tal. The  most  definite  development  project  in  that  coun- 
try at  the  present  time  is  that  provided  by  a  $35,000,000 
loan  by  the  Chilean  government,  $10,000,000  of  which  has 
been  appropriated  for  the  electrification  of  the  railway 
from  Santiago  to  Valparaiso,  via  Casablanca.  The  electric 
generating  station  is  to  be  located  on  the  Aconcagua  River, 
about  thirty  miles  from  Llai-Llai.  In  fact,  the  Chilean 
government  will  electrify  all  the  state  railways,  and  plans 
are  in  charge  of  Senores  Rafael  Edwards,  the  electrical 
consulting  engineer  for  the  state  railways,  and  Ricardo 
Solar,  a  civil  and  electrical  engineer  of  prominence.  More- 
over, an  internationally  organized  company  (Anglo-Chileno- 
Americano)  in  Valparaiso  plans  to  construct  a  10,000-hp. 
plant  for  supplying  electric  lighting  and  power  to  that 
region. 


The  only  time  since  1911  that  coal  has  been  exploited  in 
Armenia  was  in  1915,  when  some  50,000  tons  were  extracted 
for  the  use  of  the  troops  in  the  region  of  Olti.  These  coal 
fields  are  27  miles  from  the  town  of  Olti  in  the  valley  of 
the  Kanli-Sou  River,  in  the  region  of  the  villages  of  Bal- 
Kai,  Souzous,  Karatash  and  Gueliat.  They  were  discovered 
and  explored  by  one  Dr.  Gadomokin,  and  the  deposits  have 
been  estimated  at  12,000,000  tons.  The  nearest  railway 
station  to  the  Olti  coal  fields  is  Kars,  which  is  only  76  miles 
from  the  Kars-Merdeneck  mines. 


November  23,  1920 
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The  Development  of  Oil  Specifications 


By  W.  F.  PARISHt 


FIVE  years  ago  a  prominent  builder  of  Diesel  engines, 
in  an  attempt  to  standardize  the  lubricating  oil  for  his 
new  type  of  engine,  sent  to  twelve  of  the  most  prominent 
oil  manufacturers  in  the  country  a  full  description  of  the 
engine  with  photographs  and  drawings,  asking  them  to 
submit  a  gallon  sample  of  the  oil  they  would  recommend. 
The  result  was  that  the  best  oil  men  in  the  country  sub- 
mitted 37  different  oils,  no  two  alike,  varying  all  the  way 
from  136  sec.  Saybolt  Universal  viscosity  at  100  deg.  F. 
(and  41  sec.  at  210  deg.  F.)  to  about  3,500  sec.  viscosity 
at  100  deg.  F.  (actually  178  sec.  at  210  deg.  F.).  The  en- 
gine referred  to  required,  for  the  conditions  under  which 
it  was  to  operate,  an  oil  having  a  viscosity  of  from  450  sec. 
at  100  deg.  F.  for  the  paraffin  oils  to  750  sec.  at  100  deg.  F. 
for  the  asphaltic  base  oils. 

The  questions  for  engine  builders  to  consider  are:  First, 
Why  is  there  such  a  wide  difference  of  opinion  among  oil 
men  as  to  what  is  necessary  to  properly  lubricate  the  same 
machine  ? 

Difference  in  Opinion  as  to  Proper  Lubricant 

The  difference  in  opinion  as  to  the  proper  lubricant  for  a 
certain  unit  may  have  a  vast  effect  upon  the  operation  and 
results  obtained  from  that  unit.  Taking  the  Diesel  engine 
example  as  an  instance,  using  the  lightest  oil  submitted 
would  allow  the  main  bearings  to  operate  at  low  tempera- 
ture and  would  allow  a  low  power  consumption.  The  oil, 
however,  would  be  entirely  too  thin  for  the  power  cylinders 
or  air-compressor  cylinders,  and  there  would  be  the  con- 
sequent danger  of  excessive  scoring  or  wear.  On  the  other 
hand,  it  would  be  impossible  to  use  the  heaviest  oil  recom- 
mended in  the  lubricating  system  of  the  engine;  and  further, 
this  oil  would  be  entirely  too  heavy  for  the  power  cylinders, 
would  form  excessive  carbon  which  would  prevent  the  free 
movement  of  the  rings,  would  cause  scoring  of  the  cylinders 
and  wear,  and  the  same  general  condition  would  also  pre- 
vail in  the  air-compressor  cylinders.  This  very  heavy  oil, 
therefore,  would  be  absolutely  unsuited  as  a  lubricant  for 
any  part  of  the  engine  in  question. 

Second,  What  system  can  be  introduced  that  will  make 
it  possible  for  the  engine  builder,  the  oil  industry  and  the 
users  of  the  machines  to  co-operate  for  the  purpose  of 
bringing  about  the  desired  results? 

Theoretically,  the  engine  builder  should  be  able  to  specify 
the  classification  and  grade  of  oil  that  should  be  used  on 
his  machine;  he  should  pass  this  information  on  to  the 
operator  who  purchased  his  machine  and  the  latter  should 
be  able  to  buy  that  particular  kind  of  oil  wherever  most 
convenient.  This  preconceives  a  universal  language  in  re- 
gard to  oil  that  would  be  perfectly  understood;  and  it  also 
makes  necessary  the  general  establishment  of  some  form 
of  specification  and  nomenclature  acceptable  to  both  the 
oil  industry  and  the  manufacturers  of  engines. 

Historical 

Oil  refiners  have  always  been  averse  to  specifications 
and  attempts  made  at  standardization  of  petroleum  prod- 
ucts. This  position  is  easily  explained.  Specifications  or 
laboratory  readings  as  originally  drawn  by  the  refiners 
were  developed  for  the  purpose  of  allowing  standardization 
of  their  own  production,  and  the  necessary  instruments 
were  patented  and  built  by  the  large  refiners  for  their  ov 
use;  as  these  same  in.struments  were  not  obtainable  by  the 
small  refiners,  several  different  methods  of  taking  appar- 
ently the  same  reading  resulted.  This  was  especially  true 
of  the  viscosimeter. 

The  type  that  is  today  generally  in  use  was  developed 
by  one  of  the  large  refiners  and  for  many  years  could 
not  be  purchased  or  made  by  the  smaller  refiners.  Many 
consumers  of  large  quantities  of  lubricating  oil  made  their 


*-\bstract  of  paper  read  befoi>-  the  National  Gas  'Rngine  Asso 
ciation. 

tSinclair  Oil  Co. 


own  pipettes  and  other  instruments  which  were  not  used 
by  the  refiners,  and  while  for  many  years  the  word  "vis- 
cosity" has  been  used,  its  meaning  in  definite  teiins  has 
been  obscure,  owing  to  the  fact  that  it  was  often  impossible 
to  tell  upon  what  instrument  the  test  had  been  made;  the 
temperatures  used  were  not  always  the  same  and  the 
method  of  operation  was  different.  As  a  result  of  this 
disorganization  the  term  conveyed  little  outside  its  inter- 
pretation by  the  individual  oil  companies. 

Probably  the  first  outside  agencies  to  make  use  of  re- 
finery instruments  were  the  various  states,  when  it  was 
found  necessary  to  limit  the  volatile  nature  of  burning  oils. 
Nearly  every  state  had  a  different  instrument  or  had  a 
different  method  of  using  the  same  insti-ument,  so  that  for 
years  there  has  been  a  controversy  regarding  the  proper 
method  and  instruments  to  use  in  determining  flash  and 
fire  tests. 

Fifteen  years  ago  practically  all  the  lubricating  oils  came 
from  the  Pennsylvania  fields  and  were,  therefore,  generally 
uniform.  As  a  result  of  using  one  crude  oil,  the  various 
refiners  put  out  practically  the  same  oils  and  regularly 
marketed  brands,  such  as  "25  Gravity  Paraffine"  or  "885 
Paraffine  Oils,"  named  for  the  Baunie  and  specific  gravity 
of  the  two  respective  oils,  became  standard  for  the  jobbing 
trade;  and  these  oils,  which  in  time  were  produced  by  va- 
rious refiners  under  a  general  classification  which  was  en- 
tirely the  result  of  trade  custom,  were  unifonn  to  a  degree. 

First  Specifications  Issxreo 

Consumers,  however,  eventually  came  to  the  point  of 
issuing  specifications.  These  first  specifications  called  for 
blends  of  a  certain  percentage  of  some  particular  local 
crude  with  other  combinations  generally  impossible  for  the 
majority  of  refiners  to  secure  or  furnish,  and  it  looked  as 
if  that  specification  had  been  issued  on  the  advice  of  some 
one  marketer  who  was  manufacturing  that  particular  com- 
bination, therefore  making  certain  the  fact  that  he  would 
retain  the  business. 

When  the  new  oil  fields  were  discovered  in  California, 
Texas  and  the  Midwest,  producing  oils  that  had  entirely 
different  physical  characteristics  from  the  Pennsylvania 
crudes,  the  specifications  established  and  used  by  various 
industries  in  purchasing  their  supplies  very  effectively 
barred  the  new  oils.  Combating  Pennsylvania  specifica- 
tions was  probably  the  hardest  task  that  fell  to  the  lot  of 
the  marketers  of  the  newer  oils,  and  it  required  constant 
and  expert  attention  to  change  this  situation.  It  was  neces- 
sary to  run  many  comparative  tests  to  prove  that  oils  not 
meeting  the  authorized  specifications  would  meet  the  me- 
chanical needs  of  the  machinery,  and  in  this  way  it  was 
possible  sometimes  to  have  the  specifications  changed  so 
as  to  admit  the  new  oils.  Many  times  the  revised  specifi- 
cations, when  finished,  could  have  read  simply  "oil,"  as  they 
were  so  broadly  dra\vn  as  to  be  practically  no  specification. 

On  the  other  hand,  specifications  not  broad  enough  to 
allow  competition,  or  that  require  manufacturers  to  turn 
out  a  special  oil  when  some  stock  product  would  meet  the 
requirements,  are  practically  useless. 

These  conditions  from  an  economic  standpoint  were  un- 
desirable and  the  general  acceptance  of  specifications  as 
a  policy  by  the  industry  was  discouraged,  the  refiners  gen- 
erally taking  the  stand  that  writing  specifications  should 
be  left  to  the  discretion  of  the  oil  refiner  for  his  own  spe- 
cific use  and  that  the  customer  should  simply  ask  for  a 
product  for  a  certain  purpose,  allowing  the  refiner  or  mar- 
keter to  send  his  experienced  operators  into  the  customer's 
plant  to  designate  which  of  the  oils  on  his  established  list 
would  do  the  best  work. 

Innumerable  instances  were  also  found  where  specifica- 
tions, which  were  used  to  facilitate  purchases,  did  not  cover 
oils  that  were  entirely  suited  for  the  machinery  in  the 
plants,  and  as  a  result  of  mechanical  troubles  other  oils 
would  be  purchased  entirely  opposite  to  the  specification, 
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ri'sultiiivr  in  mnny  hoatod  discussions  bolwccn  the  purchas- 
ing agents,  plant  enKirtcers  and  oil-conjpuny  represontutivt-s. 

Tlu'ii'  is  no  (lucstion  l)iit  Ihiit  spcoifir:iti()ns  that  wltc 
proporly  drawn  and  that  ai-tuaiiy  ri'prosi'nti-d  lubricants 
satisfactory  for  operating  conditions  would  hoip  the  refiner 
and  make  his  work  nioro  siniplo,  and  they  would  also  be 
a  help  to  the  purchaser,  as  under  such  specifications  he 
could  be  sure  of  purchasing  oils  of  certain  classifications 
which  he  had  already  determined  by  trial  or  builders'  rec- 
ommendation were  suitable  for  the  machinery  in  his  plant. 

There  are  many  points  to  be  taken  into  consideration  in 
drawinji  up  specifications.  They  must  be  simple  and  readily 
interpreted  by  the  trade,  and  they  must  be  broad  enough 
to  allow  bids  on  suitable  oils  from  all  crudes.  Further,  they 
must  be  so  worded  as  to  call  for  low-,  medium-  and  high- 
priced  oils,  according  to  the  work  to  be  done.  For  instance, 
oils  that  are  intended  for  ordinary  lubrication  and  oils  for 
special  requirements,  such  as  turbines  and  internal-com- 
bustion engines,  might  have  the  same  flash  and  fire,  vis- 
cosity and  cold  test  and  yet  the  oil  for  the  special  work 
would  have  been  so  refined  that  it  would  handle  the  severe 
conditions;  and  as  a  consequence  of  this  special  refining 
the  manufacturing  cost  of  this  oil  would  be  increased  and 
it  therefore  would  come  into  the  high-  or  medium-priced 
classification  as  compared  to  the  oil  for  ordinary  lubrication. 

Government  Specifications 

That  specifications  can  be  so  written  that  they  describe 
the  oil  required  and  yet  allow  wide  competition  is  shown 
by  those  of  the  War  Department'.  When  the  first  speci- 
fications were  drawn  up  during  the  war,  it  was  necessary 
to  have  a  minimum  number  of  grades  and  each  oil  was 
made  to  cover  as  wide  a  range  as  possible.  Where  it  was 
possible  to  use  the  more  expensive  oils  for  purposes  where, 
ordinarily,  cheap  oils  would  be  used,  this  was  done;  it  was 
considered  that  the  increased  cost  in  using  the  expensive 
oil  was  more  than  offset  by  the  cost  of  handling  additional 
brands  under  war  conditions.  This  was  especially  true  of 
the  specification  covering  motor  oil,  which  was  used  as 
widely  as  possible  in  substitution  of  the  numerous  cheaper 
oils  for  various  uses;  and  as  the  greatest  gallonage  was 
to  be  used  for  the  motor  transport  units,  the  oil  necessary 
for  that  equipment  was  considered  more  or  less  as  standard 
and  used  for  many  purposes.  The  Navy  Department  also 
follows  this  practice  of  using  the  high-class  oils  for  less 
important  lubrication;  for  instance,  turbine  oil  will  prob- 
ably be  used  for  machine-shop  lubrication  because  it  sim- 
plifies the  storage  and  makes  impossible  the  danger  of 
getting  an  ordinai"y  machine-shop  oil  in  the  turbines,  as  one 
such  performance  would  more  than  offset  a  year's  savings 
on  purchases  of  the  cheaper  oil. 

The  specifications  at  present  used  by  the  War  Department 
have  been  drawn  up  to  cover  three  classes  of  oils,  which 
will  fall  under  grade  or  price  classification.  This  is  covered 
practically  as  follows: 

Class  A  states  that  the  oil  is  required  for  general  lubri- 
cation of  engines  and  machines  where  a  highly  refined  oil 
is  not  required,  which  would  mean  that  a  cheap,  red  oil  of 
the  viscosity  mentioned  would  be  suitable. 

Class  B  states  that  the  oil  is  to  be  better  than  Class  A 
oil.  This  specification  also  includes  an  emulsion  test  which 
would  necessitate  a  better  oil  than  furnished  under  Class  A. 

Class  C  covers  oils  suitable  for  lubrication  of  air  com- 
pressors and  internal-combustion  engines  and  is  also  suit- 
able for  turbines,  dynamos,  high-speed  engines,  forced-feed 
systems,  etc.,  where  a  better  lubricant  than  Class  B  is  re- 
quired. In  addition  to  the  tests  required  under  Class  A 
and  Class  B  is  included  a  carbon  test  which  will  insure  the 
oil  furnished  being  a  highly  refined,  filtered  product,  en- 
tirely suitable  for  this  class  of  work. 

Under  each  of  these  classes  the  oil  is  divided  into  five 
grades,  with  the  following  viscosity  range  at  100  deg.  F. 
Saybolt  Universal:  Extra  light,  140-160  sec;  light,  175-210 
sec;  medium,  27.5-310  sec;  heavy,  370-410  sec;  extra  heavy, 
470-520  sec.  The  flash  and  fire  and  cold  test  range  of  all 
three  grades  are  also  the  same.  The  refining  requirements 
as  expressed  in  the  aciditj',  emulsion  and  carbon  tests  bring 
these  classes  of  oils  into  different  finished  products,  which 
^vill  vary  through  a  considerable  range  as  to  operating  re- 


suits  Hucurod  and  an  to  prices.  These  specifications  are  so 
drawn  that  they  will  arlmit  nuitnble  oils  made  from  all 
crudes,  which  illustrates  the  point  that  this  is  possible  if 
the  necessary  attention  and  knowledge  enter  into  the 
transaction. 

The  ofliciai  machinery  for  the  establishment  of  methods 
and  instruments  in  the  American  Society  for  Testing  Ma- 
terials, (Committee  I)-2,  has  already  reported  upon  and 
adopted  many  of  the  main  instruments  and  methods.  The 
Bureau  of  Standards  at  Washington  should  be  the  natural 
authority  to  go  to  in  order  to  get  the  proper  interpretation 
and  to  secure  standard  samples  and  readings  on  uniformly 
standard  instruments,  so  that  any  laboratory  can  check  its 
instruments.  The  Navy  Department  and  War  Department 
specifications,  which  have  been  written  with  the  aid  of  the 
petroleum  industry  and  generally  accepted  by  them,  can 
be  taken  as  acceptable  in  form  and  nomenclature  as  a  gen- 
eral guide  to  specification  writers.  It  then  remains  for 
the  engine  manufacturer  to  select  the  classification  and 
grade  of  oil  that  will  best  suit  the  condition  of  his  ma- 
chinery when  new  and  after  it  is  well  worked  in,  and  this 
had  best  be  done  with  the  assistance  of  the  many  able 
lubrication  engineers  in  the  petroleum  industry.  After 
this  the  machines  can  be  marked  with  the  established  clas- 
sification and  grade  of  oil  according  to  army  specifications 
or  other  standards  that  may  be  generally  accepted,  and 
this  will  be  the  guide  the  oil  manufacturer  will  gladly  use 
in  selling  oil  to  the  owner  and  operator  of  the  machine. 

Optimistic  Reports  Received 
of  Coal  Situation 

The  report  of  the  Geological  Survey  for  the  week  ended 
Nov.  6  showed  a  decrease  of  9.4  per  cent  in  the  production 
of  soft  coal.  The  total  amount  of  coal  mined  was  11,355,000 
tons;  this  was  1,063,000  tons  less  than  for  the  previous  week. 
The  reduced  output  was  only  natural  in  view  of  the  occur- 
rence of  the  two  holidays,  Election  Day  and  All  Saints' 
Day,  but  was  nevertheless  larger  than  had  been  expected. 
It  was,  in  fact,  greater  than  in  the  corresponding  week  of 
any  of  the  last  four  years.  The  average  daily  production 
was  1,893,000  tons.  It  is  expected  that  for  the  week  ended 
Nov.  13  production  will  be  high. 

A  bulletin  issued  by  the  National  Coal  Association  takes 
the  same  view  and  reports  noticeable  improvement  and  re- 
duction of  shortages  throughout  the  country.  It  is  declared 
that  prices  are  falling  and  will  continue  to  drop  wherever 
they  are  high.  This  is  attributed  to  the  aggressive  co- 
operation of  the  Interstate  Commerce  Commission  and  the 
railroad  executives.  Through  the  priority  order  issued  by 
the  commission  during  the  summer  and  fall  and  carried  into 
effect  by  the  railroads,  the  operators  have  been  able  to  get 
the  open-top  cars  needed  to  transport  the  volume  of  coal 
required  to  overcome  the  shortages. 

Statements  of  coal  prices  received  by  Power  in  answer  to 
its  request  indicate  that  those  who  have  contracts  are  not 
suffering  greatly  from  high  prices,  but  that  those  who  must 
buy  in  the  open  market  are  paying  "all  the  traffic  will  bear." 
As  an  instance,  one  report  gives  the  price  of  run-of-mine 
coal,  at  the  mine,  as  $8;  another  sets  it  for  the  same  kind 
of  coal,  delivered,  at  $3.85.  The  latter  figure,  of  course, 
was  for  contract  purchases. 


The  consumption  of  soft  coal  mined  in  the  United  States 
is  divided  as  follows,  according  to  Messrs.  Sinith  and  Tryon 
in  Coal  Revietv:  2.1  per  cent  for  generating  power  at  the 
mines;  28  per  cent  for  railroad  fuel;  6  per  cent  for  elec- 
tric public  utilities;  21.9  per  cent  for  coke,  bunker  coal  and 
exports;  10  per  cent  for  domestic  use;  5  per  cent  for  the 
steel  industry,  and  27  per  cent  for  the  general  industrial 
demand.  

The  Virginia  Ice  and  Freezing  Corporation,  of  Norfolk, 
has  had  such  success  with  two  300-hp.  Smith  gas  pro- 
ducers it  is  preparing  to  install  three  more  Smith  Type  E 
producers  of  300-hp.  each.  These  producers  \vill  be  used  to 
supply  gas  to  the  engines  used  in  this  plant  and  are  de- 
signed for  anthracite  coal,  being  provided  with  shaking 
grates  and  baffle  type  scrubbers. 
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New  Publications 


ELEMENTS    OF   ENGINEERING    THER- 
MODYNAMICS.      By     Moyer.    Calder- 
wood   and    Potter.      Published   by  John 
Wiloy  &  Sons,  New  York  City.     Cloth  ; 
196  pages  ;  47  illustrations  ;  4  tables. 
As  the  authors  state  in  the  preface,  this 
volume   is  an   extension   of  a   briefer   work 
by   Moyer    and    Calderwood.      Considerable 
material  that  is  essential   in  a  textbook  of 
thermodynamics  has  here  been  added  to  the 
original   text,    increasing    the    value    of   the 
present  work  to  a  considerable  extent.     Al- 
though   written    primarily    for    engineering 
students,   it  should  be  of  benefit  to  all   en- 
gineers having  a  knowledge  of  calculus, 

LESSONS  IN  ELECTRICITY  AND  MAG- 
NETISM. By  %V.  S.  Franklin  and 
Barry  MacNutt.  Published  by  Franklin 
&  Charles.  Bethlehem,  Pa..  1919.  Cloth; 
254  pages  ;  188  illustrations.  Price,  $2.25. 
In  this  book  is  presented  the  theory  of 
electricity  and  magnetism  by  making  use 
of  things  that  are  found  in  practice.  The 
material  has  been  arranged  to  meet  the  n  ed 
of  a  two  years'  rouise  in  elementary  physics 
and  is  divided  into  seven  chapters  with  four 
appendices,  namely:  Magnetism  and  the 
magnetic  effect  of  the  electric  current ; 
chemical  effect  of  the  electric  current  ;  heat- 
ing effect  of  the  electric  current;  indue 'd 
electromotive  force  ;  electric  charge  and  the 
condenser ;  elec'ric  field  and  elem'  ntary 
theory  of  potential  ;  the  atomic  theory  of 
electricity;  magnetism  of  iron;  elementary 
theorv  of  alternating  current ;  electrical 
measiT  ments  ;  corresponding  equations  of 
translation  motion,  rotary  motion  and  elec- 
trical motion  ;  and  answers  to  problems. 
Although  this  book  was  written  primarily 
for  use  as  a  text,  th°  arrangement  and  the 
presentation  of  the  material  are  such  as  can 
be  easily  mastered  by  the  home  student. 
Numerous  problems  are  given  throughout 
the  text,  and  since  the  answers  are  g'vpn  in 
an  appendix,  it  greatly  enhances  the  value 
of  the  book  to  those  who  wish  to  study  t'le 
subject  of  electricity  and  magnetism  outside 
the  environs  of  the  classroom. 


Obituary 


Arthur  M.  Waitt,  who  was  a  member  of 
the  commission  which  planned  the  elec- 
trification of  the  Xew  York  Central  Rail- 
road, died  on  Nov.  10  at  his  home  in 
Sharon,  Conn.  He  was  born  in  Boston  in 
1858,  and  was  graduated  from  the  Massa- 
chusetts Institute  of  Technology  with  an 
engineer's  degree.  Mr.  Waitt  was  with  the 
New  York  Central  for  twenty-five  years, 
and  was  a  member  of  the  New  York  Rail- 
road Club,  American  Society  of  Mechanical 
Engineers,  St.  Louis  Railroad  Club  and  tlie 
Hartford  Club. 

Arthur  E.  Hanck,  president  of  the  Hauck 
Manufacturing  Co.,  maker  of  oil-burning 
appliances,  kerosene  torches,  furnaces  and 
forges,  died  recently  at  his  home  in  Brook- 
bTi  at  the  age  of  forty-one  years.  Mr. 
Hauck  originally  followed  the  copper- 
smith's trade  in  Germany,  his  native 
country,  and  later  in  Belgium,  France  and 
England.  At  twenty  years  of  age  he  ar- 
rived in  this  country  almost  penniless  and 
went  to  work  in  the  Philadelphia  Navy 
Yards.  In  1902.  three  years  later,  he  es- 
tablished himself  in  the  oil-burning  appli- 
ance business  to  which  he  devoted  the  re- 
mainder of  his  life. 


Personals 


George  Macnoe  is  now  associated  with 
W.  B.  Connor,  Inc..  New  York  City,  engaged 
in  the  sale  of  power-plant  equipment. 

Ralph  K.  KoweU  h?s  left  the  position  of 
oriuipment  engineer  with  the  International 
Motor  Corporation  to  affiliate  with  a  firm 
the  name  of  which  will  now  be  Hubbard, 
Harris  &  Rowell,  Inc.,  consulting  engineers. 

Charles  H,  Israel,  formerly  works  man- 
ager of  the  National  Marine  Engine  Works 
for  the  Foundation  Co..  has  been  appointed 
Eastern  representative  of  the  Kingsford 
Foundry  and  Jlachine  Works,  of  Oswego 
New  York,  for  the  sale  of  stationary  and 
marine   unaflow   engines. 


M.  M.  Shaw  is  now  power  engineer  for 
the  Cooley  &  Marvin  Co.  of  Boston.  Mass. 
He  was  formerly  engineer  with  the  Perry 
Barker  firm  of  fuel  engineers.  Boston. 

W.  S.  Ouleley.  president  of  the  Quigley 
Furnace  Specialties  Co.  Xew  York  City, 
has  returned  from  Europe  after  an  ex- 
tensive trip  made  in  connection  with  large 
installations  of  the  Quigley  Powdered  Coal 
System  in   Italy  and  Belgium. 


Business  Items 
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The  Manistee  Iron  Works  Co..  of  Manistee, 
Michigan,  manufacturer  of  Roturbo  cen- 
trifugal pumps,  vacuum  pumps,  rotary  jet 
condensers,  evaporating  equipment  for  salt, 
sugar,  potash,  etc..  has  opened  a  Pacific 
("oast  office  in  the  Rialto  Building,  San 
Francisco,  which  will  be  in  charge  of  L. 
M.  Page,  formerly  general  sales  manager. 
The  company  expects  to  open  other 
branches  at  Los  Angeles.  Portland  and 
Seattle,  which  will  also  be  under  the  super- 
vision  of  Mr.   Page. 


Trade  Catalogs 


The  Batterman-Truitt  Co..  736-738  West 
Monroe  St.  Chicago,  has  issued  a  3  x  6-in. 
30-page  revised  catalog  of  ventilating 
equipment,  including  fans  driven  by  pulley 
and  d.c.  or  a.c.  motors. 

"The  Technical  Products  Economist"  for 
November,  listing  thousands  of  items  of 
new  and  used  machinery  and  equipment  for 
sale,  is  ready  for  distribution.  It  contains 
five  sections:  Refrigeration,  power,  pulp 
and  paper,  tank,  and  chemical. 

The  Milwaukee  Electric  Crane  and 
Manufacturing  Co.,  Milwaukee.  W^is.,  has 
ready  for  distribution  an  8  x  11-in.  48- 
page  catalog  of  electric  cranes  and  hoists, 
and  also  of  a  horizontal  boring  mill.  A 
great  number  of  pictures  show  the  manu- 
facture, design  and  use  of  Milwaukee 
cranes. 


New  Construction 


PROPOSED    WORK 

Mass..  Charlestown  (Boston  P.  O.) — The 
Charlestown  Gas  &  Electric  Company.  27 
Main  St.,  will  soon  award  the  contract  for 
a  1  story.  50  x  50  ft.  elpctric  substation  on 
Salem  St.  French  &  Hubbard.  88  Pearl  St.. 
Boston.  Archts.   and   Engrs. 

Mass.,  Provincetown — Andrews.  Tower  & 
Lavalle.  Archts  and  Engrs.,  274  Main  St., 
are  preparing  p'ars  for  a  fish  plant  on  Cape 
Cod  St.  About  $500,000.  Owner's  name 
withheld. 

Mass..  South  Hadley — Mt.  Holyoke  Col- 
lege plans  to  build  a  new  science  building 
and  an  addition  to  the  library.  About 
$500,000.  Archt.  not  selected.  M.  E. 
Wooley,  Pres. 

Conn.,  Hartford — The  Aetna  Life  Insur- 
ance Co.,  650  M.Tin  St..  plans  to  build  an 
ofHce  building  on  Trumbull  St,  Over 
$2,500,000,     Archt.  not  announced. 

Conn.,  :>riddIetown — The  Middlesex  Hos- 
pital. 28  Crescent  St..  will  soon  award  the 
contract  for  a  3  story.  40  x  108  ft.  hospital 
addition  including  a  steam  heating  system. 
About  $250,000.  Buck  &  Sheldon,  Inc.,  60 
Prospect   St..   Hartford,  Archts. 

N.  Y.,  Brookl.vn — The  Dept.  of  Educ. 
500  Park  Ave.  Xew  York  City,  is  having 
plans  prepared  for  a  5  story.  125  x  197 
ft.  school  including  a  steam  heating  sys- 
tem on  Sanford  St.  near  De  Kalb  Ave., 
here.  About  $75ii.000.  C.  B.  J.  Snyder. 
28th  floor.  Municipal  Bldg.,  New  York 
City,   Archt.   and   Engr. 

N.  T.,  Xew  York — The  .\iidit.orium  Asso- 
ciation, c/o  Sice  &  Bryson.  Archts.  and 
EngTS.,  154  Jlontague  St..  Brooklyn,  will 
receive  bids  until  Dec  1  for  a  4  story  50 
X  75  ft.  club  and  office  building  at  250  West 
25th  St.,  here.  About  $250,000.  Noted 
June  15. 

N.  T.,  New  York — The  Bd.  Educ.  re- 
ceived bids  for  the  installation  of  heating 
and  ventilating  apparatus  in  Public  School 


74  f'-om  M'll^r  fz  T^r-idv.  Tnc  ,  210  East  38th 
S'.,  at  $6,000;  J.  D-m-s  Co..  1996  Nostrand 
Ave..  Brooklyn.  $6  278  ;  D.  J.  Rice.  405  Lex- 
irgton  Ave.  here  $7  223.  In  P'lbl'C  S-"hool 
81  from  L.  Rnotzl"  Co.  Inc..  $16,422;  D  J. 
Rice.  405  Lexinsrton  Avp..  $17  182;  Miller 
&  Brady,  210  East  38th  St.,  $17,339. 

X.    Y..     New    York     (Bronx    Boro.) — The 

»w  York  Institution  f'>r  I'^ilucation  of  the 
Blind,  9th  Ave.  and  33d  St..  plans  to  build 
s^ven  2|  story  institntional  buildings  in- 
cluding a  steam  hoa^inT  system,  on  Bronx 
rnd  Pelhim  Pakway  Bri-inxwood  Av  and 
Williamsbridge  Rd.  McKim,  Mead  &  W^hite. 
101   Park   Ave..    Archts.   and   Engrs. 

N.  Y..  Rochester — The  Bd.  Educ.  is  hav- 
ing plans  prepared  for  a  2  story.  180  x  200 
ft  public  school  and  two  2  story,  300  x  325 
ft.  iunior  high  soh'^nls  at  St  500. nnn  each. 
E.  S.  Gordon,  300  Sibley  Block,  Archt. 

N.  Y..  Troy — The  TTnitpd  Amerlcnn  Iron 
&  Steel  Co  ,  Van  Buren  St.,  is  in  the  mar- 
ket for  one  double  drum,  steam  power 
hoisting  engine  of  ten  ton  capacity.  F. 
Samuels,  Jr.,  Gen.  Mgr. 

N.  J.,  Maurer — The  T^arbpr  Asphalt  Pav- 
ing Co..  Land  Title  Bldg  .  Philadelphia.  Pa., 
is  having  plans  prepired  for  machinery 
and  manufacturing  buildings  and  a  power 
house,  here.  About  $1,000,000.  Lockwood- 
Green  Co.,  101  Park  Ave..  New  York  City. 
Archts.   and  Engrs. 

Pa..  Philadelphia — St.  Agnes'  Hospital. 
Broad  and  Mifflin  Sts..  is  having  plans  pre- 
pared for  a  5  story.  84  x  161  ft  nurses' 
home  including  a  steam  heating  system.  F. 
R.  Watson.  1211  Walnut  St.,  Archt. 

D.  C,  Washington — The  General  Pur. 
Officer  of  the  Panama  Canal,  here,  will 
receive  bids  until  Xov.  26  for  furnishing 
one  60.kva..  25-cycle.  3-phase.  2.200-2.080- 
volt  primary.  230-volt  second,ary,  trans- 
former, delta-connected,  oil  cooled  .and  in- 
sulated ;  indoor  type  for  power  service. 

V».,  Minnesota — The  Bd.  Educ.  plans  to 
build  a  2  story,  150  x  250  ft,  grade  school 
including  a  steam  heating  system.  About 
$300,000,     Archt.   and  Engr,  not  selected. 

W.  Va..  Clarksbnre— Dr.  W.  P.  Goff  and 
Maj.  O.  D.   Goff  plan   to  build   an  addition 


to    a    hotel.      About    $500,000.      Archt.    not 
selected. 

W.  Va..  Huntington — The  International 
Xickel  Co..  43  Exchange  PI..  New  York 
Citv.  will  build  a  rolling  mill  plant  here 
including  a  steam  heating  system,  here. 
About   $3,000,000. 

N.  C.  Greensboro — The  Piedmont  Ice  & 
Coal  Co.  plans  to  build  an  ice  plant.   About 

$75,000. 

Ala..  Birmingham — The  city  is  having 
plans  prepared  for  a  3  story.  150  x  300  ft. 
high  school  on  7th  Ave.  About  $600,000. 
D.  O.  Whilldin,  Title  Guaranty  Bldg..  Archt. 

I.a..  New  Orleans — The  Marine  Iron  Wks., 
1008-1014  Magazine  St.,  plans  to  build  a 
1  and  2  story  machine,  boiler  and  black- 
smith shop.  About  $75,000.  J.  de  Tar- 
nowsky,  602  Canal  Bank  Annex,  Structural 
Engr. 

Ky.,  Covington — The  city  voted  on  $250,- 
000  bonds  for  the  purchase  of  a  10,000.000 
gal.  pumping  unit  and  boilers.  R  Russel. 
Comr.  of  Pub.  Property.     Noted  Oct.  12. 

Ky..  Walton — The  city  has  authorized  an 
issue  of  $10,000  bonds  for  a  municipal  elec- 
tric plant   on   Main   St. 

O.,  Ashtabula — The  Pierce.  Butler  & 
Pierce  Co.,  282  James  St.,  Syracuse,  N.  Y., 
plans  to  build  a  plant  here.  About 
$1,000,000. 

O.,  Cleveland — The  Taylor  Stores  Co.  will 
receive  bids  until  Dec.  1  for  a  17  story.  67 
X  189  ft.  department  store  and  office  build- 
ing. About  $1,250,000.  D.  H.  Burnham  & 
Co.,  209   South   La  Salle  St.,  Archt. 

O.,  Columbus — The  Bd.  Educ.  is  having 
preliminary  plans  i)repared  for  two  2  story, 
110  y  200  ft.  schools,  one  on  Avondale  Ave. 
and  the  other  on  Douglas  Ave.  About 
$265,000  each.  Riebel  &  Sons,  New  First 
Nat'l  Bank  Bldg.,  Archts. 

O.,  Dayton — The  Dayton  Power  &  Light 
Co.,  4th  and  Jefferson  Sts,,  plans  to  issue 
$1,000,000  bonds  for  the  purchase  of  gen- 
erators, turbines,  transmission  material, 
transformers,  etc..  for  the  purpose  of  in- 
creasing the  output  of  the  Jliller's  Ford 
plant 
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O  8Bmli«Uv  —  Till'  SiiiKluMUy  r.  in.-iil 
Co..  'KiiKln.-rN'     ItltJk'  .    (M.Mliin.l.    |.|i.ii«<    to 

i.,>w.<r  houH..   horc.      .\l.out    IJr.  ■•<  n      W.    H 
Niwhorry.      liiiKlnicm       UUW.      Clovi-liinfl. 

\U\IIT. 

O..  Wlllou«hhr— Tho  Thor  Tin.  A  Rnl.l.or 
Vo  C/.i  K  f  f.iiiv.  Kii-J  Socl<  ly  f"i  S''\- 
InifH  lll.lif..  Cliv.liin.l.  l-l.iiiM  in  huj'''  '>  ' 
mill  3  Htoiy  (lit  X  J.M'  ft.  lactory  ami  iiow.r 
l>li>iil   luTi>.      .Vbout   JliiKI.OOO. 

O.  YouiiB«Jowii-  The  R.'scrvc  Iron  & 
Sli-ol  Co  l>l:ilia  to  Ixill.l  iiiul  idulp  two  bliisl 
fiirnncH  aiul  a  i.u.UlllnK  plant.  About 
$1,000,000. 

Intl..  Hnmmon.1— Th.>  Masonic  yjff^J' 
will  nclvr  Mils  until  "•<■  2"  '"^  "^  '  ''^"'^■ 
Mill  X  100  ft.  t>>i"l>l.'  lm-luilln»r  n  Mourn  hfat- 
\ng  .Mvxl.m.  .\l>out  »250.0O0.  II.  O. 
Schmidt  &  Co..  154  W.-st  KandoliiU  St. 
.\  relit. 

Mich..  DMrolt— Tli«  Detroit  PacklnK  Co.. 
Ill  Hushoy  .St..  iH  havlHK  i>liins  iircpanil  for 
til.-  llrHt  unit  of  a  5  story  patklnB  plant. 
Vl.iiis  will  also  !..•  pr.pan.cl  for  .^.parato 
,<w..r  plant.  .\l...ut  »1.<""^"""-,  •'^'''V;" 
Aroliltrctural  &  Knur.  Co  Manhattan 
HIdK..  ChlcaKO.  HI..  Archt.  and  Kngr. 

MlHi..  Petrolt— Tho  OrlinK  Bro.«..  TIolcl.l- 
h,.ri:  iiiMl  Klinwood  Av.'S..  nro  h.^vlng:  plans 
pn.paivd  for  a  3  story.  GO  >^  1"",  "•  "\*;"t 
products  factory  iiicludini;  a  100-hp.  hoil.r 
for  washed  air  hoatinR  system  T'mv'T 
motors  and  rofriKcratiiiK  pquipmcnt  will  l>e 
installed  in  same.  About  $200,000.  Louis 
Kaniper.    751    Book   Bldg.,   Archt. 

MU-h..  Detroit — Pollmar.  Tlopps.  Archts. 
and  KuKrs..  15  .<?tale  St..  arc  PrfPaHnK 
plans  for  a  1  and  2  story  100  x  IGO  ft 
factorv  Power  motors  will  be  installed  in 
sann>  "  About  $75,000.  Owner's  name 
withheld. 

Mich..  Detroit— Thos.  Barium  &  Sons. 
Cadillac  Sq..  are  havinp:  iil.ms  prepared  for 
a  1  story.  lOil  x  1"0  ft.  market  buililintr. 
kefrig-eriitinp:  equipment  will  be  installed 
in  same.  About  $75,000.  llogers.  Bonnah 
&  Chaffee.  528  Farwell  Bldg:..  Archts. 

III.  Clitrnco — The  Masonic  T.eacrue.  c/o 
Hyde  &  Brown.  Archts  .  8  South  Dearborn 
St..  will  soon  award  the  contract  for  the 
superstructure  of  a  4  story.  125  x  200  ft. 
temple  including  a  steam  heating  system 
at   6107   College   Grove.      About   $750,000. 

III..  rhicHKo — G.  E.  Spry,  c/o  A.  Alshuler, 
'>8  East  Jackson  Ave .  is  receiving  bids  for 
a  7  storv.  8"  x  140  ft.  office  building  in- 
cluding a  steam  heating  system  at  Morgan 
and  Van  Buren  Sts. 

ni  Chicago— .T.  Stroh.  Detroit.  Mich.,  is 
receiving  bids  for  an  18  story.  80  x  100  ft. 
office  building,  including  a  steam  heating 
svstem  at  14-20  Adams  St..  here.  About 
$1,200,000.  Gaiver  &  Dinkelberg,  80  East 
Jackson   St..  Archts. 

Wis..  Fort  .Vtkinson — H.  H.  Smith.  City 
Clk  is  receiving  bids  for  a  6  ft.  water  gas 
generator  set.  meter  purifiers,  air  blowers, 
etc.  for  gas  plant. 

Wis  Merrill — The  Secy,  of  the  Bd.  Educ. 
will  receive  bids  until  Dec.  15  for  a  117  x 
140  ft  grade  school  and  a  7.">  x  120  ft. 
addition  to  high  school,  including  a  steam 
heating  and  mechanical  ventilating  sys- 
tems About  $260,000.  Parkinson  &  Dock- 
endorff.  Linker  Bldg.,  La  Crosse,  Archts. 
and   Engrs. 

Wis.,  Milwaukee — The  Milwaukee  Elec- 
tric Kv  &  Lt.  Co.,  Public  Service  Bldg., 
will  soon  award  the  contract  for  a  2  story. 
•>ii  X  30  ft.  substation  on  Marshall  St. 
About  $10,000.  R.  Pinkley,  c/o  owner. 
Archt 

Minn.,  Owatonna— Toltz,  King  &  Day, 
Consulting  Engrs..  1410  Pioneer  Bldg,.,  St 
I'aul  are  preparing  plans  for  a  municipal 
electric  light,  power,  steam  heating  and  gas 
plant,  here.     About  $475,000. 

5Iinii ,  St.  Paul — The  city  voted  to  issue 
$3  000,000  bonds  for  enlargements  to  water 
plant  including  a  pumping  station,  etc. 
Oscar  Claussen,   City   Engr. 

Kan..  Montezuma — The  City  plans  to 
build  a  20  X  35  ft.,  15-lvW.  gas  P'ant  in- 
cluding a  25-hp.  gas  engine.  About  $1d.OOO. 
S.  D..  intchell — Frank  McOovern,  City 
\uA  will  receive  new  bids  for  a  1  story, 
182  X  300  ft.  corn  palace  auditorium  in- 
cluding a  steam  heating  system.  About 
$300,00.  C.  W.  &  O.  L.  Rapp.  1200  State 
L.ike  Bldg..  Chicago.  111..  Archts.  Former 
bids  rejected.     Xoted  Aug.   10. 

Tex..  Corsicanna — The  Navarro  Manu- 
facturing Company  is  in  the  market  for.  a 
30  to  35  hp.  upright  steam  boiler.  Second 
hand  preferred. 


Tc«.  I»iillii»-  Til"  Federated  .Tcwlnh 
CluirllieH.  mil  .\Hliluiid  Ave.,  are  riilHlin; 
fundM  for  a  hoBpltal     About  $1,000,000 

Trx..  I»»lln»— The  City  and  County  of 
IiallnH  ar.'  having  phiiiH  prepared  for  a 
hOHpllal  Includhig  an  exlenalon  to  tin-  prcH- 
inl  Mieani  heatlUK  plant.  About  $450,000. 
Ilerl.irt  M.  Greene,  .\orlh  Texan  Hldg  . 
.Vrcht 

Tex..  luhl»ock-  Th.-  Went  Texan  Sana 
tarliim  A.Ksn.  had  plans  prepanil  for  ii  4 
Htorv  hospital  building  Including  a  boiler 
room.  etc.  About  $I1o.oimi  '''•'"•V  ' 
PheliiB,  Ountcr  Bldg.,  San  Antonio,  Archt, 

Tex.,  Mineral  Well»— The  city  vot.d  on 
$''00  000  bonds  for  InHialling  pumping 
equipment  at  I-ake  Mineral  Wi-lls  and 
bulldlnt  pipe  Hue  from  there  to  supply  city 
with  water. 

Tex.,  r»rt  Arthur — The  Bureau  of  Yards 
iind  Docks.  Navy  liept.  Washington.  I).  C  . 
plans  to  build  a  14  x  3;i  t.  •  i.llo  building 
iiere 

Tex.,  WBxnhnchle — The  City  plans  an 
.•lection  to  vote  on  $100,000  bonds  for  a 
municipal   electric    light   system. 

Okln..  Tul«i« — The  Masonic  League,  .'.18 
South  Main  St..  will  soon  award  the  con- 
tract for  a  6  story.  lOO  x  140  fl.  temple 
including  a  steam  he.it  ing  system  .\ bout 
JfifiO  000  U.  <;.  Schmidt  *:  Co..  Lit  West 
Randolph   St.,    Hammond.    Ind..   Archt. 

Idaho,  Idaho  Fnlln — The  Howard  Pulp  & 
Paper  Co.  will  soon  receive  bids  for  a  news 
iirint  factory  and  .an  is.ooil-hp.  I><)wer 
plant  About  $4.000.0oii,  Thomas  L.  Tom- 
line.s,'  City  Bank  I'.ldg.,  Syracuse,  N.  \.. 
lOngr. 

ral.,  San  Diego— The  Bureau  of  V(irds 
and  Docks,  Navy  Dept  ,  Washington  D.  t... 
will  receive  bids  until  Dec.  1  for  refrigerat- 
ing equipment  here. 

cat  VietorviUe— The  Victor  Valley  Ir- 
rigation District  is  having  surveys  made 
for  an  irrigation  system  including  a  hydro- 
electric plant,  booster  pumping  plant,  .i 
reservoirs,  etc.  About  $7,000,000.  F.  C. 
Finkle.  I.  W.  Hellman  Bldg..  Los  Angeles, 
Consulting  Engr. 

Ont.,  tondon  —  The  Young  Men's 
Christian  Assn.,  c/o  E.  T.  Jenkcns  429 
Wellington  St ,  plans  to  build  a  new  Y.  M. 
C  A  building  including  a  steam  heating 
s>-stem.     About  $300,000. 

Ont.,  Toronto — The  Crouse  Hinds  Co.  of 
Canada.  T>abatt  Ave..  Harvey  Hubbell  and 
the  Hubbell  Mack  Machine  Screw  Co.  plan 
to  build  a  3  story  factory  including  a 
vacuum  steam  heating  system  on  Coxweii 
Ave  for  the  manufacture  of  electric  light 
fixtures.      About   $500,000. 

South  .\merlca.  Pern,  I.ima — A.  Grana 
had  plans  prepared  for  a  cotton  mill  includ- 
ing a  steam  heating  system.  About  $500,- 
000  Lockwood -Green  Co..  101  Park  Ave., 
New  York  City,  Archts.  and  Engrs. 

CONTRACTS  AWARDED 
Me..  Auburn— The  Young  Men's  Chris- 
tian Assn..  2  West  45th  St.  New  )  ork  City, 
has  awarded  the  contract  for  a  "^  .M.  (  .^. 
building  including  a  J^t^"''",  he?t'n^^>?"^' 
to  F  \.  Rumery.  Inc.,  21  Portland  .^t., 
Portland,  at   $250,000. 

Conn..  Bridgeporl^The  City  Engr..  c/o 
Bd  Sewer  Comnrs.,  has  awarded  the  con- 
tract for  a  pumping  station  to  be  known 
as  the  Island  Brook  Station,  to  the  lindge- 
port  Constr.  Co..   983  Broad  St,  at  $30,000. 


X  Y  New  York— The  New  York  Curb 
Market  Assn  25  Broad  St..  has  awarded 
the  contract  for  an  exchange  buiTdjog  in- 
cluding a  steam  hf^itin^.^ysteni  on  Trinity 
PI  to  Thompson -Starrett  Co.,  49  Wall  bt., 
at'$750.n00.     Noted  Jan,  27. 

N.  Y..  X-tica— The  rtica  Steam  &  Mo- 
hawk Valley  Cotton  Mills.  SOl  State  St  ^ 
has  awarded  the  contract  for  a  toiler  plant 
extension  to  Stone  &  Webster.  120  Bway., 
New  York   City,   at    $350,000. 

Md..  Annapolis— The  city  has  awarded 
the  contract  for  furnishing  and  installing 
one  150-hp.  boiler  in  the  municipal  pump- 
ing station  to  H.  E.  Crook  Co.,  Inc.,  28 
Light  St,  Baltimore,  at  $7.82d. 

Md.,  Baltimore— The  United  States  Fidel- 
ity &  Guaranty  Co..  Calvert  &  Redmond 
Sts  has  awarded  the  contract  for  a  3  story 
office  building  including  a  steam  lieatmg 
svstem  at  Calvert  and  fiercer  Sts  to  Geo 
Dose  Engr.  Co..  43  West  27th  St.  New  ^  ork 
City,  at  $500,000.     Noted  Oct  12. 

Md.,  Baltimore— The  City  Council  has 
awarded  the  contract  for  a  76  x  ^'1  "• 
r.O  X  241  ft.  school  including  a  steam  heat- 


ing BVHloi*!  at  70  Lalrobe  Park  to  the 
Sliindanl  CoiiMtr  «'••.  171.1  Han»om  St., 
Phlladeliihlu   Pa  ,  at   $49S,i»oo. 

V».,  Norfolk— The  Beth  El  ronifregatlon, 
c'o  llertH  &  RoblnMon.  ArclilH.,  ,■131  Mndl- 
Mon  Ave.,  New  York  City,  hiiH  awarded  the 
lontract  for  a  MyiunfoKue  Including  a  Mteam 
heating  Hymein.  here,  to  E.  W.  Winter  Co., 
Inc..    II.'.    ISway  .   New    York   Clly,   at   $260,. 

I.        .Noted     K.-ll.     i», 

O.,  JleveliincI— The  BableH*  &  Children's 
lIOHpllal  Ahsii.,  c/o  tSarfleld.  '.tin  .N.illcinal 
City  Bldg.,  has  awarded  tin-  eonlraut  for 
a  «  story.  GO  x  150  ft.  liospltal  at  1102O 
lOuclId  Ave.  to  t;rowell  &  Little  ConBtr.  Co. 
1H5I  East  ri7th  St.  at  $500,000.  A  BtPum 
power  plant  will  be  Installed  In  Bame. 
.Noted   Sept    14. 

O.,  Cleveland  IlelBhln  (WarrenBvllIe  P. 
O) — The  City  Ice  liellvery  Co.  II.  D.  Nor- 
val  PreB.,  K.iHt  20tb  St  and  Euclid  Ave., 
Clevelanil,  has  aw.-irded  the  contract  for  a 
2  Htorv,  CG  X  84  ft.  tank  and  engine  room 
un  Ce"dar  Ave.  and  U-e  IU>ad  here,  to 
Youngi-r  &  Farmer.  1 670  Crawford  Ril.. 
Cleveland,    at    $75,000. 

C.  Elvrln — The  Bd.  Educ.  c/o  S.  S. 
Rockwood.  has  awarded  the  contract  for  .i 
2  story.  !i8  x  200  ft.  school  including  a 
steam  healing  svstem  at  Gulf  Rd.  and  Ohio 
St..  to  Drummonil-Mlller  Co..  4500  Euclid 
Ave.,  Cleveland,   at   $:!00,000, 

Mich..  Detroit— TJie  Bd.  Educ.  5  Bway.. 
has  .iwarded  coiilraclH  for  addition  to  Ab- 
bott School  Inciludlng  a  steam  heating  sys- 
tem to  A.  W  Hulche.  Ford  Bldg..  $217,213. 
Marxhausen  .School  on  Warren  Ave.  to  F. 
N  Cooper,  I'enobscot  Bldg.,  $190,000  and 
the  Majeska  School  on  Trombley  St.  to 
Br.ayton  Engr.  Co.,  907  Kre.sge  Bldg., 
$195,733. 

III..  Chicairo — Joseph  Kllcha,  "West  20th 
St  and  California  Ave.,  has  awarded  the 
contract  for  s«-veral  buildings  including  a  1 
storv  18  X  38  engine  house,  a  1  story,  32 
X  47  ft.  b'.'l  r  house,  etc.,  to  Stellwager  & 
Co.,   1583   r  ebourne  Ave.,   at  $100,000. 

ni..  Granite  City — The  School  Bd.  has 
awarded  the  contract  for  a  2  story,  125  x 
234  ft  high  school  including  a  steam  heat- 
ing system  on  Alton  Highway  to  R.  B. 
Higgins  Bldg.  and  Constr  Co..  1143  Chil- 
dress  Ave.,    St.    Louis,    Mo.,    at    $320,000. 

Wis.,  Carrollville — The  V.  S.  Glue  Co. 
has  awarded  the  contract  for  a  30  x  40  ft. 
boiler  house  to  P.  Riesens  Sons,  1018  Hum- 
boldt Ave..  Milwaukee.  Bids  will  soon  be 
received  for  two   150-hp.  boilers. 

Wis.,  Fond  dii  I.ac-^The  Forest  Ave. 
Hotel  c/o  J.  P.  Walsh.  Vice-Pres..  170  For- 
est Ave  has  awarded  the  contract  for  a  4 
story  90  x  120  ft.  hotel  to  L.  Schroeder. 
Main  Street,  at  $250,000.  A  steam  heating 
system   will    be    installed    in    same. 

Wis,.  Wansan — The  W^isconsin  Valley 
Electric  Co..  2  06  3rd  St..  will  build  a  water 
power  electric  ))lant  and  dam.  About 
$600  000.  L.  .\.  DeGuere  Grand  Rapids. 
Midi.,  Engr.  Work  will  be  done  by  day 
labor. 

Iowa,  Fort  Dodge- The  Bd.  Educ.,  c/o 
Paul  Gustafson.  Secy.,  has  awarded  the 
contract  for  a  3  story.  190  x  260  ft  high 
.school  including  a  steam  heating  system,  to 
Madsen  &  Peterson.  646  Builders  Ex- 
change. Minneapolis.  Minn.,  at  $64o,300. 

S.  D,.  Sioux  Falls — Woodbury  County 
has  awarded  the  contract  for  engine,  gen- 
erators switchboard,  motors  and  oil  tanks 
for  gravel  pit  to  Fairbanks-Morse  Co.,  900 
South  Wabash  Ave.,  Chicago,  111.,  at 
S2O.00O. 

Kan..  PortcR — J.  E.  Kissel,  City  Clk.,  has 
awarded  the  contract  for  waterworks  im- 
provements including  a  40.000  gal.  water 
tower.  5-ht>.  motor,  new  well  etc ,  to  C.  H. 
Everett.  Hutchinson,  at  $25,590.  Noted 
Oct    26. 


Neb.  Sidnev — The  city  has  awarded  the 
contract  for  power  hou.=e  equipment  includ- 
ing a  450-hp.  Ball  engine  and  a  ^Vesting- 
house  generator  to  the  ^Mme  Smelter  & 
Supplv  Co.  17th  and  Blake  Sts.,  Denver, 
Col!     at    $18,000.      Noted   Oct    12. 

Tex  Dallas — The  Southwestern  For- 
warding Co  1301-9  Broom  St.  has  awarded 
^e  contract  for  a  1  story,  120  x  534  ft 
warehouse  to  B.  E.  Howard.  Harwood  and 
Sante  Fe  Sts.,  at  $150.ooo.  Overhead  moio- 
rail  conveyors,  electrically  driven  stacker, 
etc    will   be    installed   in   same. 

St,    at    $63,688.      T- jted    Nov.    lb. 
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The  Spotlight  Engineer                1 

By  Ruftis  T.  Strohm                                                                            l| 

^^OME  years  ago  Philander  Potts  was 
^^     taken  with  the  whim 

That  posing  in  the  Hmehght  would  be 

For    when    the    staff   photographers    per- 

formed their  little  stunt. 

Philander  somehow  managed  to  be  posing 

flattering  to  him; 

right  in  front. 

And  so  he  donned  his  overalls  and  set  to 

And  thus  for  many  months  he  held  the 

work  with  zest 

center  of  the  stage  — 

To  make  his  power  plant  surpass  the  city's 

Apostle  of  Efficiency  and  Engineering  Sage. 

very  best. 

But  after  while  the  fickle  world  lost  interest 

He  looked  for  signs  of  glaring  waste,  he 

in  him. 

hunted  hidden  leaks, 

And  then  Philander's  star  became  a  wan 

And  thus  he  probed  and  nosed  around  for 

and  sickly  glim. 

many  weary  weeks. 

And  when  he  found  a  shaky  spot,  he  fixed 

He  foimd  that  mischief-making  Fate  had 

it  up  for  good, 

played  a  shabby  trick. 

Till  finally  he  made  the  place  run  somewhat 

Because  the  record   he  had  reached   could 

as  it  should. 

not  be  made  to  stick 

Unless   he   kept   his   weather   eye   forever 

By  dint  of  ceaseless  tinkering,  it  followed 

keenly  peeled 

that  in  time 

To  note  development  of  leaks  and   have 

The    state    of   his    equipment    rose    from 

them  promptly  sealed; 

middhng  up  to  prime, 

Now,     patient     plodding     was     a     thing 

And  thereupon  he  ran  some  tests,  whose 

Philander  would  detest. 

figures  plainly  showed 

And  so  he  let  his  duties  slide  and  took  a 

A  marvelous  efficiency  at  near  the  normal 

lengthy  rest. 

load; 

Efficiencies    went     tumbling     down,     the 

And  these  —  Philander  took  good  care  — 

pretty  bubble  burst. 

were  glaringly  displayed, 

And  verily,  the  final  stage  was  lower  than 

To  advertise  to  all  the  world  the  record  he 

the  first. 

had  made. 

*       *       *        * 

And  engineers  arrived  in  droves  from  dist- 

ant parts  to  see 

The  biggest  dub  in  seven  states  can  patch 

Philander's  plant  and  shake  the  hand  of 

things  up  a  bit 

such  a  man  as  he. 

And  run  a  seven-hour  test  to  show  that  he 

is  IT; 
But  if  you  want  your  shekels  saved,  select 

The  engineering  papers  published  pictures 

of  the  place. 

for  engineer 

And  incidentally  they  showed  our  hero's 

The  sort  of  guy  that's  on  the  job  each 

smiling  face. 

minute  of  the  year. 
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The  Iloaling  Plaiil  as  a  Source  of  Power 


U\    IKA   N.   KVANS 


STEAM  used  for  healing  is  a  .soiine  of  power  often 
wasted  in  lar^e  heatinjr  installations  although  the 
tjreater  part  of  the  eciuipnient  is  oi)erated  and  fuel 
provided  seven  to  eijrht  months  of  the  year.  Large 
savings  may  be  efTected  by  recovering  the  power  in  the 
steam  and  utilizing  the  e.xhaust  for  heating.  In  all 
heating  problems  the  possiblity  is  present  and  is  com- 
mercially profitable  so  long  as  the  plant  is  of  sufficient 
size  to  warrant  the  ad- 
ditional investment  in 
equipment  required.  In 
the  case  of  a  new  devel- 
opment no  additional  ex- 
pense is  involved  beyond 
the  necessary  standard 
generating  equipment. 
The  rapid  increase  in  the 
the  cost  of  fuel  and  labor 
and  the  scarcity  of  coal 
should  cau.se  a  revival  of 
intere.st  in  this  method  of 
conserving    coal. 

In  the  past  it  was  sym- 
bolical to  picture  a  busy 
and  prosperous  factory 
with  clouds  of  steam  and 
great  volumes  of  black 
smoke  issuing  from  the 
chimneys.  It  is  no  longer 
so,  as  these  symbols  are 
absolute  and  never-failing 

evidences  of  waste  in  power  development  and  imper- 
fra^ combustion.  Still  there  ai-e  engineers  who,  al- 
tlp9v|i^  knowing  these  facts,  recommend  heating  by 
live  stejim  and  purchasing  power.  There  may  be  some 
excuse  for  the  small  plant,  but  the  larger  installations 
have  none  to  offei-. 

If  this  power  that  it  is  possible  to  recover  from  the 
heating  fuel  were  purchased,  although  manufactured 
perhaps  on  a  large  scale  for  less  cost,  whatever  labor, 
fuel  or  equipment  was  required  would  involve  just  so 
much  duplication  and  waste  as  far  as  the  community  is 
concerned.  The  heating  plant  would  have  to  be  oper- 
ated in  any  case,  with  all  stand-by  losses,  labor,  etc. 


In    li<'aliii<:;    plant^s    of   five   hiinilr4-<l    liorse- 

1K»v«'r  ami  <»«t  lar<;«"  saviii<is  may  Im'  rlTi'drd 
)v  ojHTatinfi  at  hiph  pressure  and  recovering 
the  |>o\v«*r  from  the  steam  l>efore  it  is  passed 
on  lo  the  heating  system.  The  powi-r  ec|uip- 
ment  proposed  is  a  tiirho-cenerator  unit  con- 
densing into  the  heaters  of  a  hot-water  forced 
circulation  system.  The  vacuum  i.s  varied  arbi- 
trarily to  meet  changes  in  outside  tempera- 
ture from  atmospheric  pressure  to  twenty-eight 
inches  of  vacuum.  With  this  range  of  vacuum 
the  water  rate  of  any  turbine  will  vary  one 
hundred  per  cent,  and  OMing  to  this  fact  the 
steam  exhausted  will  practically  balance  the 
varying  healing  requirements,  a  constant  elec- 
trical load  may  be  recovered  throughout  the 
heating  season,  and  in  summer  the  power  unit 
may  be  operated  condensing. 


There  is,  however,  one  nece.s.sary  re<iuirement  for  econ- 
omy. Although  the  u.se  of  exhaust  steam  will  always 
.show  a  saving,  its  waste  to  the  atmosphere  at  any  time 
may  nullify  any  i)revious  saving  for  the  combined 
operation. 

Some  simple  experiments  with  a  teakettle  and  thermo- 
meter on  a  gas  range  will  demonstrate  how  much  of  the 
heat  in  the  steam  is  available  for  heating  and  show  its 

relation  to  that  used  for 
power.  The  accuracy  will 
depend  somewhat  on  the 
constant  pressure  and 
rate  of  flow  of  the  gas, 
but  the  results  will  .suffice 
for  the  purpo.se.  Place  a 
given  amount  of  water  in 
a  teakettle  and  with  the 
gas  jet  .set  the  same 
throughout,  raise  the  tem- 
perature of  the  water  to 
100  deg.  Notice  the  time 
it  takes  to  raise  it  from 
that  temperature  to  the 
boiling  point.  Then  notice 
the  time  required  to  boil 
the  kettle  dry.  It  takes, 
say,  5  minutes  to  raise  the 
water  from  100  deg.  to 
212  deg.  and  43.5  minutes 
to  boil  the  kettle  dry,  or 
nearly  8]  times  as  long. 
If  the  vessel  were  closed  and  of  sufficient  strength, 
5  minutes  more,  after  the  water  began  to  boil,  would 
suffice  to  bring  the  pressure  up  to  200  lb.  The  tests 
show  approximately  the  relations  between  the  heat  re- 
quired to  generate  steam  for  heating  and  for  power. 
From  10  to  20  per  cent  of  the  heat  in  the  steam  is 
available  for  mechanical  work  depending  upon  whether 
the  plant  exhausts  to  atmosphere  or  is  operated  con- 
densing. The  other  80  to  90  per  cent  is  known  as 
latent  heat  and  is  always  a  complete  loss  when  only 
power  is  generated. 

The  open  teakettle  corresponds  to  the  boiler  of  the 
steam-heating  system,  a  large  pipe  leading  the  steam 
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FIG.  I.     REASONS  WHEN  EX- 
HAUST  STEAM   HEATING 
DOES  NOT   PAY 


FIG.  2.  AN  IN^VESTMENT  OF 
GENERATING  EQUIPMENT 
COULD  SAVE  $65,000  PER  YEAR 


3.     THIS  WASTE  CAN  BE  SEEN  NEARLY 
EVERY  DAY  IN  THE  YEAR.     ALL 
CURRENT  IS  PURCHASED 
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to  the  different  fixtures  such  as  radiators  and  fan  heat- 
ing coils  if  hot-air  heating  is  employed.  A  small  pipe 
leads  back  to  the  boiler  plant  to  return  the  water  as  the 
steam  condenses. 

This  type  of  system  is  handicapped  by  the  distance 
the  steam  may  be  transmitted,  as  a  drop  in  pressure  is 
required  to  overcome  friction  of  the  piping,  and  all 
pressure  above  atmosphere  reduces  the  engine  economj' 
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FIG.     4.       COMBINATION     POWER     AND     HEATING     PLANT 

WITH   COOLING    TOWER.   RECOVERING    $27,000   WORTH 

OP  CURRENT  PER  YE.VR  FROM  HE.\TING  STEAM 


if  exhaust  steam  is  used.  Besides  grades  must  be  given 
careful  consideration  h:  order  to  cause  the  condensation 
to  flow. 

On  the  other  hand  a  hot-water  system  with  forced 
circulation  may  be  used  for  heating.  Heaters  or  con- 
densers transfer  the  heat  of  the  steam  at  any  pressure 
and  temperature  to  the  circulated  water.  Mechanically 
operated  pumps  are  used  to  circulate  the  water  through 
the  same  type  of  fixtures  and  radiators  as  are  employed 
in  the  steam  system.  Supply  and  return  pipes  are  of 
the  same  size,  although  both  are  much  smaller  than 
required  for  the  steam  system.  The  circulation  is  under 
control  and  will  be  the  same  whether  the  water  is  hot  or 
cold.  Grades  and  distance  are  negligible  factors.  Since 
the  entire  system  is  full  of  water,  all  that  is  required 
of  the  pumps  is  to  overcome  the  frictional  resistance 
of  the  pipes,  the  pressure  due  to  the  height  of  the 
system  being  the  same  on  both  sides  of  the  pump. 

The  temperature  of  the  circulating  water  may  be 
varied  from  that  of  the  steam  system,  say  220  deg., 
down  to  100  deg.,  offering  a  wide  range  to  compensate 
for  outside  weather  changes  and  making  it  possible  to 
operate  the  power  end  of  the  plant  on  a  vacuum.  The 
steam  system,  on  the  other  hand,  operates  of  necessity 
on  nearly  a  constant  temperature  and  regulation  is 
obtained  by  shutting  off  units  either  by  hand  or  auto- 
matically. 

From  the  previous  discussion  it  may  be  seen  that  a 
steam-heating  system  demands  power  generation  on  a 
non-condensing  basis  as  against  possible  condensing 
operation  with  forced  hot-water  heating.  Increase  in 
distance  and  load  affect  the  steam  system  of  distribu- 
tion by  raising  the  initial  pressure  required  for  cir- 
culation and  consequently  increasing  the  back  pressure 
on  the  engine.  The  result  is  a  higher  water  rate  and 
reduced  power  capacity.  With  a  forced  hot-water  sys- 
tem the  circulation  is  independent  of  the  temperature 
of  the  medium. 


In  every  large  manufacturing  plant  using  current  and 
maintaining  boilers  for  heating,  theoretically  10  per 
cent  more  coal  will  make  the  steam  available  for  power 
l^urposes.  In  this  way  the  power  may  be  recovered 
from  the  .steam  used  for  heating,  latent  heat  being  dis- 
sipated by  the  heating  sy.stem  and  every  heat  unit 
utilized.  The  only  precaution  necessary  for  exhaust- 
steam  heating  to  be  economically  successful,  is  that 
power  generation  be  not  continuous  on  a  non-condensing 
basis.  When  not  needed  for  heating,  this  same  latent 
heat  becomes  a  debit,  if  power  is  generated  unecon- 
omically,  and  the  winter's  savings  may  be  dissipated 
during  the  summer.  It  is  the  correlation  of  functions 
for  both  power  and  heating  on  which  exhaust-steam 
heating  depends  for  ultimate  economy. 

It  is  entirely  feasible  to  arrange  equipment  so  as  to 
produce  a  nearly  constant  power  load  recovery,  utilize 
the  latent  heat  in  the  heating  system  and  yet  generate 
the  power  load  in  summer  at  a  low  water  rate,  when 
heating  is  unnecessary. 

What  better  condenser  could  be  furnished  than  a  hot- 
water  heating  system,  as  it  is  nothing  more  than  a 
dissipator  of  heat  with  variable  requirements  due  to  the 
weather.  Lack  of  a  pond  or  river  for  cooling  water 
in  summer  is  no  handicap,  as  a  cooling  lower  may  be 
used.  The  latter  depends  upon  the  mechanical  evapor- 
ation of  water  by  blowing,  large  volumes  of  air  through 
a  fine  spray.  A  roof  or  vacant  lot  will  serve  the  pur- 
pose, and  no  more  than  li  lb.  of  water  is  used  per 
pound  of  steam  condensed.  However,  a  large  volume 
of  water  is  circulated  over  and  over,  the  figure  given 
representing  the  actual  loss  from  evaporation  and  wast- 
age. Strange  as  it  may  seem,  the  actual  water  loss 
is  less  with  the  cooling  pond  or  tower  than  when  the 
engines  exhaust  to  the  atmosphere. 


FIG.  5.   TURBO-GENERATOR  AND  FORCED  HOT-WATER 

PLANT  THAT  FOR  8  YEARS  HAS  BEEN  RECOVERING 

400  KW.  FROM  HEATING  STEAM 


The  conditions  required  for  economically  recovering 
power  from  heating  fuel  may  be  stated  as  follows : 

1 .  Ample  capacity  for  heating  in  the  coldest  weather. 

2.  Flexibility  in  capacity  to  meet  outside  weather 
changes,  that  is,  a  variable  temperature  of  the  heating 
medium. 

3.  Power  load  recovered  should  be  nearly  constant  in 
amount  regardless  of  the  heating  requirements ;  that  is, 
variable  steam  rate  for  power. 
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•I.  Ability  to  shift  at  all  times  to  tho  lowest  steam 
rate  lor  powor,  as  the  hcatiiiR  rctiuirciiuMits  ihaii^o, 
without  intfiTuptioM  of  the  jjowor  or  hoatinjt  ruiKtioiis. 

The  apparatus  that  will  fulfill  these  retiuirenieuts  is 
n  hot-water  forced  cireulatinp  system  with  the  heaters 
used  as  condensers.  If  a  constant  amount  of  water  is 
circulated,  all  that  is  necessary  to  regulate  the  room 
temperature  is  to  vary  the  temperature  of  the  water, 
and  this  may  be  done  by  varyinfir  the  vacuum  on  the 
condenser  to  pive  the  temperature  desired. 

For  large  plants  the  water  system  is  somewhat 
cheaper  to  install,  the  variable  temperature  of  (he  me- 
dium enables  better  regulation,  and  the  steam  may  be 
used  at  pressures  below  atmosphere,  thereby  lowering 
the  water  rate  of  the  generating  unit.  On  the  other 
hand,  the  steam  system  requires  nearly  a  constant  pres- 
sure, approximately  atmospheric,  and  therefore  the 
maximum  steam  power  rate.  The  only  way  of  varying 
the  amount  of  steam  for  the  system  is  by  changing  the 
power  load. 

To  show  the  possibilities,  the  following  data  are 
presented  to  permit  comparison.  A  kilowatt-hour  is 
generated  by  the  average  central  station  on,  say,  17 
to  20  lb.  of  steam,  all  losses  included,  when  operating 
under  high  vacuum. 

On  a  non-condensing  basis  in  the  private  plant  the 
rate  varies  from  35  to  45  lb.,  with  all  losses  included, 
the  larger  machine  operating  at  the  greater  economy 
as  before.  This  means  a  coal  rate  of  from  2  lb.  to  4.5 
lb.  per  unit  of  power,  dependent  on  whether  the  plant 
is  operated  condensing  or  non-condensing. 

In  most  northern  climates  the  heating  season  vanes 
from  5,000  to  6,000  hr.,  dependent  on  the  latitude.  There 
are  2,500  to  3,000  hr.  for  power  operation  working  one 
shift  per  day  and  4,500  to  4,900  hr.  for  two  shifts. 

In  most  large  plants  the  heating  systems  are  operated 
continuously  night  and  day  throughout  the  season,  with 
a  general  variation  from  100  per  cent  capacity  in  ex- 
treme weather  to  40  per  cent  as  the  minimum  in  mod- 
erate w€ather,  the  average  being  65  to  70  per  cent,  de- 
pendent upon  the  flexibility  of  the  system. 

Public-service  rates  vary,  depending  upon  the  locality, 
the  amount  of  current  purchased  and  the  relation  of 
the  maximum  demand  to  the  average  load.  The  lowest 
net  rate  known  to  the  author  averages  about  one  cent 
per  kilowatt-hour.  Although  much  lower  than  the  aver- 
age this  figure  will  be  used  in  the  following  computa- 
tions. 

If  a  manufacturer  installs  his  own  generating  plant, 
double  equipment  has  to  be  provided  for  breakdown  ser- 
vice as,  owing  to  the  method  of  charging  for  this  ac- 
commodation, the  cost  may  be  prohibitive. 

There  is  no  doubt  that  most  public-service  companies 
can  equal  or  better  the  isolated  plant  in  summer  on  a 
straight  power-generating  basis,  particularly  if  the 
plant  is  operated  non-condensing.  The  following  case 
will  show  how  exhaust-steam  heating  may  prove  unecon- 
omical. Assume  a  plant  requiring  a  maximum  of  1,000 
boiler-horsepower  in  zero  weather  for  heating  with 
the  steam  system  on  a  non-condensing  basis.  Observ- 
ing the  figures  given  previously,  the  recovery  in  power 
for  3,000  hours,  considering  one  shift  only,  would  be  as 
follows,  with  a  constant  noncondensing  steam  rate  of 
45  lb.  per  kilowatt-hour: 

Recovery  from  maximum  load  =  34,500  h-  45  =:  766 
kw. ;  from  average  load,  65  per  cent,  =  500  kw.;  from 
minimum  load,  40  per  cent,  =  300  kw. 


Unless  exhaust  steam  is  wast«'d  to  the  atnK)sphere  to 
balance  the  variable  heating  reciuirements,  the  power 
recovery  will  be  far  below  the  average  and  variable  in 
amount.  At  the  period  of  minimum  load  the  eiiKHie 
would  be  operated  at  an  uneconomical  underload  or 
steam  would  be  wasted  to  the  atmosphere. 

If  current  beyond  that  supplied  by  the  heating  steam 
could  be  purchased  from  the  public-.service  company 
for  one  cent  per  kilowatt-hour,  so  that  no  steam  would 
be  wasted  to  the  atmosphere,  the  average  load  of  500 
kw.  could  be  recovered.  Then  the  recovery  would 
amount  to  3,000  X  500  -  1,500,000  kw.-hr.,  which  at 
Ic.  would  equal  $15,000  per  year.  If  the  generating 
unit  of,  say,  800  kw.  capacity  cost  $50  per  kilowatt, 
the  gross  .saving  would  be  15,000  -f-  40,000  =  0.375  = 
37.5  per  cent. 

If  this  engine  were  operated  in  summer  with  fuel  at 
$6  per  ton  and  4.5  lb.  of  fuel  was  required  per  kilowatt- 
hour,  the  fuel  alone  for  unit  power  production  would 
cost  600  -f-  2,000  X  4.5  :=  1.35c.  This  shows  the 
necessity  of  the  constant  power  load  recovery  and  a 
minimum  power  rate  when  heating  is  not  required. 
Otherwise  the  summer  operation  would  nullify  the 
winter  saving.  If  this  engine  were  exhausted  into  a 
low-pressure  turbine  on  a  condensing  basis,  no  steam 
would  be  discharged  to  atmosphere,  minimum  water 
rates  would  be  obtained  in  summer,  and  with  a  con- 
stant power  load  the  whole  gross  saving  of  37.5  per 
cent  could  be  conserved.  The  public-service  rates  for 
current  could  be  met  in  summer,  but  the  investment 
would  be  excessive. 

It  is  characteristic  of  the  turbo-generator  that  its 
steam  rate  will  vary  100  per  cent  between  atmospheric 
pressure,  or  212  deg.,  and  28  in.  of  vacuum,  or  100  deg. 
With  such  a  unit  installed  and  the  vacuum  varied  to 
meet  the  heating  requirements,  the  heating  and  power 
steam  will  very  nearly  balance.  Suppose  5,000  boiler 
horsepower  is  required  for  heating  in  zero  weather,  the 
maximum  and  minimum  quantities  will  be  as  follows: 

ODeg.  75  Deg 

Outside  Outside 

Heating,  hp 5,000  2,000 

Percenfload 100  40 

Steam   available  for  both  power  and 

heating, lb 172,500  69,000 

Temp,  lir.ulated  water,  deg.  F 210  100 

Terminal  exhaust  pressure 3  lb.  28  in.  var-uuni 

Steam  rate,  lb.  per  kw -hr 35  17 

Power  load,  kw 5,000  4,600 

Notice  there  is  the  same  variation  in  all  these  quan- 
tities, consequently  they  will  balance  for  any  interme- 
diate point.  It  is  evident  that  the  power  recovery  will 
average  in  kilowatts  about  90  per  cent  of  the  maximum 
boiler  horsepower  in  zero  weather. 

Take  a  plant  requiring  1,000  boiler  horsepower  in 
zero  weather,  operating  one  power  shift,  with  a  heat- 
ing season  of  5,000  hours.  Then  the  average  power 
recovery  will  amount  to 

0.9  X  1.000  X  5,000  X  0.65  =  2,925,000  kw.-hr. 
At  Ic.  per  kw.-hr.  the  value  of  the  recovered  power  is 
S29,250  per  year.  Assuming  double  equipment  is  re- 
quired, with  no  public-service  current,  the  investment 
for  generating  equipment  would  be  2,000  kw.  X  $50  = 
$100,000.  Then  the  gross  saving  would  amount  to 
29,250  H-  100,000  =  0.2925  =  29.25  per  cent 

There  would  be  little  additional  labor  or  expense,  as 
the  boiler  plant  has  to  be  maintained  any^vay  and  gen- 
erally in  summer.  The  cost  of  current  in  the  summer 
season  would  be  about  the  same  as  the  public-service 
rate.    Suppose  that  there  was  unlimited  capacity  for  this 
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recovered  current,  that  the  public-service  current  was 
available  for  breakdown  service  and  only  one  machine 
was  required.  Then  the  machine  could  be  run  at  full 
capacity  for  the  5,000  hours  and  the  value  of  the  re- 
covered current  would  be 

0.9  X  1.000  X  5,000  X  Ic.  =  $45,000  per  year 

The  cost  of  one  machine  would  be  $50,000,  so  that  the 
annual  saving  on  the  investment  would  amount  to 
45,000  ~  50,000  =  0.9  =  90  per  cent.  Also  notice  that 
the  power  recovery  in  the  previous  example  with  a  con- 
stant steam  rate,  is  only  1,500,000  kw-hr.  as  against 
2,700,000  kw.-hr.  when  operating  under  vacuum. 

The  additional  investment  needed  for  this  method  of 
power  recovery  from  heating  steam  is  warranted  in 
all  plants  of  500  hp.  capacity  and  over.  Condensing 
equipment  is  necessary  and  where  no  natural  source  of 
cooling  water  is  available,  cooling  towers  or  spray  ponds 
are  to  be  used.  All  equipment  needed  is  standard,  its 
performance  well  known,  and  there  is  no  question  about 
the  results. 

To  estimate  the  possible  saving,  take  90  per  cent  of 
the  boiler  horsepower  required  in  zero  weather  for 
heating  and  determine  the  period  of  time  the  current 
can  be  utilized.  The  product  of  these  two  figures  will 
be  the  total  kilowatt-hours  that  may  be  recovered,  and 
multiplying  by  the  prevailing  cash  rate  for  purchased 
current  in  the  district  will  give  gross  saving  for  the  year. 

Overhauling  a  Diesel  Engine 

By  G.  H.  Grow 

Recently,  I  was  called  in  to  operate  an  old  Diese' 
engine  until  a  permanent  engineer  could  bs  secured. 
The  operator  who  had  resigned  had  not  kept  the  engine 
in  the  best  of  shape. 

I  found  the  valve  setting  on  all  the  cylinders  some- 
what late.  The  fuel  valves  all  opened  after  dead  center. 
The  helper  said  that  the  operator  had  set  them  late  to 
avoid  pounding  of  the  crankpin  bearings.  Late  injec- 
tion helped  no  doubt,  but  as  the  pistons  were  all  worn, 
the  compression  even  at  dead  center  was  not  over  400 
lb.  per  sq.in.  With  the  late  timing,  five  degrees  after 
dead  center,  the  compression  was  not  up  to  this  value 
since  the  air  was  escaping  down  along  the  piston.  Even 
though  the  piston  had  not  started  to  move  downward  at 
the  beginning  of  injection,  the  compression  was  so  low- 
that  the  engine  smoked  badly. 

The  fuel-valve  push  rods  were  adjusted  to  open  the 
needle  valve  at  five  degrees  ahead  of  dead  center.  The 
piston  rings  were  removed  and  were  found  to  be  "set." 
Since  no  spare  rings  were  at  hand,  the  diameters  of  the 
old  rings  were  increased  by  hammering  the  inside  faces. 
This  caused  the  rings  to  hug  the  cylinder  walls  more 
closely,  lessening  the  leakage  of  air. 

On  examining  the  timing  of  the  air-admission  valves, 
all  were  found  to  open  very  late.  I  checked  them  up, 
making  the  opening  point  about  fourteen  degrees  ahead 
of  dead  center.  The  cylinder-head  joints  had  leaked 
•slightly  and  the  gaskets  were  burned  in  places.  New 
copper  gaskets  could  not  be  procured;  as  a  makeshift 
several  sheets  of  No.  22  gage  galvanized  sheet  steel 
was  purchased  and  gaskets  made  from  these  sheets. 
On  tightening  down  the  heads,  these  gaskets  held  with- 
out leakage.  Such  material  is  entirely  too  hard  for  gen- 
eral use,  but  will  do  as  a  makeshift. 

After  going  over  the  engine,  tightening  up  all  bolts 
and  making  every  bearing  snug,  the  engine  was  started 


up.  To  my  surpri.se,  after  getting  one  "kick"  out  of 
the  starting  cylinder,  the  air  valve  refused  to  open 
again.  This  was  strange  since  no  one  had  altered  the 
length  of  the  push  rod.  The  crankcase  doors  were 
opened,  whereupon  it  was  discovered  that  the  air  starter 
rocker-arm  roller  had  a  flat  on  it.  The  roller  had  turned 
as  the  camshaft  revolved,  causing  the  flat  to  rest  against 
the  cam.  As  a  result  no  movement  of  the  starting-valve 
push  rod  took  place.  This  was  remedied  by  replacing 
the  roller. 

We  set  the  engine  in  the  starting  position  again 
and  turnad  on  the  air.  The  engine  turned  over  a  few 
times  and  started  firing.  Everything  seemed  to  be  all 
right  except  one  admission  valve,  which  continued  to 
chatter.  We  supposed  the  valve  spring  had  set  or  was 
broken  and  stopped  to  replace  it.  After  doing  this  and 
starting  again,  the  valve  continued  its  chattering.  This 
was  a  puzzle  to  me  until  the  helper  said  that  it  always 
chattered  if  the  timing  was  made 
so  that  the  valve  opened  before  dead 
center.  I  decided  to  open  up  the 
crankcase  again  and  look  at  the 
cam. 

I  set  the  valve  again  to  open  be- 
fore dead  center  and  had  the  boys 
bar  the  engine  over.  While  they 
were  doing  this,  I  felt  of  the  valve 
rocker  arm.  After  the  valve  was 
opened,  I  found  that  as  the  engine 
was  turned  over  there  was  a  point 
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at  which  the  valve  closed  again  and  the  rocker  arms 
moved  free.  I  found  the  cam  was  worn  badly  at  one 
place. 

When  the  valve  was  set  to  open  early,  the  roller 
touched  the  cam  ahead  of  this  worn  spot  as  is  shown  in 
the  sketch.  As  the  engine  revolved,  the  roller  met  this 
worn  place;  since  the  cam  surface  was  much  below  its 
true  shape,  the  roller  moved  downward,  allowing  the 
valve  to  close  again.  The  worn  portion  was  of  consider- 
able length,  and  the  valve  remained  closed  until  either 
the  suction  pressure  or  the  rocker  opened  it  again. 
Since  the  cam  was  traveling  at  a  high  rate  at  this  time, 
the  valve  was  kicked  open  with  considerable  force.  The 
rocker  arm  rebounded  and  the  valve  chattered.  Evi- 
dently, the  engine  had  been  set  to  open  late  for  a  long 
time,  and  the  hammer  blows  of  the  roller  as  the  cam 
struck  it  while  moving  at  a  high  rate  of  speed  wore  the 
cam  surface.  It  was  impossible  to  obtain  a  new  cam  at 
once,  so  the  valve  was  set  late  until  a  new  cam  arrived. 
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Testing  Direct-Currenl  Relays 

Inspection  of  Relays  Before  Inatallation — Testinp  Relay  Switches—  Methods  of 

Obtainin<j;  Load  for  Testinjj — ITow  Tests  Are  Made  on  Varioub 

Types  of  Relays — Interpretation  ol"  Test  Data 

By  victor  H.  TODD 

Test    EnglnctT,    Wostint;li<ni-"-    Kli'tilr   mul    .MniiiifMctiirliiK   f'ompnny 


NO  MATTER  how  tart'fuUy  a  relay  is  constructed 
or  tested,  it  is  always  well  to  remember  that  no 
l)iece  of  apparatus  is  infallible.  For  this  rea.son 
nil  relays  should  be  tested  before  beinp  installed  and 
should  be  subjected  to  periodic  tests  after  installation. 
In  well-equipped  meter  shops  will  be  found  adequate 
apparatus  such  as  meters,  loads  and  batteries  for  making- 
simple  or  elaborate  te.sts,  as  the  case  may  be.  This 
article  will  treat  mainly  of  tests  made  on  the  relays 
while  in  ser\'ice. 

Practically  every  manufacturer  gives  complete  direc- 
tions for  the  installation  of  his  particular  type  of  relay, 
and  these  instructions,  of  course,  should  be  carefully 
followed  to  obtain  correct  results.  In  general,  they  deal 
with  mechanical  features,  such  as  seeing  that  the  mov- 
ing parts  are   free,  that  there  is  no  dirt  or  packing  ma- 
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terial  in  the  relay  and  that  there  are  no  loose  screws  or 
nuts  or  damaged  parts.  A  diaeram  of  connections  also 
Hccompanies  each  relay,  and  this  would  always  be  used 
in  the  absence  of  another  authoritative  diagram,  which 
might  be  used  to  include  other  instruments  in  the  same 
circuit.  A  relay  should  always  be  mounted  on  a  firm, 
solid  support,  such  as  a  switchboard.  It  must  be  acces- 
sible for  easy  inspection  and  testing  and  never  mounted 
in  a  place  where  it  will  be  subjected  to  excesses  in  tem- 
perature, moisture,  destructive  fumes  or  stray  fields.  In 
case  a  relay  must  be  installed  in  a  dusty  place — for 
instance,  a  flour  or  cement  mill — it  must  never  have 
exposed  contacts;  they  must  always  be  inclosed,  prefer- 
ably under  a  glass  cover.  If  a  cover  does  not  accompany 
the  relay,  it  should  be  inclosed  in  a  glass-covered  dust- 
proof  box. 

The  circuit  breakers  and  switches  too,  must  receive 
periodic  attention  in  order  that  they  may  not  fail  at  a 
critical  moment.  In  fact,  manufacturers  sometimes 
recommend  that  the  whole  protective  combination   of 


relays,  relay  .switches  and  circuit  breakers  or  automatic 
oil  switches  be  u.sed  to  open  the  circuit  whenever  it  is 
necessary  to  open  it,  thereby  insuring  correct  function- 
ing of  all  units. 

Before  installing  and  before  making  a  periodic  te.st, 
the  relay  .should  be  tested  for  "grounds,"  While  this  is 
really  a  test  for  live-metal-to-frame  defects,  it  will 
readily  detect  defective  spots  in  the  insulation,  which 
must  be  leinsulated  against  all  possibility  of  breakdown 
in  service. 

Testing  Rklay  Switches 

The  relay  .switch  is  perhaps  the  easie.st  piece  of  pro- 
tective apparatus  to  te.st.  First  make  sure  that  all 
.screws  and  nuts  are  tight;  that  it  is  firmly  mounted; 
no  loose  connections;  and  that  the  contacts  are  clean  and 
bright  and  not  burnt.  If  they  are  burnt  or  pitted,  take 
a  piece  of  fine  emery  cloth  (never  u.se  crocus  paper,  it 
leaves  a  muddy  deposit)  and  after  doubling  work  it  back 
and  forth  between  the  contacts,  which  .should  be  held 
firmly  against  the  emery.  In  this  way  grind  the  sur- 
faces until  they  meet  accurately.  Then  energize  the 
.solenoid,  correct  voltage  and  see  that  the  plunger  rises 
freely  and  quickly,  and  closes  the  contacts  positively  and 
firmly.  If  the  trip  circuit  is  operated  from  a  storage 
batterj',  it  is  well  to  see  that  the  plunger  ri.ses  satisfac- 
torily when  the  solenoid  is  energized  on  70  per  cent  and 
130  per  cent  of  the  normal  voltage.  This  is  to  insure 
correct  operation  no  matter  how  low  or  high  the  battery 
voltage  may  go.  Failure  to  operate  should  be  carefully 
investigated  and  the  cause  removed.  It  may  be  due  to 
foreign  substances,  damaged  parts  or  rubbing  magnetic 
surfaces. 

If  a  direct-current  circuit  is  available  and  the  relay 
to  be  tested  is  of  the  millivolt  type,  a  portable  lamp 
bank  or  a  resistance  box  may  be  used,  connected  as  in 
Fig.  1.  If  undesirable  to  trip  the  breaker  in  making 
the  test,  substitute  a  lamp  as  shown  connected  to  the 
upper,  or  trip  circuit,  terminals. 

The  series  types,  such  as  the  plunger  relays  are  not  .so 
convenient  to  test,  as  the  whole  load  must  be  passed 
through  the  series  coil.  If  possible,  this  is  done  by 
building  up  the  load  until  the  breaker  trips.  This  test 
can  often  be  made  at  night  when  an  occasional  interrup- 
tion does  not  interfere  seriously  with  the  service.  If  the 
load  is  not  too  large,  water  rheostats  may  be  used.  A 
large  barrel,  filled  with  water,  with  an  electrode  at  the 
top  and  bottom  will  handle  considerable  load.  The 
variation  is  obtained  by  continually  adding  salt,  mean- 
while watching  the  ammeter  and  noting  the  point  at 
which  the  relay  trips.  As  an  illustration  of  how  great 
a  current  may  be  controlled  in  this  manner,  a  barrel 
three-feet  deep  with  electrodes  two  feet  square  should 
handle  500  amperes  easily  at  100  volts.  The  variation 
may  also  be  obtained  by  moving  the  electrodes  closer 
together  or  farther  apart. 
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Another  way  of  obtaining  a  load  is  to  immerse  an 
iron-wire  rheostat  of  the  necessary  resistance  in  runnini^ 
water.  For  smaller  loads  and  where  it  is  undesirable  to 
interrupt  the  load,  two  or  three  cells  of  storage  battery, 
such  as  used  for  meter  testing,  may  be  used  wath  a 
water  rheostat  or  a  carbon  rheostat. 

Assume,  for  example,  that  a  millivolt-type  relay  must 
trip  when  the  load  reaches  800  amperes,  but  it  is 
impractical  to  get  this  load  fiom  the  line.  First  dis- 
connect the  operating  coil  leads  at  the  shunt  and  the 
trip  leads  at  the  relay.  Give  the  usual  mechanical 
inspection,  clean  the  contacts  and  make  a  ground  test. 
Note  the  capacity  of  the  shunt;  say  it  is  50  millivolts  at 
1,000  amperes;  therefore,  at  800  amperes  it  would  give 
800  X  50 

1,000 

relay  must  trip  at  800  amperes,  we  can  say  that  it  must 
trip  on  40  millivolts;  then  it  simply  becomes  a  problem 
to  obtain  40  millivolts  from  an  external  source.  Take  a 
standard  shunt  giving-  50  millivolts  at  5  amperes  and 
connect  as  in  Fig.  1.  Gradually  increase  the  load  until 
the  millivoltmeter  reads  40  millivolts  and  then  adjust 
the  relay  so  that  it  trips.  Several  trials  may  be  neces- 
sary. Note  that  the  current  is  unknown  exactly,  but 
that  it  takes  approximately  four  amperes  in  the  test 
shunt  to  produce  exactly  the  same  effect  on  the  relay 
as  800  amperes  in  the  station  shunt.  Then  when  the 
relay  is  reconnected  to  the  station  shunt,  we  know  it  will 


=  40  millivolts.     Instead  of  saying  that  the 


FIG.    2.      CONNECTIONS    FOR    HEAVY-CURRENT    TESTS 

trip  on  800  amperes  although  it  was  only  tested  with 
a  four-ampere  load. 

When  testing  a  plunger-type  instantaneous  trip  relay, 
first  give  it  a  thorough  mechanical  inspection,  care- 
fully trying  every  nut  and  screw  and  looking  for  burnt 
coils  and  loose  connections ;  clean  the  contacts  and  then 
make  a  ground  test.  If  the  current  capacity  is  low,  say 
below  25  amperes,  it  may  be  preferable  to  connect  a 
jumper  around  the  relay  to  completely  short-circuit  it 
and  then  disconnect  the  relay  from  the  circuit,  recon- 


necting it  to  the  test  load.  If  of  a  larger  capacity,  it  is 
generally  preferable  to  build  up  the  lead  on  the  circuit 
itself  if  this  can  be  done  without  interfering  with  the 
sei-vice.  Otherwise,  connect  a  storage  battery  and  rheo- 
stat as  shown  in  Fig.  2,  being  sure  to  include  the  station 
shunt  in  the  battery  circuit.  This  enables  the  main-load 
current  to  be  used  in  addition  to  the  test  current;  or  if 
the  load  current  is  already  too  high  for  the  lower  set- 
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tings,  reverse  the  battei-y  and  buck  the  load  current, 
through  the  relay,  down. 

For  instance,  if  a  relay  must  trip  on  600  amperes  and 
the  load  current  is  only  500  amperes,  then  the  battery 
must  supply  the  extra  100  amperes.  It  is  not  necessary 
to  measure  these  separately,  but  the  station  ammeter  will 
read  their  sum. 

After  making  all  connections  so  the  load,  or  overload, 
can  be  quickly  applied,  the  time,  required  by  a  time-limit 
relay  may  be  determined  with  a  stop  watch.  First  care- 
fully set  the  rheostat  to  give  the  current  value  at 
which  it  is  desired  to  take  the  time;  disconnect  and  let 
the  relay  fully  reset.  Then  quickly  apply  the  load  and 
start  the  watch,  both  at  the  same  instant,  press  again  to 
stop  the  watch  when  the  contacts  close.  The  watch  hand 
indicates  in  fifths  of  a  second  the  time  required  to  close 
at  that  particular  current.  If  impossible  to  apply  the 
load  quickly,  quite  close  results  can  sometimes  be 
obtained  by  building  up  the  load  and  holding  down  the 
plunger  by  hand,  releasing  it  and  snapping  the  watch 
at  the  same  instant.  By  varying  the  load  and  the  time 
settings  the  time  of  the  various  combinations  can  be 
obtained. 

Whenever  relays  are  tested,  the  results  of  the  test 
should  I>e  permanently  recorded  in  curves  or  tables.  On 
relays  without  time-delay  elements,  the  actual  amperes 
may  be  plotted  against  the  setting  as  in  Fig.  3.  To  do 
this,  set  the  relay  for  the  lowest  setting,  say  4  amperes ; 
then  slowly  raise  the  current  and  note  the  reading  of 
the  ammeter  just  as  the  plunger  rises.  Assume  that 
it  takes  4  amperes.  Make  a  dot  where  the  4-ampere 
horizontal  and  vertical  lines  intersect.  Change  the 
setting  to  5;  then  it  may  take  only  4.75  amperes,  there- 


852 


POWER 


Vol.  62,  No.  22 


fori',  niakf  a  point  whoro  the  4.75  horizontal  line  inter- 
sects the  5  verticil!.  In  the  same  way  Ux-atc  (he  curronts 
rotiuircd  for  G,  7  and  8  anii)eros  and  draw  a  curve 
fhrouK'h  them,  as  in  the  figure. 

Now  suppose  a  relay  is  set  for  4  amperes  and  (fives 
sntfsfactory  service.  Then,  for  some  reason,  it  is  de- 
sired to  have  the  relay  chanjrcd  to  8  am))ores.  Before 
changinp  to  the  No.  8  settinR,  (he  operator  would  look 
up  his  curve  and  see  that  the  relay  trips  at  only  7.5 
amperes  at  this  setting.  This  mipht  be  satisfactory,  or 
it  may  he  necessary  to  readjust  the  relay  to  give  100 
per  cent  accuracy  at  this  point.  In  any  case,  the  curve 
has  .saved  the  operator  from  dependinp  on  the  relay  to 
trip  at  8  amperes  only  to  have  it  trip  at  7.5  amperes, 
perhaps  throwing  out  the  whole  system  without  cau.se. 

Time-limit  relays  require  more  elaborate  curves  and 
tables.  It  is  generally  best  to  plot  the  load  on  a  certain 
.setting  against  the  time.  This  requires  a  separate 
curve  for  each  setting  although  these  are  frequently 
made  on  the  same  sheet,  as  for  in.stance  in  Fig.  4,  which 
shows  the  curves  for  a  time-limit  relay  of  the  dyna- 
mometer type.  Curve  A  is  made  with  118  per  cent  of 
normal  voltage  on  the  field  coil  and  the  contact  arm  set 
to  trip  on  a  minimum  of  2  millivolts.  At  2  millivolts,  it 
takes  from  4  to  8  sec.  to  trip,  this  being  a  vei-y  indefinite 
point  on  the  curve.  With  5  millivolts  applied  to  the 
same  setting,  it  takes  1.4  seconds;  15  millivolts  applied 
to  this  same  "setting  takes  only  0.5  .second.  With  the 
setting  changed  to  5  millivolts  minimum  the  time  values 
are  -shown-in  curve  B.  The  results  when  a  10-millivolt 
setting  is-  used  and  the  time  of  different  applied  milli- 
volts taken,  is  given  in  curve  C.  Curve  B'  is  made  with 
the  voltage  -  lowered  to  59  per  cent  of  normal  and  the 
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contact  arm  set  for  5  millivolts.  The  table  Fig.  5  gives 
the  same  results  in  tabulated  form. 
'  Curves  are  generally  to  be  preferred  to  tables  when 
in  intelligent  hands,  but  there  is  less  liability  to  error 
in-'using  tables,  and  expert  opinion  is  divided  as  to 
which  is  preferable. 

In'-making  a  very  accurate  test,  in  which  the  trip  cir- 
cuit has  been  disconnected,  time  must  be  allowed  for  the 
closing  of  the  relay  switch  and  the  opening  of  the 
breaker.  In  general  this  will  be  found  to  be  0.2  or  0.3 
of  a  second,  so  when  setting  the  relays  for  actual  opera- 
tion, it  must  be  remembered  that  the  breaker  does  not 
actually  open  until  0.2  or  0.3  second  after  the  contacts 
close. 


In  setting  time  accurately,  the  tj-pe  of  relay  must  be 
considered  and  its  limitation.s  taken  into  account.  This 
is  especially  true  of  the  bellows  and  dashpot  types.  The 
bellows,  unless  carefully  oiled  every  few  months,  will 
harden  and  the  time  of  trippings  cannot  be  depended 
upon  at  all.  The  dashpot  relays  will  give  greatly  vary- 
ing time  due  to  a  change  in  the  vi.scosity  of  the  oil  if 
used  where  they  are  subjected  to  extremes  in  tempera- 
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ture.     The  oil   supplied   by   the   maker  should   be   used 
to  the  exclusion  of  all  others. 

When  making  tests,  it  must  be  constantly  borne  in 
mind  that  the  circuit  is  left  without  protection  and 
caution  must  be  used  that  an  overload  does  not  occur 
in  the  interval  of  te.sting.  Some  modem  boards  have 
their  relays  arranged  with  testing  .switches  which  dis- 
connect a  relay  but  connect  in  a  spare  for  protection 
during  test.  Even  in  this  ca.se  too  much  caution  cannot 
be  used  to  insure  against  material  damage,  personal 
injury  and  avoidable  interruptions. 

Discrimination  in  Power  Rates 
Forbidden 

It  was  held  by  the  North  Carolina  Supreme  Court  in 
the  case  of  Salisbury  &  Spencer  Railway  Co.  vs.  South- 
ern Power  Co.,  in  which  a  hydro-electric  company  in- 
duced the  petitioner,  another  electric  company  chartered 
to  retail  current,  to  abandon  its  steam  plant  for  gener- 
ating current  and  to  buy  current  from  the  hydro-elec- 
tric company,  that  such  hydro-electric  company  became  a 
public  utility  in  the  sale  of  current  for  distribution  by 
others,  and  cannot  justify  an  attempted  di.scrimination 
against  petitioner  on  the  ground  that  both  petitioner 
and  itself  were  chartered  to  generate  current.  Also  the 
company  in  question,  having  almost  a  monopoly  of  water 
power,  cannot  discriminate  against  individuals  or  u.sers 
of  electric  current  on  the  ground  that  it  has  a  right  to 
select  its  customers. 

In  reaching  this  conclusion,  the  Court  said : 

It  is  of  the  highest  importance  that  these  claims  of  the 
defendant  Southern  Power  Co.  to  discriminate  in  the  rates 
charged  by  it  to  purchasers  under  like  conditions  should  be 
clearly  denied  by  the  courts.  If  the  defendant  is  thus  per- 
mitted to  charge  cotton  mills  in  which  the  owners  of  the 
defendant  are  interested  the  rate  of  1.1,  while  it  charges  the 
plaintiffs  and  other  mills  and  industries  in  which  it  is  not 
interested  1.88,  or  a  higher  rate  than  it  does  others  in  like 
condition,  it  follows  that  in  a  comparatively  brief  time  the 
defendant  will  have  the  power  to  destroy,  and  thereby 
acquire  the  ownership  of,  all  the  other  cotton  mills  and 
industiial  plants  in  the  state,  and  thus  create  a  cotton-mill 
monopoly  wherever  its  lines  extend;  for  by  reason  of  the 
approaching  exhaustion  of  the  coal  mines  and  the  interrup- 
tion of  their  operations,  there  can  soon  be  left  available  for 
large  industrial  plants  no  other  power  than  the  monopolized 
water  power  of  the  state. 
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The  Production  of  Gas  by  the  Destructive 
Distillation  of  Straw 

By  harry  e.  roethe 

Bureau  of  Chemistry,  United  States  Department  of  Agriculture 


A  LTHOUGH  numerous  experiments  have  been  con- 
l\  ducted  in  Canada  and  the  United  States  during 
X  \.  recent  years  on  the  production  of  gas  by  the 
destructive  distillation  of  straw,  very  little  information 
has  been  made  public  regarding  the  utilization  of  such 
material  by  means  of  this  process. 

If  dry  straw  is  sufficiently  heated  in  a  closed  con- 
tainer or  retort,  gas  is  given  off  which  may  be  used  in 
much  the  same  manner  and  for  similar  purposes  as  coal 
gas.  The  byproducts  consist  of  tar,  ammonia  and 
carbon  char  or  residue.  The  process  has  also  a  possible 
a  p  p  1  i  cation  to 
the  various 
industries  c  o  n- 
fronted  with  the 
problem  of 
economically  dis- 
posing of  waste 
fibrous  or  cel- 
lulose material. 
The  destructive 
or  dry  distilla- 
tion of  straw  is 
typical  of  the 
u  t  i  1  i  zation  in 
this  manner  of 
many  waste 
vegetable  prod- 
ucts. In  this 
connection  corn 
stover,  corn  cobs, 
cane  trash,  vari- 
ous straws  and 
saw-  and  plan- 
ing-mill  waste 
(wo  od),  etc., 
might  be  men- 
tioned. Realizing  the  possible  application  of  the  process 
to  the  farm,  the  Bureau  of  Chemistry,  United  States 
Department  of  Agriculture,  is  studying  the  problem  as 
related  to  the  farm  or  rural  community. 

A  gas-producing  plant  has  been  set  up  on  the  Govern- 
ment farms  at  Arlington,  Va.,  to  be  operated  as  a  small 
unit.  Here  tests  will  be  made  on  the  production  of  gas 
from  various  straws  and  other  cellulose  materials. 

The  unit  as  installed  by  the  Bureau  is  shown  in  the 
illustration  and  consists  of: 

1.  A  cylindrical,  sheet-steel  retort  eight  feet  long 
and  three  feet  in  diameter,  incased  in  brick  and  resting 
on  its  horizontal  axis  above  a  firebox.  In  cross-section 
the  retort  is  doughnut-shaped,  permitting  the  passage 
of  flue  gases  around  the  retort  and  back  through  the 
center. 

.  2.  A  cylindrical,  sheet-steel  scrubber  seven  feet  high 
and  two  feet  in  diameter,  placed  in  a  vertical  position, 
and  partly  filled  with  water.  The  scrubber  is  equipped 
with  several  screens  for  supporting  trays  of  coke  to  give 
greater  scrubbing  surface. 

3.     A  steel,  water-chamber  gasometer  of  the  ordinary 
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type,  having  a  capacity  of  approximately  one  hundred 
cubic  feet,  for  storing  the  gas  produced. 

The  volumetric  capacity  of  the  retort  is  a  little  over 
fifty  cubic  feet,  accommodating  a  maximum  of  about 
two  hundred  pounds  of  unbaled  straw.  A  charge  of 
this  quantity  can  be  carbonized  in  thirty  to  forty-five 
minutes.  The  gasometer  mentioned  is  not  of  sufficient 
capacity  to  store  at  one  time  all  the  gas  produced  from 
a  maximum  charge  in  the  retort,  lack  of  space  and  funds 
necessitating  the  installation  of  a  small  gasometer. 
The  retort  is  charged  with  unbaled  straw  through  the 

two  oval  open- 
ings at  the  front 
end,  after  which 
the  two  cover 
plates,  equipped 
with  gaskets, 
are  tightly 
clamped  in  place. 
Heat  is  applied 
to  the  retort 
from  beneath  by 
the  burning  of 
straw  or  wood  in 
the  firebox.  Gas 
begins  to  come 
off  when  a  tem- 
perature  of 
about  200  deg.  C. 
(392  deg.  F.)  is 
reached,  with  a 
maximum  p  r  o- 
duction  between 
temperatures  of 
500  and  600  deg. 
C.  The  gas 
generated  is  con- 
ducted through  a  six-inch  pipe  connected  at  the  side  of 
one  of  the  front  charging  doors,  to  the  scrubber,  where 
it  is  cleaned  by  passing  upward  through  water  and  coke ; 
it  then  enters  the  gasometer  for  storage. 

After  the  initial  production  of  gas  the  carbonizing 
process  can  be  continued,  using  as  fuel  a  portion  of  the 
gas  already  generated  for  supplying  the  necessary  heat. 
This  is  accomplished  by  means  of  several  gas  burners 
made  of  one-inch  pipes,  each  equipped  with  a  single  row 
of  holes  and  a  mixing  valve  arranged  transversely  in 
the  firebox.  These  burners  are  connected  to  a  pipe  line 
extending  to  the  gasometer. 

Based  on  the  results  of  Canadian  experiments,  one 
ton  of  sun-dried  wheat  straw  produces  approximately 
10,000  cu.ft.  of  purified  gas,  600  to  650  lb.  of  carbon 
residue,  which  may  be  readily  powdered  to  a  very  fine 
consistency,  and  about  10  gal.  of  tarry  liquid.  The  gas 
has  a  calorific  value  of  about  400  B.t.u.  per  cubic  foot, 
bums  with  a  blue  flame  and  has  a  slight  odor.  The 
combustible  constituents  of  the  gas  are  carbon  mon- 
oxide, methane  and  hydrogen.  A  ton  of  straw  is  equiv- 
alent to  32  gal.  gasoline. 
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Thi'  ciiuipnient  iiistnllod  on  the  Government  farms, 
whili"  .suiUible  for  demon.Htrationnl  ami  experimental 
l)iirpi)scs,  does  not  represent  the  latest  ideas  and  im- 
jirovements  which  should  later  be  incorporated  in  a 
perfected  unit.  The  present  unit  will  be  used  in  con- 
ducting tests  on  the  quality  and  quantity  of  Ras  and 
byproducts  obtained  by  the  destructive  distillation  of 
various  ril)rous  and  cellulose  materials  common  to  the 
farm  or  penerally  considered  as  waste.  A  study  will  als) 
be  made  of  the  utilization  of  this  gas  for  heating,  light- 
ing and  power  purposes  on  the  farm.  For  this  purpose 
miscellaneous  equipment  has  b^en  provided,  consisting 
of  several  Welsbach-mantle  lamps,  a  gas  hotplate,  a  gas 
reflector  stove,  and  a  1  \  hp.  stationary  gasoline  engine. 
These  devices  will  be  operated  on  the  gas  produced  from 
the  various  materials. 

While  straw  gas  is  not  a  new  proposition,  not  a  great 
deal  has  been  done  in  perfecting  equipment  or  in  deter- 
mining the  practicability  of  the  process.  If  funds  are 
available,  these  problems  as  related  to  the  agricultural 
wastes  will  be  carefully  and  extensively  considered  by 
the  Bureau  of  Chemistry. 

An  effort  will  be  made  to  design  and  construct  the 
most  simple,  inexpensive  and  effective  equipment  pos- 
sible, with  a  study  of  its  adaptation  to  the  farm.  In  this 
connection  reference  is  made  especially  to  the  size  and 
shape  of  the  retort,  the  different  methods  for  storing 
the  gas  produced,  and  charging  of  the  retort  with  baled 
and  unbaled  straw.  Many  economic  studies  will  be  made, 
among  which  might  be  mentioned  the  cost  of  produc- 
ing gas,  time  and  labor  required,  quantity  of  raw  mate- 
rial necessary  and  the  utilization  of  the  byproducts  in 
the  most  effective  manner.  Determinations  must  be 
made  as  to  whether  the  equipment  will  be  more  practical 
and  satisfactory  in  the  various  sections  of  the  country 
as  a  unit  for  the  individual  farm  or  as  a  community 
plant  for  a  number  of  farms. 

On  account  of  the  present  shortage  and  high  cost  of 
gasoline  the  question  has  been  asked,  "Can  straw  gas 
be  used  for  driving  automobiles?"  Tests  have  shown 
that  this  gas  is  very  satisfactory  for  operating  sta- 
tionary internal-combustion  engines.  In  several  in- 
stances automobiles  have  been  equipped  with  flexible 
bags  containing  about  300  cu.ft.  of  straw  gas,  a  quantity- 
sufficient  to  run  the  car  fifteen  miles.  This  arrange- 
ment was  much  the  same  as  that  used  in  England  during 
the  war  for  operating  motor  busses  with  coal  gas.  Straw 
gas  for  automotive  power  at  least  has  possibilities. 
However,  it  will  never  be  practical  for  this  purpose 
under  present  conditions  until  the  gas  has  been  com- 
pressed or  condensed,  permitting  the  carrying  of  suffi- 
cient quantities  on  the  automotive  vehicle  in  a  satis- 
factory and  practical  manner. 


Aluminum  Pistons  for  Diesel  Engines 

In  an  article  read  before  the  Institution  of  Naval 
Architects  and  reported  in  Engineering,  C.  J.  Hawkes, 
R.N.,  discussed  the  use  of  aluminum  pistons  on  an 
experimental  Diesel  engine.  The  piston  design  finally 
decided  upon  had  the  trunk  divided  at  the  gudgeon-pin 
center,  the  bearings  for  the  pin  being  carried  between 
the  two  halves.  Lubrication  w^as  secured  by  force  feed 
through  the  connecting  rod  from  the  crankpin.  The 
gudgeon  pin  was  fa.'^t  in  the  rod  while  the  pin  ends 
rested  in_the  bearings  mentioned.  Six  rin^s  and  one 
"obturator"  were  used;  the  type  of  ring  and  location 


appear  in  the  sketch.  The  weights  of  the  aluminum-alloy 
piston  and  I-section  reds  are  appreciably  less  than  the 
weights  of  those  parts  on  the  usual  Diesel,  with  the 
result  that  the  inertia  forces  at  500  r.p.m.  are  the  same 
as  in  the  latter  at  380  r.p.m. 

The' coefficient  of  linear  expansion  and  the  thermal 
conductivity  are  greater  for  aluminum  than  for  cast 
iron;  consequently  it  was  found  necessary  to  make  the 
clearance  about  one  and  one-half  the  usual  clearance  to 
avoid  .seizing.  Aluminum  is  of  advantage  if  .seizing 
does  occur,  since  it  never  damages  the  liner,  while  a 
cast-iron  piston,  on  .seizing,  always  scores  the  liner. 
Furthermore,  on  cooling,  &  seized  aluminum  piston 
always  frees  itself. 

There  is  no  doubt,  so  far  as  present  experience  is 
coi.cerned,  that  aluminum-alloy  pistons,  although  greater 
in  first  cost,  have  many  advantages  over  the  standard 
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PISTON  WITH   OBTURATOR 

cast-iron  piston.  In  high-speed  engines  such  as  sub- 
marine units  the  decrease  of  weight  and  the  allowable 
higher  speeds  are  of  practical  benefit. 

The  arrangement  of  the  L-sectioned  obturator  ring 
is  shown  in  the  sketch.  This  ring  is  of  phosphor 
bronze,  being  0.05  in.  thick.  A  lap  joint,  riveted  and 
silver-soldered  to  one  end  of  the  ring,  insures  gas- 
tightness.  It  was  found  that  the  ring  bore  against  t'e 
cylinder  only  in  spots  and  a  number  of  slots  A  in.  wida 
were  cut  in  the  edge  of  the  ring.  This  allowed  the 
ring  to  press  outward  against  the  wall,  insuring  gas- 
tightness.  Originally,  some  of  the  piston  rings  were 
left  off,  but  to  prevent  the  knocking  or  side  slap  of 
the  piston  the  rings  below  the  obturator  were  replaced. 
If  the  clearance  had  been  less,  no  doubt  the  knocking 
would  not  have  occurred  evv.n  though  the  low^er  rings 
were  absent. 

After  running  for  150  hours  the  obturator  ring  was. 
measured  nnd  showed  a  wear  of  0.001  in.  So  far  the 
ring  has  been  tested  under  favorable  conditions,  and 
it  is  impossible  to  predict  what  results  were  to  be 
secured  in  ordinary  service  over  long  periods  of  oper- 
ation. 
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Kefrigeration  Study  Course — XVIII.     Cold-Storage 
and  Packing-House  Refrigeration 


By  H.  J.  MACINTIRE 

Professor  of  Refrigeration,  University  of  Illinois,  Urbana,  111. 


Packing  House  Refrigeration  (gunn'S  LIMITED) 

riG.1 


IN  THE  previous  article  the  matter  of  the  applica- 
tions of  refrigeration  was  taken  up,  and  it  was 
shown  that  the  high-pressure  side  was  the  same  in 
nearly  every  case,  except  when  stage  compression'  was 
found  desirable  or  the  absorption  machine  was  used. 
In  other  words,  the  application  of  refrigeration  affects 
the  low-pressure  side,  and  it  is  here  that  the  details 
become  so  varied  and  nu- 
merous. Ice  making  was 
described  in  some  detail, 
and  the  fact  that  raw- 
water  can  ice  making  is 
becoming  the  favorite 
method  generally  was 
mentioned  and  reasons 
were  given  for  its  prefer- 
ence. Because  of  its  bulk 
ice  must  not  be  handled 
much  and  is  best  produced 
in  close  proximity  to  the 
zone  where  it  is  to  be  con- 
sumed ;  for  this  reason 
artificial  ice  is  rapidly  re- 
placing natural  ice  even 
where  the  latter  is  plenti- 
ful. Next  to  the  impor- 
tance of  ice  making  comes 
the  business  of  cold  stor- 
age, which  includes  chill- 
ing, sharp  freezers,  and 
coolers  for  the  preserva- 
tion and  curing  of  meats, 
fish,  vegetables  and  fruits. 
Before  going  into  the  sub- 
ject of  cold  storage,  it  will 
be  wise  to  give  the  reason 
for  its  use.  Meats  are 
chilled  quickly  because 
otherwise  the  natural 
process  of  decay  will  set 
in.  Vegetables,  fruits, 
dairy  products,  etc.,  are 
kept  at  or  about  the  point 
of  freezing  of  water  be- 
cause it  has  been  found 
that  the  bacilli  which 
cause  decay  are  prevented 
from  growing  actively 
when  held  at  this  tem- 
perature. Cold  storage 
cannot  preserve  goods  in- 
definitely (except  certain 
meats  when  kept  at  ex- 
tremely low  temperatures)  because  the  bacteria  keep 
growing  and  increasing  in  numbers  even  at  cold-storage 
temperatures.  A  large  number  of  different  goods  can- 
not be  frozen — fruits  and  vegetables  for  instance — with- 
out spoiling  the  cell  formation  and  the  internal  struc- 
ture of  the  goods,  and  therefore  such  goods  cannot  be 
kept  in  cold  storage  for  more  than  a  few  months.     Be- 
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sides  the  matter  of  the  temperature,  there  is  the  factor 
of  the  humidity  of  the  air,  which  affects  not  only  the 
holding  power  of  the  food  stuffs  but  the  quality  as  well. 
This  is  more  marked  in  some  cases  than  in  others,  but 
with  eggs  too  great  a  humidity  will  spoil  them  and  too 
low  a  humidity  will  cause  them  to  shrink.  In  the  pack- 
ing-house chill  room,  dense  clouds  of  steam  come  ofi 

the  freshly  killed  animals, 
and  the  manner  of  refrig- 
eration must  also  provide 
a  convenient  means  of  re- 
moving this  vapor.  Veg2- 
tables,  fruits,  etc.,  dry  out 
duringthe  holding  process, 
which  increases  the  hu- 
midity. As  a  moist  air  is 
bad  for  cold-storage  goods, 
the  refrigerating  plant 
must  provide  the  neces- 
sary means  of  removing 
this  surplus  water  vapor 
and  keep  the  temperature 
and  the  humidity  correct 
for  the  particular  goods 
being  stored,  this  being 
different  for  each  variety 
of  foodstuffs.  The  humid- 
ity, as  a  rough  rule,  must 
be  in  the  neighborhood  of 
70  per  cent.  The  accumu- 
lation of  frost  on  the  ex- 
pansion piping  is  an  indi- 
cation of  the  removal  of 
moisture  from  the  air  in 
the  room.  There  is  no  set 
rule  in  regard  to  the  use 
of  direct  expansion  or 
brine  cold-storage  piping. 
The  same  plant  may  have 
both  systems,  as,  for  ex- 
ample, the  Bell  Street  and 
the  Spokane  Street  plants 
of  the  Port  of  Seattle, 
Wash.  Packing  plants  use 
brine  for  the  greater  part 
of  their  work,  although 
one  large  company  at  least 
has  little  or  no  brine  re- 
frigeration. This  is  be- 
cause some  of  the  load  is 
heavy  and  is  of  short  dura- 
tion and  can  be  handled 
well  by  the  use  of  brine 
smaller  compressor  running  a 
Also  it  is  safer  to  use  brine 
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storage   tanks    and    a 

greater  part  of  the  time, 

where  the  pipes  are  exposed  and  are  subject  to  accident. 

In  addition  the  chill  rooms  are  usually  designed  to  have 

a  loft  with  brine  sprays,  or  a  brine  curtain,  as  brine 

can  pull  down  the  temperature  more  quickly  and  absorb 

the  moisture  better  than  any  other  system.    (See  Fig.  1.) 
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Oil  the  (>tlu<r  hand,  it  is  possible  to  operate  (•oriiprcs- 
sora  on  the  diroit-expnn.Mion  system  more  eooMomically 
than  with  the  brine  system,  because  the  boiiiiiK-  am- 
monia cools  the  air  directJy  instead  of  indirectly  by  the 
use  of  brine.  But  it  must  be  remembered  that  the 
direct-expansion  system  must  be  carefully  laid  cut  so 
as  to  return  the  gaseous  ammonia  with  the  least  pos- 
sible pressure  drop  to  the  compressor. 

In  a  recent  issue  of  Power  were  de.scribed  the  chauRes 
that  have  been  made  in  the  Anheuser-Bu.sch  plant, 
showing  the  necessity  of  unity  in  the  pipinjr  de- 
sign. The  trouble  in  this  plant  was  that  it  grew  like 
"Topsey"  and  soon  was  a  mass  of  large  and  small  pipes 
of  every  description.  Other  factors  that  must  be  con- 
sidered in  deciding  on  the  type  of  piping  are  the  effect 
of  the  goods  held  in  storage  by  a  break  in  the  pipe  line. 
the  cost  of  the  ammonia  piping  as  compared  with  brine 
piping,  cost  of  the  initial  charge  of  ammonia,  and 
its  losses  due  to  leaks  or  corrosion  of  the  pipe  line.  The 
brine  system  is  self-contained,  having,  with  the  excep- 


lc:;s  clanger  cf  cxcest:ive  cooling  in  certain  parts  of  the 
I -orage  room.  Power  must  be  provided  to  drive  the 
fan    which  should  be  carefully  selected  so  as  to  require 

TAHM-:  I.     COLD  HTOUAGK  I'llACTICi; 

Kurirdily.  Allowanren 

pcrfnit       I  bbl    -  3U  kbI  of  2)1  ru  in  i-arh. 

I  bu«hcl  -  1.245  cufl.  -  2, 1 '.0  4  ruin 
80  10  90        I  l.bl   i>.,tal<H-ii  -  5  ru  (I    ■     ICO  lb.  -  21  buaho'a 

I  !<'>»  .■li,-.-M-  ■■  <,0  lb.  -  2  ru  (I 

75  I  riiK'  iagn  -  30  do«.  -  SO  —  70  lb.  -  2 J  cu.ft.  -  12- 

'  t  ''>  butter  -  63  lb,  -  It  or  2  ru  f t.  (piles  not  ovtr 

6  in.) 
85  I  1,1,1.  app'pB  -   150  lb.,  5  cu  fl    -  2)  bu.hrlii. 

I  cralnrclrry  -   10  cu.ft.  -   1401b.    -    24x24x30  in 

(4ft.  hKh>. 
34  80  to  90        I  bbl.  vcn.tablM  -  5  ru  ft.,  p  'r»  5  ft.  hf  h. 

"  I  box  orn  grH  (pn-  l.cd  on  end)   -  *  cu.ft .  70  lb    - 

boxes  15  X  15x30. 

Aisles — .M'ow  )  for  (>««»,  celery  and  ora-iroa. 

AI'dw  i  for  potnlocB  a-  d  vrgctablcn. 

.Allow  1  for  mutton,  pork,  poultry  'ft    h'll)). 
.Spcrific  Knivity  of  boned  beef  -   1.073  -  67.2  I!)  per  ru.ft. 

the  least  power  input  for  the  volume  of  air  circulated. 
But,  whereas,  less  piping  may  be  required  than  with  the 
ordinary  system  on  account  of  better  heat  transmission. 
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Sharp  Freezer  Pipin3  (uS.GOv't  COLD  STORAGE  -  CHICAGO,  ILL.) 
FIG.  5 
FIGS.    4    AND    5.      BRINE    PIPING 


tion  of  the  ammonia  condensers,  the  entire  high  side  in 
the  engine  room  under  the  easy  control  of  the  operator. 
It  is  to  be  remembered,  however,  that  extra  equipment 
is  necessary  with  the  use  of  brine,  namely,  the  brine 
coolers,  the  brine  pumps  and  the  power  necessary  to 
circulate  the  brine.  It  may  be  added  here  again  that 
the  absorption  system  almost  always  uses  brine,  &a 
direct  expansion  is  not  so  advantageous  as  in  the  case 
of  the  compression  system. 

Bunker  Coils  Are  Used 

To  better  circulate  the  air,  giving  more  ready  control 
1,0  both  temperature  and  humidity,  the  outside  bunker 
coil  is  used.  In  brief,  this  is  an  arrangement  .of  coils 
in  a  separate  loft  or  room,  so  arranged  that  the  air  may 
be  forced  through  at  a  moderate  velocity  (where  it  is 
cooled  to  the  proper  temperature)  and  then  through 
ducts  to  the  distributing  openings.  The  return  is  usu- 
ally the  reverse  of  the  feed  lines. 

Such  a  system  is  recommended  because  it  removes  all 
piping  from  the  cold-storage  room.  With  care  in  the 
design  a  uniform  temperature  is  possible  and  there  is 


there  are  some  objectionable  features.  The  motive 
power  necessary  for  the  fan  also  heats  the  air  and  re- 
quires additional  refrigeration  to  neutralize  it.  The 
main  objection  to  bunker  coils,  however,  is  in  the  matter 
of  their  cleaning.  Usually,  the  coils  are  close  together 
and,  (combined  with  the  baffles,  make  a  difficult  piece  of 
equipment  to  clean.  As  the  ice  accumulates  on  the  pipes, 
the  heat-transfer  rate  will  drop  until  either  the  pipes 
are  clean  or  service  is  unsatisfactory.  This  point  is 
mentioned  here  because  in  the  case  of  ice-cream  harden- 
ing rooms  the  bunker  coil  is  being  replaced.  The  lack 
of  success  with  hardening  rooms  is  purely  a  matter  of 
operation,  but  this  service  is  the  "court"  of  last  resort 
when  it  comes  to  the  proper  design  of  a  new  refrigera- 
tion plant. 

The  Sharp  Freezer  Room 

The  sharp  freezer  is  the  term  used  for  a  cold-storage 
room  which  is  held  at  or  near  zero  degrees  F.  It  may 
have  better  insulation  than  the  ordinary  cold-storage 
room,  usually  about  six  Inches  of  corkboard,  and  it  gen- 
erally has  an  ante-room.    The  piping  has  to  be  h2a\-y  to 
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carry  the  heat  leakage,  which  may  be  as  great  as  double 
that  of  the  general  storage  room  for  fruits  and  vege- 
tables which  are  held  at  from  36  to  40  deg.  F.  Sharp 
freezers  are  designed  usually  for  fish,  frozen  meats, 
eggs  in  bulk,  etc.  The  temperatures  carried  are  usually 
between  0  and  — 15  deg.  F. 

It  is  hardly  within  the  scope  of  a  study  course  to  go 
much  into  detail  except  in  fundamentals.  The  storing  of 
goods,  the  duration  of  storage,  the  height  of  the  boxes 
or  packages,  the  amount  of  aisle,  etc.,  are  important 
details,  but  not  necessarily  of  the  kind  that  the  operat- 
ing engineer  need  keep  in  mind.  A  few  figures  are 
included,  however,  for  handy  reference.  Particular 
attention  is  called  to  the  piping  layouts,  which  are  all 
recent  designs  and  typical  of  the  kind  of  service  being 
performed. 

Do  not  put  second-grade  goods  in  storage.  Cold- 
stoi'age  goods  should  be  of  the  best  quality.  Fruits  and 
vegetables  should  be  carefully  handled  to  keep  them 
from  unnecessary  injury,  and  they  must  be  re-sorted, 
after  a  period  of  time  depending  on  the  kind  of  goods, 
to  remove  the  sprouts,  spoiled  parts  or  soiled  containers. 
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Several  curves  showing  the  ratios  cf  room  space  to 
piping  and  room  space  per  ton  of  refrigeration  are 
given.    These  curves  show  the  cubic  feet  of  refrigerator 


space  allowed  per  linear  foot  of  pipe.  In  each  table  the 
reader  will  note  that  this  ratio  is  low  for  small  storage 
rooms,  increasing  as  the  size  of  the  room  increases. 
For  rooms  that  are  opened  frequently,  the  ratio  is 
low.     Considerable  thought  should  be  given  to  the  en- 
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trances  of  rooms  that  are  opened  frequently  to  avoid 
excessive  losses  through  the  doors.  A  large  saving  of 
refrigerator  can  be  made  by  the  installation  of  proper 
door  fittings  and  in  all  arrangements  whereby  the 
duration  of  opening  is  reduced  to  a  minimum.  There 
is  much  carelessness  in  this  matter  in  the  practice  of 
many  plants. 


If  the  crank  bearing  of  a  Diesel  engine  is  run  slack, 
the  inertia  cf  the  piston  and  rod  as  the  crank  passes  top 
center  may  exert  such  a  stress  on  the  big  end  bolts  as  to 
elongate  them.  This  condition  will  ultimately  result  in 
fracture  of  the  bolts.  In  securing  crankpin  clearance, 
remove  all  shims,  draw  up  the  two  bearing  halves  snugly 
against  the  pin ;  then  measure  with  a  clearance  gage  the 
distance  between  the  two  halves.  This  amount  plus 
0.008  in.  is  the  thickness  of  shims  required.  In  insert- 
ing shims  between  the  two  halves  cf  the  crankpin  bear- 
in^T,  p'ace  cnunl  r.mcunts  on  each  side.  If  this  is  not 
done,  the  bolt  will  be  bent  when  drawing  up.  At  each 
overhauling  of  the  engine  the  big  end  bolts  should  be 
examined  fcr  flaws.  Usually,  any  fracture  starts  at  the 
root  of  a  thread.  A  magnifying  glass  comes  in  very 
handy. 
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Behavior  of  Senii-Diescl  Kiiiijines 

Explanation  of  the  C.auH<\s  of  Prei<;nition  —  Practically   All   Such  Occurrences  Are 
Due  to  IMcchanicai  Defects  and  (^an  lie  Avoided 


THE  several  letters  that  have  appeared  in  Pinoer 
of  late,  concerninp  poiitulitiK  in  .semi-Diesel 
engines,  fail  to  explain  the  real  trouble.  Without 
doubt  a  semi-Die.sel  engine  will  j)ound  on  heavy  load 
as  the  writers  state,  but  the  rea.son  for  it  goes  deeper 
than  any  of  them  have  revealed. 

The  term  semi-Diesel  is  us6d  to  cover  all  engines 
wherein  pure  air  is  compres.sed  in  the  cylinder  and  the 
oil  is  injected  at  a  definite  point  in  the  compression 
stroke  and  where  the  compression  pressure  due  to  the 
decrea.se  in  cylinder  volume  is  not  high  enough  to  cause 
ignition  without  the  air  of  .some  hot  surface.  In  engines 
of  this  type  air  is  blown  into  the  cylinder  from  the 
inclosed  crankcase  or  from  the  compres.sor  side  of  the 
piston,  at  the  end  of  the  power  stroke.  This  scavenging 
air  clears  the  cylinder  of  the  burnt  ga.ses  and  sup- 
plies a  charge  of  pure  air.  This  air  is  compressed  on 
the  return  stroke  of  the  piston.  As  the  piston  advances, 
the  density  of  the  air  charge  becomes  greater,  the 
pressure  increases,  and  the  temperature  is  correspond- 
ingly raised.  At  the  proper  point  the  oil  is  injected 
into  the  combustion  .space  and  is  gasified.  When  the 
temperature  becomes  sufficiently  high,  the  gas  vapor 
ignites. 

Some  of  these  engines  have  a  combustion  chamber 
in  the  shape  of  a  bulb  or  spherical  cavity  in  the  cylin- 
der head.  Some  employ  the  cylinder  cavity  as  the 
combustion  space.  In  all  the  designs  some  part  of 
the  cylinder  head  is  uncooled  or  so  poorly  cooled  as 
to  remain  at  high  temperature;  this  high  temperature 
condition  is  necessarj'  to  gasify  and  ignite  the  oil 
properly.  It  follows  that  the  higher  the  value  at  which 
the  temperature  can  be  maintained  the  quicker  and 
more  perfectly  will  the  fuel  be  vaporized,  provided  the 
temperature  is  not  so  high  as  to  cause  oil  "cracking." 

Time  of  Oil  Injection 

From  a  consideration  of  these  conditions  it  can  be 
concluded  that  the  higher  the  combustion-cavity  tem- 
perature the  later  may  be  the  poi;it  of  fuel  injection. 
None  of  the  modern  engines,  however,  is  timed  to 
inject  oil  earlier  than  30  deg.  ahead  of  dead  center. 
This  represents  a  piston  position  about  10  per  cent 
from  dead  center.  Fig.  1  shows  the  relative  position  of 
the  piston  and  crank  at  the  beginning  of  fuel  injec- 
tion. The  air  within  the  combustion  space  is  highly 
concentrated,  and  the  oil  entering  this  dense,  highly 
heated  mass  of  air  is  rapidly  vaporized  and  ignited. 

It  is  quite  possible  that  preignition,  or  ignition  of 
the  newly  injected  fuel  charge,  could  occur  if  the  cyl- 
inder-wall temperature  was  excessively  high  or  the 
injection  very  early.  There  is  no  doubt  that  at  high 
temperatures  the  oil  undergoes  a  chemical  disintegra- 
tion, or  cracking,  upon  striking  a  hot  surface  with  the 
evolution  of  light  hydrocarbons  and  the  deposition  of 
the  heavy,  sooty  residual.  This  light  gas  undoubtedly 
will  ignite  more  quickly  than  will  the  oil  gas  if  the 
dissociation  does  not  take  place.  But  this  type  of 
preignition  is  always  preceded  by  what  may  be  termed 
detonation.  The  pounding  called  preignition,  however, 
usually   occurs   after   dead   center   is   passed   and   the 


noi.se  is  due  to  the  excessively  rapid  rate  of  burning. 
Apparently,  as  the  oil  leaves  the  ignition  nozzle  it  i.s 
broken  up  into  gas.  The  ignition  of  the  fuel  occurs  at 
the  point  of  highest  temperature,  which  of  course  is 
in  the  neighborhood  of  the  hot,  uncooled  surface  of 
the  combustion  chamber.  The  explosion  gives  forth  a 
decidedly  metallic  .sound  that  can  be  distinguished  from 
true  preignition,  although  many  engineers  unknow- 
ingly clasify  it  as  preignition.  The  wave  of  high  pres- 
sure and  temperature  produced  by  the  detonation  travels 
across  the  combustion  space,  causing  the  gas  vapors  and 
air  to  be  highly  compressed  and  raised  in  temperature 


FIG.    1.      CRANK   POSmON-  AT  THE   IXJECTION   POIXT 
FIG.    2.      CRAXK    POSITIOX    AT   PREIGXITION 


until  the  entire  fuel  charge  explodes  instantaneously. 
The  resulting  pressure  produces  a  severe  racking  pound 
if  the  explosion  has  occurred  before  dead  center.  Even 
if  this  instantaneous  explosion  takes  place  at  or  after 
dead  center,  a  characteristic  thump  is  emitted.  Such 
ignitions  can  take  place  only  with  excessively  high  com- 
bustion-chamber wall  temperatures.  It  is  obvious  that 
the  introduction  of  a  water  jet  will  keep  the  tempera- 
ture below  this  point. 

Trxje  Preignition 

If  an  engine  has  a  decidedly  early  fuel  injection 
timing,  the  vaporized  charge  will  explode  early  in  the 
compression  stroke  provided  the  cylinder  tempeiature 
reaches  the  self-ignition  point  at  this  time.  If  this 
takes  place  before  dead  center,  the  resulting  explosion 
is  a  true  characteristic  preignition.  It  should  be  under- 
stood that  the  injection  must  be  verj'  early  to  allow 
the  entire  program  of  detonation  and  preignition  to 
occur  before  dead  center.  Even  with  gasoline  the  usual 
timing  is  not  sufficient  to  produce  preignition,  even 
though  the  initial  ignition  be  made  positive  by  spark 
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plugs.  Detonations  will  occur,  but  the  cycle  interval  is 
insufficient  to  allow  the  con.plete  procedure  to  take  place 
before  dead  center.  In  somi-Diesel  oil  engines  detona- 
tion is  frequently  noticed,  especially  on  heavy  loads 
where  the  cylinder  temperature  is  high.  But  true 
preignition  seldom  occurs  if  the  engine  is  in  good 
mechanical  condition. 

In  all  designs  of  two-stroke-cycle  semi-Diesel  engines 
the  injection  of  fuel  starts,  as  has  been  stated,  at  or 
later  than  30  deg.  from  dead  center.  If  a  full  load 
condition  is  assumed,  25  deg.  is  probably  the  average 
injection  point.  The  delivery  of  the  fuel  into  the 
combustion  chamber  is  complete  in  a  few  degrees  of  the 
crank  circle  ranging  from  6  deg.  in  one  engine  to  as 
much  as  20  deg.  in  one  or  two  other  designs.  If  this 
fuel  is  injected  and  properly  sprayed  into  the  com- 
bustion space,  all  of  it  will  be  entirely  vaporized  or 
gasified  at  the  end  of  the  compression  stroke. 

If  there  exists  within  the  combustion  space  suffi- 
cient oxygen  to  combine  with  all  this  gas  vapor,  the 
latter  will  be  entirely  consumed.  On  the  other  hand, 
if  the  amount  of  air  is  insufficient  for  perfect  com- 
bustion some  of  the  vapor  will  remain  in  its  original 
state  and  will  mix  with  the  burnt  gases  and  be  blown 
out  the  exhaust  when  the  exhaust  ports  are  uncovered. 
This  statement  presumes  a  fair  degrae  of  scavenging 
effect.  If,  for  any  reason,  all  the  burnt  gases  and  oil 
vapors  are  not  blown  out  of  the  cylinder,  they  will  be 
trapped  in  the  cylinder  when  the  piston  covers  the 
exhaust  ports.  These  vapors,  mixing  with  the  air 
charge,  will  attain  their  ignition  point  much  before 
dead  center;  preignition,  so-called,  will  then  take  place. 
This  is  because  the  temperature  required  for  self- 
ignition  of  a  fuel  depends  upon  the  time  interval. 

Cause  of  Holdover  Ignition 

It  requires  no  argument  to  prove  the  statement  that 
the  degree  of  scavenging  efficiency  largely  determines 
the  question  of  this  preignition,  or,  rather,  "holdover" 
ignition.  If  the  air  currents  succeed  in  removing  all 
gases,  burnt  or  unburnt,  nothing  remains  in  the  cyl- 
inder to  ignite.  The  design  of  t'  e  air  ports  and  deflec- 
tors on  the  piston  and  the  maintenance  of  these  ports 
in  a  clean  and  unobstructed  condition  are  of  prime 
importance. 

There  exists  a  far  more  prevalent  cause  of  these  pre- 
or  holdover  ignitions.  This  is  the  action  of  the  fuel 
nozzle  or  atomizer.  All  engineers  will  understand  that 
the  atomizer  must  spray  the  oil  efficiently  if  complete 
combustion  is  to  be  secured.  If  the  particles  of  oil 
entering  the  cylinder  are  fairly  large  in  diameter,  the 
time  necessary  to  completely  gasify  the  liquid  is  more 
than  that  occupied  by  the  normal  period  of  combustion. 
Some  of  this  oil,  the  interior  of  the  oil  particles,  is  not 
completely  gasified  until  the  power  stroke  is  completed. 
Part  of  the  gas  is  trapped  in  the  cylinder  and  explodes 
early  in  the  compression  stroke.  The  fuel  atomizer 
must  break  up  the  oil  charge  into  a  fine  fog.  The 
design  of  the  pump  largely  governs  the  sj^raying  effect 
of  the  nozzle.  If  the  velocity  of  the  oil  discharge  varies 
with  the  lead  change,  then  the  atomizing  effect  at  the 
point  of  low  velocity  will  be  poor.  Undoubtedly,  a 
pump  in  which  the  velocity  of  discharge  is  constant  at 
all  loads  gives  the  best  atomizing  efficiency. 

The  design  of  the  atomizer  can  well  be  claimed  to 
exert  the  chief  effect  in  causing  or  preventing  these 
so-called  preigniticns.    If  the  check  valve  dees  not  cut 


cff  the  fuel  inflow  sharply  at  the  end  of  the  delivery, 
drops  of  oil  will  continue  to  enter  the  combustion 
chamber  during  the  power  stroke.  This  oil  will  vaporize 
and  part  of  it  will  be  trapped  in  the  cylinder.  Conse- 
quently the  fuel  nozzle  check  must  work  perfectly  to 
avoid  this  condition.  The  nozzle  must  actually  break 
up  the  oil  and  not  merely  allow  it  to  jet  into  the 
engine. 

Four-Cycle  Semi-Diesel  Seldom  Peeignites 

It  is  seldom  that  a  four-stroke-cycle  semi-Diesel 
engine  preignites  no  matter  what  condition  the  atomizer 
is  in.  This  is  due  principally  to  the  better  scavenging 
effect  secured.  On  the  exhaust  stroke  of  the  piston 
all  the  gases,  burnt  and  unburnt,  are  expelled;  there 
remains  nothing  to  ignite  since  only  pure  air  is  con- 
tained in  the  cylinder  on  the  compression  stroke. 

It  is  a  matter  of  observation  that,  if  no  water  injec- 
tion is  used,  an  engine  having  a  separate  combustion 
chamber  in  the  cylinder  head  will  not  preignite  on 
loads  below  three-quarters,  while  an  engine  where  the 
fuel  is  deposited  in  the  cylinder  cavity  will  preignite 
at  all  but  very  low  loads  if  the  atomizer  leaks  or  the 
scavenging  is  poor.  The  explanation  is  found  in  the 
segregation  of  the  oil  vapor  in  the  combustion  chamber. 
At  the  end  of  the  power  stroke  the  scavenging  air 
removes  the  burnt  gases  from  the  cylinder,  but  the 
narrowness  of  the  passage  into  the  combustion  chamber 
prevents  its  scavenging.  The  chamber  is  then  left  filled 
with  burnt  gases.  If  any  oil  leaks  into  it,  the  oil  vapor 
is  mixed  with  burnt  gases  and  will  not  explode  until  the 
advancing  piston  forces  pure  air  into  the  cavity.  This 
will  not  occur  very  early  in  the  compression  stroke. 
If  the  load  is  heavy  and  some  of  the  oil  vapor  fails 
to  burn  at  the  proper  time,  this  vapor,  increased  by  the 
dribble,  fills  the  combustion  space  and  flows  into  the 
cylinder  and,  mixing  with  the  air,  fires  early. 

That  the  pcundirg  heard  in  the  cylinder  is  not  due 
to  preignition  of  the  fresh  fuel  charge,  but  results 
from  the  ignition  of  a  hangover  charge,  is  proved  by 
the  actual  indicator  diagram  in  Fig.  2.  Here  the  alm.ost 
vertical  pressure  line  in  the  compression  curve  is  pro- 
duced by  a  preignition  which  took  place  at  b,  much 
in  advance  of  the  point  of  injection  of  the  fuel  charge. 
This  is  evidence  that  the  fuel  that  exploded  was  left 
over  from  a  prior  charge  or  dribbled  into  the  cylinder 
during  the  early  part  of  the  compression  stroke. 

Water  Injection 

To  maintain  the  cylinder  at  a  temperature  below 
the  ignition  point  during  all  but  the  final  part  of  the 
compression  stroke,  most  engine  builders  resort  to 
water  injection  into  the  cylinder.  The  water  absorbs 
enough  of  the  heat  in  the  cylinder  to  prevent  a  high 
temperature  until  the  end  of  the  compression  stroke  is 
reached.  The  water  serves  to  decrease  the  rate  of  com- 
bustion, thereby  avoiding  detonations.  With  such  pre- 
caution preignition  or  "holdover"  ignition  is  positively 
avoided.  Engines  of  the  "dry"  type  always  have  the 
combustion  chamber  in  the  cylinder  head,  and  attempt 
is  made  to  prevent  preignition  by  isolation  or  stratifica- 
tion of  the  gas  vapor.  The  water  cooling  of  the  com- 
bustion chamber,  if  it  can  be  regulated,  -will  assist 
toward  keeping  the  temperature  down.  These  preven- 
tives are  not  altogether  successful.  It  is  the  universal 
experience  that  many  dry  engines  tend  to  develop  the 
so-called  preignition  on  full  load.     When  nothing  but 
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detonation  or  a  metallic  sdurulinB:  explosion  is  heard, 
no  loss  of  power  is  observeil  and  the  cnninc  operates 
tliiite  satisfactorily,  although  the  exhaust  may  be 
smoky.  If  preignition  does  occur,  increa.sed  water  injec- 
tion will  eliminate  it  on  a  wet  engine;  on  a  dry  engine 
a  reduction  of  the  load  is  nece.ssary.  If  an  engine 
has  customarily  carried  the  load  without  pounding,  it 
is  natural  to  expect  that  the  fuel  nozzle  has  begun  to 
leak  if  a  pound  develops.  A  second  source  of  pounding 
is  poor  scavenging.  This  is  occasioned  by  the  air  port 
or  exhaust  ports  clogging  with  dirt  so  that  the 
scavenging  process  is  indifferently  performed. 

Above  all  else,  the  engineer  should  realize  that  what 
is  known  as  preignition  in  a  gasoline  engine  cannot 
occur  in  a  semi-Diesel  engine — the  preignition  heard 
is  a  holdover  ignition.  When  this  occurs  generally  it 
is  due  to  lack  of  cooling  on  heavy  loads,  leaky  or 
imperfectly  designed  atomizer  nozzle  or  to  clogged  air 
or  exhaust  ports.  If  the  engine  is  cold,  it  sometimes 
happens  that  the  fuel  charge  is  not  completely  burned 
and  explodes  early  on  the  next  stroke.  This  is  always 
accompanied  by  racing  of  the  engine,  missed  explosions 
and  smoky  exhaust. 

The  IMcKenzie  Forced-Draft 

Chain-Grate  Stoker 

With  fuel  prices  high  and  equipment  costing  double 
former  values,  there  has  been  a  growing  demand  in  the 
boiler  room  for  higher  rates  of  combustion,  the  primary 
idea  being  to  increase  the  returns  on  the  initial  invest- 
ment.    The  activity   in  the  chain-grate  field  has  been 


Ik"  apparent  from  the  illustrations,  light  loads  may  be 
carried  on  natural  draft  and  forced  draft  applied  for 
demands  above  rating.  The  system  provided  to  dis- 
tribute air  under  pressure  over  the  entire  grate  area  or 
to  any  .section  desired,  is  unusually  simple  and,  in  the 
initial  installation  of  the  new  stoker,  is  reported  to 
have  given  excellent  results.  Briefly,  it  consists  of  a 
main  air  duct  entering  at  the  front  of  the  furnace  and 
extending  back  in  the  side  wall  for  the  full  length  of 
the  stoker.  The  duct,  however,  is  not  built  into  the 
wall,  so  that  it  may  be  pulled  out  of  the  furnace  along 
with  the  .stoker.  From  this  duct  transverse  air 
chambers,  tapering  in  section,  with  perforations  in  an 
arched  top  to  discharge  the  air,  lead  across  the  grate 
area.  These  air  chambers  alternate  with  the  rollers 
supporting  the  upper  run  of  links,  with  enough  space 
between  to  admit  air  from  underneath  the  stoker  for 
natural-draft  operation.  The  number  of  air  chambers 
will  depend  upon  the  length  of  the  stoker,  but  in  the 
usual  installation  will  range  from  8  to  12. 

Division  of  the  air  supply  is  thus  greater  than  usual, 
and  the  distribution  is  effected  by  sliding  dampers 
placed  over  the  ends  of  the  air  chambers  and  operated 
by  pull  rods  from  the  front  of  the  stoker.  With  this 
arrangement  no  necessity  has  been  found  for  closing 
up  the  stoker  front.  In  operation  there  has  been  no 
evidence  of  the  gases  passing  out  at  the  gate  nor  of  the 
air  from  the  chambers  bj-passing  down  below  the  stoker. 
At  the  sides  of  the  stoker  frames  there  are  seal  plates, 
as  indicated  in  the  detail  view. 

When  using  forced  draft,  the  air  is  admitted  into  the 
main  side  duct  at  a  pressure  of  2  oz.,  but  when  all  the 


FIG.   1.      DETAIL  VIEWS  SHOWING  THE  DESIGN  OF  THE  NEW  McKENZIE  FORCED  DRAFT  .'^TOKER 


marked.  Numerous  forced-draft  stokers  of  this  type 
have  been  developed  and,  while  still  in  the  experimental 
stage,  seem  to  show  some  improvement;  that  is,  burn 
more  coal  per  square  foot  of  grate  than  was  possible 
with  natural  draft. 

One  of  the  most  recent  developments  in  this  field  is 
the  combination  forced-  and  natural-draft  chain-grate 
stoker  of  the  McKenzie  Furnace  Co.,  of  Chicago.    As  will 


dampers  that  regulate  the  supply  of  air  to  the  small 
transverse  chambers  are  open  wide,  this  pressure 
reduces  to  li  oz.  As  the  top  of  the  air  chamber  is  con- 
vex, the  air  is  discharged  through  the  various  holes  in 
the  top  at  different  angles,  giving  an  even  distribution 
of  air  over  the  grate  area  in  the  immediate  vicinity. 
As  previously  stated,  there  is  sufficient  space  between 
the  air  chambers  and  the  rollers  to  allow  air  to  pass  up 
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from  below  when  the  stoker  is  operating  on  natural 
draft.  In  addition  the  dampers  of  the  forced-draft 
system  are  opened  wide  and  a  door  in  the  main  air  duct 
at  the  front  of  the  stoker  is  removed  to  give  a  sufficient 
supply  of  air  for  ordinary  loads. 

To  give  the  expanding  volume  for  the  gases,  par- 
ticularly needed  during  high  rates  of  combustion,  the 
stoker  pitches  toward  the  rear  and  the  arch  slopes 
upward,  as  indicated  in  the  longitudinal  view  of  the 
stoker.    The  arch  is  of  the  flat  suspended  type,  designed 


FIG.   2.     SPUR-GEAR   DRIVE   OP   STOKER 

so  that  each  individual  tile  can  be  removed  without  dis- 
turbing any  of  the  others.  To  make  this  possible,  each 
tile  is  suspended  individually  and  the  necessary  clear- 
ances are  allowed  for  expansion.  The  supporting 
members  are  provided  with  extensions  so  that  the  rear 
of  the  arch  may  be  replaced  without  disturbing  the  main 
body  of  the  framework. 

From  the  same  longitudinal  view  the  design  of  the 
feed  gate  will  be  evident.    It  is  highly  geared  to  a  hand- 


wheel  operated  at  the  stoker  front.  The  drive  is  of  the 
substantial  spur-gear  type  shown  in  Fig.  2.  The  speed 
of  the  chain  is  regulated  through  the  ratchet  lever,  and 
a  tension  spring  is  provided  in  the  connecting  rod 
between  the  lever  arm  and  the  eccentric  to  protect  the 
stoker  against  any  sudden  blocking  of  grate  travel.  The 
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WATER-BACK   DESIGNED   FOR  CONVENIENT 
CLEANING 


grate  tension  can  be  adjusted  from  front  or  rear.  For 
burning  all  Middle  Western  coals  standard  links  of  the 
design  shown  in  the  drawing  are  used,  and  special 
links  with  suitable  air  spaces  for  stokers  that  are  to 
burn  high-carbon  bituminous  coal,  anthracite,  lignite  or 
coke  breeze. 

A  feature  varying  from  the  usual  is  the  water-back 
shown  in  Fig.  3.  The  external  member  is  an  8-in. 
extra-heavy  pipe  which  supports  the  overhang  of  the 
bridge  wall.  The  inlet  and  discharge  are  at  the  same 
end.  The  water  enters  through  a  35-in.  tube  extending 
within  the  larger  pipe  almost  to  the  far  end.  The 
return  is  through  the  large  external  pipe.  When  it  is 
necessary  to  clean  out  the  water-back,  a  hose  is  attached 
to  the  1-in.  nipple  leading  into  the  3*-in.  pipe,  the  hand- 
hole  plate  at  the  end  of  the  fitting  is  removed,  and  the 
sediment  or  sludge  that  has  collected  is  washed  out. 


Utilizing  Freshet  Water  for  Power  Generation 


By  CLEMENS  HERSCHEL* 


With  a  properly  designed  venturi  tube  installed 
in  the  discharge  of  a  hydravlic  turbine,  power 
output  can  be  increased  a  maximum  of  30  per 
cent  by  utilizing  the  freshet  water  that  ivould 
oiherivise  run  to  tvaste  over  the  dam. 

IN  A  recent  editorial  on  the  "Need  of  a  Hydraulic 
Laboratory,"  Power  mentioned  the  loss  of  head  due 
to  back  water  and  told  how  "to  get,  by  the  use  of 
a  greater  quantity  of  water  under  a  lesser  head,  as 
much  power  as  with  the  lesser  amount  under  the  greater 
head  for  which  the  turbines  were  designed,  and  this 
with  the  same  machines."  Several  such  methods  have 
been  devised,  and  one  of  them,  the  "Fall  Increaser," 
invented  and  tested  at  the  Holyoke  Public  Testing  Flume 
by  the  writer  (also  tested  by  Duebi  in  Zurich,  Switzer- 
land), will  be  described  in  this  article,  and  includes 
the  experience  of  the  past  ten  years  endeavoring  to 
introduce  this  device. 

Of  course  more  wheel  capacity  would  solve  the  prob- 
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lem,  some  of  the  wheels  to  stand  idle  during  normal 
and  low  flows  of  the  river.  However,  more  wheels 
would  mean  more  generators,  more  wheelpits,  tailraces 
and  a  larger  power  house.  The  chief  purpose  of  greater 
wheel  capacity — that  is,  more  units — is  to  guard  against 
machinery  accidents  and  to  facilitate  repairs,  and  not  to 
utilize  freshet  water. 

Saugey,  of  Geneva,  Switzerland,  proposed  discharging 
the  water  from  the  forebay  out  through  the  turbine 
discharge  water  into  the  tailrace  in  times  of  freshets, 
thus  increasing  the  velocity  of  the  discharge  from  the 
turbines.  Experiment  with  this  crude  apparatus  showed 
it  to  have  an  efficiency  of  3  per  cent;  that  is,  3  per 
cent  of  the  power  due  to  the  additional  amount  of  water 
discharged  into  the  tailrace  under  the  existing  head  was 
by  this  means  added  to  the  power  developed  by  the 
wheels  without  the  device. 

If  the  same  quantity  of  water  just  referred  to,  instead 
of  being  merely  allowed  to  impinge  as  a  stream  upon, 
and  mingle  with,  the  tailrace  discharge,  be  allowed 
to  flow  through  a  properly  constructed  venturi  tube, 
as  in  the  figure  and  thus  create  suction  at  the  throat 
of  the  tube,  with  the  turbine  discharging  out  of  an 
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nirtiRht  chamber  into  which  Ihe  turbine  dischnrpeH,  this 
same  S  per  cent  eirkiciicy  can  lie  increased  to  over  'M) 
per  cent  and  ran,  by  improvements  that  have  naturally 
sutrgosted  themselves,  be  considerably  bettered. 

Five  power  plants  have  been  built  in  the  United 
States  since  Her.schel's  Fall  Increaser  was  described  in 
the  public  prints,  which  obtain  oidy  about  ;J  per  cent 
of  the  enerjiry  from  the  excess  water;  when  only  at  an 
insipnilicant  additional  expense  the  same  water  would 
have  tjiven  them  over  30  per  cent.  Such  is  the  situa- 
tion today,  and  it  may  be  instruc- 
tive to  examine  the  reasons  why 
fall  increascrs  have  not  yet  be- 
come a  common  part  of  hydro- 
electric power-house  practice. 

1.  The  proposition  generally 
comes  too  late  to  interested  par- 
ties. They  have  not  heard  of  the 
fall  increaser,  plans  have  been 
made  without  it,  time  is  limited. 
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stalled,  for  the  purpose  just  stated,  they  are  more  eco- 
nomical to  keep  up  the  normal  output  in  times  of  flood 
water  than  to  burn  fuel  in  the  steam-power  plant  for 
this  purpose  during  times  of  high  water.  The  value 
of  half  the  fuel  thus  saved  for  fifteen  years,  computa- 
tions made  and  agreed  upon  to  begin  with,  is  what  the 
use  of  the  fall  increaser  has  been  offered  for. 

The  sectional  view  in  the  figure,  from  a  design  for 
actual  use,  will  show  the  general  construction  of  the 
fall  increa.ser  suHiciently  clearly,  with  what  has  already 
been  said,  without  detailed  explanation. 
As  first  designed,  a  separate  outlet  for 
the  turbine's  discharge  was  provided  to 
be  used  in  times  of  low  water.  It  is, 
however,  believed  that  this  made  the  de- 
sign needle.ssly  complicated.  The  holes 
in  the  venturi  throat,  that  suck  in  the 
turbine  discharge,  have  so  great  a  sec- 
tional area  the  velocity  through  them  is 
less  than  four  feet  per  second;  that  is, 
less  than  three  inches  of  head  is  lost 
through  these  holes  when  the  full  turbine 
discharge  is  passed  through  them  during 
times  of  low  and  normal  water;  and  it  is 
believed  that  this  is  a  small  price  to  pay 
for  the  other  advantages  presented. 
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or  the  commencement  of  the  work  is  desired,  and  it  is 
easy  to  go  ahead  without  it.  Allied  to  this  is  the  dis- 
inclination of  engineers  to  change  plans  that  have  once 
been  settled  upon. 

2.  Fall  increasers  cannot,  practically,  in  the  vast 
majority  of  cases,  be  added  after  the  plant  is  built. 

3.  The  power  house  must  be  at  cr  near  the  dam, 
and  t?»e  tailrace  cannot  be  a  long  one. 

4.  About  half  the  river  sites  met  with  have  not  suffi- 
cient back-water  in  times  of  flood  or  a  sufficient  number 
of  days  of  flood  in  a  year  to  justify  a  fall-increaser 
outfit.     Each  case  must  be  studied  individually. 

Without  additional  operating  costs,  by  use  of  the 
turbines  and  generators  already  installed,  merely  utiliz- 
ing the  water  that  otherwise  would  waste  over  the  dam, 
an  increase  of  annual  output  is  accomplished  with  this 
device,  at  a  first  cost  which  is  returned  to  the  parties 
by  from  one  to  two  years  of  normal  operation;  and 
this  increase  of  income  thereafter  goes  on  without 
charge  as  long  as  the  plant  exists.  The  statement  "no 
additional  operating  costs"  may  even  be  improved  upon. 
Fall  increasers  allow  the  raj<ings  of  the  trash  racks  to 
be  pushed  down  into  the  increaser  intake  and  run 
through,  instead  of  being  compelled  to  lift  them  up  and 
bring  them  ashore,  thus  saving  largely  in  one  item  of 
operating  expenditure. 

Auxiliary  steam  power  is  needed  as  a  rule  during 
times  of  low  water,  in  order  to  produce  a  maximum 
return  on  the  investment,  the  outflow  of  the  Great  Lakes 
alone  excepted.     When  fall  increasers  are  already  in- 


Electrical  Power  Production 

in  Soviet  Russia 

The  generation  and  distribution  of 
electric  pownr  in  Russia  i .  under  control 
of  the  Soviet  department  for  electricity. 
This  department  manages  10  nationalized 
power  plants,  45  nationalized  factories 
for  electrical  machinery,  telephones  and 
telegraphs,  and  19  works  not  yet  national- 
ized. The  aims  of  the  Soviet  government  are  to  build 
new  power  plants  and  to  supply  electric  current  to  far- 
mers, sawmills,  mines  and  to  all  larger  foodstuff  pro- 
ducers. 

A  statement  issued  by  the  Soviet  government  re- 
garding the  future  of  the  electrical  industry  in  Russia 
is  full  of  optimism  and  goes  so  far  as  to  say  that  all  the 
resources  of  the  country  will  be  utilized  by  electric 
power,  bringing  the  country  to  a  state  of  prosperity 
unparalleled  in  its  history.  The  figures  showing  the 
power  production  cf  the  Moscow  and  Petrograd  plants 
from  Januarj^  to  April,  1920,  show,  however,  that  prac- 
tical conditions  are  very  far  behind  these  aims  of  the 
Soviet  government.  In  Moscow  only  three  of  the  exist- 
ing five  power  plants  were  running  in  January;  the 
other  two  have  been  put  to  work  later  on  with  insignifi- 
cant results.  Only  8,000,000  kw.-hr.  is  produced  in  Mos- 
cow per  month.  In  Petrograd  the  power  production  is 
still  less  and  was  in  March  at  its  highest  point,  with 
6,800,000  kw.-hr.  In  these  two  cities  nine  of  the  ten 
nationalized  power  plants  are  situated.  The  electric 
works  in  the  provinces,  such  as  exist,  are  still  in  private 
hands,  but  are  mostly  shut  down  for  want  of  fuel. 


The  Baume  gravity  has  no  direct  bearing  on  the 
adaptability  of  a  fuel  oil.  It  happens,  however,  that 
mcst  oils  have  a  gravity  fairly  in  proportion  to  their 
adaptability  as  a  fuel  oil.  With  Mexican  untopped  oil 
of  16  deg.  Be.,  enough  gasoline  is  present  to  produce 
the  primary  ignition. 
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Operation  and  Adjustment  of  Turbine  Machinery 

XII — Oil  Pumps 


By  EUSTIS  H.  THOMPSON 
Consulting  Engineer,   Baltimore,   Maryland 


OIL  PUMPS  geared  to  the  furnace  are  of  one  gen- 
eral type  wherein  a  stream  of  oil  is  forced  by 
two  gears  that  mesh.  The  oil  pressure  is  regu- 
lated by  a  relief  valve  that  discharges  the  surplus  oil 
into  the  reservoir.  In  some  turbines  the  capacity  of 
the  oil  pump  is  made  close  to  that  actually  required  by 
the  oil  system,  so  that  there  will  be  little  unnecessary 
work  for  the  oil  to  do. 

Oil  pumps  that  do  not  deliver  the  required  volume 
and  pressure  should  ordinarily  be  referred  to  the  manu- 
facturer, as  they  are  so  standardized  that  inability  to 
perfonn  is  usually  due  to  some  defect  of  assembly  or 
material.  The  main  point  in  such  pumps  is  to  keep 
the  clearance  between  the 
ends  of  the  gears  and  the 
casirg  as  small  as  pos- 
sible (Fig.  1).  This  clear- 
ance is  usually  0.002  to 
0.004  in.  Cases  have  been 
known  where  the  stand- 
ard clearance  had  been 
exceeded  by  0.004  or  0.005 
in.  and  a  large  reduction 
in  the  capacity  of  the 
pump  resulted.  An  objec- 
tion to  the  relief  valve  is 
the  squealing  noise  that 
sometimes  occurs.  This 
can  be  corrected  by  using 
a  spring  of  proper  elas- 
ticity for  regulating  the 
relief  pressure.  Some- 
times the  spring  used  has 
too  hard  a  temper,  which 
can  be  reduced  to  advan- 
tage. It  is  often  custo- 
mary to  place  a  strainer 
in  the  circulating  system 
for  the  purpose  of  remov- 
ing impurities  such  as 
lint,  pieces  of  waste,  core 
sand  from  the  castings, 
broken-down  oil  deposits, 
and  metal  resulting  from 

wear  or  cutting  of  moving  parts.  When  the  strainer 
becomes  clogged  the  oil  pressure  drops,  and  if  this 
should  be  on  the  suction  side  of  the  pump  the  pressure 
fall  will  be  rapid.  The  strainer  should  therefore  be  fre- 
quently inspected.  Dirt  collects  in  excess  when  a  tur- 
bine is  first  started  or  after  I'epair  work  has  been  done. 

The  usual  method  of  cleaning  the  strainer  is  to  shake 
out  the  large  deposits  and  then  blow  steam  through 
the  wire  mesh  to  clear  the  sticky  material.  This  is  not 
always  effective,  as,  notwithstanding  this  treatment  lint 
will  stick  to  the  meshes  and  often  cause  trouble  when 
the  strainer  is  replaced.  A  good  way  to  clean  the 
strainer  is  to  pour  some  gasoline  over  it,  let  it  partly 
evaporate,  then  touch  a  match  to  the  mesh. 

The  piping  system  is  usually  arranged  so  that  the 
strainer   is   bypassed   automatically   or  else  by   hand- 


FIG 


operated  valves  so  that  it  can  be  withdrawn  from  the 
turbine  while  it  is  running.  This  procedure  usually 
means  the  removal  of  a  small  quantity  of  oil  from  the 
system.  The  best  time  for  cleaning  the  strainer  is 
when  the  machine  is  shut  down,  if  this  is  convenient. 
Oil  bafflers  are  for  the  purpose  of  reducing  oil  pres- 
sure so  that  one  pump  can  be  used  for  a  high-pressure 
oil-valve  gear  cylinder  and  at  the  same  time  furnish 
low-pressure  oil  by  means  of  the  baffler  for  use  in  the 
bearings.  Bafflers,  which  usually  consist  of  a  spiral 
passage  for  the  oil,  are  so  simple  in  character  as  to 
need  no  comment  here. 

Of  all  the  various  kinds  of  leaks  which  the  engineer 
encounters  in  his  daily 
experience  there  is  none 
which  usually  present 
greater  difficulties  than 
oil  under  pressure.  Few 
oil  lines  are  actually  tight. 
In  almost  all  cases  there 
is  a  damp  spot  or  other 
evidence  of  a  small  leak. 
Oil  lines  can  be  made 
tight  in  every  case  if  the 
proper  methods  are  thor- 
oughly followed.  The 
"dopes"  used  in  holding 
oil  are  shellac,  soap,  white 
lead  and  such  corrosive 
substances  as  red  lead  and 
litharge.  Oil  lines  are  usu- 
ally specified  to  be  put 
up  with  shellac  in  the 
threaded  joints.  Shellac 
in  this  respect  is  some- 
times effective,  but  with 
hot  oil  under  pressure  and 
some  vibration  of  the  pip- 
ing it  is  seldom  entirely 
satisfactory.  The  surest 
way  to  make  pipe  threads 
hold  tight  is  to  solder  the 
connections.  The  threads 
of  the  pipe  and  fitting 
should  be  well  tinned.  The  joint  should  be  made 
up  while  these  are  hot  enough  to  make  the  solder  run 
a  little.  This  will  give  a  tight  joint  with  brass 
piping.  It  is  an  easy  and  sure  means.  With  iron  pipe 
especially  of  large  size,  this  method  is  not  suitable. 
The  best  way  to  get  such  joints  tight  is  to  make  sure 
that  the  threads  are  cut  with  good  sharp  tools.  Thor- 
oughly clean  off  these  threads  and  then  wipe  with 
wood  alcohol  or  turpentine  to  remove  all  traces  of 
grease.  Paint  both  threads  with  shellac  and  powdered 
graphite,  or  shellac  and  lampblack,  and  then  screw 
tightly  together.  This  will  hold  satisfactorily  in  most 
cases;  if  it  is  necessary  to  take  more  certain  means 
soldering  can  then  be  resorted  to. 

Ground  joints,  such  as  those  in  bearing  housings,  can 
be  made  tight  by  using  shellac  and  graphite  in  the 


MEASURING   THE   END   CLEARANCE   OF    THE   OIL 
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propor  way.  It  is  noccs.snry  not  only  to  srrapc  and 
wipe  the  .surfaces  clean,  Imt  moat  of  all,  to  cleanse  them 
thoroughly  with  wood  alcohol  or  similar  solvent  to  re- 
move the  oil  which  is  in  the  pores  of  the  iron.  Other- 
wise shellac  will  not  hold  tight,  unless  the  joint  is  un- 
usually well  designed. 

Casket  unions  should  he  put  up  in  a  similar  manner. 
Ilvilraulic  gaskets  or  heavy  cardboard  are  most  .satis- 
factory. Ball-seated  unions  can  .sometimes  he  held  with 
a  lead  gasket  or  a  gasket  of  cloth  reinforced  with  shel- 


■mth  shellac   a.-7a^ 


FIG.  2.     HOW  A  BADLY  LEAKING  UNION  MAT  BE 
MADE    TIGHT 

lac  and  graphite.  These,  however,  are  difficult  to  make 
tight.  When  a  leaky  one  is  encountered  it  can  be  made 
to  hold  by  painting  the  threads  with  shellac  and  graph- 
ite and  also  packing  the  nut  with  wicking  soaked  in 
shellac  and  graphite.  Everything  should  be  wiped  and 
cleaned  as  before  described  in  preparation  for  the  shel- 
lac.   This  method  is  shown  in  Fig.  2. 

Oil  pumps  are  frequently  made  with  several  ground 
joints  in  such  a  manner  that  close  clearance  is  neces- 
sary, therefore  shellac  and  graphite  would  be  too  thick 
in  such  a  joint  and  would  interfere  with  the  proper 
operation  of  the  pump.  The  best  means  to  employ  is 
pure  shellac  after  the  surfaces  have  been  properly 
cleansed. 

Joints  around  governor  casings  where  there  is  no 
bolt  pressure  for  holding  can  easily  be  made  tight  by 
using  a  paper  gasket  or  cotton  thread  together  with 
the  shellac  and  graphite. 

Water  pipes  are  sometimes  equipped  with  glands 
where  they  are  brought  through  the  bearings  housings. 
These  glands  are  often  difficult  to  make  oiltight.  Wiclc- 
ing  soaked  in  hea\T  shellac  will  be  found  most  effective 
provided  the  surfaces  are  all  properly  cleaned  with 
alcohol. 

Oil  resei"voirs  are  necessarily  made  of  cast  iron.  This 
metal  is  naturally  porous  to  oil.  It  is  hardly  advisable 
to  attempt  to  correct  such  leaks  where  only  an  inappre- 
ciable amount  filters  through.  If  such  a  leak  causes 
oil  throwing,  or  if  an  oil  tank  contains  sand  holes  or 
flaws  so  that  a  perceptible  leak  is  encountered  it  can 
be  made  tight  in  the  following  manner:  Clean  off  the 
paint  and  dirt  with  emery  cloth  and  wash  off  with 
alcohol;  when  dry  heat  slowly  with  a  blowtorch  to  a 
temperature  above  boiling  where  shellac  will  be  boiled 
and  baked  into  a  hard  covering.  When  at  this  tem- 
perature paint  quickly  with  shellac  and  graphite.  As 
soon  as  one  coat  hardens,  apply  another  until  the  cast- 
ing becomes  cool.  The  shellac  will  stick  closely  to  the 
pores  of  the  metal  and  form  a  thoroughly  tight  covering. 

It  may  be  noticed  that  oil  soaks  out  of  the  pores  of 


the  metal  when  it  is  first  heated.  Heating  and  clean- 
ing should  be  repeated  until  such  oil  has  been  thor- 
oughly removed.  Wood  alcohol  is  the  scH-ret  of  making 
shellac  stick.  This  should  be  applied  with  u  clean  rag 
or  brush. 

Other  methods  of  making  porous  castings  oiltight 
are  tinning,  brazing,  plugging  and  welding.  Tinning 
and  brazing  have  been  used  in  .some  instances;  plugs 
are  unsatisfactory  for  a  truly  porous  casting,  but  are 
efficient  where  only  a  sand  hole  exists.  The  writer  has 
had  no  direct  experience  with  tinning  and  welding  for 
this  purpose  and  would  appreciate  advice  from  those 
who  have  had. 

"Tiptop"  Plastic  Metallic  Packing 

Most  piston-rod  and  valve-stem  packing  is  placed  in 
the  stuffing  boxes  either  by  wrapping  the  packing 
around  the  rod  or  stem  or  by  using  split  rings.  There 
has  recently,  however,  been  put  on  the  market  a  "Tip- 
top" packing  that  fits  in  the  stuffing  box  lengthwise. 
Being  wedge-shaped,  it  fits  the  stuffing  box  and  rod, 
making  practically  a  true  circle  when  the  packing  is 
forced  against  the  rod  or  valve  stem  as  the  gland  is 
forced  into  place. 

"Tiptop"  packing,  which  is  manufactured  by  the 
France  Packing  Co.,  Tacony,  Philadelphia,  Pa.,  is  made 
of  a  soft  shredded  anti-friction  alloy  which  is  permeated 
with  graphite  and  mica  and  then  compressed  into  bars 
or  segments,  or  into  rings  which  may  be  cut  diagonally 
with  an  ordinary  jack-knife  to  fit  the  rod  and  box. 
It  also  comes  in  a  loosely  wound  form  like  a  string. 

When  made  in  bars,  it  can  be  cut  into  the  required 
length  to  fit  the  stuffing  box  lengtliwise,  the  lengths 


PLASTIC   PACKING   APPLIED   TO   STUFFING   BOX 
LENGTHWISE 

being  packed  around  the  rod  as  shown  by  the  sketch. 
The  packing  is  so  soft  that  when  it  is  compressed  length- 
wise it  fills  the  wrinkles  of  the  containing  surfaces. 

This  packing  is  recommended  for  Corliss  valve  stems, 
steam  and  water  valve  stems,  small  valve  stems  on 
engines  or  pumps,  water  plungers  on  pumps,  expansion 
joints  cr  on  any  rod  or  tsem  that  trave's  in  line.  It  is 
made  for  superheated  steam  and  is  guaranteed  not 
harden  in  the  stuffing  box. 
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Pump  Problems 

By  Roland  Lester  Tullis 

Thoughtlessness  or  lack  of  knowledge  on  the  part  of 
the  engineer  when  installing  machinery  often  hads  to 
an  unlimited  amount  of  trouble.  I  was  visiting  a  plant 
one  day  when  the  engineer  showed  me  a  duplex  pump 
that  was  giving  him  a  great  deal  of  annoyance.  He 
complained  that  the  pump  was  continually  blowing  out 
the  head  gaskets  on  the  pump  end;  two  or  three  of 
the  heads  had  been  cracked  or  broken,  and  the  valve 
cover  on  the  pump  end  had  been  broken  in  like  manner. 
He  was  also  having  trouble  with  the  plunger  packing 
and  the  pump  valves,  which  would  last  only  a  short 
time. 

Improvised  Float  Valve  Causes  Trouble 

The  pump  was  used  to  force  water  to  a  condenser 
tank  on  the  roof  of  a  four-story  building.  I  went 
to  the  roof  and  examined  the  tank  and  the  outlet  of 
the  pump  line.  Here,  the  cau^e  of  the  trouble  was 
easy  to  see,  for  the  engin2er  had  installed  a  sort  of 
improvised  float  valve  on  the  end  of  the  pump  line 
to  shut  off  the  water  when  the  tank  was  full.  His 
ingenious  arrangement  consisted  of  a  quick-closing  gate 
valve  connected  with  a  float  on  the  end  of  a  long  rod. 
Whenever  the  tank  filled  with  water,  the  valve  would 
close  with  a  bang. 

It  was  certainly  quick  and  positive  in  action,  but  the 
engineer  had  failed  to  take  into  consideration  the  result- 
ing water  hammer  and  overpressure  on  the  pump  and 
line.  The  sudden  closing  of  this  valve  and  the  fact 
that  water  is  incompressible,  caused  a  terrific  strain  to 
be  thrown  upon  the  pump,  consequently  gaskets  or  pack- 
ing would  blow  out  or  the  heads  or  valve  cover  would 
give  way. 

The  trouble  was  remedied  by  an  automatic  pump  con- 
trol, or  governor,  which  closed  the  throttle  when  the 
pressure  on  the  pump  line  exceeded  a  certain  point.  It 
was  also  necessary  to  replace  the  float  valve  on  the  tank 
with  a  type  that  would  gradually  shut  off  the  supply. 

I  have  seen  somewhat  similar  trouble  experienced 
with  a  large  duplex  house  pump  that  supplied  water  to 
a  couple  of  large  roof  tanks  on  the  top  of  a  twelve- 
story  building.  In  this  case  there  was  a  disagreeable 
pounding  and  thumping  in  the  line,  which  annoyed 
the  tenants  of  the  building.  This  was  also  caused  by 
water  hammer.  By  the  installation  of  a  suitable  pump 
governor,  which  would  slacken  the  speed  of  the  pump 
when  the  float  valve  closed,  and  by  the  addition  of  an 
air  chamber  on  the  end  of  the  pump  line  to  act  as  a 
cushion,  the  pounding  was  stopped. 

Water  Pressure  Was  Insufficient  to  Operate  Valves 

I  once  encountered  an  interesting  water-pressure 
problem  when  the  owner  of  a  small  hotel  called  me  in 
to  find  the  source  of  his  perplexity.  The  hotel  was  a 
six-story  building  of  about  IGO  rooms.  Practically 
every  room  contained  a  bath  and  toilet.  The  owner 
explained  that  they  were  having  a  great  deal  of  troubh 
with  toilet  valves,  especially  en  ths  upper  floors.  It 
seemed  that  w'hen  the  toilets  were  flushed  the  valves 
would  remain  open  and  continue  to  run,  sometimes  for 
hours  at  a  time.  The  proprietor  wisely  figured  that 
he  was  losing  a  great  amount  of  water  in  this  manner, 
and  water  means  money.  He  further  explained  that 
upon  some  days  and  certain  hours  of  the  day  the  valves 
worked  perfectly;  again  they  would  go  "on  the  blink" 


at  the  same  time.  He  said  that  a  plumber  had  charged 
him  $500  to  install  a  large  water  tank  on  the  roof 
which  he  claimed  would  eliminate  the  trouble.  It  had 
failed  to  do  so,  and  consequently  he  was  a  bit  prejudiced 
in  his  feelings  concerning  plumbers  in  general. 

Nowadays  an  engineer  is  required  to  have  a  general 
knowledge  of  all  the  mechanical  arts,  and  I  had  had 
quite  a  little  experience  as  a  plumber  in  hotels,  there- 
fore I  decided  to  give  the  problem  some  thought.  There 
were  no  box  toilets  in  the  building,  all  being  equipped 
with  modern  diaphragm  valves  connected  to  a  l]-in. 
water  line.  This  type  of  valve  is  closed  by  the  water 
pressure  admitted  through  a  small  pinhole  bypass.  The 
valve  remains  open  until  sufficient  water  can  pass 
through  this  small  aperture  to  equalize  the  pressui'e  and 
close  the  valve.  They  are  designed  to  work  under  a 
certain  water  pressure,  and  if  the  pressure  is  too  low 
they  will  refuse  to  function  properly. 

In  this  section  of  the  city  the  water  supply  was  inade- 
quate. At  times  the  pressure  was  very  low  on  the  city 
mains.  The  valves  on  the  upper  floors  of  the  hotel  gave 
more  trouble  than  those  on  the  lower  floors  for  the 
simple  reason  that  it  required  approximately  fifty  pounds 
pressure  to  lift  the  water  to  the  sixth  floor  of  the 
building,  and  there  was  no  pump  on  the  line.  The 
plumber's  tank  on  the  roof  had  failed  to  relieve  the 
trouble  because  the  head  of  water  was  insufficient  to 
produce  the  required  pressure  to  operate  the  valves, 
a  small  motor-driven  centrifugal  pump  was  substituted 
in  the  basement  and  it  supplied  the  desired  pressure  at 
all  times. 

Trouble  with  Fuel-Oil  Pumps 

I  was  once  employed  in  a  large  Western  power  plant 
that  contained  a  battery  of  oil-fired  boilers.  We  experi- 
enced a  great  deal  of  annoyance  with  two  small  duplex 
pumps  that  were  used  to  supply  oil  for  the  burners. 
These  pumps  w^ere  automatically  controlled  in  the  usual 
manner  by  a  diaphragm  governor.  There  is  a  state  law 
that  requires  the  fuel-oil  supply  tanks  to  be  located  a 
certain  distance  below  the  level  of  the  engine-room 
floor;  consequently  the  pumps  were  compelled  to  lift  oil 
ten  or  fifteen  feet,  depending  upon  the  amount  of  oil 
in  the  tank. 

At  times  when  the  load  was  light  and  the  amount 
of  oil  supplied  to  the  burners  correspondingly  small, 
the  pumps  would  move  very  slowly.  Then  if  the  foot 
valve  on  the  end  of  the  suction  line  happened  to  leak, 
the  pumps  would  lose  their  suction  and  the  fires  would 
go  out.  This  called  for  immediate  action  on  the  part 
of  the  engineer,  for  an  oil-burning  plant  will  not  run 
long  after  the  fires  go  out.  Usually,  it  is  a  difficult  job 
to  get  one  of  these  small  pumps  to  regain  its  suction 
after  it  is  once  lost. 

We  had  tvvo  or  three  shutdowns  in  this  plant  on  ac- 
count of  the  fuel-oil  pumps  losing  their  suction.  The 
trouble  finally  developed  into  a  daily  occurrence.  I 
eventually  decided  that  there  must  be  something  wrong 
with  the  pumps.  I  removed  the  valve  cover  on  one  of 
the  pumps  and  examined  the  valves.  They  were  found 
to  be  in  good  condition.  Then  I  removed  the  heads  on 
the  pump  end  and  examined  the  plungers,  where  I  dis- 
covered the  cause  of  the  disturbance.  Instead  of  plunger 
packing,  the  plungers  were  fitted  with  large  lead  rings 
that  w-ere  supposed  to  act  as  packing.  These  rings  had 
worn  until  they  were  very  loose.  With  this  arrange- 
ment the  pumps  could  hardly  be  expected  to  lift  oil  any 
distance.     I   removed   the  lead   rings   and   packed   the 
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plmipcrs  with  rPRVilnr  plunpor  packing,  and  Iho  troiibU- 
was  remedied. 

Many  We.steni  power  jilants  are  fmdiiijr  it  very  difFi- 
iMiit  to  secure  a  proper  grade  of  fuel  oil  at  anythinif 
like  a  rea.sonable  price.  The  price  of  fuel  oil  ha.s 
increa.sed  in  the  last  few  years,  while  the  <iuality  has 
deteriorated;  we  get  oil  of  a  heavy  asphaltuni  base  which 
contains  sand  and  all  kinds  of  foreign  matter. 

Hurners  and  regulating  equipment  that  were  designed 
to  handle  the  better  grade  of  oil  refuse  to  function 
properly  with  the  poorer  grade.  An  accessible  and 
easily  cleaned  strainer  should  be  a  part  of  the  oil  fuel 
line  to  the  burners.  Some  form  of  twin  strainer  is 
preferable  for  this  service,-  as  one  strainer  can  be 
removed  without  interfering  with  the  oil  supply.  Prac- 
tically all  modern  types  of  burners  contain  minute  open- 
ings which  will  clog  with  the  slightest  presence  of 
foreign  matter  in  the  oil. 

American  Higli-Duly  Ash  Conveyor 

A  conveyor  of  the  vacuum  steam-jet  type  to  handle 
high  tonnages  or  to  operate  under  unusually  severe  con- 
ditions has  been  perfected  by  the  Conveyors  Corporation 
of  America,  formerly  known  as  the  American  Steam 
Conveyor  Corporation,  of  Chicago.  The  new  system 
operates  on  the  same  principle  as  the  earlier  types  of 


steam-jet  conveyor,  but  the  pipe  line  intake  tees  and 
fittings  are  made  up  of  semi-cylindrical  .sections  bolted 
to  a  steel  frame  of  jiarallel  T-liars  and  angles.  One  sec- 
tion fits  into  another  longitudinally  through  the  use  of 
a  tongue  and  groove,  and  to  give  airtight  construction 
the  joints  are  cemented.    At  the  joints  between  section 


y^^^^ 


pip« 


J  S  a  c  1 1  o  n 

II 


KIO.    2.      JOINT     fONSTItUCTION 
liKTWKICN    Pir'K   I,KNGTH.S 

lengths  a  ca.st-iron  cap  is  bolted,  and  underneath  it  the 
cement  or  gasket  material  is  squeezed  into  the  crevices. 

For  the  most  part  the  sections  are  made  in  2  and  4 
ft.  lengths,  except  where  irregularly  spaced  ashpit  doors 
make  a  variation  from  these  standards  necessary.  When 
put  in  place,  the  half-.sections  are  staggered  with  a  view 
to  equalizing  the  wear.  The  replacement  of  a  worn 
section  has  been  made  so  easy  that  no  liners  are  em- 
ployed. The  metal  is  cast  harder  than  it  is  possible  to 
make  full  round  pipes  of  the  lengths  formerly  used.  The 
frame  takes  the  stress,  so  that  it  is  not  necessary  to 
limit  the  hardness  of  the  metal  to  secure  the  tensile 
strength  that  otherwise  would  be  needed  in  the  pipe  line. 

With  the  construction  shovm  in  the  illustrations  a 
straight  pipe  line  is  assured  and  there  is  no  air  leakage 
to  reduce  the  capacity  of  the  system.  In  Fig.  1,  a  por- 
tion of  the  conveyor  line,  may  be  seen  the  lugs  provided 
for  bolting  each  semi-cylindrical  section  of  the  pipe  to 
the  frame,  the  tongue  and  groove  construction  between 
sections  and  one  of  the  intake  tees.  The  insert  shows 
the  impact  elbow.  An  important  feature  is  the  swivel 
allowing  the  upper  horizontal  run  to  be  set  in  any  direc- 
tion. When  a  long  overhead  discharge  line  is  necessary, 
the  supporting  structure  is  worked  into  a  light  truss 
carrying  a  walkway  adjacent  to  the  pipe  line.  This  is 
intended  to  facilitate  repairs  to  the  upper  line  and  to 
make  the  work  safe.  Fig.  2  shows  the  joint  construc- 
tion between  lengths.  The  rib  at  the  end  of  each  sec- 
tion and  the  shape  of  the  cap  to  conform  with  this 
design  will  be  noticed. 

The  internal  diameter  of  the  pipe  line  is  9  in.,  and  the 
diameter  of  the  intake  is  8  in. 


FIG.    1.      A    POKTIOX    OF    CONVEYOR   LINE.      INSERT. 
IMPACT  ELBOW   AT   UPPER   DISCHARGE   RUN 


A  knock  that  apparently  is  in  the  piston  pin  of  a 
Diesel  engine  is  often  a  piston  "slam"  caused  by  exces- 
sive piston  wear.  At  times  this  piston  knock  is  caused 
by  the  connecting-rod  bearings  being  out  of  line.  A 
sharp  metallic  knock  in  the  cylinder  is  usually  the  re- 
sult of  early  fuel  injection.  This  knock  is  produced  by 
detonation  and  is  termed  "pinking."  A  dull  knock  or 
thump  may  be  caused  by  a  loose  pin  bearing  or  late  fuel 
injection.  At  times  it  is  caused  by  the  piston  striking 
the  cylinder  head — this  applies  to  old-design  Diesels 
where  the  clearance  is  very  small  at  best.  The  piston 
rings  should  be  cleaned  every  six  months.  If  the  top 
rings  are  gummed  fast,  strong  lye  will  loosen  them; 
kerosene  and  a  brass  scraper  will  do  the  work  if  the 
ring  is  not  too  tight.  If  a  piston  ring  is  broken,  usually 
there  is  a  click  as  the  piston  reaches  the  ends  of  the 
stroke. 
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The  Federated  American 
Engineering  Societies 

THE  conduct  of  the  Government  of  the  United  States 
involves  the  solution  of  engineering-  problems 
affecting  the  well  being  of  millions  cf  people  and  tha 
expenditure  of  millions  of  dollars,  but  one  may  scan  the 
roster  of  Congress  in  vain  for  the  name  cf  a  prominent 
engineer. 

Some  time  since,  on  account  of  the  lack  of  participa- 
tion in  the  affairs  of  the  communities  and  the  nation 
in  those  features  with  which  the  engineer  is  par- 
ticularly familiar,  the  discontent  of  the  rank  and  file 
of  the  engineering  profession  became  articulate. 

If  the  clergy  or  the  legal  profession  were  wiped  off 
the  slate,  the  world  would  go  on  much  as  usual ;  but  with- 
out the  engineer,  industry,  construction,  transportation, 
all  the  complex  material  processes  of  modern  civiliza- 
tion, would  stop.  And  yet,  ask  the  man  beside  you  on 
the  train  for  a  list  of  the  prominent  people  of  his  town 
and  what  do  you  get?  Bankers,  merchants,  lawyers, 
doctors — but  no  engineers. 

The  engineer  is  tired  of  shifting  the  scenery  and 
working  the  props  back-stage  to  make  the  setting  for 
another  star.  He  wants  to  get  out  into  the  spotlight 
and  have  a  speaking  part  and  to  feel  that  he  is  directly 
contributing  to  the  common  good. 

Whether  the  organization  of  the  American  Association 
cf  Engineers  was  contributory  to  or  the  result  of  this 
state  of  unrest  does  not  signify.  Charged  with 
inadequacy  and  inefficiency  and  lack  of  interest,  the 
four  great  national  professional  societies  appointed 
committees  to  consider  how  their  activities  could  be 
extended.  Representatives  from  these  committees  got 
to:jether  for  conference  upon  their  common  problem, 
and  the  Joint  Conference  Committee  was  the  result. 
Under  its  tutelage  an  attempt  is  being  made  to  unite 
the  professional  engineering  societies  of  the  country  in 
a  movement  which  shall  impress  the  collective  wisdom 
and  experience  of  the  engineering  profession  upon  public 
problems  requiring  technical  skill  and  engineering 
analysis  for  their  solution  and  put  the  engineer  upon  the 
map  by  giving  him  an  opportunity  for  public  service, 
and  to  have  the  public  understand  it. 

A  united  profession,  solidly  organized  and  intelligently 
conducted,  could  accomplish  wonders  for  the  public  and 
itself.  In  its  hope  for  the  latter  there  is  nothing  of 
unionism.  The  uplift  is  to  be  for  the  profession, 
broadly,  and  to  carry  the  individual  up  with  it,  leaving 
him  to  manage  the  details  of  his  own  progress. 

The  movement  was  for  solidarity  in  the  profession, 
but  a  part  of  the  outcome  has  been  a  schism.  Some 
thirty-five  per  cent  of  engineers  of  the  quality  that  was 
considered  worthy  of  being  invited  have  joined  the 
movement;  twenty  per  cent,  in  the  Civils  and  the 
American  Association  of  Engineers,  have  definitely 
determined  to  stay  out  of  it;  and  the  remainder,  in  the 
National  associations  of  rather  special  character  and 
numerous  small  locals,  have  not  yet  been  eb'.e  t3  con- 
sumate  their  membership  or  are  waiting  to  see  if  the 


Federation  succeeds  instead  of  getting  hold  and  making 
it  a  success.  Furthermore,  there  is  a  schism  in  the 
Civils  between  those  who  would  join  and  those  who 
would  net,  those  who  are  contented  with  and  jealous 
of  their  professional  standing  and  prestige  and  those 
who  want  to  see  the  activities  of  the  society  broadened. 

The  American  Association  of  Engineers  is  less  exclu- 
sive. It  is  composed  largely  of  the  civil  type  of  engineer, 
and  includes  in  its  membership  and  among  its  leaders 
many  prominent  members  of  that  branch  of  the  profes- 
sion who  are  members  of  the  A.  S.  C.  E.,  but  many  also 
who  would  not  be  considered  eligible  to  the  older  society. 
There  is  talk  of  a  coalition  between  the  Civils  and  the 
Association,  the  Civils  to  represent  the  high-toned 
technical  end  of  civil  engineering  and  to  embody  the 
preferment  and  recognition  which  come  with  achieve- 
ment and  success,  the  Association  to  take  care  of  the 
so-called  betterment  work  concerning  more  particularly 
the  material  condition  and  emolument  of  its  members. 

There  are  great  possibilities  of  usefulness  in  the 
Federation.  Under  the  inspiration  and  leadership  of 
Herbert  Hoover,  with  a  united  profession  behind  it, 
with  means  such  as  would  be  afforded  by  a  contribution 
of  a  dollar  or  two  per  year  from  every  professional 
engineer  in  the  country,  it  could  in  a  few  years  make 
the  engineer  a  headliner  in  the  drama  of  national  life, 
impress  his  knowledge  and  analytical  processes  upon  the 
problems  with  which  the  future  has  to  deal,  to  their 
satisfactory  solution  and  his  everlasting  credit.  It  ia 
to  be  hoped  that  with  a  more  general  understanding 
of  the  purpose  and  methods  of  the  Federation  and  with 
a  realization  of  the  fact  that  it  is  so  well  started  that 
it  is  bound  to  be  a  success  anyway,  those  who  have 
viewed  it  with  suspicion  or  disfavor  will  conclude  to 
become  a  part  of  it,  and  make  it  a  more  immediate 
success  and  contribute  their  part  toward  making  the 
engineering  profession  a  factor  in  advancing  civilization. 

The  Heating  System 
As  a  Source  of  Power 

IN  POWER-PLANT  practice  there  is  no  subject  at 
the  present  wTiting  more  important  than  the  con- 
servation of  fuel.  The  high  prices  emphasize  the  neces- 
sity of  economy,  and  periodic  shortages  of  coal  make 
it  obligatory  to  utilize  fully  all  available  sources  of 
power.  In  the  latter  connection  the  article  published  on 
another  page  of  this  issue  on  "The  Heating  Plant  as  a 
Source  of  Power,"  is  deserving  of  consideration.  The 
plan  of  co-ordinating  the  power  and  heating  functions 
so  as  to  obtain  maximum  over-all  results  and  to  avoid 
duplication  of  equipment  has  possibilities  that  it  would 
be  well  to  investigate,  particularly  by  large  industrial 
heating  plants  buying  current,  and  central  district  heat- 
ing stations. 

As  the  article  states,  the  chief  elements  are  the  heat- 
ing boilers,  a  forced-circulation  hot-water  heating  sys- 
tem, with  a  turbo-generator  exhausting  into  condenser 
heaters.  The  arbitrary  control  of  the  vacuum  and  ter- 
minal pressure  effects  a  one-hundred  per  cent  variation 
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ill  the  stoani  riito  of  (ho  power  unit,  im  well  ns  the 
temperature  control  of  the  circulntinR  medium  of  the 
heatinij  sy.stem.  The  .salient  features  rcsultiiiff  from 
this  arranjjoment  are  a  variable  power  steam  rate,  con- 
stant power  load  recovery  from  the  lluctuatiiiK  steam 
requirements  of  the  heating  .system,  and  temperature 
control  of  the  heated  spaces.  It  is  evident  that  the 
heating  system  is  modified  to  suit  the  characteristics 
of  the  condensing  turbo-generator  rather  than  the 
reverse. 

This  may  be  contrasted  with  previous  practice  of 
varying  the  power  load  with  a  constant  power  steam 
rate,  as  would  be  necessary  with  all  systems  of  steam 
distribution.  The  variable  steam  rate  enables  nearly 
one  hundred  per  cent  more  power  to  be  recovered  from 
the  heating  fuel.  The  maintenance  of  condensing  con- 
ditions with  minimum  power  steam  rate  when  no 
heating  is  re(iuired  eliminates  the  losses  in  summer 
attending  non-condensing  power  generation. 

Individually  metering  the  quantity  of  heat  to  con- 
sumers would  be  unnecessary  as  increased  consumption 
would  be  accompanied  by  additional  power  recovery. 
Low  temperatures  would  govern  the  plant  economy 
rather  than  quantity  production.  The  equipment,  how- 
ever, lends  itself  to  the  employment  at  the  source 
of  meters  and  thermometers  on  water  and  current,  so 
that  accurate  accounting  could  and  should  be  estab- 
lished. 

In  the  article  the  large  plants  illustrated  offer  a 
fertile  field  for  improvement  along  these  lines.  Our 
inefficient  household  heating  plants  would  afford  another 
source  of  power  that  in  the  aggregate  would  permit 
of  conservation  on  an  immense  scale.  Efficient  centrali- 
zation of  this  heating  within  an  economical  radius  could 
be  effected  by  a  central  "block"  plant  equipped  as 
previously  outlined.  The  necessary  requirements  would 
be  a  load  of  sufficient  size  and  a  market  for  the  recov- 
ered current.  Over  the  wasteful  apparatus  and  methods 
of  the  householder,  the  central  plant  would  possess  the 
advantage  of  the  economies  of  centralized  purchase  and 
combustion  of  fuel  aside  from  the  salvaged  commercial 
electric  power. 

There  should  be  little  question  as  to  the  ability  of 
the  central  plant  to  show  a  good  return  on  a  heating 
charge  equivalent  to  the  cost  of  the  domestic  fuel  where 
the  householders'  property  is  adequately  heated.  This 
would  bring  the  advantages  of  central  heating  within 
the  scope  and  income  of  most  people. 

Exhaustion  of  Our  Oil  Supply 

A  DEMAND  echoed  from  practically  every  corner 
of  the  civilized  world  today  is  "More  Power!"  The 
reason  for  this  is  easily  understood  when  it  is  realized 
that  a  reliable  power  supply  has  become  as  indispens- 
able as  food,  water  and  heat.  Power  supply  might  be 
considered  of  even  greater  importance  than  the  others, 
for  our  food,  water  and  heat  depend  very  largely  upon 
the  application  of  power.  If  modern  civilization  is  to 
endure,  it  must  have  an  abundance  of  cheap  power. 
No  wonder,  then,  that  men  of  vision  are  giving  so 
much  attention  to  a  power  supply  for  the  future.  There 
are  two  important  sources  of  power — fuel  and  water. 
The  former  is  being  rapidly  used  up.  In  fact,  the  ex- 
haustion of  some  of  our  fuel  resources  is  near  at  hand, 
while  that  of  others  is  farther  in  the  future.  Our 
waterfalls,  although  limited  in  extent,  are  the  only 
dependable    source    of   power   perpetuated    by    nature, 


therefore  these  should  be  used  to  the  limit  they  are 
capable  of  serving.  Already,  natural  gas,  the  ideal  fuel, 
has  been  exhausted  in  a  number  of  localities  and  is  fa.st 
being  depleted  in  other  regions,  ho  that  today  it  is  a 
mere  incident  in  our  industrial  progress.  Yet  with  the 
depletion  of  natural  gas  as  a  warning  of  how  rapidly  a 
fuel  may  be  exhausted,  wt  are  attacking  our  oil  re- 
serves with  ever-increasing  vigor. 

In  this  issue  is  published  an  abstract  from  a  paper, 
"A  World  View  of  the  Oil  Supply,"  by  George  Otis 
Smith,  Director,  United  States  Geological  Survey,  in 
which  he  analyzes  the  oil  situation  in  the  world  today, 
and  suggests  methods  for  its  more  economical  use.  How 
near  we  are  approaching  the  exhau.stion  of  our  oil  re- 
sources is  shown  by  Mr.  Smith  in  the  .statement  that 
if  the  best  steam  practice  of  today  is  adopted  as  known 
in  the  largest  central  stations  where  fuel  oil  is  used, 
the  oil  reserves  of  the  United  States  are  sufficient  to 
supply  our  total  power  requirements  for  only  approx- 
imately nine  years.  With  the  oil  field  of  the  United 
States  perhaps  forty  per  cent  exhausted,  we  are  still 
burning  millions  of  barrels  of  oil  in  locomotives  to  haul 
trains  over  mountain  grades,  where  there  awaits  devel- 
opment more  than  sufficient  water  power  to  operate 
these  trains.  Furthermore,  hauling  trains  with  electric 
locomotives  supplied  by  power  from  hydro-electric  sta- 
tions is  no  longer  an  experiment,  but  is  in  actual  prac- 
tice on  a  large  scale.  In  marine  service  a  very  large  per- 
centage of  the  oil  used  is  burned  under  steam  boilers, 
while  the  same  quantity  if  utilized  in  internal-com- 
bustion engines  of  the  Diesel  type,  would  produce  two 
and  one-half  times  as  much  power. 

During  August  and  September  our  daily  output  was 
one  and  one-fourth  million  barrels  and  our  consumption 
one  and  five-eighths  millions  barrels;  that  is,  this 
country  is  today  depending  on  outside  sources  for  three- 
eighths  of  a  million  barrels  of  oil  daily,  and  the  ever 
mounting  curve  of  consumption  seems  to  know  no  limit. 
It  is  no  longer  a  problem  where  to  find  a  market  for 
oil,  but  where  to  find  the  oil  to  supply  the  market. 
What  are  we  going  to  do  regarding  our  oil  supply? 
Shall  we  wait  until  it  is  exhausted,  as  is  the  supply 
of  natural  gas,  when  it  will  be  too  late  to  act,  or  shall 
we  join  with  the  rest  of  the  world  in  drawing  up  a 
world  policy  to  safeguard  the  future. 


The  Council  of  the  Federated  American  Engineering 
Societies  negotiated  its  first  breakers  when  it  squelched 
an  attempt  to  mitigate  the  stand  taken  by  the  organiza- 
tion congress  for  the  fullest,  freest  publicity  of  all  its 
acts  and  deliberations.  Service  to  the  public,  which  is 
urged  as  its  leading  motive,  will  thrive  in  the  daylight 
and  requires  no  sunshade.  An  unqualified  declaration 
in  favor  of  open  covenants  openly  arrived  at  and  a 
square  deal  with  all  the  cards  face  up  on  the  table  will 
have  a  psychological  effect  in  this  formative  and  proba- 
tive period  which  provision  for  no  amount  of  imaginary 
and  improbable  contingencies  could  offset. 


The  selection  of  Washington  as  the  headquarters  of 
the  newly  organized  Federated  American  Engineering 
Societies  is  a  happy  one.  If  the  purpose  were  to  im- 
press the  engineer  on  business,  a  commercial  or  indus- 
trial center  would  have  had  a  prior  claim.  But  the 
engineer  is  already  impressed  upon  business.  It  is 
upon  public  affairs  that  he  needs  a  chance  to  make  him- 
self heard,  and  Washington  is  the  heart  and  pulse  of 
the  nation  in  this  respect. 
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Low  Voltage  Caused  by  Blown  Fuse 

Where  the  primaries  of  an  electric-light  line  passed 
under  a  bridge,  trouble  by  grounding  and  short-circuits 
interrupted  the  service  to  such  an  extent  that  it  was 
deemed  advisable  to  relocate  the  primary  w^ires  in  order 
to  avoid  the  cause.  So  an  extension  was  built  as  shown 
in  the  figure.  Beginning  at  point  A,  the  line  was  run 
along  a  side  street  to  point  B,  thence  to  point  C,  where 
a  transformer  was  installed  and  the  secondaries 
extended  to  D.  The  primary  line  from  A  to  D  was 
discontinued  and   the   secondaries   from   No.    1   trans- 
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DIAGRAM   OF   PRIMARY   AND  SECONDARY   CIRCUITS 

former  were  extended  to  D,  and  as  the  drop  in  voltage 
was  excessive,  the  two  secondaries  were  connected  in 
parallel.  This  worked  satisfactorily  for  a  time,  then 
trouble  suddenly  developed  and  the  lights  on  trans- 
former No.  3  dropped  to  about  half  candlepower  and 
remained  so.  Linemen  were  sent  out  over  the  line  to 
find  the  cause,  but  failed. 

The  trouble  continued  for  several  days,  and  then 
someone  suggested  looking  at  the  point  A,  where  there 
were  cutouts  for  the  circuit  recently  installed.  This 
was  done,  and  one  of  the  fuses  was  found  blown.    After 


a  new  fuse  was  put  in,  the  lights  came  back  to  normal 
candlepower.  It  was  then  seen  that  when  the  fuse  blew 
at  A,  the  current  followed  the  circuit  from  No.  1  trans- 
former to  No.  2  transformer,  by  way  of  Z>,  through 
the  secondaries.  The  current  was  then  stepped  up 
through  No.  2  transformer  and  flowed  to  No.  3  trans- 
former, where  it  was  stepped  down.  The  cause  of  the 
low  voltage  on  transformer  No.  3,  after  the  fuse  blew, 
was  due  principally  to  the  line  loss,  as  the  distance 
from  No.  1  to  No.  3  transformer  by  way  of  No.  2  is 
about  4,000  feet.  LEON  L.  PoLLAKD. 

Fairfield,  Me. 

Where  Should  the  Beginner  Start? 

On  page  711  of  the  Nov.  2  issue  Mr.  Winters,  com- 
menting on  "Where  Should  the  Beginner  Start?"  says: 
"About  the  poorest  place  for  a  man  to  learn  to  become 
a  first-class  fireman  is  in  a  stoker-fired  plant." 

The  ordinary  fireman  in  a  hand-fired  plant  can,  by 
wasteful  methods,  squander  perhaps  three  or  four  tons 
a  day  if  he  is  of  very  powerful  build  and  the  draft  is 
good.  Three  tons  of  good  coal  wasted  in  one  day  of 
eight  hours  would  be  some  work  for  one  fireman.  In 
a  stoker-fired  plant  the  same  fireman  could,  in  the  same 
time,  if  he  were  so  inclined,  waste  fifty  tons  of  coal. 

Sometimes  the  able  fireman  who  can  so  thoroughly 
shovel  coal  into  a  furnace  and  hold  the  steam  steady  is 
worthless  as  a  stoker  man.  In  fact,  I  decided  several 
years  ago  that  I  would  rather  take  a  boy  off  the  fann 
and  break  him  in  on  a  stoker  than  to  break  in  a  hand- 
fired  graduate. 

Do  not  get  the  idea  that  a  modern  plant  operates 
automatically  and  does  not  need  a  first-class  fireman. 
The  stoker  plant  needs  the  highest-class  fireman  if  my 
experience  has  been  worth  anything. 

For  the  benefit  of  Mr.  Noble,  whose  letter  appears  on 
the  same  page,  I  would  state  that  the  pump  that  lost 
water  at  30  ft.  plus  had  one  elbow  in  its  suction  line. 
This  was  of  extra-long  radius  and  the  pump  cylinder 
was  only  6  ft.  from  the  well.  The  brass  lining  was 
nearly  new,  and  when  water  failed,  a  line  was  dropped 
in  the  well  to  determine  draft.  This  well  took  water 
from  a  river  which  fell  and  caused  the  pump  failure. 

If  Mr.  Noble  has  a  condenser  and  will  make  a  con- 
nection to  from  1-in.  to  2-in.  or  larger  pipe,  he  will  be 
able  to  satisfy  himself  that  a  hole  at  the  water  line 
will  serve  to  deliver  a  mixture  of  air  and  water  to  a 
surprising  height.  I  heartily  agree  with  him  that  a 
27-ft.  lift  is  mighty  good.  C.  W.  Petees. 

New  York  City. 
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i^I(>('liaiii(*:il  Slokrrs  and  Tlu'ii*  Operation 

With  roforiMK-o  to  the  arliclo  on  "Mechanical  Stokers 
ami  Their  Operation,"  as  published  in  the  Sept.  7  is.sue 
of  I'oircr,  and  the  letter  of  Mr.  Kiley  in  the  Oct.  9  i.s.sue, 
1  would  state  he  is  correct  in  his  statement  that  in  the 
description  of  the  stokers  shown,  a  sinjiflc-retort  type 
is  referred  to  instead  of  the  multiple-retort  stoker. 

We  do  not  class  the  stoker  illustrated  in  Fijr.  4  of  the 
original  article  as  a  ^nivity-feed  multiple-retort  stoker 
(as  mentioned  in  Mr.  Riley's  letter),  as  gravity  plays 
no  part  in  its  operation.  The  bottom  of  the  retort  is 
practically  level,  as  will  be  noted  by  the  illustration 
mentioned.  F.  A.  DeBoos, 

Detroit,  Mich.  General  Sales  Manager, 

The  Under-Feed  Stoker  Co.  of  America. 

CoiiiniuUitor  Matle  from  a 
Copper  Block 

The  letter  of  H.  E.  Weightman  in  Po^ver  of  Oct.  12, 
page  591,  relating  to  a  patent  on  making  a  commutator 
from  a  copper  block,  is  very  interesting  inasmuch  as 
the  work  described  in  the  article  referred  to  was  done 
by  myself  while  employed  by  the  Sevenoaks  Iron  Works, 
England,  in  1908,  or  eight  years  before  the  patent  was 
issued.  Vernon  Pearson. 

Macleod,  Alberta,  Canada. 

[Mr.  Weightman's  letter  says  the  method  was  patented 
in  the  United  States  in  1916  (No.  1,195,861).  William 
J.  Cummings  states  in  the  Nov.  2  issue  that  in  1900 
the  Eck  Motor  Works,  Newark,  N.  J.,  made  commu- 
tators from  solid  stock. — Editor.] 

Records  Tube  Blowing  and  Blowoflf 

Opening 

In  order  to  be  sure  that  the  boiler  tubes  are  blown 
twice  and  the  boiler  blowoff  valve  is  opened  four  times 


the  flue  l)lower  is  1  in.  and  does  not  show  (juite  so  hi^h 
a  pressure.  Two  check  valves  are  used.  One  prevents 
the  blowoff  water  from  going  into  the  tube  blower,  and 


FIG.   I.     ARRANGEMENT  OF  RECORDING  PRESSURE   GAGE 

in  twenty-four  hours,  I  arranged  a  recording  pressure 
gage  as  shown  by  Fig.  1,  which  records  the  events  as 
they  happen.  The  pipe  line  from  the  blowoff  is  i  in. 
and  gives  full  boiler  pressure  on  the  gage ;  the  pipe  from 


FIG.   2.     CHART  SHOWING   BLOWING   PERIODS 

the  other  prevents  the  steam  from  the  tube  bower  from 
going  into  the  blowoff  line. 

A  sample  chart  showing  the  blowing  periods  is  re- 
produced in  Fig.  2.  JoHN  T.  Sharp,  Jr. 

Canton,  Miss. 

How  Can  Shavings  Be  Burned 
with  Coal? 

Mr.  Schatz's  trouble  with  burning  shavings  and  coal 
is  caused  by  too  much  air  blowing  in  with  the  shav- 
ings going  into  furnace,  thus  producing  a  blast  effect 
upon  the  boiler.  In  a  certain  planing  mill  where  the 
ashpit  doors  were  closed  and  the  cyclone  discharged 
dust  only  into  the  furnace  with  a  strong  blast,  it  actually 
burned  up  an  entire  set  of  grates,  the  blast  being  down- 
ward. 

It  is  inferred  that  Mr.  Schatz  blows  his  shavings 
through  the  front  of  the  furnace,  which  causes  a  blast 
against  the  boiler  with  the  effect  complained  of.  The 
cyclone  in  his  case  is  too  small  for  the  service  required 
else  the  air  outlet  is  choked,  thus  causing  too  strong 
a  blast  into  the  furnace. 

Feeding  the  shavings  into  the  furnace  is  the  cor- 
rect method,  but  it  should  not  have  more  than  a  natural 
draft  equivalent  of  the  blast  discharging  into  the  fur- 
nace with  the  shavings,  as  too  much  blast  or  draft  will 
cause  a  waste  of  unbumed  fuel  to  pass  out  through 
the  stack. 

If  it  is  not  desired  to  burn  the  shavings  direct  from   , 
the  cyclone,  then  the  best  method  is  to  bed  the  coal 
on  top  of  a  layer  of  shavings  at  each  interval  of  fir- 
ing.    This  method  seems  to  work  satisfactorily  when 
not  enough  of  one  kind  of  fuel  is  on  hand. 

The  requirements  of  each  individual  plant  must  gov- 
ern the  amount  and   interval   of  firing. 

Cairo,  111.  E.  G.  HOPPE. 
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Static  Electricity  in  Belts 

On  page  631  of  the  Oct.  19  issue,  B.  A.  Briggs  asks 
for  information  relative  to  static  electricity.  I  have 
had  considerable  experience  with  static  and  static- 
electricity  troubles,  having  been  connected  with  the  elec- 
trical department  of  a  textile  plant  for  a  number  of 
years.  A  few  years  ago  we  had  a  15-hp.  motor  that 
was  connected  to  a  lineshaft  driving  a  group  of  braiding 
benches  and  located  on  a  platform  suspended  from  a 
wooden  ceiling.  The  frame  of  the  motor  was  not 
grounded,  the  only  electrical  connection  being  that  of 
the  leads. 

Trouble  was  reported  with  the  motor  and  was 
immediately  looked  into.  Flashing  was  observed  between 
stator  and  rotor  at  intervals  of  from  four  to  ten  minutes 


DEVICE  INSTALLED  TO  REMOVE  STATIC  ELECTRICITY 
FROM  BELT 


and  was  very  vicious  on  dry  days.  The  motor  was 
tested  for  short-circuits,  open-circuits,  grounds,  etc., 
and  in  all  cases  tested  clear.  The  insulation  was  charred 
on  the  stator  where  the  flashing  occurred,  but  did  not 
.seem  very  deep.  As  soon  as  the  motor  was  started  up, 
flashing  occurred  at  regular  intervals,  and  before  an 
opportunity  was  given  to  do  something  to  remedy  the 
troubles,  the  motor  burned  out.  A  spare  motor  was 
immediately  substituted  and  operated  for  a  short  time, 
when  the  flashing  occurred  again.  By  this  time  the 
other  motor  had  been  rewound,  and  it  was  replaced  in 
its  original  position.  But  this  did  not  improve  matters; 
the  flashing  reappeared,  and  I  was  given  the  job  to 
locate  the  trouble.  The  motor  tested  free  as  before,  but 
I  observed  that  it  was  highly  charged  with  static  elec- 
tricity when  running,  so  I  decided  to  ground  its  frame. 
As  soon  as  this  was  done,  the  flashing  ceased.  I 
immediately  proceeded  to  devise  means  of  arresting  the 
static  from  the  belt,  which  was  done  by  installing  a 
comb  made  from  a  sheet  of  copper  with  fine  springs 
soldered  to  its  teeth,  as  shown  in  the  figure.    These  fine 


springs  were  allowed  to  touch  the  belt,  as  they  did  not 
injure  it.  The  trouble  never  appeared  again,  and  it 
seems  evident  to  me  that  the  static  charge  would  build 
up  in  the  rotor  until  it  jumped  the  air  gap  to  the  stator 
and  ti-aveled  along  the  power  circuit  through  the  ground 
detector  to  the  ground. 

We  now  make  it  a  part  of  the  installation  of  each 
motor  where  it  is  belt-connected,  at  the  first  indications 
of  static,  to  install  one  of  these  static  arresters,  and  no 
further  trouble  has  been  experienced.  When  any 
machine,  motor  or  belt  is  troubled  with  static  charges, 
ground  the  frame  of  the  machine  permanently  and 
effectively,  making  sure  that  the  ground  is  a  good  one, 
such  as  a  water  pipe  and  that  all  the  connections  are 
clean,  also  ground  the  belt  in  the  manner  explained,  and 
my  experience  shows  that  the  trouble  will  disappear. 
In  some  places  humidifying  apparatus  has  been  installed. 
This  is  helpful  and  in  several  cases  has  eliminated  static 
charges,  but  where  there  is  no  such  apparatus  grounding 
the  affected  parts  generally  proved  to  be  the  remedy. 

Ansonia,  Conn.  William  T.  Estlick. 


B.  A.  Briggs  asks  about  static  electricity.  A  case  of 
trouble  worked  out  some  years  ago  comes  to  mind  and 
will  perhaps  be  worth  something  to  your  readers. 

While  acting  as  construction  superintendent  for  an 
elevator  company,  I  was  called  one  night  to  repair  a 
passenger  elevator  which  had  been  installed  only  a  few 
days.  The  control  board  was  found  alive  with  static  and 
the  small  fuse  on  the  control  circuit  blown  out.  It  was 
replaced  and  a  little  later  the  same  thing  happened 
again.  A  close  inspection  showed  that  the  slack-cable 
device  contacts  were  burned  by  an  arc.  These  contacts 
were  well  insulated  and  were  about  one-half  inch  from 
the  metal  box  inclosing  them,  which  was  thoroughly 
grounded. 

Having  found  evidences  of  heavy  static  charges  on 
other  elevators  in  the  same  city,  I  asked  the  chief 
electrician  about  conditions  at  the  plant.  It  was  found 
that  they  had  belted  generators  and  that  they  had  just 
rebuilt  the  power  line  uptown,  so  it  was  well  insulated. 
We  had  the  engineers  install  a  metal  comb  within  a 
half-inch  of  the  belts  (the  best  place  is  on  the  tight  side 
of  the  belt  as  close  to  generator  pulley  as  possible)  and 
ground  this  comb.  This  stopped  all  our  trouble  and, 
I  think,  proved  my  theory  to  be  right  as  to  the  cause  of 
trouble,  the  theory  being  that  the  static  jumped  to  the 
grounded  metal  box  after  which  the  500-volt  current 
held  an  arc  till  the  15-ampere  fuse  blew  out  in  the 
control  circuit.  If  the  insulation  of  the  power  line  had 
been  poor,  the  static  charges  would  have  leaked  to 
ground  along  the  line. 

I  would  consider  static  as  being  more  or  less  of  a 
menace  to  motors  and  generators.  It  is  easily  elimi- 
nated, and  this  should  be  done  in  my  opinion. 

Snyder,  Tex.  D.  P.  Yoder. 


In  answer  to  B.  A.  Briggs  I  would  say  that  the  static 
charges  established  on  motor  belts  would  not  affect  the 
efficient  operation  of  electric  motors.  Of  course  there 
is  the  objection  of  slightly  shocking  persons  coming 
near  such  belts  and  in  contact  with  the  machine, 
especially  if  it  is  ungrounded.  Experience  has  shown 
that  static  charges  from  such  belts  may  accumulate  to 
the  extent  as  to  break  down  the  insulation  of  motors 
or  generators.  To  prevent  such  charges,  a  grounded 
metal  comb  should  be  installed,  close  to  the  belts. 

Linton,  Ind.  John  R.  Luxton. 
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Iii(n<*ator  T<*Hl  niajyrains 

Oil  i>iiKi'  r)!;"!  (if  tlio  Sept.  28  issue,  (I.  H.  Lonffstrcet 
presents  some  indicator  diaKrama  that  were  taken  to 
show  that  his  enifine  does  not  leak.  Although  the.se 
diajrrnms  are  interestinsr,  it  is  my  opinion  that  they 
do  not  prove  non-leaking  valves.  T  had  this  impres- 
sion some  years  ago,  and  having  a  250-hp.  engine,  I  took 
the  diagram  shown,  immediately  after  tripping  the  ball 
clutch  to  let  the  valve  rod  telescope.     This,  it  will  be 


Compression  - 


MR.    WALDRONS    TEST    DIAGRAM 


understood,  closes  both  steam  valves,  shutting  downi  the 
engine  without  closing  the  throttle  valve,  which  prac- 
tically will  give  the  results  Mr.  Longstreet  gets. 

But  my  engine  did  leak,  both  in  the  steam  and  in 
the  exhaust  valves  and  also  the  piston.  It  was  23 
years  old  and  had  never  had  anything  done  to  it  during 
that  time.  No  doubt  a  similar  diagram  would  look 
much  different  now.  We  have  all  heard  the  statement, 
especially  in  regard  to  compression,  that  the  object  com- 
pressed will  give  out  all  it  takes  to  compress  it.  While 
this  is  true  of  a  steel  spring,  it  is  not  true  of  steam 
compression. 

In  considering  M.r.  Longstreet's  second  diagram  of 
Fig.  1,  where  B  is  the  compression  curve  which  runs 
up  while  the  engine  is  passing  the  center,  what  made 
the  curve  C  depart  from  B  while  coming  down?  Is 
this  leakage  or  condensation  or  a  little  of  both?  If 
condensation,  why  did  not  re-evaporation  do  better  and 
make  C  go  back  nearer  the  line  B,  since  but  a  second 
before  the  same  cylinder  had  a  temperature  far  in 
excess  of  that  due  to  the  compression  line  Bl 

I  believe  condensation  is  responsible  for  the  most  of 
this  difference  between  B  and  C,  and  the  best  test  I 
know  of  is  to  take  off  the  head  and  see  if  steam  comes 
through  the  steam  valve  or  indicator  pipe  on  the  crank 
end.  For  the  exhaust  with  the  head  on,  disconnect  the 
exhaust  pipe;  for  piston  leakage  I  block  the  crosshead 
and  admit  steam.  I  am  glad  to  see  these  freak  cards 
and  hope  others  will  also  experiment,  as  it  shows  a 
progressive  mind.  A.  Waldron. 

Maiden,  Mass. 


eter  of  the  shaft,  these  sheaves  were  keyed  to  the 
shaft  with  a  feather  key  and  as  they  revolved  they 
would  hang  (so  to  speak)  on  the  key  until  the  latter 
was  nearly  on  top  of  the  shaft,  when  the  sheave  would 
drop,  which  gave  a  .severe  jerk  to  the  cables  and  net 
up  vibration  and  unusual  strains  with  the  results  men- 
tioned. Refitting  the  sheaves  with  new  shafts  pressed 
on  tight  stopped  any  further  breakage  of  cables  at 
the  .sockets. 

Regarding  the  use  of  zinc  for  fitting  sockets,  I  find 
it  is  best  to  clean  each  wire  with  sandpaper,  before 
immersing  in  the  muriatic  acid,  then  each  is  certain 
to  be  well  galvanized  and  will  take  its  share  of  the 
load.  The  usual  instructions  for  doing  this  work  are 
rather  loose  regarding  the  cleaning  of  the  wires.  Any- 
one who  has  had  experience  in  soldering  knows  how 
essential  it  is  to  have  the  work  scrupulously  clean. 
To  properly  prepare  and  pour  a  socket  on  a  li-  or 
li-in.  cable  requires  not  less  than  five  to  six  hours. 

Just  previous  to  pouring  the  zinc  in  a  socket,  I 
preheat  it  to  a  temperature  of  400  or  500  deg.,  then 
slip  the  socket  over  the  wires,  then  quickly  seal  around 
the  cable  and  pour  the  zinc,  being  sure  that  it  is  hot 
enough.  W.  F.  Shutt. 

Dolores,  Tex. 


Trouble  in  Burning  Hog  Fuel 

The  following  may  help  C.  W.  Fields,  who  is  having 
trouble  burning  hog  fuel.  The  clinkers  that  form  on 
the  grates  are  caused  by  the  grit  on  the  logs  which 
is  carried  into  the  furnace  with  the  sawdust.  The 
furnace  nearest  the  mill  or  the  one  that  gets  the  fuel 
first  will  generally  have  the  most  clinkers. 

His  feed  hole  should  be  set  six  inches  nearer  the 
boilei-s,  as  shown  in  exaggerated  form  in  the  illustra- 
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MR  FIELDS'  FURNACE  IMPROVED 


Socketing  Hoisting  Cables 

Referring  to  the  article  in  Power,  Sept.  21,  covering 
experiences  with  cable  sockets,  I  wish  to  add  the  fol- 
lowing : 

At  a  certain  mine  shaft  two  failures  of  cables  at 
sockets  caused  the  wrecking  of  both  cages  each  time, 
but  fortunately,  as  coal  was  being  hoisted,  no  loss  of 
life  resulted.  The  failures  occurred  about  seven 
months  after  cables  were  resocketed,  and  the  mine  was 
operating  at  less  than  half  capacity;  the  number  of 
trips  made  by  the  hoist  w^ere  less  than  50  per  cent  of 
what  was  normal  for  that  period. 

In  making  a  careful  survey  of  conditions  it  was 
discovered  that  the  head  sheaves  were  loose  on  their 
shafts.    Having  about  -h  in.  larger  bore  than  the  diam- 


tion;  then  the  front  end  of  the  grates  would  get  the 
fuel  first,  and  that  would  save  tamping  and  leave  the 
end  next  the  firedoors  open.  There  is  too  much  com- 
bustion area  behind  the  bridge  wall.  As  there  is 
not  as  much  carbon  in  hog  fuel  as  there  is  in  coal,  the 
combustion  chamber  should  be  cut  down.  The  cleaning- 
out  door  in  the  rear  should  be  raised  above  the  blow- 
off  pipe  as  shown,  and  the  grates  should  be  of  the 
crow-n  type  for  burning  sawdust ;  then  they  will  be  fairly 
clean  at  the  end  of  a  ten-hour  run. 

We  are  operating  a  battery  of  boilers  equipped  in  this 
way  and  they  are  doing  fine  work.  The  sketch  shows 
the  area  of  the  combustion  space  that  should  be 
filled   in.  G.  L.  Baldwin. 

Millsite,  Vt. 
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INQUIRIES  (fl 
OF  GENERAL 
INTEREST 


Alternate  Firing  More  Economical — In  firing  four  300-hp. 
vertical  boilers  each  equipped  with  two  firing  doors,  with 
two  firemen  to  a  watch,  is  it  better  to  fire  each  boiler 
through  both  doors  at  the  same  time  or  to  have  one  man 
firing  one  side  of  one  boiler  and  the  other  firing  one  side 
of  another  boiler?  R.  J.  N. 

If  the  firing  is  performed  quickly,  leaving  the  firedoor 
open  as  short  time  as  possible,  greater  perfection  of  com- 
bustion can  be  secured  and  better  coal  economy  by  firing 
alternately  vdth  equal  intervals  of  time;  that  is,  first  at 
one  door  and  then  at  the  other,  thereby  making  the  stoking 
more  nearly  continuous. 


Steam   Pistons  of  Duplex  Pump  Cushion  on  Exhaust — 

What  prevents  the  pistons  of  a  duplex  pump  from  striking 
the  cylinder  heads  at  the  ends  of  the  strokes?  R.  M. 

Before  either  steam  piston  reaches  the  end  of  a  stroke  it 
passes  over  and  closes  the  opening  of  the  passage  for  escape 
of  the  exhaust  that  is  ahead  of  the  piston.  Any  exhaust 
steam  thus  trapped  in  the  cylinder  between  the  piston  and 
cylinder  head,  or  that  may  fill  the  separate  steam  passage 
from  the  cylinder  back  to  the  steam  valve,  becomes  com- 
pressed by  further  motion  of  the  piston  and  acts  like  a 
cushion  for  gradually  arresting  the  motion  of  the  piston 
and  prevents  the  piston  from  striking  the  end  of  the 
cylinder. 

Removing  Scale  From  Water-Tube  Boiler — What  treat- 
ment can  be  employed  for  removing  lime  scale  from  a  water- 
tube  boiler  used  for  heating  ?  J.  A.  B. 

Add  to  the  boiler  water  about  one-fourth  pound  of  soda 
ash  or  caustic  soda  per  rated  horsepower.  Then  carry  only 
enough  fire  to  hold  about  10  lb.  gage  pressure  for  48  hours 
and  blow  off  the  boiler  when  the  setting  has  cooled  down. 
The  soda  should  soften  up  the  deposit  so  it  can  be  washed 
out  with  a  hose.  Two  or  three  such  boilings  and  washings 
might  be  necessary.  After  the  final  boiling  the  boiler  and 
fitting  and  connections,  especially  the  safety  valve,  should 
be  thoroughly  washed  clean  of  all  traces  of  the  soda  and 
special  care  should  be  taken  to  wash  out  the  mud  drum.  If 
the  soda  boiling  will  not  remove  the  scale  from  the  tubes 
it  may  be  necessary  to  clean  them  by  the  use  of  a  mechanical 
tube  cleaner. 


Attention  to  Bagging  of  Boiler — Is  it  objectionable  to 
continue  firing  a  horizontal  return-tubular  boiler  that  has  a 
slight  bag  in  the  shell  over  the  fire?  W.  H.  F. 

A  bag  usually  is  produced  from  a  deposit  of  oil  or  scale 
which  prevents  the  shell  from  being  kept  cool  by  the  water 
in  the  boiler,  and  the  material  of  the  shell  becomes  more  or 
less  burnt.  A  depression  of  the  kind,  once  formed,  becomes 
a  pocket  for  gathering  deposits  of  non-conducting  sub- 
stances followed  by  greater  overheating  and  more  bulging 
and  thinning  out  the  plate  from  internal  pressure,  which 
is  likely  to  develop  rupture  without  notice.  Hence,  a  bag 
should  be  repaired  at  the  earliest  opportunity,  by  bumping 
the  bag  back  if  the  bulging  is  so  little  that  bumping-back  is 
practicable,  or  if  bumping-back  cannot  be  performed,  the 
bag  should  be  cut  out  and  the  boiler  shell  should  be  prop- 
erly patched  from  the  inside  and  thereafter  used  with  a 
reduction  of  pressure,  the  amount  of  reduction  depending 
on  the  condition  of  the  material  and  character  of  the  patch. 


Providing  Injector  Capacity — Why  should  a  new  injector 
be  provided  with  capacity  for  delivery  of  more  water  than 
the  rated  evaporative  capacity  of  a  boiler?  W.  E.  G. 

The  working  capacity  of  the  injector  should  be  at  least 
double  the  rated  evaporative  capacity  of  the  boiler  to  cover 
emergencies  of  low  water  from  accidental  leakage,  blowing 
oflF  and  oversight  of  attendance,  as  well  as  the  evaporative 
requirements  when  the  boiler  is  forced  to  its  highest  possible 
capacity,  which  in  many  plants  exceeds  75  per  cent  beyond 
the  rated  capacity.  To  insure  the  proper  working  capacity 
after  the  injector  has  become  worn,  clogged  with  scale  or 
otherwise  impaired  from  use,  the  injector's  capacity  when 
new  should  be  two  and  one  half  to  three  times  the  rated 
evaporative  capacity  of  the  boiler. 


Sp«ed  of  Direct-Current  Motor — Why  will  a  direct-current 
motor  accelerate  in  speed  when  its  field  current  is  deci'eased 
and  be  retarded  in  speed  upon  increasing  the  field  cui-rent? 

W.  M. 
The  speed  of  direct-current  motors  is  controlled  by  their 
counter-electromotive  force.  The  armature  current  is  equal 
to  the  applied  voltage  minus  the  counter-electromotive 
force,  divided  by  the  armature  resistance.  This  may  be 
written: 

_  applied  voltage  —  counter-emf. 
armature  resistance 


Armature  current  = 


The   counter-electromotive   force   is   proportional   to  the 
field  flux,  multiplied  by  the  speed;  that  is 

e  CCNX  S 
where  e  is  the  counter  emf .  which  varies  as  N  the  flux  times  5 
the  speed.     Consequently  if  N  is  increased  by  increasing  the 
field  current,  S  must  decrease  if  e  is  to  remain  the  same,  and 
vice  versa. 


Advantages  of  Superheating  Steam  for  Turbine — What 
percentage  of  saving  is  superheated  steam  to  a  steam 
turbine;  for  instance,  what  is  the  saving  from  superheat- 
ing dry  saturated  steam  at  150  lb.  gage,  366  deg.  F.,  to  a 
temperature  50  to  60  deg.  higher?  H.  G.  D. 

Manufacturers  of  steam  turbines  usually  furnish  a  state- 
ment or  a  set  of  curves  based  upon  actual  tests  showing 
the  amount  that  the  steam  consumption  per  kilowatt-hour 
will  be  increased  or  diminished  by  stated  variations  from 
standard  conditions,  as  the  economy  of  any  steam  turbine 
is  greatly  influenced  by  the  conditions  of  pressure  and 
vacuum  as  well  as  quality  of  the  steam.  In  high-pres- 
sure turbines  the  steam  consumption  is  improved  approxi- 
mately 1  per  cent  for  every  7  to  13  deg.  superheat,  the  better 
value  holding  good  for  about  50  deg.  superheat  while  the 
lower  value  holds  good  for  about  200  deg.  superheat. 
Hence,  for  50  deg.  superheat  the  steam  consumption  would 
be  about  7  per  cent  less  and  for  60  deg.  superheat  the  con- 
sumption would  be  reduced  about  81  per  cent  below  that  for 
dry  saturated  steam.  The  actual  plant  saving  would  depend 
on  the  additional  cost  of  increasing  the  degrees  of  superheat. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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THE  world  needs  more  power.  Thi-  central  theme  of 
modern  history  has  been  man's  incroasinK  use  of 
mechanical  power.  Yet  it  remains  for  the  world  to  be 
motor-driven  to  the  decree  that  would  balance  the  need  of 
humanity  for  increased  productivity.  The  economic  law 
of  this  power  demand  is  tersely  expressed  in  an  editorial 
headinp  in  a  recent  issue  of  the  technical  journal  Power — 
"Horse  Power  per  Man  Power  Is  a  Measure  of  Modernism." 
One  of  the  byproducts  of  the.  co-operative  efforts  by  the 
Government  scientific  bureaus  in  the  aid  of  our  Peace  Com- 
mission was  an  inventory  of  the  water-power  resources  of 
the  world,  and  this  is  now  beins  prepared  for  publication  by 
the  United  States  Geological  Survey.  It  shows  that  only 
about  one-twentieth  of  the  potential  power  of  the  world's 
rivers  has  been  utilized,  and  over  half  of  this  in  North 
America,  with  Europe  credited  with  one-third  and  the  rest 
divided  between  Asia,  South  America,  Oceanica  and  Africa, 
in  the  order  named.  In  its  potential  resources,  however, 
Africa  ranks  not  last,  but  first;  it  has  over  40  per  cent  of  the 
world's  supply  of  water  power  and  is  followed  in  turn  by 
Asia,  North  America,  South  America,  Europe  and  Oceanica. 

Distribution  of  World's  Coal  and  Oil  Reserves 

In  the  division  of  coal  resources  among:  the  continents,  at 
least  of  the  better  grades  of  coal,  similar  inequalities  are 
seen.  North  America  has  more  than  half,  Asia  about  a 
quarter,  Europe  a  sixth,  and  the  rest  is  divided  between 
Oceanica,  Africa  and  South  America  in  the  order  named. 
Accepting  the  Stebinger-White  distribution  of  the  world's 
oil  reserves,  we  may  roughly  set  down  the  continents  in 
order  of  wealth  in  oil  as  North  America,  Asia,  South 
America,  Europe,  Oceanica  and  Africa. 

The  resources  of  the  world's  oil  shale  are  far  too  large  to 
be  lost  sight  of  as  a  substitute  source  of  oil.  The  United 
States  alone  is  believed  to  possess  deposits  of  oil  shale  that 
contain  at  least  ten  times  as  much  oil  as  there  is  natural 
petroleum  available  in  North  America,  but  oil  won  by  min- 
ing and  distilling  these  shales,  situated  in  the  interior  of  a 
continent,  cannot  enter  the  world's  markets  as  labor-cheap 
as  the  petroleum  that  flows  from  Mexican  wells  close  to  the 
coast. 

In  this  rapid  review  of  the  world's  sources  of  energy  we 
see  North  America  taking  first  rank  among  the  continents, 
with  Asia  a  close  second  and  Europe  a  poor  third,  although 
we  should  remember  that  Europe  has  a  much  smaller  area 
than  either  of  the  other  two. 

Differences  in  the  Three  Great  Sources  of  Energy — 
Water,  Coal  and  Oil 

Now,  in  considering  how  the  world  may  best  manage  its 
ever-increasing  power  load,  some  aid  may  be  found  in  a  few 
comments  on  the  differences  between  these  three  sources  of 
energy — water,  coal  and  oil.  Man  has  learned  how  to 
harness  flowing  water  with  great  efficiency,  but  even  in 
Europe  and  North  America  only  about  one-fifth  of  the 
potential  power  has  yet  been  developed.  But  we  may  expect 
our  rivers  to  take  on  an  even  larger  share  of  the  base  load 
in  any  power  program  that  seeks  to  conserve  the  energy 
supplies  in  coal,  oil  and  men.  Of  course,  even  with  wisest 
utilization,  coal  must  again  take  up  the  burden  as  full 
development  of  water  power  is  approached,  for  coal  is  the 
world's  great  source  of  heat  and  power,  and  the  largest 
development  of  water  powers  is  practicable  only  with  coal 
power  as  the  dependable  "stand-by,"  ever  ready  to  meet 
promptly  any  special  demand. 

Oil  and  natural  gas  are  the  popular  fuels,  regarded  as 
highly  eflScient  because  they  are  preeminently  labor  saving — 
easily  produced,  easily  transported  and  easily  used.  As  a 
source  of  power  these  fluid  fuels  present  a  marked  contrast 
with  water.    Hydro-electric  energy  is  even  more  easily  dis- 
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tributcd  and  used,  hut  water-power  development  involves 
large  capital  outlay  and  in  any  national  emergency  no  quick 
response  in  water  power  is  possible;  the  water-power  proj- 
ects planned  to  meet  the  power  needs  discovered  in  the 
course  of  our  wartime  expansion  of  industry  are  even  now 
hardly  under  way.  But  when  the  large  necessary  invest- 
ment of  labor  and  material  is  once  made  in  water  power, 
the  output  of  energy  continues  for  generations.  Oil  and  gas, 
on  the  contrary,  are  quicljly  developed  and  quickly  ex- 
hausted. Already  we  realize  that  natural  gas,  the  ideal 
fuel,  is  a  resource  so  temporary  that  its  use  forms  merely 
an  incident  in  industrial  progress;  it  has  been  a  wasted  a.^ 
well  as  a  wasting  resource.  The  sorry  lesson  we  have 
learned  in  natural  gas  may  have  its  value  if  we  apply  the 
truth  to  our  use  of  oil.  Unless  we  check  the  increase  in  the 
consumption  of  oil  it,  too,  will  be  but  a  flash  in  the  pan. 

Relative  Positions  of  Water,  Coal  and  Oil 

If  we  leave  the  world  point  of  view  for  a  moment  and 
look  at  the  power  problem  in  our  own  country,  we  are  able 
to  see  in  more  detail  the  relative  position  of  water,  coal  and 
oil  as  sources  of  energy.  To  compare  these  three  resources, 
we  may  start  with  the  country's  present  total  power  require- 
ments. If  we  take  50  million  horsepower  as  an  average 
figure  for  the  potential  water  power  of  the  United  States, 
without  storage,  we  find  that  if  fully  developed  and  if  used 
at  the  average  load  factor  of  today  our  rivers  and  streams 
would  just  about  meet  the  country's  present  needs  and  would 
supply  that  amount  of  power  for  all  time;  moreover,  with 
storage  and  an  improved  load  factor  they  could  provide  a 
considerably  increased  output  of  energy  to  meet  the  grow- 
ing demand. 

If,  however,  we  should  put  the  whole  burden  on  our  coal 
mines,  not  using  even  the  water  power  now  used,  we  would 
find  that  by  adopting  the  best  steam  practice  of  today  the 
present  power  requirements  of  this  country  could  be  met 
with  coal  for  57,000  years. 

Adopting  the  best  steam  practice  of  today  as  known  in 
the  largest  public-utility  stations  where  fuel  oil  is  used  and 
ti-ying  to  carry  the  whole  power  load  of  the  country  with 
oil  alone,  we  find  that  the  oil  reserves  of  the  United  States, 
although  measured  by  billions  of  barrels,  would  last  only  9J 
years.  Without  allowing  for  the  fact  that  steam-raising  for 
power  is  but  one  of  the  many  uses  of  coal,  these  two  figures 
— 57,000  years  and  91  years — are  sufficiently  impressive  to 
make  us  fairly  receptive  to  the  general  truth  of  Mr.  Eckel's 
statement  in  his  recent  book  "Coal,  Iron  and  War":  "We 
have  just  as  much  real  chance  of  replacing  coal  by  oil  as 
we  have  of  finding  enough  gold  to  use  it  in  place  of  steel." 

Priority  in  Use  of  Oil 

Granted,  then,  that  we  have  not  enough  oil  to  permit  its 
use  where  either  coal  or  water  power  can  be  had,  we  face 
the  question  of  priority  in  use.  In  view  of  the  rapid  increase 
in  the  employment  of  machinery  first  thought  should  be 
given  to  the  unique  function  of  oil — that  of  saving  power. 
The  world  will  always  need  a  supply  of  lubricants,  and  as 
the  demand  will  be  an  increasing  one  no  adequate  substitute 
for  the  lubricating  oils  and  greases  now  derived  from  petrol- 
eum appears  to  be  available.  The  claim  of  illumination  for 
priority  is  less  well  established  if  we  regard  the  future,  for 
the  kerosene  lamp  and  even  the  fixtures  burning  oil  gas  or 
enriched  water  gas  must  eventually  give  place  to  the  electric 
light. 

The  real  competition  comes  in  the  relative  claims  of 
automotive  gasoline  and  of  fuel  oil,  for  the  larger  yield  of 
gasoline  through  more  efficient  cracking  is  gained  at  the 
expense  of  the  fuel-oil  content  of  the  crude  oil.  This  is  con- 
clusively sho-^vn  in  the  statistics  collected  by  the  Bureau  of 
Mines,  for  in  the  last  four  years  the  fairly  constant  gain  in 
the  percentage  of  gasoline  yield  is  offset  by  a  similar  loss 
in  the  yield  of  fuel  oil  and  gas  oil.     These  two  uses  are  to 
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that  extent  already  rivals,  and  we  may  expect  refinery  prac- 
tice to  be  responsive  to  the  automatic  control  of  prices, 
which  in  turn  ought  to  express  relative  demand.  A  logical 
plea  for  motor  fuel  can  be  made  by  the  trucks  that  already 
form-  so  large  a  part  of  our  distribution  system  and  the 
tractors  that  by  the  million  will  soon  be  helping  to  meet  the 
world's  increased  demand  for  food.  Truck  and  tractor  must 
be  given  the  first  places  in  the  long  line  of  automobiles 
seeking  motive  power  at  the  gasoline  station. 

Fuel  oil  has  won  favor  as  a  source  of  power  for  trans- 
portation because  it  has  been  relatively  cheap,  is  easier  to 
handle  and  occupies  less  space  than  the  equivalent  heat 
units  in  the  form  of  coal.  In  these  respects  fuel  oil  is 
superior  for  use  in  transportation,  and  this  use  deserves 
priority  over  that  for  firing  stationary  boilers,  for  which  coal 
should  be  substituted.  Indeed,  thoughtful  regard  for  the 
future  leads  us  to  disallow  even  the  claim  of  steam  locomo- 
tives for  fuel  oil,  for  electrification  of  the  railroads  by 
water  power  alone  or  from  water-power  stations  and  steam 
stations  linked  together  is  now  the  obvious  way  to  make  the 
best  use  of  our  resources  of  expendible  fuel.  Austria,  bank- 
rupt in  fuel,  having  lost  her  coal  and  oil,  has  begun  to 
electrify  half  her  railway  mileage.  Shall  other  nations  wait 
until  they,  too,  are  bankrupt  in  oil  before  awaking  to  the 
need  of  change  in  sources  of  power?  The  program  of  con- 
servation through  electrification  has  started,  and  while  this 
simply  emphasizes  our  future  dependence  in  larger  measure 
upon  coal,  it  should  at  once  make  us  abandon  fuel  oil  as  a 
source  of  motive  power  for  our  railroads  and  industries. 
In  a  word,  the  world  has  not  oil  enough  to  burn  under  either 
stationary  or  locomotive  boilers. 

Advantages  of  Diesel  Engines  in  Marine  Service 

The  very  facts  that  support  the  argument  for  the  marine 
use  of  fuel  oil — greater  efficiency  and  economy  of  space  and 
labor — can  be  cited  in  favor  of  the  internal-combustion 
engine  of  the  Diesel  type  as  against  the  steam  engine.  The 
increased  thennal  eflficiency  of  the  new  engine  with  its 
resulting  addition  to  available  cargo  space  or  to  cruising 
radius,  is  more  than  2i  times  that  of  the  steam  engine.  The 
experience  of  the  Bethlehem  Steel  Co.  is  that  their  new  oil- 
engine ore-carrier,  the  "Cubore,"  in  continuous  service  be- 
tween Cuba  and  Sparrows  Point,  Md.,  uses  only  36.7  per  cent 
of  the  fuel  oil  consumed  by  a  sister  ship,  differing  only  in 
that  it  has  the  most  modern  type  of  steam  plant.  The 
tremendous  economy  thus  possible  in  the  marine  consump- 
tion of  fuel  oil  demands  the  immediate  adoption  of  internal- 
combustion  engines  if  the  world  wants  to  make  the  largest 
use  of  its  oil  resources  for  the  longest  time. 

How  to  supply  the  world's  needs  in  oil  thus  comes  to  be 
an  international  question  of  the  first  order.  Our  monthly 
statistics  take  on  the  importance  of  danger  signals,  which 
must  be  read  "Run  slow."  Perhaps  these  figures  can  be  best 
grasped  if  they  are  stated  in  terms  of  a  daily  balance  sheet. 
In  September  of  this  year,  as  in  August,  the  daily  output  of 
the  United  States  oil  wells  was  slightly  over  14  million 
barrels,  but  the  daily  consumption  rose  to  11  million  barrels. 
This  daily  deficit  of  three-eighths  of  a  million  barrels  was 
met  by  imports  from  Mexico.  In  meeting  the  world's  need 
for  oil,  the  United  States  has  played  a  large  part.  In  the 
last  sixty  years  our  contribution  to  the  world's  output  of  oil 
has  been  never  less  than  44  per  cent  (the  figure  during  the 
brief  period  when  Russia  led)  and  earlier  reached  even  99 
per  cent,  while  of  the  total  8  billion  barrels  so  far  consumed 
by  the  world  5  billions  came  from  the  wells  of  the  United 
States. 

Dangerous  Rate  of  Increase  in  Oil  Industry 

With  the  oil  fields  of  the  United  States  perhaps  40  per 
cent  exhausted,  it  is  not  reasonable  to  assume  that  60  per 
cent  of  the  world's  output  will  continue  to  come  from  wells 
in  the  United  States.  It  is  time  that  no  other  primary 
industry  has  sho\vn  anything  like  the  growth  of  our  oil 
industry,  and  even  now  the  dangerous  rate  of  increase  con- 
tinues; for  the  normal  output  of  most  commodities  we  can 
take  the  year  1913  as  an  index,  but  our  output  of  petroleum 
in  1920  promises  to  exceed  that  of  1913  by  nearly  75  per 
cent,  and  we  may  add  that  our  output  of  gasoline  has  shown 
almost  an  equal  increase  in  half  that  time.     We  who  have 


watched  this  marvelous  growth  of  the  oil  industry  have  seen 
within  a  few  years  the  transition  from  oversupply  to  over- 
demand,  and  the  ever-mounting  curve  of  consumption  seems 
to  know  no  law. 

A  world  policy,  if  it  is  to  safeguard  the  future,  must  draw 
up  a  program  that  will  favor  thrift  in  the  use  of  the  oil 
currently  produced,  and  in  that  program  also  there  must  be 
a  joining  of  the  nations  in  continued  effort  for  the  common 
good.  When  the  world  runs  short  of  oil,  all  nations  will 
suffer,  regardless  of  the  geographic  location  of  the  remain- 
ing wells.  America  has  led  in  teaching  the  world  to  use 
petroleum,  whether  in  lamp  or  automobile  or  tractor,  and  it 
should  be  America's  special  duty  to  teach  the  world  to  use 
petroleum  most  efficiently.  No  longer  is  there  any  need  to 
make  a  market  for  oil;  the  task  is  to  find  the  oil  to  supply 
the  demand  already  created. 

The  substitution  of  fuel  oil  for  coal  has  had  no  noticeable 
effect  on  the  consumption  of  coal,  although  it  has  materially 
increased  the  consumption  of  oil.  Thus  in  the  industrial 
zone  between  Washington  and  Boston,  fortunately,  little  fuel 
oil  is  used  by  the  public-utility  electric  plants,  the  quantity 
even  now  being  equivalent  to  less  than  2  per  cent  of  the 
coal  used,  yet  it  is  significant  that  this  use  has  more  than 
quadrapled  since  January  of  this  year.  An  authoritative 
statement,  moreover,  can  be  made  that  over  the  country  as 
a  whole  this  competition  by  fuel  oil,  generally  referred  to  as 
the  "fuel-oil  menace,"  has  had  but  little  effect  on  the  demand 
for  coal.  Two  inquiries  were  made  in  1919  and  1920  by  the 
United  States  Geological  Survey  to  ascertain  the  stocks  of 
coal  held  by  the  electric  utilities  and  general  industrial 
plants,  and  incidentally  any  change  in  the  fuel  used  was 
reported.  The  substitution  of  oil  for  coal  in  the  year  ended 
March  1,  1920,  as  indicated  by  these  reports,  affected  about 
3  per  cent  of  the  plants,  but  represented  only  about  1  per 
cent  of  the  coal  consumption.  This  substitution  was  con- 
fined to  the  seaboard  and  to  localities  close  to  the  oil  fields. 
In  short,  fuel  oil  is  not  a  competitor  to  be  feared  by  coal, 
and  its  use  under  stationary  boilers  is  a  menace  only  to 
the  higher  use  of  fuel  oil  or  some  other  product  of  petroleum. 

Necessity  of  Economy  in  Transportation  of  Oil 

Economy  in  the  transportation  of  oil  is  a  topic  that 
especially  deserves  the  world  view.  As  in  the  interstate 
traffic  in  coal,  so  in  the  world  commerce  in  oil,  cross-hauls 
are  to  be  avoided.  Economy  on  a  large  scale  demands  that 
the  oil  come  from  sources  as  near  at  hand  as  possible.  The 
conception  of  American  tankers  encircling  the  world  with 
cargoes  of  Texas  fuel  is  more  picturesque  than  practical  if 
other  and  nearer  supplies  are  available.  The  Western  and 
Eastern  Hemispheres  should  be  as  independent  as  possible, 
for  it  is  indefensible  waste  to  bum  oil  to  carry  oil  across 
the  Atlantic  or  the  Pacific  in  both  directions.  The  ideal  plan 
for  fuel-oil  bunkering  will  provide  well-distributed  stations, 
backed  up  with  near-by  reserves  of  oil,  and  such  a  system 
seems  to  be  an  essential  part  of  any  shipping  program, 
whatever  the  flag  of  the  oil-burning  ship.  This  type  of 
thrift  in  oil  would  mean  foreign  supplies  of  oil  with  which 
to  bunker  American  ships. 

With  five-sixths  of  the  world  output  of  oil  coming  from 
the  Western  Hemisphere,  however,  it  is  too  soon  to  expect 
the  economy  in  the  transportation  of  oil  that  has  here  been 
suggested,  yet  it  is  not  too  much  to  seek  to  make  the  rest  of 
the  world  more  self-supporting  in  oil  and  less  of  a  drain 
upon  the  Caribbean  region.  A  kind  of  oil-zoning  system  for 
the  world  may  some  day  not  be  too  extreme  a  proposal  if 
we  are  to  give  full  force  to  plans  for  economy  in  oil.  So, 
too,  a  question  that  may  sometime  be  asked  is  whether 
national  or  international  oil-bunker  stations  are  better 
justified. 


Brazil  has  extensive  plans  for  the  development  of  in- 
terior transportation,  including  the  construction  of  power 
plants  for  industries  and  the  electrification  of  railways. 
Rio  de  Janeiro  is  to  have  a  270,000-hp.  plant  erected  in 
the  near  future  by  an  internationally  organized  company 
having  American  interests,  according  to  Dr.  Julius  Klein, 
United  States  Commercial  Attache  to  Buenos  Aires.  Two 
hydro-electric  stations  are  to  be  built  and  an  electric  street- 
car service  inaugurated  in  the  vicinity  of  Rio  de  Janeiro. 
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The  Frderaled  American  Enfi;ineering  Soeielies 

Iloldt*  lit*  Firwl  IVIrrliiif;      llcrhrrt  Hoover  Kleclcd  ProMident  -Condition8  of 
l^hor  and  Production  DiHruHHod 


THE  first  mcotinp  of  thr  American  Emrinei'iinK  Coun- 
cil of  the  Federated  American  Enjrineerinp  Societies 
was  held  at  the  New  Willard  Hotel,  WashinRton,  on 
Thursday  and  Friday,  Nov.  18  and  19.  In  his  opcninp  ad- 
dress Richard  L.  Humphrey,  chairman  of  the  Joint  Con- 
ference Committee  of  the  four  founder  societies  under  whose 
tutelaKe  the  Federation  has  been  brought  about,  said  that 
the  committee  had  kept  in  active  touch  with  the  116  organ- 
izations invited  and  had  received  replies  from  all  but  about 
3  per  cent  of  the  aggregate  membership  represented  by 
them.  Organizations  represenative  of  35  per  cent  of  this 
aggregate  membership  had  accepted  the  invitation,  and 
including  participating  organizations  which  are  still  giving 
the  matter  of  joining  favorable  consideration  but  have  not 
taken  final  acton,  50  per  cent  of  the  aggregate  is  repre- 
sented at  this  meeting. 

The  unanimity  of  desire  of  the  engineering  and  allied 
technical  professions  for  a  comprehensive  organization  that 
can  speak  for  them  in  matters  of  public  welfare,  where 
technical  training  and  engineering  experience  are  involved, 
as  well  as  in  matters  of  common  concern  to  these  profes- 
sions, culminated  in  the  unanimous  creation  of  the  Feder- 
ated American  Engineering  Societies  and  of  its  governing 
board,  American  Engineering  Council,  and  has  attracted 
world-wide  interest.  There  has  been  a  fear  among  the 
members  of  some  of  the  societies  invited  to  membership 
that  this  organization  will  become  a  political  machine  and 
will  indulge  in  lobbying  and  pernicious  practices  in  the 
promotion  of  causes  favoring  special  interests,  and  not  for 
the  general  good  of  the  profession.  In  all  the  meetings  of 
its  organizers  this  is  not  one  of  the  matters  on  which  there 
has  been  a  division  of  opinion.  The  organization  was  not 
formed  for  a  purpose  inimical  to  its  success. 

The  Federation  Not  a  Labor  Union 

The  organization  has  also  been  characterized  as  a  labor 
union.  This  is  distinctly  what  it  is  not.  Engineering 
Council  has  undertaken  the  preparation  of  a  schedule  of 
classification  and  minimum  compensation  for  engineers  in 
various  lines  of  work,  and  it  is  expected  that  this  work 
will  be  continued  by  American  Engineering  Council.  If 
this  schedule  is  backed  by  this  representative  party,  it  will 
effectively  establish  standards  which  will  be  instrumental 
in  raising  the  minimum  compensation  of  engineers.  It  is 
assumed  that  it  will  not  be  the  function  of  this  body  to  en- 
force the  minimum  compensation,  since  this  will  be  left  to 
the  individual.  This  marks  the  im'portant  distinction  be- 
tween the  functions  of  this  body  and  those  of  a  labor  union. 

There  is  an  opportunity  now  to  render  a  great  nation-wide 
service  by  the  establishment  of  an  Engineering  Societies' 
Service  Bureau,  furnishing  a  point  of  contact  for  engineers 
desiring  emplojTnent  and  those  who  desire  to  employ  en- 
gineering service,  and  having  in  every  city  branches  that 
will  exert  a  great  co-ordinating  influence  over  the  profes- 
sion and  industry.  The  vital  need  for  constructive  sug- 
gestions, based  upon  careful  study  of  the  great  national 
problems,  such  as  transportation,  conservation  of  labor, 
water,  fuel  and  other  natural  resources,  should  be  met 
through  the  work  of  this  organization.  Such  methods  are 
especially  within  its  field,  and  it  should  devote  its  energies 
to  helpful  work  in  this  direction  as  far  as  the  non-technical 
phases  are  concerned. 

The  securing  of  a  National  Department  of  Public  Works, 
of  assisting  in  many  problems  connected  with  the  National 
Budget  System,  are  among  the  important  phases  of  desir- 
able activity  for  this  organization. 

It  is  earnestly  desired  that  this  body  shall  not  dissipate 
its  powers  in  work  on  unimportant  details,  but  show  a 
capacity  for  leadership,  forming  public  opinion  by  bending  its 
energies  to  those  problems  which  involve  technical  training 
and  engineering  experience. 


In  conclusion  he  said:  "The  first  step  in  realizing  the 
dream  of  the  engineering  and  allied  technical  professionH 
for  solidarity  has  been  taken.  The  wisdom  of  your  acts  will 
be  reflected  in  a  measure  of  success  which  shall  result  in 
increased  support  from  the  engineering  and  allied  technical 
organizations.  If  you  live  up  to  your  best,  no  organization 
will  wish  to  be  outside  the  pale  of  membership.  The  key- 
note of  whatever  policy  you  may  agree  upon  should  be  ser- 
vice." 

E.  S.  Carman,  of  Cleveland,  Ohio,  president-elect  of  the 
American  Society  of  Mechanical  Engineers,  was  elected 
temporary  chairman,  and  William  E.  Rolfe,  representing 
the  Associated  Engineering  Societies  of  St.  Louis,  temporary 
secretary. 

Owing  to  the  decision  of  the  American  Society  of  Civil 
Engineers,  which  society  he  represented  on  the  Joint 
Conference  Committee,  not  to  participate  in  the  Feder- 
ation, Mr.  Humphrey  was  without  official  standing  in  this 
meeting.  The  body,  however,  voted  its  appreciation  of  his 
past  eff'orts,  its  regret  at  the  circumstances  which  prevented 
his  being  present  as  a  representative,  and  extended  to  him 
the  privilege  of  the  floor. 

Following  the  appointment  of  temporary  committees  on 
program,  credentials,  constitution  and  bylaws,  nominations, 
plan  and  scope,  budget  and  resolutions,  a  discussion  regard- 
ing the  place  of  meeting  came  up,  and  the  question  was 
undecided  at  the  noontime  adjournment. 

Headquarters  To  Be  in  Washington 

In  the  afternoon  J.  Parke  Channing  gave  an  address  re- 
viewing the  work  of  Engineering  Council,  of  which  he  is 
chairman.  This  was  followed  by  a  discussion  of  the  Field 
of  Activity  for  the  Federated  American  Engineering  So- 
cieties, after  which  the  discussion  upon  the  location  of  the 
headquarters  of  the  American  Engineering  Council  was 
resumed  and  resulted  in  the  choice  of  Washington.  The 
afternoon's  activities  concluded  with  an  address  by  Lewis  B. 
Stillwell,  of  New  York,  upon  Transportation. 

On  Friday  morning,  pending  the  report  of  the  Commit- 
tee on  Nominations,  L.  W.  Wallace,  of  Baltimore,  addressed 
the  council  on  the  Conservation  of  Labor. 

The  Committee  on  Nominations  suggested  the  following 
list  of  officers,  who  were  unanimously  elected:  President, 
Herbert  Hoover;  vice-presidents,  Calvert  Townley,  of  New 
York;  William  E.  Rolfe,  of  St.  Louis;  Dexter  S.  Kimball, 
of  Ithaca,  and  J.  Parke  Channing,  of  New  York;  treasurer, 
L.  W.  Wallace,  of  Baltimore. 

The  council  avoided  its  first  rock  when,  in  the  discus- 
sion of  the  report  of  the  Committee  on  Constitution  and 
Bylaws  an  effort  was  made  to  modify  the  declaration 
adopted  by  the  organizing  conference  that  the  proceedings 
of  the  council,  executive  and  other  committees,  and  the  rec- 
ords thereof  should  be  available  to  the  public  and  the  press. 
After  a  rather  lively  discussion  the  provision  for  open 
covenants  openly  arrived   at  was   allowed  to   stand. 

Address  of  Herbert  Hoover 

In  the  evening  a  meeting  to  which  the  public  had  been 
invited  filled  the  ballroom  of  the  New  Willard.  The  fea- 
ture of  the  program  was  an  address  of  the  newly  elected 
president,  Herbert  Hoover,  in  the  course  of  which  he  said: 

Enormous  industrial  expansion  of  the  last  fifty  years 
has  lifted  the  standard  of  living  and  comfort  beyond  any 
dream  of  our  forefathers.  Our  economic  system  under 
which  it  has  been  accomplished  has  given  stimulation  to 
invention,  to  enterprise,  to  individual  improvement  of  the 
highest  order,  yet  it  presents  a  series  of  human  and  social 
difficulties  to  the  solution  of  which  we  are  groping.  The 
congestion  of  population  is  producing  subnormal  conditions 
of  life.  The  vast  repetitive  operations  are  dulling  the 
human  mind.     The  intermittency  of  employment  due  to  the 
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bad  co-ordination  of  industry,  the  great  waves  of  unem- 
ployment in  the  ebb  and  flow  of  economic  tides,  produce 
infinite  wastes  and  great  suffering.  Our  business  enter- 
prises have  become  so  large  and  complex  that  the  old  per- 
sonal relationship  between  employer  and  worker  has  to 
a  great  extent  disappeared.  The  aggregation  of  great 
wealth,  with  its  power  of  economic  domination,  presents 
social,  economic  ills  which  we  are  constantly  struggling  to 
remedy. 

The  populations  of  our  modern  states  have  been  built  up 
to  numbers  dependent  upon  an  intensity  of  production  that 
can  be  maintained  only  by  stimulation  of  individual  effort 
through  the  impulse  of  self-interest,  and  a  departure  from 
this  primary  incentive  to  production  has  now  been  dem- 
onstrated to  lead  only  to  famine  and  flame  and  anarchy. 

We  have  built  up  public  agencies  intended  to  preserve 
an  equality  of  opportunity  through  control  of  possible 
economic  domination.     Our   mass  of  regulation   of  public 


labor  associations — all  economic  groups  striving  by  politi- 
cal agitation,  propaganda  and  other  measures  to  advance 
group  interest.  At  times  they  come  in  sharp  conflict  with 
each  other  and  often  enough  charge  each  other  with  crimes 
against  public  interest.  And  to  me  one  question  of  the 
successful  development  of  our  economic  system  rests  upon 
whether  we  can  turn  the  aspects  of  these  great  national 
associations  toward  co-ordination  with  each  other  in  the 
solution  of  national  economic  problems,  or  whether  they 
grow  into  groups  for  more  violent  conflict.  The  latter  can 
spell  breakdown  to  our  entire  national  life. 

This  engineers'  association  stands  somewhat  apart 
among  these  economic  groups  in  that  it  has  no  special 
economic  interest  for  its  members.  Its  only  interest  in  the 
creation  of  a  great  national  association  is  public  service 
to  give  voice  to  the  thought  of  the  engineers  in  these  ques- 
tions. And  if  the  engineers,  with  their  training  in  quanti- 
tative thought,  with  their  intimate  experience  in  industrial 
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utilities  and  of  many  other  types  of  industry,  aiming  chiefly  '- 
to  prevent  combinations  in  restraint  of  free  enterprise,  is 
a  monument  to  our  attempts  to  limit  this  economic  domi- 
nation— to  give  a  square  deal.  This  regulation  is  itself  also 
proof  of  the  abandonment  of  the  unrestricted  capitalism 
of  Adam  Smith.  While  our  present  system  of  individualism 
under  controlled  capitalism  may  not  be  perfect,  the  alter- 
native offers  nothing  that  warrants  its  abandonment.  'Our 
thought,  therefore,  needs  to  be  directed  to  the  impro.vement 
of  this  structure  and  not  to  its  destruction. 

A  profound  development  of  our  economic  system'  apart 
from  control  of  capital  and  service  during  the  last  score 
of  years  has  been  the  great  growth  and  consolidation  of 
voluntary  local  and  national  associations.  These  associa- 
tions represent  great  economic  groups  of  common  purpose 
and  are  quite  apart  from  the  great  voluntary  groups  created 
solely  for  public  service.  We  have  the  growth  of  great 
employers'  associations,  great  farmers'  associations,  great 
merchants'  associations,  great  bankers'  associations,  great 


,  life,  can  be  of  service  in  bringing  about  co-operation 
among  these  great  economic  groups  of  special  interests 
they  will  have  perform,ed  an  extraoi-dinary  service. 

^The  employer  sometimes  overlooks  a  fundamental  fact 
in  connection  with  organized  labor  in  the  United  States. 
This  is  that  the  vast  majority  of  its  membership  and  of  its 
direction  are  individualists  in  their  attitude  of  mind  and 
in  their  social  outlook;  that  the  expansion  of  socialist  doc- 
trines finds  its  most  fertile  area  in  the  ignorance  of  many 
workers,  and  yet  the  labor  organizations,  as  they  stand 
today,  are  the  greatest  bulwark  against  socialism.  On  the 
other  hand,  some  labor  leaders  overlook  the  fact  that  if  we 
are  to  maintain  our  high  standards  of  living,  our  produc- 

itivity,  it  can  only  be  in  a  society  in  which  we  maintain  the 
utmost  possibile  initiative  on  the  part  of  the  employer; 
and  further,  that  in  the  long  run  we  can  expand  the  stand- 
ard of  living  only  by  the  steady  increase  of  production  and 
the  creation  of  more  goods  for  division  over  the  same 
numbers. 
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The  Amcricnn  Fcdoration  of  Labor  has  publicly  slalc<l 
that  it  (If.Hiri's  thi-  support  of  the  cnpinorrinp  skill  of  the 
I'tiiti'il  Stnti's  in  the  developnient  of  methods  for  inerens- 
iIl^r  produetion,  and  I  believe  it  is  the  duty  of  our  body  to 
undertake  a  eonstruetive  consideration  of  these  problems 
and  to  give  assistance  not  only  to  the  Federation  of  Labor, 
but  also  to  the  other  great  economic  orpranizations  interested 
in  this  problem,  such  as  the  Employers'  Association  and 
the  Chamber  of  Commerce. 

In  the  questions  of  industrial  conflict  resulting  in  lock- 
outs and  strikes  one  mitigating  measure  has  been  agreed 
upon  in  principle  by  all  sections  of  the  community.  This 
is  collective  bargaining  by  which,  whenever  possible,  the 
parties  should  settle  their  difficulties  before  they  start  a 
fight. 

It  is  founded  not  only  on  the  sense  of  prevention,  but  on 
the  human  right  to  consolidate  the  worker  in  a  proper 
balanced  position  to  uphold  his  rights  against  the  consoli- 
dation of  capital.  This  measure,  advocated  for  years  by 
organized  labor,  was  agreed  to  by  the  employers'  group 
in  the  First  Industrial  Conference.  It  has  been  supported 
on  the  platform  of  both  political  parties.  The  point  where 
the  universal  application  of  collective  bargaining  has  broken 
down  is  in  the  method  of  its  execution. 

Increased  Production  and  Wasteful  Unemployment 

There  are  questions  in  connection  with  this  entire  prob- 
lem of  employer  and  employee  relationship,  both  in  its 
aspects  of  increased  production  and  in  its  aspects  of  waste- 
ful unemployment,  that  deserve  most  careful  study  by  our 
engineers.  There  lies  at  the  heart  of  all  these  questions 
the  great  human  conception  that  this  is  a  community  work- 
ing for  the  benefit  of  its  human  members,  not  for  the 
benefit  of  its  machines  or  to  aggrandize  individuals;  that 
if  we  would  build  up  character  and  abilities  and  standard 
of  living  in  our  people,  we  must  have  regard  to  their  leisure 
for  citizenship,  for  recreation  and  for  family  life.  These 
considerations,  together  with  protection  against  strain,  must 
be  the  fundamentals  of  determination  of  hours  of  labor. 
These  factors  being  first  protected,  the  maximum  produc- 
tion of  the  country  should  become  the  dominating  purpose. 

We  must  take  account  of  the  tendencies  of  our  present 
repetitive  industries  to  eliminate  the  creative  instinct  in 
its  workers,  to  narrow  their  field  of  craftsmanship,  to  dis- 
card entirely  the  contribution  to  industry  that  could  be 
had  from  their  minds  as  well  as  from  their  hands.  Indeed, 
if  we  are  to  secure  the  development  of  our  people,  we  can- 
not permit  the  dulling  of  these  sensibilities. 

There  is  an  immediate  problem  in  increased  production 
that  is  too  often  overlooked  by  the  theorist.  While  it  is 
easy  to  state  that  increased  production  will  decrease  cost 
and  by  providing  a  greater  demand  for  goods  secure  in- 
creased consumption  and  ultimate  greater  employment,  yet 
the  early  stages  of  this  process  do  result  in  unemployment 
and  great  misery.  It  takes  a  variable  period  of  time  to 
create  the  increased  area  of  consumption  of  cheapened 
commodities,  and,  in  the  meantime,  when  this  is  trans- 
lated to  the  individual  worker  he  sees  his  particular  mate 
thrown  out  of  employment.  We  accomplish  these  results  over 
long  periods  of  time,  but  if  we  would  secure  co-operation 
to  accomplish  them  rapidly  we  must  take  account  of  this 
unemployment  and  we  must  say  to  them',  the  community, 
that  if  it  is  to  benefit  by  the  cheapening  costs  and  thus 
the  increased  standard  of  living,  or  alternatively  if  the 
employer  is  to  take  the  benefits,  the  entire  burden  should 
not  be  thrust  upon  the  individual  who  now  alone  suffers 
from  industrial  changes. 

Interest  in  Creation  and  Craftsmanship 
Must  Be  Kept  Awake 

If  we  are  to  secure  increased  production  and  an  increased 
standard  of  living  we  must  keep  awake  interest  in  creation, 
in  craftsmanship  and  the  contribution  of  the  worker's  intel- 
ligence to  management.  Battle  and  destruction  are  a  poor 
solution  to  these  problems.  The  growing  strength  of  na- 
tional organizations  on  both  sides  should  not  and  must  not 
be  contemplated  as  an  alignment  for  battle.  Battle  quickly 
loses  its  rules  of  sportsmanship  and  adopts  the  rules  of 
barbarism.     These  organizations,   if  our  society  is  to  go 


forward  inntead  of  backward,  nhould  be  considered  as  th"- 
fortunate  development  of  influential  groups  through  which 
skill  imd  mutual  eon.sidcration  can  bo  aHHombled  for  co-oper- 
ation to  the  solution  of  those  questions.  If  we  could  socui' 
this  co-oi)oration  throughout  all  our  economic  groups  w«- 
should  have  provided  a  new  economic  system,  based  neither 
on  the  capitalism  of  Adam  Smith  nor  upon  the  socialism 
of  Karl  Mar.x.  We  should  have  provided  a  third  alterna- 
tive that  preserves  individual  initiative  that  stimulates  it 
through  protection  from  domination.  We  should  have  given 
a  priceless  gift  to  the  Twentieth  Century. 

Mr.  Hoover's  address  was  followed  by  an  informal  re- 
ception and  smoker  tendered  by  the  local  engineering  societiea. 

Facts  About  the  Tonawanda  Switch 
Station  Explosion 

When,  on  Monday  morning,  Nov.  1,  engineers  as  well  as 
laymen  read  in  the  daily  newspapers  the  reports  of  the 
accident  at  the  substation  of  the  Tonawanda  Power  Co.,  at 
Tonawanda,  N.  Y.,  the  former  wondered  what  had  happened 
to  cause  the  catastrophe,  and  the  latter  accepted  the  report 
as  something  incident  to  electrical  power  generation  and 
transmission.  Since  the  occurrence  of  this  accident  it  ha.s 
been  learned  from  the  officials  of  the  Niagara  Falls  Power 
Co.,  Niagara  Falls,  N.  Y.,  that  that  company  has  a  switch- 
ing station  at  Tonawanda,  adjoining  the  Tonawanda  Power 
Co.  substation.  This  switching  station  had  no  operator, 
since  it  contained  no  switching  apparatus  that  was  operated 
under  load,  the  operator  from  the  Tonawanda  Power  Co.'s 
substation  making  any  changes  in  the  disconnecting  switches 
that  might  be  necessary  when  repairs  were  made  on  the 
transmission  lines,  this  being  at  intervals  of  several  months. 

On  account  of  increased  demands  for  power  at  Tona- 
wanda, it  became  necessary  to  install  two  new  current  trans- 
formers in  the  switching  station  there.  These  transformers 
were  insulated  for  45,000  volts,  while  the  potential  of  the 
line  was  only  22,000  volts.  The  Tonawanda  Power  Co.  sup- 
ply was  shut  down  and  a  picked  crew  was  sent  by  the 
Niagara  Falls  Power  Co.  to  install  the  transformers  and 
make  some  other  connections  for  the  enlargement  of  the 
Tonawanda  company's  substation.  After  this  work  had 
been  completed  and  the  workmen  were  ready  to  go  home, 
the  disconnecting  switches  were  closed  by  the  Tonawanda 
substation  operator,  this  making  the  new  installation  alive. 
About  three  minutes  after  this  a  snapping  sound  character- 
istic of  static  discharge  was  heard  in  the  switch  station,  and 
an  explosion  occurred  involving  the  whole  switching  station. 

At  the  time  of  the  accident  there  were  thirteen  men  in  and 
around  the  station,  nine  of  them  being  employed  by  the 
Niagara  Falls  Power  Co.  and  the  rest  by  the  Tonawanda 
Power  Co.  Four  of  these  men  were  killed  instantaneously, 
eight  died  within  twenty-four  hours  after  the  accident  and 
one  five  days  later.  Apparently  a  number  of  the  men  sacri- 
ficed their  lives  in  a  heroic,  although  unsuccessful,  effort  to 
save  the  lives  of  their  fellow  workmen.  Contrary  to  the 
belief  created  by  the  newpapers  that  transformers  contain- 
ing large  volumes  of  oil  were  in  the  station,  the  only  appa- 
ratus containing  oil  consisted  of  four  current  transformers 
and  two  potential  transformers.  The  cases  of  both  of  the 
new  current  transformers  were  found  broken  when  the  fire 
was  extinguished.  Other  transformers  of  this  type  have 
been  in  service  for  several  years  on  the  Niagara  Falls 
Power  Co.  system  without  giving  any  trouble.  On  account 
of  the  nature  of  the  accident  it  will  be  very  difficult  to 
determine  the  exact  cause  of  the  trouble. 


The  plans  for  the  hydro-electric  development  of  the  Up- 
per Adige  in  Italy  contemplate  the  erection  of  three  large 
generating  stations.  The  first  will  be  located  between 
Glums  and  Chladerns  and  will  develop  50,000  hp.;  the  second 
will  be  at  Castelbello  and  will  provide  60,000  hp. ;  and  the 
third,  which  will  be  the  largest,  vdll  furnish  100,000  hp., 
making  a  total  of  210,000  hp.  Proposals  to  convert  three 
lakes  on  the  river  into  impounding  reservoirs  have  been 
given  up,  since  this  is  liable  to  prove  disastrous  to  three 
rural  communes. — Electrical  Review,  London. 
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Senator  Edge's  Version  of 
Coal  Profiteering 

Intervention  by  the  Government,  rather  than  the  national- 
ization of  the  coal  industry,  is  the  desire  of  Senator  Edge 
of  New  Jersey.  The  announcement  made  by  the  Senate 
Committee  on  Reconstruction  and  Production  has  led  to  a 
general  assumption  that  Senator  Edge  is  willing  to  see  the 
coal  mines  nationalized,  if  the  industry  itself  does  not  clean 
house  before  Dec.  6.  To  correct  any  misunderstanding  of 
this  point,  a  formal  statement  was  made  public  at  the  Sen- 
ator's office  Nov.  20.     Excerpts  from  the  statement  follow: 

In  the  recent  and  prevailing  high  prices  and  shortage  of 
coal,  both  bituminous  and  anthracite,  a  condition  has  arisen 
in  that  industi-y  which,  unless  soon  corrected,  will  in  my 
judgment  compel  the  people  to  intervene.  Who  is  to  blame 
for  these  high  prices — these  apparently  unreasonable  and 
unjustified  prices — must  be  determined,  and  those  to  blame 
must  be  brought  to  reason,  even  if  it  be  necessary  for  the 
people,  through  their  own  agency  in  "Government,"  to  take 
steps  towai-d  that  end.  Apparently,  the  various  elements 
engaged  in  the  coal  industry  are  unable  to  place  this  blame 
where  it  belongs.  So  much  time,  energy  and  ingenuity  are 
expended  in  the  merry  sport  of  "passing  the  buck"  that  the 
man  on  the  sidelines  is  inclined  to  wonder  how  the  industry 
finds  time  to  provide  coal. 

"I'm  not  to  blame,"  says  the  miner,  "it's  the  operator." 
Then,  "Not  guilty,"  says  the  operator,  "it's  the  middleman"; 
and  he  in  turn  blames  the  railroads  for  car  shortage,  and  the 
gladsome  game  of  "Here  we  go  round  the  mulberry  bush" 
continues  with  enthusiastic  cheer.  But,  with  each  of  these 
groups  accusing  the  other,  the  people  are  moved  to  wonder 
whether,  after  all,  each  one  of  them  is  not  somewhat  to 
blame  and  whether  all  may  not  be  involved  in  the  boosting 
of  prices. 

At  all  events,  the  people  have  been  suffering  and  are 
suffering  from  high  prices  and  short  supplies.  The  average 
American  citizen  is  the  most  patient  mortal  of  all  the  peo- 
ples of  the  earth,  but  even  his  patience  has  a  limit.  The 
cold  fact  is  that  the  people  now  look  on  the  coal  industry  as 
a  private  oppressor  of  the  public,  and  when  the  American 
people  are  driven  to  this  extremity  of  view,  their  alleged 
oppressor  may  do  well  to  pause  and  ponder.  As  I  saicJ, 
when  the  people  suffer,  the  business  which  causes  that  suf- 
fering is  bound  to  suffer  also. 

When,  recently,  I  spoke  of  possible  "Government  inter- 
vention" to  remedy  the  apparent  evils  in  the  coal  industry, 
the  ogre  of  bureaucratic  intervention  arose  to  plague  some 
folks  at  interest.  So  dim  is  the  recollection  in  these  days 
that  the  people  are  "the  Government"  that  such  folks  saw 
visions  only  of  some  autocratic  agency  despotically  taking 
possession  of  their  business  and  "meddling  in  their  affairs." 
The  ti-uth  would  be  that  the  people  themselves  had  rebelled 
against  oppression  and  had  instructed  their  chosen  represen- 
tatives in  the  Legislative  and  Executive  departments  to  act 
for  them  in  relieving  such  oppression. 

The  situation  is  desperate.  In  my  own  state,  New  Jersey, 
coal  is  unobtainable  in  many  sections  and,  where  obtainable, 
may  be  purchased  only  at  sky-high  prices.  Identical  reports 
come  from  virtually  every  state  in  the  Union.  Who  is  to 
blame  for  this  situation?  If  the  component  groups  of  the 
coal  industry  cannot  ascertain,  then  the  people,  through 
their  chosen  representatives,  must  do  so.  If  the  coal 
industry  will  not,  or  cannot,  immediately  remedy  conditions, 
the  people  through  their  chosen  representatives  must  and 
will  do  so. 

Sound  business  men  and  the  average  citizen  will  hope  that 
such  intervention  may  be  only  temporary  and  even  of  short 
duration,  and  that  the  Government,  which  is  the  people,  soon 
may  be  relieved  of  the  task  of  directing  an  industry  of 
private  nature.  But  in  their  extremity  of  suffering,  their 
experience  of  Government  management  of  the  railroads  is 
nearly  forgotten  and  the  possibility  of  Government  control 
of  coal  does  not  appall  them.  For  the  people  have  been 
accustomed  to  seeing  the  Government,  under  the  present 
Administration,  intnade  into  numerous  lines  of  private  busi- 
ness. They  have  seen  the  Government  engaged  in  the  real- 
estate  business,  in  hotels  and  boarding  houses  and  theaters, 
in  the  wholesale  and  retail  grocery  trade,  in  women's  hosiery 
handled  by  the  War  Department — in  everything,  from  cough 
drops  to  coffins  and  from  antiques  to  ziziths.  They  still  dis- 
approve Government  ownership  or  control,  but  they  may  be 
driven  to  a  state  of  willingness  to  try  the  experiment. 

The  people  do  not  ask  much:  Only  reasonable  prices  and 
adequate  supplies  for  the  consumer,  legitimate  profits  for 
the  operators  and  distributors,  fair  wages  and  treatment  for 
the  miners  and  reasonable  dividends  for  the  owners  of  the 
railroads  over  which  coal  is  transported. 


"The  Engineering  of  Men" 
To  Be  Discussed 

The  Taylor  Society,  which  has  for  its  object  the  promo- 
tion of  the  science  and  the  art  of  administration  and  man- 
agement, has  arranged  a  meeting  for  Friday  evening,  Dec. 
3,  at  which  the  subject  will  be  "The  Long  Day  in  the  Steel 
Industry — A  Problem  in  the  Engineering  of  Men."  This 
meeting  will  be  a  joint  session  with  the  Metropolitan  and 
Management  sections  of  the  American  Society  of  Mechanical 
Engineers  and  the  New  York  section  of  the  American  In- 
stitute of  Electrical  Engineers,  and  will  be  held  at  8  o'clock 
in  the  Engineering  Societies  Building,  New  York  City.  Fred 
J.  Miller,  president  of  the  A.  S.  M.  E.,  will  preside. 

A  report  on  "The  Three-Shift  System  in  the  Steel  Indus- 
try" will  be  presented  by  Horace  B.  Drury,  who  was  re- 
cently associated  with  the  United  States  Shipping  Board 
and  who  has  been  for  the  last  few  months  visiting  practic- 
ally all  the  steel  plants  in  the  United  States  that  are  work- 
ing under  the  three-shift  system,  collecting  technical  data 
on  the  details  of  their  operation  and  figures  showing  the 
results  obtained. 

William  B.  Dickson,  vice  president  of  the  Midvale  Steel 
and  Ordnance  Co.,  will  give  the  point  of  view  of  the  manu- 
facturer, after  which  there  will  be  a  general  discussion,  led 
by  Robert  B.  Wolf,  consulting  engineer,  of  New  York  City. 

The  Taylor  Society's  business  session  will  be  held  on 
Dec.  2,  but  throughout  the  day  on  Friday  and  Saturday, 
Dec.  3  and  4,  public  sessions  will  be  held  to  which  those 
interested  are  invited.  The  subject  of  Friday's  session  will 
be  "Scientific  Management  in  the  Sales  Department,"  and 
on  Saturday  "Standardization  of  Products"  will  be  dis- 
cussed. A  final  meeting  vdll  be  held  Saturday  evening  at 
8  p.m.;  at  which  there  will  be  a  general  discussion  of  "Risk 
— A  Retarding  Factor  in  Production." 

Research  Information  Bureau 
Established 

The  National  Research  Council  has  established  the  Re- 
search Information  Service  as  a  general  clearing  house 
and  informational  bureau  for  scientific  and  industrial  re- 
search. This  "Service"  on  request  supplies  information 
concerning  research  problems,  progress,  laboratories,  equip- 
ment, methods,  publications,  personnel,  funds,  etc. 

Ordinarily,  inquiries  are  answered  without  charge.  When 
this  is  impossible  because  of  unusual  difficulty  in  securing 
information,  the  inquirer  is  notified  and  supplied  with  an 
estimate  of  cost. 

Much  of  the  information  assembled  by  this  bureau  is 
published  promptly  in  the  "Bulletin"  or  the  "Reprint  and 
Circular  Series"  of  the  National  Research  Council,  but  the 
purpose  is  to  maintain  complete  up-to-date  files  in  the  gen- 
eral office  of  the  Council.  Announcement  will  be  made  from 
time  to  time  of  special  informational  files  which  have  been 
prepared. 

Requests  for  information  should  be  addressed:  Research 
Information  Service,  1701  Massachusetts  Avenue,  Washing- 
ton, D.  C. 

Mining  ii,ngineers  Working  on  the 
Coal  Problem 

The  American  Institute  of  Mining  and  Metallurgical  Engi- 
neers' Committee  on  the  Stabilization  of  the  Bituminous 
Coal-Mining  Industry  has  prepared  a  set  of  conclusions, 
which  are  as  follows: 

1.  That  the  bituminous  industry,  by  the  nature  of  its 
organization,  functions  economically  in  a  too  inefficient 
manner.  Employment  in  the  industry  averages  less  than 
220  days  per  annum,  with  a  minimum  district  average  of 
less  than  200  days.  Thus  a  labor  staff  and  capital  invest- 
ment of  fully  30  per  cent  more  is  required  than  otherwise 
would  be  necessary.  From  this  flow  a  high  daily  wage,  a 
considerable  portion  of  the  just  complaints  of  labor  and  a 
higher  cost  of  coal  to  the  consumer. 

2.  The  causes  are  very  largely  (a)  intermittency  in  sea- 
sonal demand,  (b)  iiTegularity  of  car  supply  and  (c)  the 
lack  of  storage  facilities  and  incentive  for  their  use. 
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S.  Tho  cure  lies  in:  (a)  The  co-operation  of  rnilronds  in 
the  ostabli.Hliim'iil  of  si-a.sonnl  ilitTi-rontiiils  in  raU-s  thai  will 
induce  .suniinor  domnndj  (b)  increased  Itansporlation 
facilities  and  a  more  orticiont  and  eiiuitjible  distribution  of 
cars;  (c)  increased  use  of  central  and  interconnected 
electric-power  plants;  (d)  lower  selling  prices  in  dull  sea- 
sons made  possible  by  ditTerentials  in  profits.  freiRht  rates 
and  wa^es;  (e)  recognition  by  the  larjjer  consumers,  such  as 
the  Federal,  stj»te  and  municipal  institutions,  railroads,  pub- 
lic utilities  and  industrial  plants,  that  not  only  continuity  of 
operation,  but  also  the  safety  of  the  public  from  the  stop- 
page of  supiily,  demands  that  they  provide  adequate  storage 
to  be  replenished  in  the  dull  season. 

4.  Such  storage  is  feasible  and  can  be  made  financially 
remunerative  by  differential  rates  and  prices.  Public  safety 
demands  the  installation  of  storage  facilities  at  the  place  of 
consumption. 

5.  No  adequate  solution  can  be  found,  except  through 
organized  co-operation  of  operators,  labor,  railroads  and 
large  consumers.  Under  existing  laws  as  to  combinations, 
such  co-operation  cannot  be  carried  on.  Therefore,  we 
believe  that  some  Federal  legislation  is  necessary,  per- 
mitting such  co-operation  under  competent  Government 
authority. 

Engineering  Examiners  Form  National 
Council 

Representatives  of  seven  state  boards  of  engineering 
examiners  met  in  Chicago  on  Nov.  8  and  9  in  response  to  a 
call  sent  out  by  K.  C.  Kastberg,  city  engineer,  Des  Moines, 
and  formed  the  National  Council  of  State  Boards  of  Engi- 
neering Examiners.  The  purpose  of  the  new  organization  is 
"to  examine  the  state  laws  providing  for  registration  of  en- 
gineers and  the  customs  and  rule  of  procedure  of  the  differ- 
ent boards  in  the  examination  of  applicants,  with  suggestions 
and  recommendations  for  uniformity  of  practice  so  far  as 
it  can  be  done  legally  by  the  different  state  boards,  and  to 
provide  for  reciprocal  relations  between  the  state  boards  for 
granting  registration  licenses  to  applicants  from  other 
states  on  equal  terms  of  examination." 

It  was  realized  that  there  was  little  chance  of  ever  getting 
a  uniform  law  in  all  the  states,  so  that  the  practical  thin},  to 
do  would  be  to  provide  as  nearly  as  possible  for  uniformity 
in  administration.  Seven  states  are  now  represented  in  the 
Council,  and  it  is  to  be  hoped  that  the  four  other  states  that 
have  license  or  registration  laws  will  join.  The  states  rep- 
resented are  Iowa,  Illinois,  Florida,  Louisiana,  South 
Dakota,  Michigan  and  Colorado. 


Throughout  the  meeting  ther«»  was  prolonged  discusjiion 
of  the  provisions  in  the  proposed  draft  of  the  uniform  law 
recently  approved  by  Engineering  Council.  The  followinjf 
resolutions,  which  were  finally  passed,  indicate  the 
unanimity  of  opinion  on  reciprocity:  (1)  That  where  a 
(|ualified  engineer  obtains  a  contract  he  be  permitted  to 
proceed  after  filing  an  application  and  pledging  himself  to 
appear  for  examination  at  the  next  board  meeting;  (2) 
that  efforts  be  made  by  the  several  states  to  standardize  the 
examination;  (.'5)  that  the  members  of  the  various  boards  be 
granted  reciprocity  license  or  registration  without  examina- 
tion. 

The  officers  elected  were  as  follows:  President,  Marcel 
Garsaud,  New  Orleans;  vice  president,  C.  S.  Hammatt, 
Jacksonville,  Fla.;  secretary-treasurer,  Alvin  LeVan,  Des 
Moines,  Iowa.  The  next  meeting  will  be  held  on  Oct.  3, 
1921,  in  St.  Louis. 


Admiral  W.  S.  Benson,  Chairman  of  the  United  States 
Shipping  Board,  discussed  the  "Demands  of  the  Shipping 
Board  for  Oil"  before  the  American  Petroleum  Institute  re- 
cently. He  impressed  it  upon  his  hearers  that  "we  are  now 
facing  the  most  unrelenting  and  stifling  competition  of 
nations  trained  in  all  the  fine  points  of  ship  operation.  One 
of  our  greatest  advantages  lies  in  the  fact  that  about  75 
per  cent  of  our  entire  fleet  bums  oil  for  fuel,  as  compared 
with  about  15  per  cent  for  all  foreign  shipping.  This  ad- 
vantage cannot  be  realized  to  the  fullest  extent  unless  the 
Shipping  Board  and  the  American  Merchant  Marine  as  a 
whole  can  be  assured  of  an  adequate  supply  of  fuel  oil  not 
only  now  but,  of  more  importance,  in  the  future  as  well,  at 
reasonable  prices." 


The  Bureau  of  Mines  is  conducting  tests  at  the  North- 
west Experiment  Station,  Seattle,  Washington,  for  the  pur- 
pose of  developing  efficient  methods  of  washing  coal.  This 
is  made  necessary  by  the  very  poor  quality  of  coal  which 
is  frequently  mined  nowadays.  The  process  under  consid- 
eration depends  upon  differences  in  specific  gravities  between 
the  clean  coal  and  its  associated  impurities.  The  co-oper- 
ation of  several  coal-mining  companies  has  been  secured  and 
gratifying  results  obtained. 


From  8,000  to  10,000  tons  of  American  coal  per  month  is 
sent  to  Constantinople  at  prices  ranging  from  $35  to  $42 
per  ton. 


New  Publications 


LESSOXS  IN  MECHANICS.     By  Franklin 
and    McNutt.      Published    by    FYanklin 
&  Charles,  Bethlehem,  Pa.     218  pages; 
175   illustrations.     Price,   $2. 
This   volume  was  prepared   for  use  as   a 
textbook     in     technical     hie;h     schools     and 
covers  the  field  of  elementary  mechanics  in 
a   very  praiseworthy  manner.     The  method 
of  treatment  should   be   highly  satisfactory 
for    schoolroom    work    since    the    examples 
given    deal    with    familiar    objects.       It    is 
rather  difficult  to  treat  of  mechanics  with- 
out   the    use    of    calculus,    and    since    the 
student    is    not    supposed    to    have    covered 
calculus  a  very  successful  attempt  is  made 
to  explain  the  higher  mathematics  evolved 
in  motion  and  elasticity. 

EFFICIENT  OIL  BXTRNING.  By  Arthur 
H.  Light.  Published  by  the  Coen  Com- 
pany. San  Francisco,  Cal.  Cloth  :  70 
pages:  Price.  $2.50. 
The  author  of  this  nique  little  volume 
on  furnace  combustion,  with  many  years  of 
experience  in  the  use  of  fuel  oil,  conceived 
the  idea  of  implanting  knowledge  of  the 
elementary  principles  of  combustion  in  the 
minds  of  engineers  through  the  agency  of 
a  simple  text  embellished  with  innumerable 
figures  or  moving  pictures.  The  author 
terms  it  "Graphic  Description."  On  first 
opening  the  volume  the  reader  may  be 
struck  by  the  apparent  childishness  of  the 
figures  termed  oxyes,  nitroes.  carbies,  etc., 
but  on  reading  a  few  pages,  will  be  con- 
strained to  acknowledge  that  the  method 
of  treatment  does  impress  the  mind  with 
the  basic  principles  of  combustion  more 
effectually  than  would  a  more  abtruse  work. 
The  engineer  will  find  the  volume  well 
worth   the   price   asked    for    it 


MODERN      ■n'ELDING      METHODS.        By 
Victor  W.  Page,  1\L  S.  A.  E.     Published 
bv  Norman  W.  Henley  Publishing  Co.. 
New   York,    1920.      Cloth  ;    5i    x   8    in.  ; 
292   pages ;   113   illustration ;   16  tables. 
Price,   $3 
Autogenous    welding    for    joining    metals 
has    made    rapid    progress    during   the    last 
few  years,  so  much  so  that  it  has  become 
almost  an  indispensable  art  in  many  indus- 
tries.     In    the    welding    process    it    is    now 
recognized    that   the   welder   is   a   very    im- 
portant   factor    in    the    making    of    a    good 
weld,    therefore   this   book,   which   treats   of 
the  practice  in  the  use  and  practical  appli- 
cation of  oxyacetylene  welding  and  cutting 
torches,  spot,  arc  and  buti  systems  of  elec- 
tric  welding,   thermit   process,   brazing  and 
soldering  processes,  and  forge  welding  and 
heat   treatment   of   steel,    has    a   wide   field 
of  usefulness.     The  subjects  are  treated  in 
a  simple  non-technical  manner  for  the  uso 
of  students  and  practical  mechanics  rather 
than  the  engineer — for  those  who  are  more 
interested  in  the  practical  applications  than 
in  the  theorj'  of  welding. 

THE    A    B    C    OF    STORAGE    BATTERY 
MANAGEMENT.    By  Ernest  C.  McKin- 
non,  A.  M    I.  E.  E.     Published  by  Elec- 
tricgil    Press.    Ltd..    London,    England. 
Size  5   X  8   in.  ;   95   pages;   31   illustra- 
tions.     Price.    3s.    lOd. 
In  this   little   book   an   attempt   has  been 
made  to  present  in  plain  language  the  es- 
sential   features    in    the    installation,    care 
and  maintenance  of  storage  batteries,   also 
the  rudimentary  points  that  anyone  under- 
taking   the    operation    and    management    of 
storage    batteries   should    be    familiar   with. 
The    text    is    divided    into    eight    chapters : 
What   to   g-uard   against   in   storage  battery 
operation:  battery-room  requirements:  how 
to    take    hydrometer     readings :     daily     in- 
spections ;    general    upkeep ;    battery    terms 
and   definitions.      Although  the  book  repre- 


sents British  storage-battery  practice,  most 
of  the  material  is  equally  applicable  to  lead 
batteries  of  every  make.  The  collection  of 
200  battery  terms  in  the  last  chapter 
should  prove  of  particular  value  to  those 
who  are  non-technical  and  wish  to  become 
familiar  with  the  storage-battery  subject. 

DIRECT-CURRENT  MOTOR  AND  GEN- 
ERATOR TROUBLES.  By  T.  S. 
Gandv  and  E.  E.  Schacht.  Published 
by  McGraw-Hill  Book  Co..  Inc.,  New 
York  City,  1920.  Cloth  ;  5  x  8  in.  ;  274 
pages;  109  illustrations.  Price,  $2  50. 
In  general,  the  designing,  construction 
and  installation  of  power  equipment  covers 
a  comparatively  short  period  when  measured 
by  the  operating  life  of  the  machine.  It  is 
the  operating  man's  job  to  keep  the  equip- 
ment going  throughout  the  life  of  the  ma- 
chine after  it  has  been  installed,  and  this 
book  has  been  written  for  the  purpose  of 
giving  the  methods  which  many  years  of 
experience  have  proved  to  be  bofh  simple 
and  effective  for  testing  and  remedying 
direct-current  motor  and  generator  trouble. 
In  addition  the  selection,  operation,  care 
and  repair  of  direct-current  machinery  are 
analyzed  from  the  standpoint  of  the  opera- 
tor. The  book  is  divided  into  nine 
chapters:  Types  of  motors  and  their  uses; 
types  of  generators  and  their  uses ;  erec- 
tion and  assembly  of  direct-current  motors 
and  generators ;  starting  and  operation  of 
direct-current  motors  and  generators ; 
direct-current  switchboards :  troubles  and 
their  remedies  ;  tests  and  repairs  and  use- 
ful data.  Features  of  plant  operation  that 
are  always  closely  associated  with  the 
operator's  interests  are  motor  and  genera- 
tor troubles,  their  remedy  and  repair.  In 
this  book  130  pages  have  been  devoted  to 
these  subjects,  and  the  authors'  long  experi- 
ence with  direct-current  machinery  has 
familiarised  them  with  this  class  of  equip* 
ment  in  all  its  conditions. 
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Personals 


DeWitt  M.  Taylor  has  been  appointed 
instructor  in  mechanical  engineering,  Massa- 
chusetts Institute  of  Technology,  Cambridge. 
He  was  formerly  Associate  editor  of  Power. 

John  A.  Stevens,  consulting  engineer,  of 
Lowell.  Mass.,  is  leaving  for  a  month's  re- 
laxation in  Europe.  Can  you  see  John 
relaxing? 

William  Miltz,  formerly  manager  of  the 
Cenigraph  Co.,  Cincinnati,  is  now  general 
superintendent  of  construction  for  the  Lam- 
son  Co.,   Boston,  Mass. 

F.  R.  Stevens,  chief  engineer  of  the  Amer- 
ican Locomotive  Co.,  has  been  transferred 
from  the  Richmond  (Va. )  to  the  Schenec- 
tady  office   of  this   company. 

D.  W.  Frazer,  formerly  general  manager 
of  the  Montreal  Locomotive  Works,  Ltd.,  is 
now  located  in  New  York  City.  Mr.  Fraser 
is  vice  president  of  the  American  Locomo- 
tive Company. 

I/.  A.  Baldwin  is  now  associated  with  the 
H.  W.  Johns-Manville  Co.,  St.  Louis,  Mo. 
He  was  formerly  superintendent  of  the 
boiler  department  of  the  Empire  Gas  and 
Fuel  Co.,  Eldorado,  Kan. 

Charles  G.  Keshen  is  now  associated  with 
rhe  Gifford-Wood  Co.,  of  Hudson.  N.  Y., 
IS  an   engineer  on  coal-handling  and  con- 


veying  apparatus.     He    was    formerly   with 
the  Lamson   Co.,   of   Boston,   Mass. 

t.  L.  Jordan  has  left  the  Foxboro  Co.,  of 
Foxboro,  Mass..  and  is  now  sales  engineer 
with  the  Chadburn  Engineering  Co.,  of 
Troy,  N.  Y.,  which  has  recently  placed  a 
new  type   of  CO„  indicator  on   the   market. 

Leon  H.  Johnson  has  severed  his  connec- 
tion as  general  manager  with  the  Anderson 
Foundry  and  Machine  Co.  and  will  in  the 
future  be  at  the  head  of  an  engineering 
firm  specializing  on  oil-engine  power  plants 
as  well  as  manufacturing  oil  engines,  at 
Anderson,   Ind. 


Society  Aflfairs 


The  American  .Society  of  Refrigerating 
Engineers  is  to  hold  its  annual  meeting 
on  Dec.  6,  7  and  8  at  the  Hotel  Astor,  New 
York   City. 

The    Detroit    Section    of   the    A.    S.    M.   E. 

is  to  hold  a  joint  meeting  with  the  Michigan 
Heating  and  Ventilating  Society  on  Dec  3. 
"Modern  Efficiency  of  Heating  and  Ventila- 
tion"  will   be   discussed   by    Dr.    Hill. 

The  Detroit  Engineering  Society  will  meet 
on  Dec.  3  to  hear  an  address  by  Dexter  S. 
Kimball,  professor  of  engineering  at  Cornell 
University,  on  "A  Broader  Field  for  the 
Engineer." 


The  Engineer's   Club  of   Philadelphia  will 

hold  a  meeting  on  Dec.  3,  at  which  "The 
Use  of  Powdered  Anthracite  and  the  Re- 
covery and  Use  of  River  Coal"  will  be  dis- 
cussed by   members  and  engineer  guests. 

The  Taylor  Society  will  hold  its  annual 
meeting  on  Dec.  2,  3  and  4.  On  the  eve- 
ning of  Dec.  3  a  joint  meeting  with  the 
A.  S.  M.  E.  and  the  A.  I.  E.  E.  will  be 
held,  at  which  the  subject  will  be  "The 
Long  Day  in  the  Steel  Industry."  The 
program  appears  elsewhere  in  Power. 

The  Philadelphia  Section  of  the  Associa- 
tion of  Iron   and   Steel   Electrical   Engineers 

will  hear  an  address  on  Dec.  4  by  H.  C. 
Boynton  and  W.  A.  Voigtlander.  on  "Instruc- 
tion in  the  Care,  Use  and  Inspection  of 
Flexible  Steel  Cables."  Technical  sessions 
of  the  association  are  held  at  8  p.m.,  pre- 
ceded by  informal  dinners  at  6  p.m. 


Business  Items 


The  Chicago  Pneumatic  Tool  Co.  an- 
nounces the  removal  of  its  rock-drill  plant 
from  864  East  72nd  St.,  Cleveland,  Ohio, 
to  its  Boyer  Pneumatic  Hammer  plant  at 
1301  Second  Blvd..  Detroit.  The  location  of 
the  cmpany's  Little  Giant  Air  Drill  plant 
at  1241  East  49th  St.,  Cleveland,  remains 
unchanged. 


COAL  PRICES  I 

Eastern  Seaboard — Wholesale  prices  on  bituminous 
are  about  as  follows: 

Cambrias  and 
Clearfields         Somersets 
F.o.b.  mines,  net  tons  $4. 50®  $5. 50  $5  0O@$6.5O 
F.o.b.     Philadelphia, 

grosstons 7.70®  8.80     8.25®   9.90 

F.o.b.     New     York, 
grosstons 8.15®   9.25     8.70@10.35 

Mew  York — Quotations  at  mines:  Pool  14,  $4.50® 
$4.75;  Pools  71  and  9,  $5.75®$6  25;  Pool  10, 
$4  75@$5.50;  Pool  II,  $4.50®$4.75. 

Midwest — -Mine  prices  of  principal  coals  used  in 
central  Ohio: 

Hocking  lump $4  50@$5  75 

Hocking  mine  run 4 .  00®  5  00 

Hocking  screenings 3 .  50®  4  25 

Pomeroy  lump 4 .  50®  6 .  00 

Ponieroy  mine  run 4 .  00®  5 .  25 

Pomeroy  screenings 3 .  75®  4  00 

West  Virginia  splints,  lump 5  00®  6  50 

West  Virginia  splints,  mine  run ....  4 .  75®  5  .  50 

West  Virginia  splints,  screenings.  .  .  4.25®  5.25 

Pocahontas  lump 6  50®  7 .  00 

Kentucky  lump 5 .  25®  6 .  50 

U  mines  in  Southern  Illinois: 

Prepared  sizes $5.  25®  $6  50 

Mine  run 4.75®   5.50 

Screenings 3.75®  4.25 

Kt  mines  in  Springfield  District: 

Prepared  coal 4 .  75®  6.25 

Mine  run 3.25®   4.00 

Screenings 2.75®  3.25 

\t  Mines  in  Northern  Illinois: 

Minerun 3  75©   4  50 

Screenings 4  00(u    4 .  50 

South — Birmingham,  .41a.,  reports  the  following 
quotations:  Cahaba  and  Black  Creek  mine  run, 
$5.50@$5;  Carbon  Hill  grades,  $4®  $4. 50. 


New  Construction 


PROPOSED    WORK 

Mass.,  Cohasset — The  city  had  sketches 
prepared  for  a  2  story  municipal  building. 
About  $500,000.  G.  F.  Ne\xton,  6  Beacon 
St.,  Boston,  Archt. 

Mass.,  New  Bedford — The  Bd.  Educ.  will 
soon  award  the  contract  for  a  2  story,  171 
X  184  ft.  grammar  school  including  a  steam 
heating  system  on  Summer  St.  About 
$600,000.  Smith  &  Howland,  Bartlett 
Bldg.,  Archts. 

Mass.,    South    Hadley — The    Mt.    Holyoke 

College,  M.  E.  Wooley,  Pres..  is  having 
plans  prepared  for  a  3  story  dormitory 
including  a  steam  heating  system.  About 
$500,000.  Brainerd  &  Leeds,  89  Franklin 
St.,  Boston,  Archt. 

Conn.,  Fairfield — The  DuPont  Pabrlkoid 
Co.   plans    to    increase    its    sub-station   ca- 


pacity to  100  kva.  and  the  motor  load  by 
250  hp.     L..  A.  Beecher,  Supt. 

N.  T.,  Brooklyn — The  Y.  M.  H.  A.,  c/o 
Mr.  Moscowits,  189  Montague  St.,  plans  to 
build  a  13  story  Y.  M.  H  A.  building  includ- 
ing a  steam  heating  system  at  4th  Ave. 
and  Dean  St.     Archt  and  Engr.  not  selected. 

N.  T.,  Middletown — The  State  Hospital 
Comn.,  Capitol,  Albany,  will  soon  receive 
bids  for  a  3  story,  44  x  320  ft.,  3  wings,  37 
X  76  ft.  chronic  hospital  at  the  Middletown 
State   Hospital   here.      About    $400,000. 

N.  Y.,  Oswego— The  city  plans  to  build 
a  3  story.  200  x  264  ft.  high  school,  includ- 
ing a  steam  heating  system  on  Utica  St. 
J.  A  Randall.  S.  A.  &  K.  Bldg.,  Syracuse, 
Archt.  and  Engr. 

N.  J.,  Atlantic  City — The  Bd.  Educ,  c/o 
Mr.  Power,  Atlantic  and  Pacific  Aves., 
plans  to  build  a  3  story  high  school  in- 
cluding a  steam  heating  system.  About 
$1,000,000.     Archt.  not  selected. 

N.  J.,  Burlington — The  Masonic  Order  of 
Burlington,  15  West  Union  St..  will  soon 
award  the  contract  for  a  temple  including 
a  steam  heating  system.  About  $300,000. 
W.  T.  Arnold,  Meriden,  Conn.,  Archt.  and 
Engr. 

N.  J.,  Trenton — R.  C.  Maxwell  Co.,  413 
East  State  St.,  will  soon  receive  bids  for 
an  8  story.  97  x  193  ft.  office  building. 
Walter  Hankin,  241  South  Warren  St., 
Archt. 

Pa.,  Altoona — The  City  Commissioners, 
c/o  H.  G.  Hinklo.  City  Mgr..  plans  to  build 
a  30  X  60  ft.  reservoir  and  install  two 
electrically-driven,  automatically-controlled 
pumps.     F.  D.  Hain,  City  Hall,  Engr. 

Pa.,  Butler — The  Butler  Memorial  Hos- 
pital, c/o  Dr.  T.  M.  Maxwell.  Pres.,  plans 
to  build  a  3  story  hospital  extension  includ- 
ing a  steam  heating  system  on  Brady 
Street.  About  $500,000.  E.  L.  Tilton,  52 
Vanderbilt  Ave.,  New  York  City,  Arclit.  and 
Engr. 

Pa.,  New  Wilmington — The  Water  Supply 
Co.  is  in  the  market  for  a  25-hp,  gas  en- 
gine, a  force  pump  and  air  compressor. 

Pa.,  Philadelphia^ — The  Colonia  Garage, 
28  East  Mount  Airy  Avenue,  is  in  the  mar- 
ket for  an  8  X  36  ft.  upright  boiler. 

Pa.,  Sharpsburgh  (Pittsburgh  P.  O.) — 
The  Borough  received  bids  for  pumping  sta- 
tion from  Pitt  Constr.  Co.,  Fulton  Bldg., 
Pittsburgh,  $41,900  ;  D.  T.  Riffle,  Keenan 
Bldg..  Pittsburgh,  $45,763  :  Fort  Pitt  Constr. 
Co,   Mardn  Bldg.,  Pittsburgh,    $46,369. 

Va,,  Winchester — Estate  of  Judge  Hanley. 
c/o  F.  E.  Clark,  is  having  plans  prepared 
for  a  3  story  Handley  Memorial  School. 
About  $1,000,000.  S.  H.  Edwards,  and  W. 
R  McCormack,  East  6th  St.,  Cleveland, 
Associate  Archts. 

W.  Va.,  South  Charleston — The  Bureau 
of  Yards  and  Docks,  Navy  Dept..  Washing- 
ton, D.  C,  received  bids  for  direct-current 
distribution  centers  in  machine  shop  at  the 
U.  S.  Naval  Ordnance  Plant  here,  from  the 


General  Electric  Co.,  River  Rd.,  Schenec- 
tady, N.  Y.,  $14,565  and  the  Westinghouse 
Electric  &  Mfg.  Co.,  803  Hibbs  Bldg.,  Wash- 
ington, D.  C,   $18,382. 

N.  C,  Kinston — The  city  plans  to  enlarge 
the  electric  light  and  power  plant  and  in- 
stall machinery  and  boilers.  About  $300,000. 

N.  C,  Lenoir — The  Granite  Falls  Mfg. 
Co.,  Granite  Falls,  has  applied  for  permis- 
sion to  build  dain,  power  house,  reservoir, 
etc.,  on  Wilson  Creek  for  public  service 
here.     A.  A.  Shuford,   Secy. 

N.  C,  Scotland  Neck — The  city  plans  to 
install  a  new  lighting  system.  About 
$50,000. 

N.  C,  Sprnce  Pine — Col.  D.  W.  Adams, 
Old  Fort,  is  promoting  a  hydro-electric 
project  on  the  Toe  River  near  here.  About 
several    hundred    thousand    dollars. 

Fla.,  Apalachicola — The  city  voted  $50,- 
000  bonds  for  an  electric  light  plant. 

Ala.,  Montgomery — The  Alabama  Power 
Co..  Birmiryrham,  has  been  granted  a  writ 
of  convenience  from  the  State  Public 
Service  Comn.  for  the  construction  of  a  dam 
and  hydro-electric  power  plant  on  the  Coosa 
River   near   Lock    12. 

Ky.,  I^ouisville — The  Ford  Motor  Co.. 
2500  South  3rd  St.,  plans  to  build  a  100  x 
200  ft.  addition  to  the  present  automobile 
assembling  plant.     About  $500,000. 

O.,  Cleveland — The  Hayden  Investment 
Co.,  c/o  H.  Kangesser.  Park  Bldg.,  has 
purcha.sed  site  on  East  30th  St.  and  Pros- 
pect Ave.  and  plans  to  build  a  5  story.  80 
-x  210  ft.  garage  and  commercial  building 
including  a  steam  heating  system.  About 
$400,000.  J.  L.  Weinberg,  Schofield  Bldg., 
Archt. 

O.,  Cleveland — S.  S.  Koslen.  1077  East 
;i7th  St ,  plans  to  build  a  7  story,  69  x  190 
ft.  hotel  including  a  steam  heating  system 
on  Euclitl  Ave.  About  $500,000.  Archt's. 
name  withheld. 

O.,  Dayton — The  Association  of  Jewish 
Congregations  plans  to  build  a  4  story  hos- 
pital on  Forest  Ave.  About  $400,000.  S. 
Meyerburg,  North  Jefferson  St.,  Chn.  Archt. 
not  selected. 

O.,  Dayton — The  Bd.  Educ,  C.  H.  Brit- 
ton,  Secy.,  plans  to  build  a  3  story  high 
school  on  Summit  St.  About  $750  000 
Schenk  &  Williams,  Mutual  Home  Bldg., 
Archts. 

O.,  Massillon — The  First  Nat'I  Bank,  P. 
L.  Hunt,  Pres.,  plans  to  build  a  6  story, 
40  X  144  ft.  bank  and  office  building  in- 
cluding a  steam  heating  system  on  Main 
St.  About  $300,000.  Wm.  R.  Powell.  Rose 
Bldg.,   Cleveland,   Archt. 

O.,  Milo  (Columbus  P.  O.) — The  Bd. 
Educ,  Columbus,  is  having  preliminary 
plans  prepared  for  a  2  story,  110  x  200  ft. 
school  here.  About  $265,000.  Riebel  & 
Sons,  New  First  Nat'I  Bank  Bldg..  Colum- 
bus, Archts. 

O.,  Springfield — The  Wittenburg  College, 
c/o  Dr.  C  Huckert.  Pres..  College  Hill, 
plans  to  build  a  3  storv  gymnasium  and 
auditorium.  About  $500,000.  Archt,  not 
selected. 
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O..  Youncntown — The  Cfntrnl  Bank  ft 
Truat  Co..  (.'•■nirul  Sii .  pluiiH  to  build  it  12 
Mlury.  40  X  180  rt.  bunk  ami  oinct'  bulUlliiK. 
About    n.tOO.OOO. 

Intl..  EvanmrlllK — The  KviinBVllli-  CoIIoki'. 
B  Xorlli  MlohlKiin  .Vv.v,  will  rcoclxf  IiUIh  In 
nrri'iulKT  for  II  3  Hlorv.  GB  x  174  fl.  coIU'K'' 
liUll'llliK  <»i  1-Ii<c»Im  Aviv  AlMUit  imO.OOO. 
Kulli'iiwldiT  &  UowlliiK,  ("hlciiKo,  111.. 
Archill. 

Ind..  Oarjr — The>  Fli^t  Mothodlst  Kpls- 
oo|ml  Church  Is  having  plans  pr«'i>ar«'d  for 
a  125  X  23r>  ft  church  and  conununlty 
biilldlnR  IncludInK  a  Hli-ani  hi-atlni?  HyHtcm 
at  Went  6lh  St.  and  WashluRton  Ave. 
About  jer.o.iKiit.  I.owe  &  Hollcnbockcr.  Iii8 
South    La   Salle   St..   Chlcaeo.    HI..   .Vrclits. 

Mich..  Blrmliicham— The  Bd.  Kduc.  will 
soon  nwanl  the  contract  for  a  2  story.  128  x 
165  ft.  school  incUidliiK  a  slcatn  beatin); 
svstem  at  ,\dams  St.  and  Oakland  Ave. 
Baxter.  O  Dell  &  llalpln,  1024  Hammond 
BldB.,   Archts. 

MIrli..  Detroit — The  Northwestern  Bldfi. 
Corp..  20G3  West  Grand  Boulevard,  is  hav- 
inK  plans  prepared  for  a  2  story  theater 
and  otiice  building  includlnjc  a  steam  heat- 
ing svstem.  About  t2.000.000.  C.  W.  & 
C.  L.  Bjipp.  190  North  State  St..  ChicaKo. 
III.,  Archts. 

Mich.,  Detroit — St.  Thomas'  Church. 
Thomas  Ave.,  is  having  plans  prepared  for 
a  2  story.  64  x  98  ft.  .school  and  a  34  x  48 
ft.  steam  heatinK  plant  annex.  About  $175.- 
000.  Van  Ueyen,  Schilling.  Keough  & 
Reynolds.  5G6  Cass  Ave.,  .\rchts 

Mich.,  LanNinK — The  Lansing  Agriculture 
College  had  preliminary  plans  prepared  for 
a  club  house  including  a  steam  heating 
system.  About  $500,000.  Pond  &  Pond. 
64  East  Van  Huren  St.  Chicago.  111..  Archts. 

Mich.,  Saginaw — The  Bd.  Educ.  is  having 
plans  prepared  for  a  3  story.  173  x  282  ft. 
school  including  a  steam  heating  system  on 
Weadock  and  Park  Sts.  About  $1,000,000. 
'Bowles  &  Mutschelier,  Chase  Block,  Archts. 

UI..  ChicaKO — The  Lake  Shore  Trust  & 
craving  Bank.  Michigan  Ave.  and  Oliio  St.. 
is  having  plans  prepared  for  a  6  story  bank 
and  otiice  building  including  a  steam  heat- 
ing system.  Marshall  &  Fo.x,  721  North 
Michigan  St.,  Archts. 

111.,  Chicago — The  Chicago  Women's  Club. 
410  South  Michigan  Ave.,  is  having  pre- 
liminary plans  prejjared  for  a  9  story.  104 
X  120  ft.  club  house  including  a  steam 
heating  system  on  11th  St.  About  $1,100,- 
000.  Pond  &  Pond,  64  E^ast  Van  Buren  St., 
Archts. 

ni.,  Chicago — The  Evangelical  Lutheran 
Immanuel  Church,  c/o  E.  E.  Hall.  Archt.. 
123  West  Madison  St..  is  having  plans  pre- 
pared for  a  1  and  2  story.  123  x  210  ft. 
church  and  social  center  building  including 
a  steam  heating  system  at  Ellendale  & 
Greenview  Aves,     About  $400,000. 

m..  Chicago — Cook  County,  c/o  Eric  E. 
Hall.  Archt..  123  West  Madison  St..  is  hav- 
ing preliminary  plans  prepared  for  a  3 
storv  juvenile  home  including  a  steam  heat- 
ing system  at  Roosevelt  Rd.  and  Ogden 
Ave.     About   $600,000. 

ni.,  Chicago — The  Sheridan  Trust  &  Sav- 
ings Bank.  Bway.  and  Lawrence  Ave.,  is 
having  plans  prepared  for  a  10  story  bank 
and  office  building  including  a  steam  heat- 
ing system.  Marshall  &  Fox,  721  North 
Michigan   Ave..  Archt. 

ni.,  Chicago — B.  H.  Rosen,  4854  North 
Irving  Ave.,  plans  to  build  a  5  story,  100  x 
130  ft.  hotel  including  a  steam  heating  sys- 
tem at  Rogers  J'ark.  About  $350,000. 
Ralph  C.  Harris,  190  North  State  St.,  Archt. 

m.  Chicago — The  Pilgrim  Congregational 
Church.  64th  St.  and  Harvard  Ave.,  plans 
to  build  a  2  story,  100  x  122  ft.  church  and 
communitv  house  including  a  steam  heating 
svstem.  About  $500,000.  C.  B.  Falkner, 
140   South  Dearborn   St.,   Archt. 

ni..  Chicago — The  First  Methodist  Epis- 
copal Church.  77  West  Washington  St..  is 
having  preliminary  plans  prepared  for  a 
20  story.  80  x  180  ft.  church  and  office 
building  including  a  high  pressure  steam 
heating  svstem  at  Washington  and  Clark 
Sts.  Holabird  &  Roche,  104  South  Michi- 
gan Ave.,  Archts. 

HI..  Wankeegan — The  Victory  Memorial 
Hospital,  c/o  Schmidt.  Gardner  &  Mortin. 
Archts..  104  South  Michigan  St..  will  soon 
award  the  contract  for  a  2  story.  40  x  340 
ft.  hospital  and  a  1  story,  25  x  90  ft.  power 
house.      About   $300,000. 

Wis..  Jeflferson — The  Jefferson  Rubber 
Co..  c/o  C.  Girton,  is  in  the  market  for 
several  electric  motors,  to  be  used  in  con- 
nection  with   a  new   rubber  tire   factory. 


Win..  iM  Croiiiie — TJie  WlKjonnln-Mlnnc- 
m.ta  LlBht  A  Power  Co.  120  North  Blh  St  , 
plaiiH  to  build  a  new  10.000-kw  Mteum 
power  pliiiit  anil  extend  itH  electric  llneH 
to  llokiih.  Minn  .  and  Sliiirlu.  Win.  About 
$60,000.      K.    C.    Felton.    Mitr. 

Wla..  Mllwankev — The  Milwaukee  Bridge 
Co.,  1400  34lh  )ft  ,  will  have  plana  prepared 
for  the  InHtallntlon  of  iiddltioniil  boilerH. 
Cuhlll  &  DougliiM.  217  Woat  Water  St. 
lOngrs. 

Inwn.  Cednr  Knpld>  The  Bd.  K<luc  .  K. 
Mategll.  Secy.,  will  Hooii  receive  biclH  for 
four  high  sclupols  Ini-hiilinc  Hteam  heating 
sy.stemH.  About  $1,200,000.  Uugh  & 
Ziilesky.  811  Securlll.'H  Bldgs..  Den  Moln.H. 
Archt..  F.  Tustison.  355  Auditorium  Hldg.. 
Minneapolis.   Minn.,   Engr. 

Minn.,  Annandale — The  Bd.  Educ.  Is  hav- 
ing plans  prepared  for  a  2  story.  110  x 
154  ft.  high  school  Including  a  steam  heat- 
ing system.  About  $250,000.  C.  H.  Par- 
sons. 600  Builders'  Exchange,  Minneapolis. 
Archt. 

Minn.,  EvFleth — The  Bd.  EdUc.  J.  M. 
Stearns.  Clk..  will  receive  bids  In  January 
for  a  3  story,  140  x  200  ft.  vocational  high 
Hcliool  including  a  steam  heating  system. 
Al>out  $750,000.  W.  T.  Bray.  817  Torrey 
Bldg..    Duluth,   Archt. 

Minn..  MinncapoUa — Dr.  A.  H.  Parks. 
Chn.  of  a  group  of  100  physicians  and 
dentists.  706  Physicians  &  Surgeons  Bldg.. 
plans  to  build  a  12  story  olllce  l)uilding. 
About   $1,000,000.     Archt.    not   selected. 

Minn..  MinneapoIiH — The  Bd.  Educ.  O. 
F.  Womrath,  Supt..  305  Cit^  Hall,  plans  to 
remodel  a  grade  school  into  a  junior  high 
school  including  a  steam  heating  system 
at  410  James  Ave..  North.     About  $250,000. 

Kan.,  BellevUlc — The  Chicago.  Rock 
Island  &  Pacific  R.R..  139  West  Van  Buren 
St..  Chicago,  111.,  is  having  plans  prepared 
for  a  1  story.  32  x  80  ft.  ico  manufacturing 
plant,  here.  About  $80,000.  A.  T.  Hawk,  c/o 
above  address,  Archt. 

Kan.,  Pleasanton — The  city  will  soon 
award  the  contract  for  a  new  power  plant 
and  two  250-hp.  boilers,  direct-connected 
200-kva.  generator,  switchboard,  condenser, 
etc.  A.  T.  Archer  Co .  609  New  England 
Bldg.,  Kansas  City,   Mo.,   Engrs. 

Neb..  Norfolk — The  Bd.  Educ,  B  Wol- 
ford.  Secy.,  had  plans  prepared-  for  a  2 
story  high  school  including  a  steam  heating 
system.     About  $450,000.     J.  C.  Stitt,  Archt. 

Neb..  Wymore — The  Wymore  Hotel  Co., 
c/o  J.  S.  Jones,  is  raising  funds  for  a  100- 
room  hotel  including  a  steam  heating  sys- 
tem.    About  $350,000. 

S.  D..  Watertown — The  South  Dakota 
Packing  &  Shipping  Co.  plans  to  build  a 
4  storv  packing  house.  About  $300,000. 
F    R.  Hewitt,   Pres. 

Mont..  Ronan — Mayor  J.  P.  Swee,  Mis- 
soula County,  has  made  application  for 
permission  to  build  a  dam,  power  house, 
etc.,    at   Crow    Creek,    here. 

Mo.,  fit.  Louis — The  Smith  &  Davis  Mfg. 
Co..  1925  Locust  St..  plans  to  build  a  fur- 
niture factory  on  Goodfellow  Ave.  About 
$1,000,000.      Archt.    not    selected. 

Mo.,  St.  Lonis — The  Knights  of  Columbus, 
c/o  L.  E.  Hart,  LaSalle  Bldg.,  plans  to 
buil(i  a  clubhouse  on  Lindell  Blvd.  About 
$1,000,000. 

Mo..  St.  Louis — The  Power  Truck  &  Trac- 
tor Co..  Beard  and  Goldsmith  Sts..  Detroit. 
Mich.,  plans  to  build  an  auto  truck  factory 
at  Mead  St.  and  the  Wabash  RR..  here. 
.\bout  $250,000.  Architect  not  selected.  B.  B. 
Craven.  Chemical  Bldg.,  St.  Louis.  Mo.,  Agt. 

Mo..  St.  Louis — The  Southern  Car  'U'heel 
Co.,  Ry.  Exchange  Bldg..  plans  to  build  a 
car  wlieel  factory  at  Marcus  Ave.  and  Ter- 
minal R.R..  About  $500,000.  Archt.  not 
selected.     ' 

Tex.,  Dallas — The  Methodist  Episcopal 
Church,  c/o  Bishop  W.  N.  Ainsworth.  Aus- 
tin, plans  to  build  a  hospital  here.  About 
$1,000,000.      Engr.    not   selected. 

Tex.,  Port  Arthur — The  Bureau  of  Yards 
and  Docks,  Navy  Dept.,  Washington.  D.  C. 
will  receive  bids  until  Dec.  15.  for  a  14  x 
39   ft.   radio   station  here.      Noted    Nov.   23. 

Wash.,  Seattle — The  University  of  Wash- 
ington Y.  M.  C.  A.  plans  to  build  a  4  story. 
65  X  85  ft.  club  at  North  42nd  and  East 
15th  Sts.  Baker.  Vogel  &  Evans.  Men's 
Building    on    university    campus,    Archts. 


W»«h..  Hrattlo — J.  I>.  RoHa.  8upt  of 
LlKhtlng,  huH  naked  the  Hoard  of  Pub.  Wka 
fur  permlMHion  to  eijulp  4  of  the  14  bollen 
at  the  I>ake  I'lilon  Hteuin  jiliint  with  aulo- 
iiiutlc  alokera  ul  a  coat  of  $147,000. 

Cal.,  KxchfHiiirr — The  Merced  IrrlKoHon 
DlHtrlcl,  Merceil,  Iiiih  it|>plied  for  pi'rmla- 
alon  tfi  build  u  darn  here  for  powiT  pur- 
poaeH  and  to  oix-rate  dralnaKe  pumjia. 

Cal..  lA>n  Angclea- -J.  Harvey  Pierce, 
4  838  Elm  wood  Ave.,  haa  made  application 
for  permlaflloo  to  build  3  diima  and  3 
power  houaea  for  mining  and  llirhtinK  pur- 
poses. 

Cal.,  Hun  FriincUco — J.  O.  Van  Zandt, 
c/o  W.  L.  Ilul.er,  Flrat  .N'atlonal  Bank 
Hldg.,  has  applied  for  preliminary '  permit 
to  build  .'I  power  house,  reservoir,  etc.,  at 
Bear  and   Santa  Anna  Crceka,   hero. 

Ont.,  Ix>ndan — The  Ftilitlea  Comnrs.  will 
have  plans  prejiared  for  a  2  story,  45  x  70 
ft.  HUb-Rtation  on  Cabell  .St.  and  are  In  the 
market  for  transformers,  generators, 
switches,  etc.  About  $85,000.  E.  V. 
Buchanan,   Hydro   Ofllcea,   Engr. 

CONTRACTS   AWARDED 

MaHH..  Charleatown — The  Charlestown 
Gas  &  Electric  Co..  27  Main  St.,  has  award- 
ed the  contract  for  a  1  story,  40  x  50  ft. 
substation  on  Salem  St.  to  \V.  M.  Bailey, 
88    Broad   St.,    Hoaton.     Noted   Nov.    23. 

R.  I..  Woonaocket — The  Enterprise  Dye 
Wks..  Inc.  229  Ist  Ave.,  has  awarded  the 
contract  for  a  1  story.  25  x  40  ft.  boiler 
plant  to  the  Eastern  Constr.  Co.,  660  Win- 
ter St.,  at  $15,000. 

Conn.,  New  Haven — The  Sheldon  Co., 
Congress  Ave.,  has  awarded  the  contract 
for  a  power  house  to  J.  N.  Leonard  &  Co.. 
952  Chapel  St.,  at  $15,000. 

N.  y..  New  York — The  Baker  &  Williams 
Co.,  126  Le  Roy  St.,  has  awarded  the  con- 
tract for  a  9  story,  75  x  100  ft.  warehouse 
addition  including  a,  steam  heating  system 
at  110  Le  Roy  St.  to  Cauldwell-Wingate. 
381-4   4th  Ave. 

Md..  Baltimore — The  Protestant  Episco- 
pal Cathedral  of  Incarnation.  University 
Parkway,  has  awarded  the  contract  for  a 
2  story,  50  x  140  x  70  ft.  Synod  Hall  to 
Morrow  Bros..  1201  Fidelity  Bldg.,  at 
$270,000.  A  steam  heating  plant  will  be 
installed  in  same 

D.  C,  Washington — The  Engineer's  Of- 
fice, War  Dept.,  has  awarded  the  contract 
for  furnishing  4  sets  of  controller  devices 
for  5-hp.  motors  to  Cutler-Hammer  Mfg. 
Co.,  50  Church  St.,  New  York  City,  at 
$978.12. 

W.  Va.,  Beech  Bottom  (Wellsburg  P.  O.) 
— The  West  Penn  Power  Co.,  Hartje  Block, 
Pittsburgh,  Pa.,  has  awarded  the  contract 
for  a  1  story  power  storage  building,  here, 
to  the  Austin  Co.,  Pittsburgh,  Pa.,  at  $40.- 
000. 

La.,  New  Orleans — The  Linde  Air  Prod- 
ucts Company.  30  East  42nd  St.,  New  York 
City,  will  build  a  1  story.  125  x  125  ft. 
oxvgen  factory  including  a  steam  heating 
system,  here.  About  $300,000.  Work  will 
be  done  by  day  labor. 

O.,  Dayton — The  Miami  Ice  Delivery  Co.. 
Ludlow  Bldg.,  has  awarded  the  contract 
for  a  1  story,  60  x  60  ft.  ice  plant  to 
Blanchard    Bldg.    Co.,   at    $50,000. 

Wis.,  Milwaakee — The  Standard  Oil  Co.. 
Brumder  Bldg..  has  awarded  the  contract 
for  the  foundation  of  a  4  story.  75  x  100 
ft.  office  and  service  building  on  Sycamore 
St.  to  the  Universal  Constr.  Co..  79  W^is- 
consin   St.,   at   $300,000. 

Wis.,  Milwaukee — The  Hercules  Knitting 
Co.,  1097  Greenbush  St.,  has  awarded  the 
contract  for  a  1  story,  30  x  80,  30  x  40 
ft.  factory  addition  to  Kroening  Constr. 
Co..  Majestic  Bldg .  at  $45,000.  Electric 
motors  will  be  installed  in  same. 

Wash.,  Seattle — The  Pacific  Telephone  & 
Telegraph  Co..  333  Grant  St..  San  Fran- 
cisco, Cal.,  has  awarded  the  contract  for 
a  10  story.  111  x  120  ft.  exchange  building 
here,  to  the  Sound  Constr.  &  Engr.  Co., 
Lowman  Bldg..  Seattle,  at  $1,000,000.  A 
steam  heating  system  will  be  installed  in 
same. 

Cal.,  Mare  Island — The  Bureau  of  Yards 
and  Docks.  Navy  Dept..  Washington,  D. 
C.  has  awarded  the  contract  for  the  in- 
stallation of  a  heating  system  in  the  struc- 
tural shop  here,  to  Scott  Co..  243  Minna 
St..  San  Francisco,   at   $41-280. 

Ont.,  Ottawa — The  Dept.  Pub.  Wks.  has 
awarded  the  contract  for  additions  to  boiler 
room  at  the  Printing  Bureau  to  G.  C. 
Graves  Co.,   at   $77,000 
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Let's  Go  to  Work 


BUSINESS  conditions  always  affect  the  en- 
gineer. If  he  is  one  who  has  charge  of  the 
operation  and  maintenance  of  a  plant,  the 
dull  seasons,  if  not  too  long,  are  his  busy  ones.  He 
finds  opportunity  to  make  much-needed  repairs.  If 
he  is  a  consulting  engineer  general  depressions  bring 
slack  periods  in  his  own  business.  So  perhaps  some 
impressions  on  the  business  outlook  in  this  trying 
period  through  which  we  are  passing  will  bring  a 
better  appreciation  of  conditions  ^nd  assist  in 
the  formulation  of  plans  which  may  be  in  contempla- 
tion, for  nearly  everyone  is  planning  in  accordance 
with  what  he  sees  ahead  for  business. 

America  is  not  alone  at  this  time  in  the  throes  of 
adjustment  following  a  great  war.  The  world  over  it 
is  the  same.  People  are  but  now,  two  years  after  the 
signing  of  the  Armistice,  sobering  from  the  intoxica- 
tion of  that  war.  The  purse  strings  have  been  pulled 
taut  with  the  suddenness  of  a  cable  lifting  a  bucket 
from  a  coal  barge. 

This  is  the  period  of  I-won't-buy.  It  is  the  morn- 
ing after  a  riotously  extravagant  night. 

When  people  stop  buying  for  long,  manufacturing 
must  stop.  There  is  a  limit  to  the  burden  that  all 
industries  can  stand.  Orders  must  come  in  above 
some  minimum  volume  to  support  the  men  and 
machines  producing  the  commodities  for  sale.  In 
many,  if  not  most  lines,  that  limit  is  reached.  The 
burden  that  is  fixed,  the  idle,  or  underworked  ma- 
chines, cannot  be  lightened.  The  labor  charge  can — 
men  are  therefore  laid  off.  Employers  believing  their 
men  overpaid,  find  it  a  good  time  to  apply  wage 
reduction  on  those  they  can  keep  working.  The  labor 
market  is  liquidated. 

In  many  lines  there  are  stocks  of  completed  com- 
modities, not  large  stocks,  but  some  at  least.  In 
others  there  is  a  serious  shortage.  These  stocks  were 
made  from  high-priced  materials  with  high-priced 
labor.  Yet  universally  there  is  refusal  to  buy  at  pres- 
ent prices,  which  are,  by  and  large,  lower  than  they 
have  been  for  a  few  years. 


Commerce  is  crippled  with  buyers'  inertia.  There 
is  cold  and  congestion  in  the  pocketbook.  The 
Stock  Market  shivers  off  several  points. 

How  can  it  be  sweated  out?  That  is  what  every 
business  man  is  asking.  There  are  many  qualifi^ 
diagnosticians,  but  few  Battle  Creeks  to  effect  a 
cure. 

The  incongruity  of  it  all  is  that  when  the  shelves 
of  the  world  are  bare  we  sit  looking  at  them  and 
weeping  instead  of  sweating  and  working. 

Now  we  are  in  this  mess  and  we  must  get  out  of  it. 
None  of  us  believes  we  can  get  what  we  want  with- 
out working  for  it.    We  are  not  hoboes. 

The  situation  must  be  paid  for  by  someone,  though 
he  who  pays  may  not  have  created  it  any  more 
than  one  creates  the  death  of  a  man  whose  funeral 
expenses  he  pays. 

Somebody  has  got  to  take  the  loss  on  goods,  made 
from  high-price  materials,  and  somebody  else  has 
got  to  take  a  loss  on  similar  raw  materials  to  bring 
prices  low  enough  to  get  people  buying  what  they 
need.  The  loss  will  probably  be  no  greater  than  the 
excess  profit  made  when  the  low-cost  goods  and 
materials  on  hand  before  the  rise  were  sold  at  in- 
flated prices;  so  many  will  break  even. 

This  inertia  on  the  part  of  the  buyer  must  be 
overcome.  He  won't  overcome  it.  Not  on  his  three- 
year  overcoat  he  won't!  And  you  cannot  hunger- 
strike  him  into  doing  so  because  you  are  he. 

Some  manufactories  are  in  far  less  favorable 
circumstances  than  others  to  meet  this  condition. 
They  are  those  who  delayed  in  increasing  their 
prices,  but  who  had  and  have  good,  honest  reasons 
for  doing  so.  Most  of  them  are  entitled  to  ride  in  the 
front  coach,  but  it  looks  as  though  they  have  got  to 
go  to  the  funeral. 

Let's  go!  Let  us  bury  this  corpse,  weep  as  much  as 
we  have  to,  get  back  to  the  house,  put  on  our  jeans 
and  go  to  work. 

Let's  go  to  work! 
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Salient  Features  of  Large  Gas-Fired 
Generating  Station 

(ias-Buniing  Ceiilral  Station  <>f  2,H,50()-Kva.  Capacity — Gas  Piped  Thirty  Miles — Cir- 
culating-Water Cooling  Tower  to  Handle  Fifty  Thou.nancl  Gallons  Per  Minute 
—  Two  Different  Steam  Pressures  and  Superheats  Used  in  Plants 


By  R.  C.  DENNY 

Opcrnting  onglnrer,  San  Joaquin  Light  and  Powor  Company 


WITH  the  installa- 
tion of  a  new 
12,500-kva.  turbo 
unit  the  Bakersfield  steam 
plant  (Fig.  1)  of  the  San 
Joaquin  Light  and  Power 
Corporation  occupies  a  po- 
sition unique  in  the  gn- 
nals  of  steam  engineering 
as  a  natural-gas  burning 
plant.  The  equipment  now 
includes  three  60-cycle, 
2,300-volt,  1,800-r.p.m. 
turbo-alternators  of  12,- 
500-kva.,  6,000-kva.  and 
5,000-kva.  capacity  respec- 
tively. Excitation  is  pro- 
vided from  a  common  bus 
at  125  volts,  the  exciter 
units  being  a  100-kw.  mo- 
tor-generator set,  a  75-kw.  3,600-r.p.m.  turbine  set  and 
a  new  150-kw.  7,200-  to  900-r.p.m.  reduction-gear  tur- 


FIG.   1.     EXTERIOR  VIEW  OF  BAKERSFIELD  PLANT 


bine  set.  Approximately 
15,000,000  cu.ft.  of  gas 
per  day  are  the  fuel  re- 
quirements. This  enor- 
mous quantity  of  gas  is 
piped  in  from  two  differ- 
ent fields  through  six-inch 
pipe  lines  a  distance  of 
thirty  miles.  Reaching  the 
plant  and  passing  through 
reducing  valves,  the  gas  is 
measured  by  orifice 
meters  and  passes  on  to 
the  furnaces.  The  gas 
burners  are  made  up  of 
nipples  of  ordinary  half- 
inch  pipe,  tapped  out  on 
each  side  of  a  two-inch 
main  pipe  (Fig.  6)  every 
six  inches  along  its  length. 
These  nipples  are  capped  and  near  the  end  are  drilled 
out    A    in.   on  the  top  side.     Above  these   holes  and 


FIGS.   2  TO  4.     VIEWS  OF  VARIOUS  PAKTS  OF   STEAM  PLAXT 
Fig.   2 — Condenser  circulating-water  cooling  tower.     Fig.  3 — ^How  gas  burners  are  arranged.     Fig.   i — Interior  of  generating  station 
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centered  with  them  are  placed  fireclay  tiles  cemented  in 
with  asbestos  cement.  This  constitutes  a  burner,  of 
which  there  are  six  banks  of  thirty-four  each  under 
each  boiler.     (See  construction,  Fig.  3.) 

Originally,  fuel  oil  was  burned,  and  the  oil  piping  and 
burners  were  left  in  place  ready  for  any  emergency. 
There  is  at  the  plant  an  oil-storage  reservoir  having  a 
capacity  of  23,000  bbl.,  sufficient  to  tide  over  gas-line 
troubles  for  a  weel:. 

The  two  smaller  turbo  units  are  operated  at  200  lb. 
pressure  and  100  deg.  superheat  from  eight  603-hp. 
water-tube  boilers,  while  the  large  unit  is  operated  from 
ten  822-hp.  boilers  of  the  same  type  at  250  lb.  pressure 
and  125  deg.  superheat.  Two  of  the  822-hp.  boilers  are 
equipped  with  auxiliary  relief  valves  so  that  they  can 
be  cut  over  to  work  with  the  603-hp.  boilers  at  200  lb. 
pressure. 

Natural  draft  is  used,  and  the  stacks  are  made  of 
riveted  steel  90  in.  in  diameter.  There  are,  in  all,  nine 
stacks,  five  of  them  165  ft.  high,  all  cross-guyed  to  one 
another  and  to  reinforced-concrete  anchors. 

A  large  cooling  tower  (Fig.  2)  occupies  one  end  of 
the  property.  This  tower  is  built  entirely  of  wood,  is 
24  ft.  high  and  stands  in  a  cementedf  reservoir  134  x  346 
ft.  surrounded  by  a  3i-ft.  concrete  wall.  Fifty  thousand 
gallons  of  water  can  be  pumped  over  this  tower  per 
minute  and  cooled  25  deg.  F. 

Graphic  meters  are  used  throughout  the  plant,  and  a 
laboratory  adjacent  to  the  main  building  is  proving  a 
useful  adjunct.  Here  are  installed  a  calorimeter  and  a 
density  balance.  Several  tests  are  made  daily  to  deter- 
mine the  specific  gravity  of  the  gas  and  its  B.t.u.  values. 
This  makes  it  possible  to  check  each  day's  run  for 
over-all  plant  efficiency.     Tests  are  also  made  on  the 


FIG.  5.     ORIFICE  METERS  ON  GAS  LINES 

boiler-feed  water  so  that  proper  treatment  may  be 
applied.  Bailey  boiler  meters  are  used  in  connection 
with  CO,  recorders,  Orsat  apparatus  and  draft  gages. 
Steam-flow  meters  are  used  on  each  of  the  main  turbo- 
units  to  indicate  and  integrate  the  steam  consumption. 
One  man  at  the  plant  has  all  these  meters  under  his 
supervision  as  well  as  the  testing  laboratory.  He 
instructs  the  firemen  and  engineers  so  that  all  strive 
for  eflficiency  in  their  methods. 

Since  the  new  unit  has  been  in  operation  and  the 
entire  plant  running  at  nearly  100  per  cent  capacity 
factor  a  great  increase  in  efficiency  has  resulted.  Es- 
pecially since  using  gas  only,  the  efficie.icy  has  attained 


the  figure  of  38  kw.-hr.  per  thousand  feet  of  gas,  or  an 
increase  expressed  in  equivalent  oil  of  55  kw.-hr.  per 
barrel  more  than  when  burning  both  gas  and  oil  and 
operating  the  two  smaller  units  at  97  per  cent  capacitx- 
factor. 

A  weekly  record  is  kept  at  the  plant  of  all  expenses 
incidental  to  operation,  and  from  this,  along  with  the 
labor,  fuel  and  fixed  charges,  a  kilowatt-hour  cost  slip 
is  made  up  in  the  general  superintendent's  office.  The 
segregations  on  this  record  are  essentially  for  the  infor- 


Tn  be  made  of  Fire    Clay 

FIG.   6.     DETAILS  OF  GAS  BURNER 

mation  of  the  operating  department.  Similar  record? 
are  kept  on  all  generating  plants  of  the  system. 

The  new  unit,  with  all  its  auxiliaries,  was  installed 
and  put  in  service  on  schedule  time  despite  transporta- 
tion difficulties  coming  on  the  system  in  time  for  the 
peak  period  of  the  year.  Some  of  the  difficulties 
encountered  which  may  be  of  interest  are  as  follows: 

The  chief  transportation  difficulty  at  the  time  was 
the  general  strike  of  railway  trainmen  and  the  inability 
to  get  material  in  motion,  due  to  strike  and  the  freight 
embargo.  The  condenser  for  the  unit,  after  being  loaded 
on  the  car  at  Carteret,  N.  J.,  stood  ten  days  at  the 
factory  and  was  finally  shipped  about  May  12,  after  an 
appeal  to  the  Interstate  Commerce  Commission.  It  was 
then  lest  track  of  for  several  weeks  and  after  much 
tracing  was  located  at  Streeter,  111.,  where  the  car  had 
broken  down.  After  some  delay  the  apparatus  was  trans- 
ferred to  another  car  and  again  started  on  its  westward 
journey  about  June  16.  Some  anxiety  was  felt  about 
getting  it  through  the  tunnels  in  the  Tehachapi  Moun- 
tains except  perhaps  as  a  special,  but  this  fear  proved 
to  be  groundless  as  the  car  went  through  all  right  as 
a  regular  freight. 

Arriving  at  Bakersfield  on  June  25,  the  car  was 
shunted  to  the  steam  plant,  where  another  difficulty,  not 
anticipated,  was  presented.  The  track  into  the  steam 
plant  approached  the  door  on  a  slight  grade  and  appar- 
ently for  this  reason  there  was  not  sufficient  headroom 
to  get  through  the  door,  the  shell  only  just  wedging 
under.  It  was  considered  easier  to  lov/er  the  track  to  a 
level  than  to  unload  the  equipment,  so  the  track  was 
lowered,  but  still  there  was  not  enough  clearance.  The 
top  of  the  door  was  then  torn  out,  and  even  then  it  was 
necessary  to  spring  an  I-beam  that  proved  to  be  in  the 
way.  Once  inside  the  building  the  condenser  was  put 
together  and  ready  for  try-out  in  five  and  one-half 
days,  the  men  working  in  shifts  night  and  day.     This 
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record  wns  due  Inrpely  to  workinp  three  men  ir.  the 
condenser,  one  in  each  section,  to  guide  the  tubes  ii.to 
place. 

Some  of  the  other  equipment  was  delayed  until  the 
last,  such  as  a  circulating  pump  and  a  large  valve  or 
two,  but  nothing  of  such  consequence  as  the  conden,ser. 
One  could  naturally  expect  transportation  difliculties 
during  a  strike,  and  while  there  were  inconveniences, 
the  job  was  put  through  in  good  time  by  keeping  at  it 
day  and  night.  The  work  was  under  the  supervision 
of  the  company's  general  superintendent,  E.  A.  Quinn, 
whose  able  management  and  tireless  efforts  were  respon- 
sible in  a  large  measure  for  the. early  completion  of  the 
work.  July  17  was  the  date  that  the  new  unit  was  put 
into  service  for  the  first  time  to  carry  load,  and  its 
operation  since  has  been  very  satisfactory. 

Mean  Effective  Pressure  of  Ammonia 
Compressor 

By  D.  H.  Stokes 
The  mean  effective  pressure  of  any  gas  compressor  is 
found  by  the  formula, 


M.E.P.  - 
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'.[(?;) 


A"  -   I 
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-     "    1 


(1) 


/C  -  1 

in  which  K  is  the  ratio  of  the  two  specific  heats  of  the 
gas,  P,  is  the  suction  pressure,  and  P,  is  the  deliver>' 
pressure. 

When  the  indicated  horsepower  of  a  compressor  is 
required,  it  is  necessary  first  to  obtain  the  mean  effective 
pressure.  This  may  be  done  by  drawing  a  diagram  with 
abscissas  or  vertical  lines  every  tenth  of  the  stroke,  and 
calculating  the  pressure  at  those  points  by  the  formula. 


P  V,* 
Pressure  required  =  -yi 


''iW 


(2) 


The  points  so  obtained  are  then  joined  by  a  curve  to 
make  the  usual  diagram,  which  can  be  scaled  to 
get  the  mean  effective  pressure.  This  method  is 
necessary  if  it  is  desired  for  comparison  with  an 
indicator  diagram  taken  from  a  compressor,  but 
such  a  method  of  getting  the  m.e.p.  for  design  or  con- 
sideration work  is  far  too  laborious  since  a  simpler 
one  is  available. 

The  same  may  be  said  of  formula  (1),  and  therefore 
the  annexed  table  has  been  calculated,  on  the  following 
basis: 

K  K-1 


K  =  1.336 


3.9761 


0.25149 


X-l~"-"""  K 

It  will  be  noticed  that  the  suction  and  delivery  head- 
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ings  arc  given  in  tcrnporaturcs.  T^c  refrigorating 
engineer  always  deals  with  these  terminal  points  in 
(emperaturcs  when  designing,  and  in  the  majority  of 
cases  steps  of  five  degrees  are  quite  sufllcient  for  prac- 
tical purposes. 

However,  to  bridge  the  steps  on  the  condensing  side, 
]•  may  be  mentioned  that  as  the  m.e.p.  has,  at  any 
given  suction,  an  even  increment  for  each  degree  rise 
of  delivery  temperature,  a  final  column  has  been  added 
giving  that  increment,  and  intermediate  figures  can 
readily  be  found. 

The  way  to  calculate  these  lines,  say  the  20-deg.  suc- 
tion line,  is  to  use  the  formula   (1)   and  calculate  for 


-25-20-15  -10-5   0   5    10  15  20  a  30  JS  40  45  BO  55  60  65  70  75  60  66  90  95 

Suction  TemperCTtures    Ojrves  C 
65       70      75      80       65      90       95      100      105      110      115      120      125 

Delivery  Temperciturec    Curves  A 

100      HO      120     130      140      150      150      170      160      190     200     210      220 

Delivery    Pressures  (Gcicje)  Curves  B 

MEAN   EFFECTIVE  PREJSSURE  CURVE 


20-deg.  suction  and  105-deg.  delivery,  which  gives  a 
m.e.p.  of  93.028  lb.  per  sq.in.  Now,  evidently  20-deg. 
suction  and  20-deg.  delivery  would  give  a  m.e.p.  of  0  lb., 
therefore  a  rise  of  105  —  20  deg.  =  85  deg.  gives  the 
rise  of  m.e.p.,  and  93.028  -^  85  =  1.094447,  which  is 
the  increment  per  degree  referred  to. 

The  "curve,"  therefore,  along  any  suction  line  on  a 
temperature  base  is  a  straight  line,  and  this  fact  has 
been  used  to  check  and  correct  the  table,  as  shown  at  A 
in  the  diagram.  The  same  line  plotted  on  a  pressure 
base  is  a  curve,  as  shown  at  B.  The  curve  C  is  that 
of  the  column  headed  105  deg.  delivery.  These  curves 
serve  the  useful  purpose  of  conveying  clearly  to  the 
mind  the  points  referred  to,  as  well  as  from  curve  C 
that  there  is  a  point  of  maximum  m.e.p.  which  the  table 
will  locate  and  confirm.  Further,  it  may  be  noted  that 
the  power  rises,  not  with  the  pressure  but  with  the 
temperature,  which  is  therefore  the  true  measure  of  the 
work  done  and  the  increment  varies  with  the  suction 
temperature  used. 


MEAN  EFFECTIVE  PRESStTRES  FOR  AMMONIA  COMPRESSORS 
Condenser  Pressure,  Lb. 
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How  oscillators  came  to  be  used  on  rotating  elec- 
trical machinery.  Different  type  of  oscillators 
used.  Proper  method  of  staggering  brushes  to 
make  commutator  wear  smooth.  Oscillators  are 
not  required  on  modern  type  of  rotary  converters, 
and  their  u^e  has  been  abandoned  by  one  elec- 
trical manufacturing  company. 


PROBABLY  the  first  use  of  oscillators  on  rotating 
electrical  machinery  was  in  connection  with  the 
operation  of  rotary  converters  in  one  of  the  sub- 
stations of  the  Niagara  Falls  Power  Co.  in  1895.  Gen- 
erally the  oscillator  is  thought  of  as  belonging  to  the 
rotary  converter,  although  its  use  has  not  been  con- 
fined exclusively  to  such  apparatus.  In  the  days  of 
non-commutating  pole  machines  and  before  the  develop- 
ment of  the  present  types  of  brushes,  the  use  of  copper- 
leaf  brushes  on  collector  rings  and  of  brushes  of  high 
resistance  on  the  commutator  was  widespread.  As 
current  collection  on  the  alternating-current  end  of  a 
machine  did  not  involve  any  electrical  difficulties  and 
as  the  copper-leaf  brush  was  admirably  suited,  elec- 
trically, for  this  purpose,  it  was  only  natural  that  it 
should  be  used  on  the  alternating-current  end  of  rotary 
converters.  On  account  of  the  high  voltage  per  bar 
in  the  commutating  zone,  due  to  the  lack  of  compen- 
sating devices,  except  the  shifting  of  the  brushes  in 
the  early  types  of  direct-current  machine,  the  use  of  a 
high-resistance  brush  on  the  commutator  was  imperative 
in  order  to  limit  the  short-circuit  current  of  the  brush 
to  such  a  value  that  successful  commutation  would 
result.  A  high-resistance  carbon  brush  is  usually  a 
hard  brush,  and  the  result  was  that  both  the  commu- 
tator and  the  collector  rings  became  grooved  with  con- 
tinual use  of  the  machine. 

In  order  to  overcome  the  grooving  effect,  it  was  sug- 
gested that  the  rotating  part  be  given  a  slight  axial 
motion  or  oscillation  so  that  the  brushes  would  rub  over 
the  entire  surface  and  thus  do  away  with  the  grooving 
caused  by  the  brushes  dragging  in  one  path  continu- 
ously.    It  was  found  that  under  these  conditions  the 
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oscillation  of  the  armature  did  give  some  improve- 
ments. 

There  are  two  general  classes  of  oscillators — one  an 
electromagnetic  type,  which  uses  an  electromagnet  for 
pulling  the  shaft  endwise,  and  the  other  a  mechanical 
type,  which  makes  use  of  mechanical  devices  of  various 
sorts  for  giving  the  shaft  a  longitudinal  motion  in  one 
direction.  To  give  the  shaft  an  axial  motion  in  the 
reverse  direction,  the  armature  is  so  located,  in  respect 
to  the  field  of  the  machine,  that  the  operation  of  the 
oscillator  moves  the  armature  out  of  the  magnetic  center 
and  the  pull  of  the  field  moves  it  back  to  and  past  the 
center  again,  and  thus  the  cycle  is  repeated. 

The  magnetic  oscillator  was'  first  developed  in  a 
form  in  which  the  magnet  was  excited  periodically  by 
contacts  located  some  distance  from  the  rotary  con- 
verter, the  shaft  being  drawn  toward  the  magnet  when 
it  was  excited.     As  soon  as  the  circuit  was  opened,  the 
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FIG.    1.      SECTIONAL   VIEW   OF   MECHANICAL   OSCILLATOR 

field  poles  would  pull  the  armature  in  the  other  direc- 
tion, and  if  the  machine  was  properly  installed,  the 
armature  would  oscillate  backward  and  forward  sev- 
eral times  and  after  a  short  interval  of  time  the 
magnet  would  be  energized  again,  thus  repeating  the 
operation.  This  type  was  improved  by  taking  into  con- 
sideration the  natural  period  of  oscillation  of  the  arma 
ture,  and  the  contact-making  device  was  so  constructe\ 
that  it  was  actuated  by  the  movement  of  the  shaft  and 
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the  niiiK'iiot  oiiorjs'izcd  for  each  o.sc-illation  of  the  .shaft. 
The  chief  dillu-ulty  with  this  type  of  oscillator  is  the 
trouble  experienced  with  the  contacta  and  in  keeping 
them    in    permanent    adjustment. 

Like  the  modified  magnetic  type,  the  mechanical  o.scil- 
lator  imparts  to  the  shaft  an  endwi.se  thrust  for  each 
oscillation  of  the  armature.  Vig.  1  jfivea  a  sectional 
view  of  one  type  of  mechanical  o.scillator.  From  the 
fiRure  is  can  be  seen  that  there  is  a  hardened  flat  steel 
faceplate  //  fastened  to  the  shaft  and  a  hardened  cir- 
cular steel  ball  race  li  with  a  hardened-steel  ball  B, 
running  in  between  the  ball  race  and  the  faceplate. 
The  circular  ball  race  is  inclined  from  the  vertical  and 


PIG.  2.  ROLLER-TYPE  OSCILLATOR.      DOTTED  LIXES  SHOW 
MECHANISJI   IN  EXTREME  POSITION  TO  THE  RIGHT 


pushed  toward  the  shaft  by  a  compression  spring  S, 
the  force  of  which  is  regulated  by  a  screw  in  the  rear 
of  the  oscillator  sleeve.  A  circular  ring  stop  limits  the 
ball-race  bushing  in  its  motion  toward  the  shaft.  The 
oscillator  sleeve  is  screwed  into  the  bracket  in  such 
a  manner  that,  should  it  become  loose,  the  rotation  of 
the  shaft  will  tend  to  screw  it  away  from  the  shaft 
and  thus  not  pinch  the  latter  up  against  the  bearing. 

As  the  shaft  moves  toward  the  oscillator,  the  hard- 
ened steel  ball  rotates  upward  in  a  circular  path  be- 
tween the  ball  race  and  the  faceplate  compressing  the 
spring.  The  reaction  of  the  spring  forces  the  shaft 
away  from  the  oscillator,  and  the  ball  is  caused  to  drop 
to  the  bottom  of  the  ball  race.  In  high-speed  machines 
trouble  was  experienced  at  first  with  the  ball,  which 
would  not  drop  to  the  bottom  of  the  ball  race  as  soon 
as  the  shaft  was  pushed  away  from  it,  but  owing  to 
its  momentum  it  would  continue  to  rotate  in  a  cir- 
cular path  in  the  ball  race  and  the  shaft  would  some- 
times come  into  contact  with  the  ball  when  it  was  at 
the  top  of  the  race  instead  of  at  the  bottom,  thus  giv- 
ing the  shaft  no  oscillation.  If  there  was  any  shaft 
magnetism  present,  it  would  tend  to  help  hold  the  ball 
in  the  race,  but  this  is  minimized  by  the  use  of  insulat- 
ing washers.  The  difficulty  was  overcome  by  the  use  of 
a  small  flexible  wire  placed  between  the  ball  race  and  ths 
end  plate  of  the  shaft  in  such  a  manner  that  the  ball, 
instead  of  continuing  in  a  circular  path  after  'it  had 
reached  the  top  of  its  travel,  would  strike  the  spring 
wire  and  would  drop  to  the  bottom  of  the  ball  race  in 
readiness  for  the  next  oscillation.  In  some  cases  the 
shaft  of  the  machine  is  given  a  small  inclination  from 
the  horizontal  in  a  direction  toward  the  oscillator  end. 
This  will  assist  the  armature  in  returning  toward  the 
oscillator. 

Another  mechanical  oscillator  is  the  roller  type, 
shown  schematically  in  Fig.  2.  This  consists  essentially 
of  a  disc  roller  with  its  axis  off  center  and  so  mounted 
that  it  is  rotated  by  friction  drive  with  the  end  of  the 
shaft  of  the  rotary.  The  shaft  of  the  converter  would 
be  pushed  away  from  the  shaft  of  the  roller  as  the 


latter  turned,  as  shown  by  the  dotted  linen  of  the 
figure.  This  type  was  never  very  extensively  used. 
Koth  roller  and  ball  oscillators  were  subjected  to  the 
difficulty  of  the  roller  and  ball  pitting  if  any  current 
flowed  in  the  shaft.  However,  this  could  be  overcome 
l)y  properly  insulating  parts  of  the  o.scillator. 

There  was  another  type  of  o.scillator  which  differed 
radically  from  any  mentioned  so  far,  and  this  was  the 
type  which  oscillated  the  entire  brush  rigging  parallel 
to  the  shaft.  It  was  designed  primarily  to  be  used 
where  the  oscillation  of  the  shaft  was  impo.ssible.  A 
motor  was  u.sed  to  drive  the  mechanism,  and  the  rate 
of  oscillation  was  extremely  slow  in  comparison  with 
the  rate  when  the  ordinary  oscillator  was  u.sed.  The 
troubles  attending  the  use  of  this  oscillator  were  due  to 
its  complicated  construction  and  the  use  of  flexible  leads 
connected  to  the  bru.shes.  If  application  was  limited 
almost  entirely  to  the  engine-type  direct-current  genera- 
tor, and  it  did  not  have  a  very  wide  use. 

When  the  oscillator  was  first  developed  and  for 
many  years  afterward,  it  really  had  a  field  of  usefulness, 
but  with  the  progress  of  the  electrical  art  the  need  for 
it  has  disappeared  owing  to  the  overcoming  of  the 
obstacles  which  first  necessitated  its  employment, 
although  oscillators  continue  to  be  used  apparently  for 
no  other  reason  than  precedent.  On  such  classes  of 
electrical  machinery  as  engine-type  generators  and 
geared  units,  where  the  use  of  an  oscillator  was  attended 
with  many  complications,  the  absence  of  such  a  device 
has  caused  no  particular  hardship.  By  the  elimination 
of  the  oscillator  the  troubles  and  difficulties  attending 
its  use  have  disappeared. 

In  stating  the  reason  for  the  discontinuance  of  the 
ur,e  of  the  oscillator,  both  the  electrical  and  mechanical 
reasons  should  be  considered.    On  the  direct-current  end 


Brushes 


-MZJUDl 


ao 


FIG.     3.      BRUSHES     INCOR- 
RECTLY  ST.^GGERED   OX 
COMJIUTATOR 


FIG.   4.     BRUSHES     COR- 
RECTLY  STAGGERED   ON 
COMMUTATOR 


the  use  of  commutating  poles  and  in  the  case  of  high- 
speed motor-generator  sets,  compensating  winding,  has 
reduced  the  resultant  volts  per  bar  under  the  brush  to 
such  a  value,  that  with  a  low-resistance  brush  excessive 
local  or  short-circuit  currents  will  not  flow  in  the  brush. 
This  means  that  a  soft  brush,  generally  with  some  lubri- 
cating qualities  in  it,  can  be  used  with  less  wearing 
away  of  the  commutator.  Besides  the  actual  frictional 
w^earing  away  of  the  commutator  by  the  brushes,  there 
is  a  burning  action  which  takes  place  under  the  brush 
and  which  is  more  effective  in  wearing  away  and  groov- 
ing the  commutator  than  the  actual  brush  friction.   The 
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burning  effect  under  the  positive  brushes  is  different 
from  that  under  the  negative  ones.  This  burning,  like 
that  of  the  ordinary  arc,  acts  in  such  a  manner  that 
particles  of  material  are  carried  in  the  direction  of  the 
current  flow.  Thus,  in  the  case  of  the  positive  brush  of 
a  generator  and  the  negative  brush  of  a  motor,  copper 
of  the  commutator  is  "eaten  away"  and  partly  deposited 
upon  the  brush,  and  on  the  opposite  polarity  brushes  the 
brush  is  eaten  away.  When  the  brushes  are  not 
staggered  or  all  brushes  of  one  polarity  are  staggered 
from  all  brushes  of  the  other  polarity,  as  in  Fig.  3,  the 


FIG.  5.     STAGGERING  OF  BRUSHES  ON        FIG.  6.    LATEST 
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aforementioned  action  would  tend  to  groove  the  com- 
mutator, especially  under  the  brushes  where  the  current 
flows  from  the  commutator  to  the  brushes.  An  oscillator 
was  used  to  overcome  this,  but  instead  often  made  the 
action  worse,  since  when  the  oscillator  shifts  the 
armature  to  one  side,  the  brush,  which  in  the  normal 
position  is  running  in  the  center  of  the  groove,  is 
caused  to  rise  anil  rides  on  one  edge  only.  This  causes 
reduced  contact  between  the  brush  and  the  commutator 
or  collector  ring,  as  the  case  may  be,  and  excessive 
burning  of  these  parts  results.  However,  if  the  brush 
arms  be  staggered  in  pairs,  as  they  should  be  (see 
Fig.  4),  then  the  burning  action  will  not  be  confined  to 
definite  paths,  causing  grooves,  but  will  occur  over  the 
entire  surface  of  the  commutator;  and  if  a  brush  of  the 
right  composition  be  used,  the  scouring  action  of  the 
bruFhes  will  keep  the  commutator  smooth  and  give  it  a 
good  polish. 

On  the  alternating-current  end  copper-leaf  brushes 
have  been  superseded  by  composition  brushes  contain- 
ing carbon,  graphite  and  some  metal,  generally  copper. 
As  the  capacities  of  rotary  converters  increased,  it 
became  impossible  to  get  enough  copper-leaf  brushes  on 
the  collector  rings  to  carry  the  current  because  of  the 
angle  at  which  they  must  run  with  the  rings.  By  the 
use  of  the  alley  brush  the  cutting  of  the  rings  and 
brush  itself,  which  was  a  very  objectionable  feature 
with  the  copper-leaf  brushes,  was  modified  considerably. 
When  alloy  brushes  were  first  used,  they  were  staggered 
as  shown  in  Fig.  5,  so  that  when  the  ring  moved  side- 


wise,  owing  to  the  oscillation  of  the  armature,  its 
entire  surface  passed  under  some  part  of  the  brush.  It 
can  be  readily  seen  that,  because  of  this  staggering,  the 
central  part  of  the  ring  is  subjected  to  more  wear  than 
the  outer  edges,  and  even  with  the  use  of  an  oscillator 
the  rings  would  become  grooved  in  the  center.  If  the 
brushes  were  not  staggered,  the  central  part  would 
still  become  grooved  as  this  part  of  the  ring  would 
always  have  part  of  the  brush  rubbing  upon  it  when 
the  oscillator  pushed  the  armature  to  one  side.  If  a 
single  brush,  wide  enough  to  cover  the  ring  and  its 
movement  due  to  oscillation,  were  used,  the  brush  face 
would  be  worn  to  a  concave  shape  which,  with  oscillation, 
would  cause  poor  contact.  Without  the  use  of  an  oscil- 
lator a  brush  the  same  width  of  the  ring  can  be  used 
without  difl^culty  with  either  ring  or  brush  wear.  In 
the  case  of  large-capacity  machines,  the  arrangement 
shown  in  Fig.  6  is  used  with  a  double  ring  and  twin 
brushes  and  holders.  This  has  been  found  desirable, 
as  the  use  of  several  small  brushes  will  give  a  better  con- 
tact with  the  ring  than  the  use  of  a  lesser  number  of 
large  ones.  It  has  been  found  in  actual  practice  with 
the  brushes  arranged  as  above  and  with  no  oscillator 
used,  that  the  rings  do  not  groove  as  much  as  if  an 
oscillator  were  used. 

Thus  it  appears  that  there  is  no  more  need  for  an 
oscillator  on  a  rotary  converter  or  a  motor-generator  set 
than  there  is  for  one  on  an  induction  motor  or  an 
ordinary  engine-type  direct-current  generator  and  that 
there  is  more  to  be  gained  by  its  omission  than  with 
its  use.  The  Westinghouse  Electric  and  Manufacturing 
Co.  has  been  supplying  for  over  a  year  rotary  con- 
verters and  motor-generator  sets  without  oscillators, 
even  though  some  engineers  and  operators  may  still 
feel  that  a  rotary  converter  is  incomplete  without  an 
oscillator. 

.  Moody  Spiral  Pump 

A  desirable  feature  in  a  pump  is  high  speed,  inas- 
much as  such  a  pump  can  be  installed  at  less  cost, 
because  it  can  be  made  smaller  and  lighter  in  design 
and  requires  less  floor  space  than  a  slow-speed  pump. 
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FIG.  1.     DESIGN  OF  THE  PUMP  IMPELLER 

A  low-  and  medium-head  high-speed  pump  has  been 
designed  by  the  I.  P.  Morris  Department  of  the  William 
Cramp  &  Sons  Ship  and  Engine  Building  Co.,  Philadel- 
phia, Pa.  Fig.  1  shows  the  design  of  the  impeller,  and 
Fig.  2  shows  a  sectional  elevation  of  the  pump. 
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In  desifrn  the  .spiral  pump  is  simple.  Tho  impeller 
is  of  the  sinKlo-suctioii  type,  aiul  ns  it  is  overhung  (ni 
the  eiul  of  a  shaft,  hut  one  bearing  and  one  stiiHinn  l)o.\ 
arc  ro(iuireil.  The  openinjrs  between  the  impeller  vanes 
are  larKC,  and  an  impeller  of  18  in.  outside  diameter 
will  pa.ss  a  .S-in.  eube  through  the  smallest  section.  This 
feature  of  design  decrea.ses  the  danger  of  pluRgin^  the 
pump  with  foreign  material. 

The  design  of  the  pump  also  reduces  the  leakage  that 
occurs  at  the  seal  of  the  impeller;  therefore  the  clear- 
ance between  the  impeller  and  the  stationary  part  may 
be  made  comparatively  large,  thus  reducing  the  effect 


FIG.   2.     SECTIONAL  ELEVATIOX  OF  THE  PUMP 

of  wear  and  adding  to  the  life  of  the  pump.  This  pump 
is  designed  to  deliver  12  000  gal.  of  water  per  minute 
against  a  head  of  16.5  ft.  at  a  speed  of  672  revolutions 
per  minute. 

Fuel-Oil  Unloading  Apparatus 

Considerable  information  has  appeared  from  time 
to  time  as  to  proper  storage  tanks  for  oil  fuel.  Little, 
however,  has  been  mentioned  as  to  the  proper  equip- 
ment to  install  for  unloading  purposes. 

Either  of  two  methods  may  be  used,  dependent  upon 
the  location  of  the  plant  storage  tank  and  the  topog- 
raphy of  the  land.  If  the  storage  tank  is  underground 
or  below  the  level  of  the  railroad  siding,  the  underneath 
unloading  apparatus  is  in  many  ways  superior,  being 
cheaper  to  install  and  requiring  no  pump  to  handle  the 
oil.  Fig.  1  shows  this  arrangement.  The  unloading 
piping  is  attached  to  the  fuel  line  leading  to  the  storage 
tank.  The  pipe  line  should  be  anchored,  preferably  to 
n  concrete  block,  to  prevent  any  displacement  of  the  pipe 
line.  The  swinging  joints  may  be  any  of  several  well- 
known  makes.  Undoubtedly,  a  ball-and-socket  arrange- 
:  .ont  having  a  soft  metallic  gasket  is  the  best.  The  two 
joints  of  pipe  should  be  several  feet  longer  than  the 


distance  to  the  center  of  the  railroad  track,  us  this 
allow;  connection  without  an  cxiict  placement  of  the  car. 
The  pipe  is  much  superior  to  flexible  hose.  The  pipe 
size  may  be  as  desired,  although  a  diameter  above  two 
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FIG.    1.      UNDERNEATH    rNUOAI>lN(J-  APPARATUS 

inches   should   be   chosen.     The   tank  coupling   can   be 
obtained  from  any  supply  house. 

Where  the  storage  tank  it  placed  above  the  track 
level,  the  overhead  unloading  .system  is  advisable.  It 
has  the  advantage  of  providing  ample  clearance  along 
the  track.  Furthermore,  there  is  no  danger  of  loss  of 
oil  due  to  defect  in  the  unloading  coupling.  The  plat- 
form should  best  be  set  at  least  eight  feet  from  the  near 
rail  and  should  be  ten  to  twelve  feet  above  ground. 
Fig.  2  gives  the  various  dimensions  as  recommended  by 
the  Bessemer   Gas   Engine   Co.     The   drawing   shows 
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FIG.    2.      OVERHEAD   UNLOADING   APP.ARATUS 

two  unloading  pipe  lines,  although  one  is  sufficient.  In 
the  Northern  states  fuel  oil  often  is  verj'  sluggish  to 
handle  and  it  becomes  necessary  to  install  a  steam  pipe 
line  to  the  tank  heater  coils.  This  line  can  be  placed  on 
this  unloading  rack  without  interfering  with  the  fuel  o'l. 


The  successful  operation  of  a  semi-Diesel  oil  engine 
depends  more  on  the  action  of  the  fuel  pump  and 
atomizer  than  on  all  other  factors.  An  operator  should 
give  close  attention  to  these  two  details.  Another  de- 
tail of  great  importance  is  the  cleanliness  cf  the  engine 
and  engine  room. 
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latest 
Developments 

in  large  Boilers  for 

Central 
Stations 


IN  A  recent  issue  of  Poiver  there  was  published  an 
article  on  the  Springdale  Power  Station'  in  which 
brief  reference  was  made  of  the  boilers,  which  were 
designed  and  built  by  the  Babcock  &  Wilcox  Co.  These 
boilers  represent  one  stage  in  the  evolution  of  a  new 
type  which  the  company  regards  as  one  of  the  most 
important  contributions  it  has  made  to  the  betterment 
of  steam  engineering.  The  history  of  this  special  type 
of  boiler  is  about  as  follows: 

About  five  years  ago  the  late  Henry  G.  Stott  decided 
to  use  duplex  furnaces  under  the  boilers  of  a  power 
station  he  was  designing  for  the  Buffalo  General  Elec- 
tric Co.,  and  the  Babcock  &  Wilcox  Co.  designed  in 
co-operation  with  him  a  type  of  boiler  for  250  lb.  pres- 
sure and  250  deg.  superheat  at  the  throttle.  It  was  11 
tubes  high,  with  the  superheater  placed,  as  usual,  above 
the  water  tubes,  and  a  large  economizer  supplemented 
each  boiler  unit. 

For  such  heavy  service  as  was  expected  from  this 
plant,  duplex  furnaces  burn  coal  more  economically  than 
single  furnaces,  for  a  given  boiler  output,  because  of 
their  higher  ratio  of  grate  to  heating  surface.  But 
the  large  volume  of  gases  from  duplex  furnaces  is  at 
a  vei'y  high  temperature  when  the  boiler  is  heavily 
loaded,  and  so  the  bottom  baffling  was  placed  above  the 
bottom  row  of  water  tubes  in  order  that  these  tubes, 
by  absorbing  heat  from  the  gases,  might  aid  in  keeping 
the  furnace  temperature  below  the  point  where  the 
brickwork  is  seriously  affected.  As  is  known,  this  boiler 
plant  has  been  very  efficient. 

The  Springdale  installation  represents  the  next  step 
in  the  development  of  this  type.  These  boilers  are 
16  tubes  high,  and  the  bottom  two  rows  of  tubes  are 
below  the  bottom  baffling.  They  were  designed  for 
350  lb.  working  pressure  and  about  200  deg.  superheat. 
Space  has  been  provided  for  installing  economizers  later 
if  load   and   fuel-cost  conditions   warrant   their   use. 

The  Babcock  &  Wilcox  Co.  next  utilized  the  new  meth- 
ods of  securing  great  capacity  and  flexibility  in  service 
in   its  designs  for  the  boilers   for  the  Colfax  Power 


Station  of  the  Duquesne  Light  Co.^  Those  boilers  are 
18  tubes  high  and  were  built  for  a  working  pressure 
cf  275  lb.  and  about  250  deg.  superheat.  It  is  not 
planned  to  use  economizers  with  them. 

Early  this  year  the  company  was  asked  to  design 
boilers  for  275  lb.  working  pressure  and  225  deg.  super- 
heat for  a  large  central  station.  After  an  exhaustive 
study  of  the  conditions,  it  designed  the  boiler  illus- 
trated. Economizers  are  not  provided,  although  space 
is  left  for  them  if  an  advance  in  the  price  of  coal 
justifies  their  installation  at  some  later  date.  The  net 
efficiency  of  these  boilers  with  economizers,  estimated 
in  the  light  of  the  best  current  economizer  operating 
results,  compared  with  the  net  efficiency  of  the  boiler 
illustrated,  without  economizers,  did  not  justify  the 
investment  in  economizers  with  coal  at  the  present 
prices.  The  company  considers  that  this  type  of  boiler 
will  prove  a  coal-saving  and  efficiency-maintaining  unit 
of  unusual  value  for  high  or  low  load  factors. 

The  notable  increase  in  the  load  factor  of  central 
power  stations  resulting  from  the  increased  general 
use  of  electricity,  coupled  with  the  high  cost  of  fuel, 
has  forced  consideration  of  more  efficient  distribution 
of  the  heating  surface  of  boilers.  The  type  developed 
as  a  result  of  exhaustive  studies  for  several  years 
along  this  line  is  shown  in  the  accompanying  illustra- 
tion, and  a  short  description  follows. 

The  boiler,  designed  by  the  same  company  and  of 
the  cross-drum  type,  is  divided  into  two  decks 
with  six  tubes  in  the  lower  deck  and  fourteen  in 
the  upper,  making  twenty  in  total  height,  the  tubes 
being  20  ft.  long.  The  six  tubes  of  the  lower  deck 
are  exposed  for  their  full  length,  without  baffles,  to 
the  radiant  heat  of  the  furnace.  This  construction  in- 
creases the  total  heat  absorption  through  direct  radia- 
tion and  tends  toward  keeping  the  furnace  temperature 
:;t  a  point  where  the  upkeep  of  the  brickwork  is  at  a 
minimum. 

Furthermore,  the  construction  gives  such  a  large 
and   easy   entrance   for  gases    into   the    boiler-heating 


'Page   488,  Sept.    28,  1920. 


*A  description  of  this  plant  will  be  published  in  a  later  issue. 
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.surfiuo  that  the  iir()l)al)ility  of  slappinp:  bctwopii  tubes, 
whore  the  pases  aro  hottest,  is  remote  even  at  the  high- 
pst  rnte.s  of  combu.stion  and  with   hiph-ash  coals. 

The  superheater  is  located  immediately  above  the 
lower  deck  of  boiler  tubes.  This  location  in  the  setting, 
where  the  gases  have  not  been  cooled  to  a  point 
approachinp  that  existing  in  what  has  come  to  be  looked 
upon  as  standard  superheater  location  in  horizontal 
—ater-tube  boilers,  enables  practically  any  desired 
degree  ot  superheat  to  be  obtained  with  a  minimum 
amount  of  superheating  surface  and  a  corresponding 
mininuini   superheater  cost. 

The  upper  bank  of  fourteen  tubes  is  baffled  after  the 
standard  methods  of  the  company.  The  great  length 
of  gas  travel  at  the  high  gas  velocity,  following  from 
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the  burning  of  sufficient  fuel  to  give  capacities  per 
square  foot  of  heating  surface  corresponding  to  those 
obtained  in  lower  boilers,  results  is  an  increased  rate 
of  heat  transfer  for  the  design  illustrated.  This  tends 
toward  the  lowest  practicable  exit-gas  temperatures  and 
hence  the  highest  boiler  efficiencies. 

The  boiler  is  equipped  with  a  duplex  furnace  of 
ample  volume,  such  as  was  originated  by  the  late  H.  G. 
Stott.  With  such  a  furnace,  even  at  the  highest  boiler 
capacities,  the  combustion  rate,  expressed  in  pounds  of 
coal  per  stoker  retort  per  hour,  will  be  at  an  efficient 
rate  from  the  standpoint  of  stoker  operation  and  up- 
keep. 

The  boiler,  as  illustrated,  contains  452  sq.ft.  of  heat- 
ing surface  per  section  of  width.  At  the  present  time 
the  company  is  equipped  to  buiid  units  of  this  character 
up  to  and  including  51  sections  in  width,  which  would 


give  a  total  heating  surface  of  23,050  sq.ft.  The  heat 
ing  surface  will  vary  with  the  ultimate  steam  ter 
perature  required.  Boilers  of  this  general  design  woul^ 
ordinarily  be  u.sed  in  a  base  station  where  the  loa 
fjutor  is  high.  The  superheating  surface  installed 
would  be  such  as  to  give  the  desired  ultimate  tempera 
ture  at  normal  operating  load. 

With  the  setting  height  indicated  in  the  illustratioij 
the  furnace  volume  would  be  approximately  3.95  cu.ft 
per  so-called  rated  boiler-horsepower. 

In  the  largest  unit  that  could  be  built  32  retor 
of  underfeed   stoker  could  be   installed.      If  a  chaini 
grate  type  of  stoker  were  installed  rather  than  under| 
feed,   assuming   the   length   of   the   chain   grate   to 
17  ft.,  the  total  grate  surface  would  be  459  sq.ft.,  givinj 
a  ratio  of  1 :41.5. 


Departures  From  "Accepted  Designs" 

By  W.  D.  Forbes 

THOSE  who  go  about  among  machinery  notice  at  once 
any  departure  from  what  are  called  "accepted  de- 
signs." This  I  have  observed  almost  always  in  men  who 
have  charge  of  steam  engines.  We  are  prone  to  stick 
to  what  has  proved  satisfactory  in  engine  building. 
This  is  wise  up  to  a  certain  point,  and  when  it  comes 
to  engines,  pumps,  blowers,  etc.,  which  have  to  work 
about  all  the  time,  and  where  the  supply  house  is  miles 
away,  men  who  have  to  care  for  machines  are  justified 
in  being  slow  to  try  out  new  things. 

In  looking  over  my  notes  I  came  across  some  depart- 
ures from  the  usual  which  may  prove  interesting  to 
Poiver  readers.  The  relief  valves  that  are  supplied  with 
most  engines  are  usually  made  in  one  of  two  ways; 
that  is,  those  that  scald  you  when  they  lift,  if  you  are 
on  duty,  and  those  that  are  piped  off  so  that  you  can- 
not be  scalded.  I  have  often  seen  relief  valves  so  made 
as  to  be  piped,  but  I  cannot  recall  many  cases  where 
the  piping  has  been  done.  Generally,  the  screwed  open- 
ing is  placed  so  as  to  do  as  little  scalding  as  possible 
and  it  is  let  go  at  that. 

The  specifications  for  relief  valves  are  usually  rather 
"misty"  and  read  about  like  this:  "Relief  valves  shall 
be  furnished  of  sufficient  size  to  relieve  any  pressure 
in  the  cylinder  caused  by  trapping  water  therein." 
Never  but  once  have  I  seen  anything  regarding  the 
increased  clearance  that  relief  valves  might  produce. 

An  Unusual  Relief- Valve  Idea 

The  first  odd  relief-valve  I  ever  saw  was  on  a 
German  engine,  made,  I  think,  by  a  man  named  Maur. 
Both  front  and  back  cylinder  heads  were  fitted  with 
ground  joints,  and  under  the  nuts  of  the  studs  holding 
the  heads  in  place  were  spring  washers,  so  that  if 
water  was  trapped  the  entire  head  lifted.  This  was 
regarded  as  a  very  fine  idea.  It  was  several  years  later 
that  I  had  to  inspect  some  chocolate  machinen,'  in 
Holland,  and  there  I  found  that  same  engine,  but  the 
spring  washers  were  no  more  and  in  their  place  were 
the  regular  finished  washers  usually  found  on  foreign 
engines  under  the  stud  nuts.  So  I  do  not  think  the 
system  worked  verj'  well. 

In  another  foreign  make  the  builder  of  a  very  high- 
grade  engine  was  proud  indeed  of  his  relief-valve  sys- 
tem. In  his  piston  there  were  four  valves,  two  facing 
one  way  and  two  the  other.  The  builder  explained  that 
if  water  was  trapped  in  the  cylinder  the  valves  in  the 
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piston  would  open  and  the  water  would  escape  to  the 
other  side  of  the  piston.  He  seemed  "peeved"  when  1 
questioned  the  wisdom  of  dumping  water  that  was 
not  wanted  on  one  side  of  the  piston  to  the  other  side 
where  it  was  not  wanted  either. 

Meeting  the  Demands  of  the  Navy  Department 

I  received  an  order  for  some  engines  from  the  United 
States  Navy,  Department  of  Steam  Engineering,  and 
when  you  build  engines  for  that  department  you  have  to 
have  all  drawings  approved  before  you  start  work  or 
you  will  get  into  trouble.  In  the  specifications  for  the 
engines  there  was  a  demand  requiring  the  relief  valves 
to  have  a  certain  area  and  to  be  so  placed  that  the  in- 
creased clearance  would  not  exceed  a  certain  percentage 
Df  the  cylinder  volume. 

There  was  no  trouble  in  meeting  these  demands  on 
the  head  end,  but  as  the  engines  were  small,  only  4|-in. 
bore,  I  struck  trouble  on  the  crank  end.  Admiral  George 
Melville  was  then  the  Chief  of  the  Bureau  of  Steam 
Engineering,  and  it  was  a  pleasure  to  do  business  with 
him.  I  worked  hard  in  getting  the  relief  valves  to  suit 
and  made  several  trips  to  Washington  with  drawings, 
but  I  could  not  quite  reach  the  requirements  as  to 
reduced  clearance.  The  Admiral  at  last  said  that  he 
thought  what  I  had  was  close  enough  to  the  de- 
mands and  that  he  would  approve  my  last  design.  Just 
at  the  end  of  the  interview  the  whistle  blew,  so  to 
speak,  and  I  was  obliged  to  leave  to  return  next  day. 

On  my  way  across  La  Fayette  Square  to  my  hotel  I 
happened  to  remember  the  spring-washer  idea  of  Maur's, 
and  when  I  went  to  the  Army  and  Navy  Building  the 
next  day  I  had  the  relief  valve  for  the  crank  end  of 
my  engines  down  to  the  requirements,  much  to  the 
Admiral's  delight.  Shortly  after  I  sent  on  finished 
irawings  and  built  the  engines  with  the  head-end  relief 
valves  constructed  this  way. 

Instead  of  having  the  cylinder  head  lift  I  made  the 
entire  stuffing  box  for  the  piston  rod  lift,  acting  as  a 
relief  valve.  In  fact,  the  crank  end  of  the  engine  had  its 
head  cast  solid.  The  stuffing  box  I  made  of  composition, 
and  I  easily  got  the  area  wanted  and  kept  the  clearance 
below  specifications.  I  know  that  this  system  worked 
well,  as  when  the  torpedo  flotilla  was  taken  out  to  the 
Philippines  by  Commander  Cone  he  reported  that  "the 
Forbes  blower  engines  were  a  delight."  Now  anybody 
who  has  been  to  sea  and  can  say  he  has  a  blower  engine 
that  is  a  delight  has  met  a  rare  bird  or  his  head  has 
been  affected  by  the  heat  of  the  engine  room.  I  was 
very  proud  of  those  engines,  as  I  think  I  had  the  right 
to  be. 

Dopp  Relief  Valve  for  Locomotives 

Out  in  Buffalo,  N.  Y.,  when  Frank  Wilder  was  master 
mechanic  of  the  Western  division  of  the  Erie  railroad, 
a  man  by  the  name  of  Dopp,  I  think,  brought  out  a 
relief  for  locomotives,  and  Mr.  Wilder  put  on  several. 
This  valve  answered  not  only  as  a  relief  valve  but  also 
as  a  drain  cock;  in  fact,  it  was  an  automatic  drain  cock, 
but  if  used  it  made  the  relief  valve  unnecessary,  and 
'hat,  in  fact,  was  its  idea.  The  body  of  the  valve  was 
T-shaped  and  was  connected  up  with  the  outlet  looking 
down,  while  the  ends  were  piped  up  to  the  regular 
drain-cock  holes.  There  were  two  seats  in  the  body, 
one  on  each  side  of  the  opening.  These  two  seats  were 
closed  by  two  cone-shaped  hollow  clappers,  and  the 
larger  ends  of  the  two  clappers  were  ground  to  the  two 
seats  in  the  body,  and  between  them  was  supplied  a 


small  bar  of  composition  just  long  enough  to  push  one 
of  the  valves  off  its  .seat  when  the  other  was  seated ; 
therefore  both  valves  could  never  be  closed  at  the  same 
time.  When  the  steam  pressure  struck  the  valves,  say 
on  the  head  end,  it  closed  that  valve  and  no  steam  could 
escape;  when  the  steam  came  on  the  other  end  of  the 
cylinder  the  other  valve  closed;  the  bar  between  them 
acted  if  necessary. 

As  the  two  clappers  on  the  valves  were  cone-shaped, 
when  the  steam  was  off  both  ends  of  the  cylinder  the 
clappers  lay  on  the  bottoms  of  the  body  of  the  valve; 
therefore  both  seats  were  uncovered,  giving  a  free 
passage  for  water.  I  could  see  but  one  objection  to  this 
arrangement,  and  that  was  that  it  might  be  costly  in 
steam  consumption.  The  Dopp  valve,  if  I  have  the 
name  right,  was  designed  with  the  idea  that  if  the 
cylinders  could  be  always  automatically  drained  relief 
valves  would  not  be  necessary,  which  is  of  course 
correct. 

The  "Bangs"  Oil  Cup 

I  built  several  compound  engines  some  years  ago  for 
marine  use,  and  on  one  of  them  I  was  directed  to  put 
the  "Bangs"  oil  cup  on  the  crankpin  end  of  the  con- 
necting rod.  I  ordered  the  cups,  and  Mr.  Bangs  brought 
two  cups  to  fill  my  order  and  to  explain  them  to  me. 
Instead  of  having  the  usual  hole  in  the  bottom  of  the 
cup  there  was  a  rib  cast  on  the  inside  which  ran  from 
the  bottom  to  within  ]  in.  of  the  top.  In  this  rib  a 
very  small  hole  was  drilled  with  about  a  No.  40  drill, 
and  this  small  hole  was  connected  with  a  hole  drilled  to 
meet  it,  reaching  a  somewhat  larger  hole  in  the  stem  of 
the  cup.  Just  above  the  small  hole  in  the  rib  was  a 
spoon-shaped  piece  of  metal  set  with  the  hollow  facing 
the  center  of  the  cup.  The  cup  had  to  be  set  in  the  rod 
.so  that  the  oil  would  throw  against  this  spoon  and  it 
then  ran  down  onto  the  top  of  the  rib,  which  was 
countersunk  just  a  little.  When  the  engine  was  stand- 
ing still  no  oil  could  feed,  as  is  evident,  and  when  in 
motion  oil  was  thrown  into  the  spoon. 

I  was  not  at  all  impressed  with  the  system,  as  I 
thought  the  small  hole  would  get  plugged  up,  but  I  was 
assured  by  Mr.  Bangs  that  if  I  drove  a  hickory 
peg  into  the  small  oil  hole  it  would  not  stay  there.  I 
tried  the  experiment  and  Mr.  Bangs  was  right ;  the 
peg  would  not  stay  in  the  hole.  This  cup  saved  a  great 
amount  of  oil  and  yet  oiled  the  crankpin  perfectly.  I 
think  only  about  one-eighth  the  amount  of  oil  was 
needed  when  this  cup  was  fitted,  yet  I  never  saw  a 
dozen  of  them  in  all  my  life.  Now,  why  not?  It  was  a 
good  thing  and  a  money  saver,  but  so  far  as  I  know 
it  was  little  used. 


To  scrape  a  Diesel  bearing,  the  journal  should  be 
coated  with  lampblack.  Placing  the  bearing  on  the  shaft 
and  giving  it  a  rocking  motion,  the  high  spots  in 
the  bearing  will  be  coated  with  black  and  can  be 
scraped  down.  If  commercial  lampblack  to  use  in 
scraping  bearings  is  not  obtainable,  a  good  substitute 
can  be  made  of  soot  from  the  exhaust  mixed  with 
lubrication  oil. 


The  Baume  gravity  has  no  direct  bearing  on  the 
adaptability  of  a  fuel  oil.  It  happens,  however,  that 
most  oils  have  a  gravity  fairly  in  proportion  to  their 
adaptability  as  a  fuel  oil.  With  Mexican  untopped  oil 
of  16  deg.  Be.,  enough  gasoline  is  present  to  produce 
the  primary  ignition. 
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The  Coiidiuious  Testing  of  the 
Power-House  Phiiit 

By  a.  S.  TROLLIP 


THE  late  P.  W.  Willan.s  pointed  out  in  hi.s  paper, 
"Steam    Engine  Trials,'"  that   if  the   steam   con- 
sumption   per    hour   of   a    constant-expansion    or 
throttlin}?  entrine  be  plotted  against  the  horsepower,  the 
result  is  an  oblique  straight  line,  as  shown  in  Fig.  1. 
The  equation  to  the  curve  is  represented  by 
Q  =  a  -\-  bP 
in  which  Q  equals  the  total  weight  of  steam  used  per 
hour;  P  equals  the  horsepower;  a  equals  the  weight  of 
steam  used  at  zero  mean  pressure,  depending  on  the  ex- 
tent of  the  back  pressure  and  on  the  inherent  losses  of 
the  engine:  and  b  equals  a  constant,  depending  on  the 
type  of  engine.    It  follows  that  this  relation  will  hold  for 
a  turbine  running  with  constant  vacuum  and  constant 
speed. 

Several  engineers,  among  them  R.  H.  Parsons,  have 
shown  that  a  power  house,  considered  as  an  organic 
whole,  follows  the  same  law.  The  performance  can  be 
represented  by  two  equations  connecting  the: 

1.  Coal  consumption  and  water  evaporated;  which 
may  be  termed  the  boiler-house  characteristic. 

2.  Steam  consumption  and  kilowatt-hours  generated; 
which  may  be  termed  the  engine-room  characteristic. 

These  two  equations  can  be  combined  and  again  rep- 
resented  by   a   straight   line   connecting   the   coal   con- 


?=  indicated    Horsepower 
FIG.  1.     WILLANS  LINE:  Q   =:  a  ■<-  bP 

sumption  and  the  kilowatt-hours.  This  curve  may  be 
conveniently  termed  the  power-house  characteristic. 
The  writer  has  found  from  an  analytical  investigation 
of  the  financial  figures  for  a  powei'-supply  company,  that 
an  equation  can  be  obtained  connecting  the  costs  of 
whole  of  the  supply  undertaking  with  the  units  delivered 


to  consumers.  It  can,  as  before,  be  represented  l)y  a 
straight  line.  This  relation  may  be  termed  the  finan<  ial 
characteristic. 

To  illustrate  these  most  important  characteristics,  the 
equations  for  a  turbo-generator  station  equipped  with 
watertube  boilers  will  be  considered: 

Let  C  equal  weight  of  coal  fired  in  pounds  per  shift; 
IV  equal  weight  of  water  evaporated  in  pounds  per  shift; 
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FIG.  2.     BOILER-ROOM  CHARACTERISTIC 


A  equal  weight  of  steam  losses ;  S  equal  weight  of  steam 
condensed  per  hour;  and  K  equal  output  of  units  per 
shift. 

BoiLER-HousE  Characteristic 

If  the  figures  for  the  coal  consumption  in  pounds  and 
the  water  evaporated  in  pounds  over  a  given  period — an 
hour,  a  shift,  twenty-four  hours  or  a  month — be  plotted, 
it  will  be  observed  that  the  successive  points  lie  approxi- 
mately on  a  straight  line. 

In  the  example  considered,  Fig.  2,  the  readings  have 
been  taken  over  a  period  of  a  shift  of  eight  hours. 
Readings  taken  over  shorter  periods  are  likely  to  give 
inaccurate  results  due  to  errors  of  water  level  and 
amount  of  fire  on  the  grate. 

An  average  line  can  be  drawn  through  these  points; 
it  will  be  observ'ed  that  the  line  cuts  the  ordinate  axis 
at  a  point  that  represents  the  no-load  losses. 

This  curve  has  an  equation  of  the  form  C  =  a  -f  bW; 
the  values  of  a  and  b  can  be  found  by  means  of  simul- 
taneous equations. 

The  equation  for  the  curve  represented  in  Fig.  2  has 
the  value 

C  =  4,620  +  0.12  W  (1) 

Interpreted,  this  means  that  4,620  lb.  of  coal  is  con- 
sumed per  shift  to  provide  the  following  losses :  Radia- 
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tion,  steam  leakage,  banking  fires,  etc.  After  these 
losses  have  been  met,  there  is  an  expenditure  of  0.12 
lb.  of  coal  per  pound  of  water  evaporated. 

Engine-Room  Characteristic 

Similarly  if  the  steam  consumption  per  shift  be 
plotted  against  the  output  in  kilowatt-hours,  they,  too, 
lie  approximately  along  a  straight  line.     (See  Fig.  3.) 

The  equation  to  the  curve  for  the  station  we  have 
taken  as  an  example  is  represented  by 
py  =  a,  -f  b,k 

W  =  34,833  +  15.A;  (2) 

meaning  that  34,833  lb.  of  steam  is  used  every  shift  in 
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FIG.    3.      ENGINE-ROOM    CHARACTERISTIC 

supplying  the  losses  due  to  leakage,  condensation,  etc.; 
15  lb.  of  steam  is  supplied  per  kilowatt-hour  generated. 

PowER-HousE  Characteristic 

If  the  coal  fired  per  shift  be  plotted  against  the  units 
generated  per  shift,  they  will  be  found  to  lie  on  a 
straight  line,  Fig.  4,  having  the  form 

c  =  a,  +  6,fc  (3)' 

The  equation  represented  is  made  up  of  the  boiler- 
house  and  engine-room  characteristics  and  may  be  found 
from  equations  (1)  and  (2)  as  follows: 

c  =  a  -j-  bjy  (1) 

m;  =  a,  +  6A;  (2) 

c  =  a  -|-  6  (a,  -j-  6fc) 
c  =  4,620  4-  0.12  (34,833  +  15  fe) 
c  =  8,800  -f  1.8  k  (3) 

in  which  the  total  coal  fired  is  made  up  of  8,800  lb.  to 
cover  losses  due  to  radiation,  blowoff,  steam  leakage, 
etc.,  and  1.8  lb.  per  kw.-hr.  produced  by  the  plant. 

The  characteristic  for  the  individual  units  in  a  sta- 
tion connecting  the  steam  consumption  (s)  and  the 
kilowatt-hours  generated  (fc)  can  be  obtained  in  the  same 
way.  It  is  of  the  form  s  =  a  -{-  6fc.  The  performances 
of  the  individual  units  in  the  example  under  illustration 
are,  unfortunately,  not  in  the  writer's  possession.  For 
a  station  that  is  now  under  analysis  consisting  of  6,000 
kw.  Curtis  turbo-generators,  the  machine  characteristic 


is  represented  by  s  =  62,400  +  12  kw.  If  we  subtract 
the  equation  representing  the  machine  characteristic 
from  the  equation  representing  the  engine-room  char- 
acteristic, we  obtain  vo  —  s,  the  amount  of  water  or 
steam  lost  by  condensation,  etc. 

The  Value  of  Continuous  Testing 

Continuous  testing  permits  of  a  continuous  check  on 
the  coal  and  steam  consumption.  Losses  are  detected 
and  localized  during  the  shift  in  which  they  occur. 

It  also  provides  a  means  of  comparing  the  perform- 
ance of  stations.  The  constant  or  no-load  losses  are 
chiefly  dependent  on  design.  The  consumption  of  coal 
and  water,  which  are  proportioned  to  the  load,  are 
dependent  upon  the  efficiency  of  the  whole  plant  and  on 
the  efficiency  of  operation. 

In  practice  these  results  are  achieved  by  plotting  the 
characteristics  on  squared  paper.  Upon  the  completion 
of  a  shift  the  engineer  plots  the  several  points  on  the 
chart.  If  the  points  are  on  or  below  the  characteristic, 
all  is  well;  if  the  point  is  above,  a  loss  is  signified, 
which,  as  was  pointed  out  under  the  heading  of  division 
of  losses,  may  be  traced  definitely  to  either  the  boiler 
house  or  the  engine  room. 

The  value  of  this  method  is  great,  for  it  provides  not 
only  a  continuous  check,  but  a  means  of  testing  the 
station  as  a  whole. 

The  method  provides  a  ready  means  whereby  an 
equitable  bonus  system  may  be  used.  In  most  plants 
the  bonus  system  is  not  applied  because  of  the  impos- 
sibility of  securing  the  necessary  data  save  at  pro- 
hibitive cost.  With  the  method  under  discussion,  after 
the  several  constants  of  the  plant  have  been  secured,  it 
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FIG.   4.      POWER-PLANT    CHARACTERISTIC 

requires  but  a  few  minutes'  calculation  at  the  end  of  a 
shift  to  determine  the  economies  secured  and  the  bonus 
earned. 

Requirements  for  Testing 

As  will  be  gathered,  the  following  measurements  are 
required :  Coal  fired,  water  evaporated,  steam  consump- 
tion of  each  turbine  or  other  unit,  units  generated  by 
each  generator,  and  weight  of  the  makeup  feed  water. 
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Tho  i-oni  is  hest  weiphed  l\v  nil  ntitomatic  roal-wciKh- 
inr  mai'hiiip.  Volume  meiisurement  is  crude.  There 
are  luinierous  methods  of  measuring  the  feed  water, 
steam  ronden.sed,  etc.  Jud>riii>r  from  the  number  of 
V'-notch  recorders  in  use,  this  method  is  Riving  good 
results. 

Financial  Characteristic 

This  characteristic  is  obtained  by  plotting  the 
monthly  costs  of  the  whole  of  the  supply  undertaking — 
namely,  generation,  distribution  and  management  ex- 
pense.s — against  the  number  of  units  sold  to  the  con- 
sumer.    The  characteristic  consists  of  two  parts: 

1.  The  costs  incurred  which  are  necessary  for  the 
system  to  be  in  a  position  to  deliver  to  the  customer. 
They  include  what  are  generally  known  as  the  fixed 
costs;  namely,  depreciation  and  amortization,  and 
salaries,  wages,  cost  of  no-load  losses  of  the  station,  etc. 

2.  The  costs  which  are  proportional  to  the  load; 
namely,  the  greater  proportion  of  coal,  oil,  waste,  re- 
pairs, etc. 

This  characteristic  is  of  extreme  value  to  the  manage- 
ment, who  can  at  a  glance  compare  costs  of  any  month, 
without  falling  into  the  error  of  comparing  costs  per 
unit  delivered  to  the  consumer  upon  the  basis  of  unequal 
production. 

The  Speed  Limit  of  Ball  Bearings 

By  W.  J.  A.  London 

The  maximum  safe  speed  at  which  ball  bearings  can 
be  operated  is  one  of  vital  importance  when  considering 
the  application  of  such  bearings  to  high-speed  machines. 
Unfortunately,    the   only    formulas    available,    as    pub- 


FIG.    1.      ACTION    OF    A    PERFECT    BALL    BEARING 

lished  by  the  ball-bearings  makers,  are  verj-  ambiguous 
on  this  point.  Again,  the  rating  tables,  as  issued  by 
the  various  makers,  are,  in  the  writer's  experience,  too 
idealistic  to  be  followed  indiscriminately  in  practice. 
The  earlier  formulas  ignored  speed  altogether,  while 
some  of  the  later  ones  published  introduce  a  "k"  for 
speed  cori'ection. 

The  following  arguments  are  advanced  in  criticism 
of  all  existing  formulas  in  that  they  do  not,  in  the 
writer's  opinion,  take  into  consideration  the  major  fac- 
tors that  enter  into  this  so-called  safe  speed  limit. 


In  a  theoretically  perfect  ball  bearing,  i.  it  were 
possible  to  operate  such  a  one,  the  actual  speed  liriiil 
would  be  reached  when  the  specific  journal  load  plus 
that  due  to  the  centrifugal  force  of  the  balls  reached 
the  breakdown  point  of  the  material  in  the  balls  and 
races.  With  the  actual  lojuls  used  in  practice  com- 
pared with  the  safe  load  standing  .still,  and  making 
calculations  for  the  centrifugal  force  of  the  balls,  it 
will  l)e  found  that  the  speed  limit  is  so  high  that    it 


FIG.    Z.      VELOCITY    OF    HALLS    A.M)    KACK 

can  rightly  be  ignored,  as  it  is  so  far  beyond  any 
commercial  requirements. 

Still  considering  the  perfect  bearing,  no  lubrication 
is  necessary,  as  true  rolling  motion  only  is  suppo.sed 
to  exist.  A  perfect  ball  bearing,  however,  cannot  be 
operated,  inasmuch  as  a  retainer  mu.st  be  introduced  to 
separate  the  balls,  otherwise  they  would  rub  together 
in  opposite  directions  as  shown  in  Fig.  1 ;  and  exper- 
ience has  shown  that  a  safe  speed  limit  is  reached 
long  before  the  calculations  of  the  perfect  bearing 
indicates. 

We  can,  therefore,  in  considering  this  subject  from 
a  practical  standpoint,  absolutely  ignore  the  perform- 
ance of  the  balls  in  the  races  and  confine  ourselves 
exclusively  to  the  performance  of  the  balls  in  the  re- 
tainer. An  analysis  of  what  actually  takes  place  in 
a  bearing  will,  the  writer  believes,  prove  the  correct- 
ness of  the  foregoing  contention.  Take,  for  instance, 
a  ball  bearing  having  a  mean  diameter  of  3  in.  with 
i-in.  balls  operating  at  3,600  r.p.m.  The  speed  of  the 
inner  race  will  be  37.3  ft.  per  second,  so  that  without 
slippage  the  peripheral  speed  of  the  balls  will  also  be 
37.3  ft.  per  second,  as  indicated  in  Fig.  2. 

Any  retainer  must  be  built  so  inat  there  is  a  bearing 
surface  between  any  one  ball  and  the  adjacent  section 
of  the  retainer.  As  the  balls  drive  this  retainer  around, 
these  contact  surfaces  are  in  reality  a  series  of  little 
sleeve  bearings  or  shoes.  Fig.  3  shows  a  typical  ball 
bearing  with  a  retainer  ring.  The  surface  speed  with 
the  example  given  has  been  shown  to  be  37.3  ft.  per 
second.  This  in  itself  is  considered  a  high  speed 
in  practical  sleeve-bearing  operation  with  ring  lubrica- 
tion. Furthermore,  it  must  be  borne  in  mind  that  no 
antifriction  metal  is  introduced. 

It  may  be  contended  that  while  the  surface  speed 
is  high  the  load  per  unit  area  is  apparently  negligible. 
This,  however,  is  by  no  means  the  case.  There  is, 
first  of  all,  a  small  positive  load  due  to  driving  a  re- 
tainer of  minimum  weight  and  in  perfect  balance. 
This  particular  load  will  vary  with  the  amount  of  oil 
in  the   bearing  and  the  drag  created  thereby. 

The  serious  loads,  however,  are  those  that  may  ac- 
crue from  imperfections  in  the  retainer  and  from  con- 
ditions creating  unbalanced  forces  of  considerable  mag- 
nitude.    In  operation  the  circumferential  pitch  of  the 
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balls  is  continually  changing,  so  that  it  is  reasonable 
to  suppose  that  the  whole  load  of  the  retainer  is  taken 
at  any  one  time  on  one  of  the  little  sleeve  bearings. 
With  the  same  bearing  previously  cited,  the  speed  of 
the  inner  race  at  3,600  r.p.m.  is  37.3  ft.  per  second, 
therefore  the  speed  of  the  retainer  around  the  axis  is 
about  18.65  ft.  per  second  corresponding  to  a  speed  of 
1,430  r.p.m.  The  actual  retainer  of  one  type  of  bearing 
of  the  proportions  given  weighs  about  four  ounces,  and 
while  it  is  next  to  impossible  with  retainers  as  now 
made  to  make  any  definite  statement  regarding  the 
bearing  surface  actually  employed,  a  careful  inspection 
of  several  bearings  has  led  the  writer  to  adopt  a  figure 
of  0.030  sq.in.  per  section  as  being  a  fair  average. 
This  figure  is  at  least  sufficiently  accurate  to  use  as 
a  basis  for  the  arguments  intended  to  bring  out. 

The  centrifugal  force  created  by  one  pound  suspended 
at  the  radius  of  li  in.  rotated  at  1,430  r.p.m.,  is 
87  lb.  Reverting  to  sleeve-bearing  practice,  let  us 
assume  a  load  of  30  lb.  per  sq.in.  as  being  within  safe 
limits.  The  unbalanced  force,  therefore,  necessary  to 
create  30  lb.  per  sq.in.  on  a  surface  of  0.030  in.  is 
0.0135  lb.,  or  5.4  per  cent  of  the  weight  of  the  retainer 
proper.  If  the  retainer  is  initially  perfectly  balanced, 
it  must  be  kept  concentric  during  operation,  otherwise 
unbalanced  forces  are  produced  in  proportion  to  the 
eccentricity   of   operation.     Where   an   uneven   number 


FIG.    3.      TYPICAL   BALL    BEARIXG   WITH   RETAINER   RING 

of  balls  are  used,  the  unbalanced  forces  due  to  eccen- 
tricity are  accentuated. 

Exception  may  be  taken  by  ball-bearing  makers  to 
some  of  the  figures  used  in  the  foregoing  calculations, 
such  as  estimated  bearing  surface  for  example.  The 
simple  fact,  however,  remains  that  there  is  a  practical 
limit  at  which  ball  bearings  can  actually  be  operated 
and,  further,  that  this  speed  is  considerably  less  than 
that  published  in  the  catalogs  of  ball-bearing  makers 
and  also  considerably  less  than  that  derived  from  any 
of  the  existing  formulas.  When  this  practical  limit  is 
compared  with  that   derived   from  a  consideration   of 


the  balls  in  the  races  only,  there  is  no  relation  between 
the  two.     There  is,  therefore,  only  one  answer. 

It  is,  of  course,  assumed  in  these  arguments  that 
rational  engineering  sense  is  used  in  the  choice  of  the 
design  of  bearing,  method  of  mounting,  etc.,  and  a 
proper  grade  of  lubricant  supplied. 

A  safe  speed  limit  will  be  reached  when  the  load 
between  one  ball  and  the  adjacent  bearing  of  the  re- 
tainer is  sufficient  to  break  down  the  oil  film  at  this 
point.  This  conclusion,  then,  brings  to  our  attention 
the  fact  that  the  proper  lubrication  of  such  bearings 
is  of  much  more  importance  than  is  generally  be- 
lieved. Ball-bearing  manufacturers  in  general,  in  mak- 
ing recommendations  as  to  the  proper  application  of 
their  product,  almost  entirely  ignore  this  very  im- 
portant question.  Moreover,  the  representatives  and 
salesmen  of  such  apparatus  are  responsible  from  time 
to  time  for  making  dangerously  misleading  statements 
as  to  the  relative  importance  of  this  factor. 

Considering  the  balls  and  races  only,  it  has  already 
been  stated  that  no  lubrication  is  necessary.  Consider- 
ing the  balls  in  the  retainer,  we  have  a  series  of 
sleeve  bearings  the  lubrication  of  which  spells  success 
or  failure.  This  condition,  therefore,  calls  for  a  re- 
tainer design  that  will  permit  the  lubricant  to  enter 
properly  the  ingoing  side  of  the  bearing  surface.  In 
sleeve  bearings  it  is  just  as  important  to  lead  the  oil 
from  the  bearing  as  it  is  to  the  bearing.  In  like 
manner,  then,  a  complete  circulation  through  a  ball 
bearing  at  high  speed  is  essential.  The  general  prac- 
tice of  partly  filling  a  small  chamber  surrounding  the 
bearing  with  oil  prevents  this  important  action. 

There  is  no  reason  why  ball  bearings  should  not 
operate  satisfactorily  at  high  speed  (say  3,000  to  4,000 
r.p.m.)  provided  the  foregoing  considerations  are  prop- 
erly taken  into  account,  and  experience  extending  over 
several  hundred  of  such  bearings  has  proved  this  con- 
tention. On  the  other  hand,  repeated  failures  vdth 
high-speed  ball  bearings  has  been  in  a  great  measure 
undoubtedly  due  to  a  lack  of  appreciation  of  the  true 
internal  workings   of   such   bearings. 

Extension  of  Power  Contracts 

An  appellate  court  decision  having  an  important  bear- 
ing on  power  contracts  which  contain  provisions  for  re- 
newal for  an  additional  term  was  handed  down  by  the 
Montana  Supreme  Court  in  the  case  of  Helena  Light 
and  Railway  Co.  vs.  Northern  Pacific  Railway  Co.,  186 
Pacific  Reporter,  702. 

The  point  in  issue  in  this  case  was  whether  there  had 
been  a  valid  extension  of  a  contract  for  the  supply  of 
electric  current  by  plaintiff  to  defendant  for  use  in  oper- 
ating pumps,  etc.  The  original  contract  was  to  run  for 
five  years  and  provided  that  defendant  should  be  entitled 
"to  renew  the  same  for  an  additional  period  of  five 
years"  on  thirty  days'  notice  in  writing  prior  to  expira- 
tion of  the  term  of  the  original  contract. 

The  court  holds  that  giving  of  the  written  notice  in 
proper  time  operated  to  extend  the  contract  according 
to  its  original  terms  for  an  additional  period  of  five 
years,  without  any  action  on  the  plaintiff's  part  and 
without  the  drawing  up  of  a  new  agreement.  But  it  is 
decided  that  the  original  contract  was  not  renewed  in 
the  sense  that  before  expiration  of  the  additional  term 
defendant  could  renew  it  for  another  additional  term 
of  five  years.  The  provision  for  renewal  must  be  inter- 
preted as  being  limited  to  one  renewal. 
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Oporalion  aiul  Adjustiiiciit  of  Tiirhine  Machinery 
Xlll — l^revenlioii  of  Oil  Throwing  at  Bearings 


By  EUSTIS  H.  THOMPSON 

ConsuUInK  lOriRlnccr,   Iinltlinori>,  Maryland 


aL  throwinp  i.><  cau.sod  by  one  or  both  of  two  thiiig.s 
— air  current.^  and  oil  leaks.  Oil  vajwr  i.s  sucked  into 
the  windings  of  a  generator,  and  in  time  a  heavy  deposit 
of  oil  is  formed.  On  account  of  the  pro.ximity  of  the 
generator  to  its  bearings,  together  with  suction  fans 
and  heavy  currents  of  air,  there  is  a  strong  tendency  for 
oil  throwing. 

Leakage  of  oil  from  the  bearing  is  caused  by : 
Stoppage  of  discharge  pipe;  oil  groove  in  the  bearing 
being  cut  too  deeply  through  to  the  end  of  the  liner; 
excessive  clearance  in  the  bearing;  excessive  oil  pres- 


Air  supplied 
externally 


Air  drawn  by 
Generator- 


Oil  Deflector 
(keyed  to  Shaft) 


Lobyrlntti  Deflector.^ 
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Disc 
Deflector-- 


DEFLECTORS    PREVENT    OIL   BEING   THROWN 
FROM  THE  BEARING  HOUSING 


sure;  porous  castings;  improper  adjustment  of  oil 
deflectors,  etc. ;  air  leaks  due  to  leaking  joints  of  air 
passages  in  the  vicinity  of  the  trouble;  excess  air 
carried  in  with  the  oil;  oil  level  too  high. 

If  a  bearing  is  mechanically  correct  but  placed  in 
such  a  position  that  air  currents  draw  oil  vapor  from 
it  the  methods  of  prevention  of  oil  throwing  are  as 
follows:  Use  of  an  oil  deflector  (Fig.  1)  placed  on  the 
shaft  inside  bearing  housing;  labyrinth  ring  (Fig.  1) 
having  close  clearance  to  the  shaft  which  is  placed  in 
the  end  of  the  bearing  housing  (this  should  have  a 
drain  where  oil  collected  can  be  discharged)  ;  a  ring  of 
babbitt  such  as  shown  at  the  lower  right,  Fig.  2,  with 
small  clearance  over  shaft  which,  having  a  thread  bored 
in  it  in  such  a  direction  that  the  rotation  of  the  shaft 
will  cause  a  draft  in  the  bearing  housing,  may  be  put  at 
the  end  of  the  housing;  the  suction  fan  (Fig.  2)  is 
placed  on  the  shaft  just  inside  the  housing,  arranged 
to  cause  a  current  of  air  into  the  latter;  a  disc  oil 
deflector  (Fig.  1)  placed  outside  of  the  bearing  housing 
to  prevent  air  suction  acting  on  the  end  of  it;  an  air- 
cell  trap  TFig.  2)  may  be  used  for  the  same  purpose; 
tight  joints  in  the  bearing;  sometimes  the  use  of  a 
heavier  grade  of  oil;  breathers. 

Figs.  1  and  2  show  the  use  of  these  various  devices  on 
a  bearing.  In  stopping  oil  throwing  it  is  generally 
found  that  the  disc  deflector  or  air  cell  is  the  most  con- 
venient and  effective  remedy.  With  light  air  currents 
the  reversed  thread  and  suction  fan  and  oil  deflector 
are  usually  suflicient.  Oil  leaks  should  receive  special 
attention.  In  locating  oil  leaks,  particularly  where  oil 
vapor  or  particles  of  oil  are  carried  by  air  currents,  it  is 


well  to  place  strips  of  white  paper  in  the  path  of  the 
air  currents;  these  will  soon  be  spotted  from  the  oil  and 
by  setting  up  such  targets  the  path  can  be  followed  to 
the  source  of  the  trouble. 

It  sometimes  happens  that  air  passages,  such  as  suc- 
tion air  paths  for  fans,  are  brought  close  to  bearings. 
The  joints  of  such  casings  often  leak  sufficiently  so  that 
the  air  sucked  in  will  also  carry  oil  vapor  along  and 
cause  throwing.  It  is  a  good  plan  to  make  up  such 
joints  with  heavy  .shellac  and  graphite.  Targets,  as 
described  in  the  preceding  paragraph,  are  useful  in 
locating  leaks  when  their  sources  cannot  be  readily 
found. 

Some  types  of  machines  contain  breathers  placed  on 
bearing  hou.sing  (see  Fig.  2).  This  is  simply  a  pipe 
open  to  the  atmosphere,  which  relieves  the  bearing 
housing  of  surplus  air  pressure  caused  by  air  being 
carried  in  with  the  oil  and  also  allows  oil  vapor  to  be 
discharged  where  it  can  do  no  harm.     These  can  some- 


,-Suction  Fan 


Air  Supply- 


Babbitt  collar  on  end  of  bearing 
with  thread  in  opposite  direction 
to  rotation. 

OTHER  MEANS  TO  PREVENT  OIL.  BEING  THROWN 
FROM   BEARINGS 


times  be  installe-l  with  good  results  and  less  expense 
than  other  methods  of  prevention. 

Refrain  from  mixing  two  different  grades  or  makes 
of  oil.  This  procedure  often  results  in  foaming, 
emulsifying  or  other  defects  in  the  quality  of  the  oil. 

Examine  the  oil  strainer  at  regular  intervals.  This 
often  reveals  troubles,  such  as  cutting  of  thrust  bear- 
ings, main  bearings  or  gears,  which  would  not  otherwise 
be  noticeable.  Preventive  measures  can  therefore  be 
taken  before  serious  trouble  results. 

Correct  oil,  which  produces  the  best  results,  ia  a 
matter  that  requires  great  care  in  determining.  The 
advice  of  oil  manufacturers  and  turbine  manufacturers 
should  be  considered  and  the  final  determination  made 
by  careful  trial.  Every  plant  has  special  operating  con- 
ditions. The  behavior  of  the  oil  in  actual  operation, 
together  with  proper  handling,  is  the  best  way  to  deter- 
mine its  value. 
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Oil-pressure  gages  frequently  give  trouble  and  wear 
out  rapidly  because  of  vibration  of  the  oil  piping  and 
fluctuations  in  the  oil  pressure.  A  good  way  to  avoid 
the  vibration  trouble  to  which  piping  is  susceptible  is 
to  mount  the  gage  on  a  pillow  block,  bedplate  or  other 
equally  solid  casting  and  then  connect  the  gage  to  the 
pressure  line  by  means  of  capillary  tubing  or  l-in.  copper 
pipe.  Fluctuations  of  oil  pressure  can  be  partly  elim- 
inated by  the  usual  method  of  throttling  the  valve 
placed  below  the  gage. 

In  lubricating  miscellaneous  parts  of  a  turbine  a 
medium  viscous  oil  usually  gives  best  results  on  points 
of  friction,  such  as  valve  gear,  emergency  trip  gear,  etc. 
This  oil  lasts  longer  and  is  not  easily  affected  by  high 
temperatures.  Roller  bearings  or  ball  bearings  which 
operate    at    low    speed    are    also    lubricated    to    best 


advantage  with  medium  viscous  oil  or  non-acid  grease. 
High-speed  bearings,  such  as  governor-thrust  bearings 
which  contain  ball  races,  should  be  supplied  with  a  light 
grade  of  oil.  Thrust  bearings  which  contain  no  small 
balls  when  at  high  speed  can  be  lubricated  with  heavy 
lubricants  to  advantage  in  cases  of  high  temperature. 

When  using  medium  viscous  oil  or  non-acid  grease, 
make  sure  that  the  surplus  or  used  lubricant  does  not 
find  its  way  into  the  main  oil  system.  Where  a  bearing 
requires  a  large  supply  of  lubrication  and  drains  into 
the  main  oil  system  the  regular  turbine  oil  should  be 
used  to  prevent  deterioration  when  mixing  with  the  con- 
tents of  the  oiling  system. 

Graphite  is  furnished  in  many  stages  from  pulverized 
dust  to  fairly  large  flakes.  The  finest  and  most  impalp- 
able grade  is  to  be  preferred  for  mixing  with  shellac. 


Economic  Value  of  Coal — I.    A  Comparison  of 
Anthracite  and  Bituminous  Coal 


By  B.  S.  murphy* 


The  author  points  out  the  necessity  of  adapting 
the  plans  to  the  particular  fuel  obtainable.  Study 
is  made  of  the  a^iailable  coals.  Comparisons  of 
coals  of  different  heat  values  are  brought  out. 


THE  greatest  single  material  item  in  the  generation 
of  power  is  the  cost  of  fuel.  The  fuel  is  used  to 
produce  useful  work  by  means  of  a  heat  transfer. 
Consequently  the  amount  of  heat  that  may  be  removed 
from  the  fuel  and  converted  into  useful  work  is  the 
controlling  item  in  the  cost  of  power  production.  Of 
necessity  the  amount  of  heat  that  can  be  so  removed 
must  depend  to  a  very  great  extent  upon  the  heat 
available  in  the  fuel  itself,  or  on  the  calorific  value, 
and  also  on  the  behavior  of  this  fuel  during  the  reaction 
period.  This  is  equally  true  of  all  fuels,  but  the  fol- 
lowing discussion  will  be  limited  to  coal,  and  more 
especially   anthracite. 

Relative  Importance  of  Coal 

In  order  to  bring  out  the  importance  of  the  coal 
cost  in  power  production  Table  I  has  been  prepared, 
showing  the  relative  power-station  costs  for  a  typical 
anthracite  and  a  typical  bituminous  electric-power  sta- 
tion for  the  whole  year  of  1910,  the  whole  year  of  1919 
and  the  month  of  May,  1920. 

TABLE  I.     M.\ICE-UP  OF  POWEU  COSTS 

1910 1919 May.  1920 

Station                         A  B  A  B                A            B 

Coal, percent 42  0  77  2  58  5  54  8           62  0       65  2 

Total  operating  materia!,  per 

cent 48 . 2  80 . 9  60   5  69   6            64   0        69  0 

Total    operating    labor,    per 

CBTit 31    0  II    3  19.3  13  8            22   6        13" 

Total  maintenance  material. 

percent 11.3  43  99  91                            105 

Total  maintenance  labor,  per 

cent 9   5  3   5  10  3  7   5              9   5          6   ft 

Total  cost,  per  cent 100  100  100  100              100          100 

Price  of  coal  per  ton,  per  cent.  100  100  228  0  195  0          240  0     23}  0 

Net  kilowatts  of  output  for  both  stations — over  3,000,- 
000  per  month. 

Both  of  these  stations  are  in  the  same  city;  the 
station  marked  "A"  bums  anthracite  and  the  other, 
"B",  bituminous   coal.      In   1910   the   "A"   station   was 
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hand-fired  and  the  operating  labor  cost,  even  with  the 
low  wages  paid  at  that  time,  was  31  per  cent  against 
10.3  per  cent  for  the  stoker  plant  with  bituminous  coal. 
In  1919  the  "A"  plant  was  stoker-fired  with  a  poor 
grade  of  "A"  coal,  and  the  cost  was  19.3  per  cent  for 
operating  labor,  with  very  much  higher  wages  than 
in  1910,  against  13.8  per  cent  for  the  bituminous  plant. 
The  last  line  of  the  table  gives  the  relative  cost  of 
coal,  with  the  average  cost  for  1910  taken  as  100  per 
cent,  to  show  the  increase  in  coal  cost,  and  indicates 
that  in  May  of  this  year  it  was  necessary  to  pay  nearly 
two  and  one-half  times  as  much  for  the  coal  with  no 
prospects  of  any  betterment. 

From  this  it  is  safe  to  assume  that  over  60  per  cent 
of  the  cost  of  power  generation  is  coal  alone.  Assume 
that  the  output  of  a  station  averaged  6,000,000  kw.  per 
month,  and  for  the  sake  of  an  even  figure  assume  that 
the  cost  of  power  was  $0.0125  per  kilowatt-hour  of 
output,  then  the  cost  for  the  year  for  this  station 
would  be  $900,000.  If  the  relative  cost  of  the  coal  was 
60  per  cent  the  coal  alone  would  cost  $540,000  for  the 
year. 

Relative  Costs  of  Anthracite 
AND  Bituminous  Coal 

Another  very  interesting  feature  that  this  table 
brings  out  is  that  in  1910  the  relative  cost  of  anthra- 
cite as  a  fuel  was  low  as  well  as  the  actual  cost  per 
ton  as  compared  to  bituminous  coal,  but  since  that 
time  has  increased  in  cost  proportionately  more  than 
the  "B"  coal  until  in  the  early  part  of  this  year  there 
was  relatively  little  difference.  This  is  due  to  the 
greater  demand,  the  diminishing  supply  and  the  falling 
off  in  quality.  In  using  anthracite  it  is,  of  course, 
necessary  to  figure  a  considerably  greater  quantity  per 
kilowatt  of  plant  output,  but  the  true  comparison  is 
the  economic  one,  the  cost  of  producing  this  kilowatt 
irrespective  of  the  number  of  pounds  of  coal  required 
to  be  fired.  This  will  take  into  account  all  the  dif- 
ferent phases,  such  as  the  cost  of  handling  this  addi- 
tional bulk  of  coal,  the  disposing  of  more  ashes  and 
soot  and,  in  the  case  of  hand-fired  installations,  the 
additional  firemen  required. 
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Durinjr  tho  wnr  thi.s  was  very  noticeable;  the  price 
aiifi  impurity  rojitont  went  up  while  the  calorific  value 
wi'iit  down.  This  hapiwned  to  both  anthracite  and 
bituminous,  but  not  in  the  .same  proportion,  for  thouph 
the  cost  of  the  hard  coal  was  perhaps  only  about  half 
of  that  of  soft,  it  was  actually  more  expensive  to  use. 

It  is  seen,  then,  that  if  (iO  per  cent  or  over  of  our 
total  power-production  cost  is  coal,  too  much  .study  and 
attention  cannot  be  jriven  it.  Fuel  is  becoming  more 
costly  and  more  difiicult  to  procure  each  year,  and  the 
day  has  passed  when  a  plant  could  be  located  at  any 
desired  place,  boilers  purchased,  and  the  operation 
started  and  continued  blindly,  with  the  understanding 
that  "coal  is  coal."    It  is  necessary  now  to  pre-plan  your 
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plant  location  to  suit  the  available  fuel  supply  for  new 
installations,  and  for  existing  plants  to  adapt  your 
facilities  to  what  coal  you  can  procure;  for  it  is 
extremely  difficult  now  to  do  the  reverse,  that  is,  grade 
your  coal  to  suit  original  plant  conditions. 

In  order  to  have  a  comprehensive  knowledge  of  the 
coal  analyses  must  be  made,  and  the  results  of  these 
analyses,  in  conjunction  with  known  operating  condi- 
tions, should  be  the  governing  factors  in  the  selection 
of  the  coal  if  selection  is  possible,  or  in  the  adaptation 
of  existing  facilities  to  suit  the  coal  available.  These 
studies  will  soon  show  that  the  actual  cost  per  ton 
at  the  mines  or  at  the  station  will  not  necessarily  be 
the  controlling  factor,  for  in  certain  cases  the  higher- 
priced  coal  may  work  out  to  the  best  advantage,  while 
in  another  it  will  be  the  most  expensive  to  use.  In 
some  instances  a  coal  of  high  ash  content  may  be  made 
to  give  better  results  than  one  with  less  impurities 
if  other  conditions  are  available.  And  in  some  instances 
a  low  calorific-value  coal  may  be  made  to  give  much 
better  economy  and  operating  results  than  one  that 
ordinarily  would  be  considered  a  much  better  coal  from 
its  chemical  analysis. 

It  will  be  only  a  relatively  short  time  until  the  small 


power  station  will  be  done  away  with  completely  except- 
ing in  cases  where  other  factors,  such  as  the  utilization 
of  waste  heat,  make  it  desirable  to  retain  the  plant. 
The  practice  of  erecting  the  power  station  where  the 
power  is  to  be  utilized  will,  for  economic  reasons,  have 
to  be  abandoned,  and  the  large  distributing  stations  or 
super-power  plants  will  be  erected  at  the  source  of  fuel 
and  the  power  transmitted  to  the  industries  and  centers 
of  population.  Kut  in  the  meanwhile,  for  new  projects 
or  for  existing  plants,  the  first  consideration  is  either 
the  choice  of  fuel  or  the  modification  of  existing  facil- 
ities to  suit  the  fuel  available. 

Investigation  mu.st  first  be  made  to  see  what  coals 
are  available  in  the  quantities  needed  and  what  will 
presumably  continue  to  be  available  for  the  next  few 
years  to  come.  In  the  East  there  is  generally  the 
choice  of  two  kinds,  anthracite  and  bituminous;  so, 
if  from  a  study  of  the  coals  available  it  is  found  that 
a  continuous  and  ample  supply  of  either  can  be  antTc- 
ipated,  consideration  must  be  given  to  the  problem  of 
which  will  be.st  meet  the  requirements  before  going 
into  the  different  grades  of  each. 

To  get  the  full  benefits  of  any  particular  coal  the 
whole  boiler  plant  should  be  laid  out  with  the  require- 
ments of  this  fuel  in  mind,  for  in  the  case  of  an  existing 
station  designed  to  use  bituminous  considerable  changes 
would  necessary  to  convert  it  to  use  anthracite.  This 
conversion  would  be  costly,  depending  on  the  size  and 
other  operating  features  of  the  .station,  so  of  course 
the  interest  charges  on  the  necessary  expenditure  to 
make  such  changes  would  have  to  be  considered  against 
any  gain  anticipated  by  the  changing  of  the  fuel.  In 
new  projects  the  difference  between  the  first  costs  of 
the  layouts  would  in  turn  have  to  be  considered  in  the 
same  manner. 

A  Hypothetical  Case 

To  bring  out  these  elements  more  forcefully  a  hypo- 
thetical station  will  be  assumed  and  a  comparison  made 
of  the  fuel.  Assume  that  it  is  reasonable  to  expect  an 
adequate  supply  of  either  "A"  or  "B"  coal  and  that 
the  purchase  price  of  2,240  lb.  delivered  at  the  boiler 
room  is:  Anthracite,  $5 — 11,100  B.t.u.  as  received; 
bituminous,  $9 — 14,000  B.t.u.  as  received.  A  comparison 
of  costs  should  next  be  made  based  on  the  total  heat 
content  in  the  coals;  this  appears  in  Table  II. 

T.\BLE    II.      ANTHRACITE    AND    BITUMINOUS 
(Comparison  on  total  heat  basis) 

Anthracite  Bituminous 

Cost  per  pound,  dollars 0  00223  0  00402 

Pounds  of  coal  to  make  14,000  B.t.u 1.26  100 

Cost  for  14.000  B.t.u.  dollars 0.00281  0  00402 

From  this  it  would  appear  that  with  the  price 
assumed  we  could  expect  to  procure  the  same  heat  in 
the  firebox  with  anthracite  at  a  cost  but  70  per  cent 
of  that  for  bituminous.  However,  this  is  not  a  true 
comparison  on  account  of  the  ash,  burning  quality,  etc., 
as  will  be  more  fully  gone  into  later,  but  may  be 
considered  the  very  maximum  difference  that  would 
exist  between  the  use  of  the  two  coals. 

In  a  later  article  it  will  be  shown  that  the  more 
correct  way  of  approaching  this  subject  is  by  a  com- 
parison of  the  useful  range  of  heat  and  not  by  the 
total  heat  in  the  coal.  For  instance,  when  the  freight 
charges  on  the  anthracite  are  in  the  neighborhood  of 
40  per  cent  of  the  total  cost  of  the  fuel  we  must  set 
a  low  limit  for  our  heat  content  and  say  that  it 
does  not  pay  us  to  purchase  coal  with  less  than  9,000 
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B.t.u.;  then  the  useful  range  would  be  between  9,000 
and  14,000  B.t.u.  or  5,000  B.t.u.  The  "A"  coal  contain- 
ing 11,100  B.t.u.  is  2,900  B.t.u.  less  than  the  "B" 
and  lacks  58  per  cent  of  the  heat  necessary.  There 
would  be  required  1.58  times  more  coal  for  an  equal 
heat  content,  or  the  cost  would  be  $0.00352  for  14,000 
B.t.u.,  or  88  per  cent  of  the  cost  for  an  equal  heat 
content  in  the  "B"  coal.  This  method  is  more  nearly 
correct  than  a  comparison  of  the  total  heat  in  the  coal 
and  will  represent  the  maximum  cost  for  the  hard  coal. 
It  is  only  necessary  to  compare  "A"  and  "B"  coal  of 
two  different  heat  values  to  establish  a  curve  which 
will  determine  the  deficiency  of  heat  for  any  coal.  If 
we  refer  to  Table  I  for  1919  we  find  the  ratio  of  the 
coal  cost  is  90  per  cent,  while  for  May,  1920,  it  was 
95  per  cent,  showing  that  the  effective  range  method 
is  not  far  out  as  other  plant  conditions,  such  as  econ- 
omy of  prime  movers,  etc.,  will  make  up  this  difference. 

Relative  Values  of  Different  Coals 

On  the  chart  are  plotted  curves  to  show  the  relative 
values  existing  between  bituminous  and  anthracite 
coals  of  different  calorific  values  and  different  prices 
per  ton,  based   on   the  effective   heat   range  of   9,000 

TABLE  III.    VARIATIOX  IN  RELATIVE  COAL  COSTS 

Bituminous  Coal,  Anthracite  ComI. 
Year                                                                       Per  Cent  Per  Cent 

1911 100  77  8 

1914 100  78  0 

1919 IOC  119  0 

B.t.u.  to  14,000  B.t.u.  The  horizontal  scale  is  the  ratio 
of  cost  per  ton  of  the  two  coals,  or  the  cost  per  ton 
of  the  hard  coal  divided  by  the  cost  per  ton  of  the 
soft  multiplied  by  100.  The  vertical  scale  is  the  rel- 
ative cost  of  the  anthracite  in  per  cent,  the  bituminous 
taken  as  standard,  or  100  per  cent.  The  solid  lines 
give  this  ratio  when  the  calorific  value  of  the  soft 
coal  is  assumed  to  remain  constant  at  14,000  B.t.u.,  and 
the  calorific  value  of  the  hard  coal  varies  as  shown  from 
a  minimum  of  9,000  B.t.u.  to  a  maximum  of  12,500 
B.t.u.  The  dotted  lines  also  give  the  relative  ratios 
between  the  coals  when  the  calorific  value  of  the  soft 
coal  is  constant  at  13,000  B.t.u.  For  intermediate 
ratios,  for  coals  of  other  calorific  values  than  those 
given,  we  interpolate  between  the  lines.  For  instance, 
if  in  our  choice  of  coals  we  could  anticipate  a  hard  coal 
of  12,000  B.t.u.  and  a  soft  coal  of  14,000  B.t.u.  we 
can  pay  up  to  73  per  cent  of  the  cost  of  the  latter  for 
the  former.  Or  if  the  "B"  coal  was  available  at  .$8 
per  ton  we  could  not  afford  to  pay  more  than  $5.94  per 
ton  for  anthracite;  while  if  there  was  available  another 
anthracite  of,  say,  11,000  B.t.u.,  we  could  pay  only 
63  per  cent,  or  $5.04  per  ton  for  it.  On  the  other 
hand,  if  the  soft  coal  contained  only  13,000  B.t.u.  and 
we  still  had  to  pay  $8  for  it  we  could  use  11,000 
B.t.u.  anthracite  and  pay  at  the  rate  of  $6.08  per  ton. 
All  of  this  is  with  the  understanding  that  the  coal 
is  a  fit  one  from  an  operating  standpoint  to  meet 
the  conditions  under  which  the  boilers  are  to  be  oper- 
ated, for  the  calorific  value  is  not  the  only  controlling 
feature  by  any  means.  But  this  shows  that  but  little 
dependence  may  be  placed  on  the  actual  price  per  ton 
for  any  coal  when  this  item  is  taken  by  itself  as  a 
comparative  feature. 

It  is  is  seen  that  the  quality  of  the  coal  will  have  a 
great  bearing  on  this  subject  in  connection  with  the 
relative  price.  For  instance,  during  the  war  the  quality 
of  all  coal   fell  off  and   the   price   increased,   but  the 


anthracite  suffered  more  in  this  respect  than  the  bitu- 
minous. Basing  the  comparison  of  the  effective  range 
as  above  for  one  anthracite  station  the  relative  value 
comparisons  were  as  given  in  Table  III. 

This  showed  that  from  1911  to  1914  a  saving  in 
cost  of  fuel  of  about  22  per  cent  could  be  expected  by 
the  use  of  anthracite.  This  saving  was  cut  down  after 
1914  gradually  until  in  1919  the  hard  coal  was  actually 
19  per  cent  more  expensive  to  use  than  the  soft.  This 
was  due  to  a  very  .serious  falling  off  in  the  quality 
and  a  proportionately  greater  increase  in  the  price  per 
ton,  but  fortunately  this  condition  is  righting  it.self 
in  that  the  coal  is  of  somewhat  better  quality  and  also 
that  the  "B"  coal  has  increa.sed  in  cost  per  ton  to  a 
greater  extent  than  the  other,  or  rather  the  increase 
was  .slower  for  the  bituminous  and  came  along  at  a 
later  date. 

We  will  now  return  to  our  original  assumption  of 
an  output  of  6,000,000  kw.  per  month,  and  with  the 
"B"  coal  a  unit  cost  of  power  of  $0.0125  and  a  total  coal 
cost  of  $540,000.  If  we  take  the  saving  by  the  use 
of  anthracite  as  12  per  cent  based  on  a  cost  of  $0.00352 
for  14,000  B.t.u.  of  anthracite  and  $0.00402  for  14,000 
B.t.u.  of  bituminous  coal,  this  would  represent  $64,700 
per  annum,  or  the  interest  at  7  per  cent  on  $925,000. 
Therefore,  for  a  new  station  it  would  pay  to  put  in 
considerable  additional  equipment,  or  in  an  old  sta- 
tion, by  extra  blowers,  changes  to  stokers,  etc.,  to  use 
this  cheaper  fuel,  provided  there  was  an  assurance 
that  the  supply  would  be  adequate,  of  the  required 
quality  and  that  there  would  not  be  a  greater  percent- 
age increase  in  cost  than  the  soft  coal  for,  say,  the  eco- 
nomic life  of  the  station,  or  fifteen  years. 

What  Caused  the  Boiler  Heads 
to  Corrode? 

An  article  describing  the  failure  of  the  rear  steam 
drum  of  a  water-tube  boiler  at  Newmarket,  Ont., 
Canada,  was   published   in   Power  July   8,   1919.     The 


FIG.    1.      WHERE   A    PORTION   OF   THE   EXPLODED 
BOILER  L.S.XDED 

head  of  this  boiler  was  in  a  weakened  condition,  the 
failure  following  the  line  of  rivet  holes  below  the  water 
line  and  tearing  through  the  solid  metal  well  up  in 
the  bumped  portion  above  the  water  line.  The  evidence 
v,-as  that  the  metal  was  brittle  along  the  line  of  rivets. 
It  was  suggested  that  the  explosion  might  have  been 
caused  by  caustic  soda  which  might  have  attacked  the 
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metal,  the  litiernted  oxvKcn  in  turn  afTectinfr  the  proper- 
ties of  the  metnl  and  j)r()(lucin}?  hrittlenes.s. 

Attention  has  jij^'ain  Ween  turned  to  the  i)ossil)le  action 
of  eaustie  soda  l>y  the  recent  report  of  an  investiKation 
rcjrardinjr  a  disastrous  boiler  exi)losion  last  May  at  the 
nuinicipal  power  hou.se  at  Turku,  Kinland. 

The  boiler  room  of  the  i)Ower  plant  originally  con- 
tained two  Steinmuller  water-tube  boilers,  each  with  a 
heating  surface  of  208  sq.m.  (2.239  .sq.ft.).  In  1910 
another  Steinmuller  boiler  of  429  .sq.m.  (4,618  sq.ft.) 
heating  surface  was  installed  and  a  Babcock  &  Wilcox 


Part    Section 


Part    Section 
a  -  b 


FIG.   2.      SECTIOXAL  PLAN  AND  ELEVATIO>7  OF  THE 
EXPLODED   BOILER 


unit  of  500  sq.m.  (5,382  sq.ft.)  heating  surface  in 
1914.  All  four  boilers  were  operated  at  a  working  pres- 
sure of  13  atmosphere  (191  lb.)  and  were  furnished 
with  superheaters.  In  addition  there  was  an  economizer. 
The  boilers  were  fed  by  four  piston  pumps,  and  in  the 
forward  end  of  the  room  there  was  an  apparatus  for 
purifying  the  feed  water.  No.  1  Steinmuller  boiler  was 
responsible  for  the  explosion.  The  cylindrical  drum  was 
thrown  over  against  a  ledge.  The  front  water  leg  was 
partly  fastened  to  the  drum,  huf,  the  water  leg  and  the 
connection  between  that  and  the  drum  were  found  about 
25  meters  (82  ft.)  from  the  boiler  house  on  the  roof  of 
an  adjoining  engine  room.  The  rear  head  of  the  drum 
had  been  entirely  torn  off.  The  front  head  worked 
inward,  loosening  the  joints.  The  tubes  loosened  from 
the  superheater,  and  boiler  No.  2  was  moved  about  one 
meter  (3.28  ft.)  back  from  its  foundation.  The  other 
boilers  were  evidently  undamaged  except  for  small 
breaks  in  the  joints   and   setting. 

No.  1  boiler  had  been  inspected  at  regular  intervals  by 
a  Government  inspector,  the  last  time  being  three  years 


ago,  when  no  flaw  was  found.  Every  time  the  boiler 
was  cleaned  the  engineer  at  the  plant  went  over  the 
tubes  and  shell  on  the  outside  to  see  that  everything  was 
in  good  condition.  Three  weeks  before  the  explosion 
occurred  the  engineer  of  the  plant  had  the  boiler 
cleaned  and  it  was  inspected  as  usual.  At  the  same 
time  a  test  was  made  at  a  pressure  of  20  atmospheres 
(^294  lb.),  the  plates  showing  no  signs  of  weakness. 
Under  the  present  boiler  rules  a  test  pre.ssure  of  20i 
atmospheres  (301  lb.)  is  necessary  for  a  boiler  to  be 
run  at  13  atmospheres  (191  lb.)  ;  therefore  the  pressure 
was  not  exceeded  in  the  test.  At  the  time  of  the 
accident  the  gages  showed  a  pressure  of  11  atmospheres 
(162  pounds). 

In  the  past  the  feed  water  was  never  found  to  contain 
anything  that  might  cause  the  corrosion  of  the  plates. 

A  careful  inspection  was  made  of  the  pieces  of  the 
exploded  boiler.  The  loosened  rear  head  and  the  shell 
of  the  drum  were  examined  to  ascertain  the  depth  of 
any  possible  corrosion,  and  it  was  found  that  on  the 
lower  half  of  the  .shell,  below  the  water  line,  the  plate 
had  been  eaten  .so  deep  that  only  about  two  or  three  mm. 
(0.08  or  0.12  in.)  of  pure  metal  was  left.  The  corrosion 
had  started  exactly  at  the  water  line  on  both  sides  of  the 
shells  and  heads.  When  the  front  head  was  inspected  it 
was  seen  that  below  the  water  line  a  similar  corrosion 
had  taken  place  as  in  the  rear  head. 

It  was  at  first  thought  that  the  corrosion  of  the  heads 
was  due  to  some  chemical  contained  in  the  feed  water, 
which  had  reacted  with  the  metal.  But  on  the  other 
hand  it  was  noticed  that  the  corrosion  took  place  only 
below  the  water  line  and  all  other  parts  of  the  boiler 
were  clean  and  without  flaw.  It  also  seemed  impossible 
that  electrolysis  could  have  caused  the  corrosion  of  the 
plate.  It  was  hinted  that  there  might  possibly  have 
been  some  flaw  in  the  workmanship  of  the  shell,  but  the 
plate  had  given  way  below  the  water  line  and  there  was 
no  sign  of  tearing  in  the  steam  part  of  the  drum.  Fig. 
2  shows  the  large  diameter  of  the  drum  and  the  com- 
paratively small  dishing  in  the  heads,  and  the  small 
radius  at  the  upturn  of  the  flange. 

Why  the  corrosion  took  place  only  below  the  water 
line  remains  a  mystery.  A  chemical  test  of  the  water 
and  plate  might  show,  if  it  were  possible,  that  while 
the  plate  was  under  a  strain  such  as  would  take  place 
with  varying  pressure,  the  corrosion  had  been  more 
rapid.  Believing  that  a  like  condition  might  exist  in 
other  units  the  second  Steinmuller  boiler  was  opened 
up  and  a  slight  corrosion  was  found  to  have  taken 
place,  similar  to  that  in  the  exploded  boiler.  The 
corrosion  here  was  not  nearly  so  wide,  but  it  could  be 
easily  seen  if  its  presence  was  looked  for. 

Boiler  No.  3  had  not  started  to  corrode,  but  the  color 
of  the  plate  had  changed  suspiciously  at  a  point  just 
below  the  water  line.  The  Babcock  &  Wilcox  boiler 
showed  no  signs  of  corrosion. 


Any  semi-Diesel  oil  engine  should  have  a  lubricating- 
oil  consumption  not  to  exceed  one  gallon  per  500 
horsepower  hours.  The  oil  taken  from  the  crankcase  is 
a  mixture  of  lubricating  and  fuel  oil.  It  seldom  can  be 
used  on  the  engine  again,  but  will  do  for  lineshaft  bear- 
ings. If  a  heavy-bodied  oil  is  purchased  and  the  engine 
refuses  to  burn  it,  mixing  with  kerosene  will  eliminate 
the  trouble,  although  the  bulb  will  carbonize.  The  kero- 
sene tends  to  separate  from  the  crude  if  it  stands  any 
length  of  time. 
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Checking  Direct-Current  Switchboard 
Shunt  Ammeters 

By  H.  C.  Yeaton 

It  often  becomes  necessary  to  check  a  direct-current 
switchboard  ammeter  used  with  a  shunt,  in  order 
to  ascertain  its  accuracy.  Ammeter  shunts  are 
constructed  so  that  there  is  a  certain  voltage  drop 
across  their  terminals  when  the  full  current  at  which 
they  are  rated  is  flowing  through  them.  Direct-current 
switchboard  ammeters  are  connected  to  the  terminals 
on  the  shunt  by  means  of  leads.  These  leads  are  not 
interchangeable,  as  they  are  of  a  certain  resistance  and 
they  are  calibrated  together  with  the  shunt  and 
ammeter.  Any  change  in  the  resistance  of  the  leads 
will  affect  the  accuracy  of  the  measurement. 

On  the  switchboard  ammeter  the  scale  is  usually 
marked  in  primary  amperes;  that  is,  the  actual  amperes 
flowing  in  the  line.  The  voltage  drop  across  the  shunt 
is  proportional  to  the  current  that  is  flowing,  and  the 
switchboard  instrument  is  calibrated  so  as  to  indicate 
full  scale  when  the  rated  current  is  flowing  through  the 
shunt. 

There  is  usually  a  voltage  drop  across  a  switchboard 
shunt  of  approximately  50  or  60  millivolts  when  the 
rated  current  is  flowing;  therefore,  ammeters  are 
usually  calibrated  with  50  or  60  millivolts  impressed 
across  the  ends  of  the  leads,  for  full  scale  deflection. 
If  there  is  any  doubt  about  the  shunt  drop,  it  is  advis- 
able to  write  to  the  manufacturer  for  information. 

A  switchboard  ammeter,  which  is  used  with  a  shunt, 
is  usually  checked  with  a  portable  millivoltmeter  and  is 
connected  as  shown  in  Fig.  1.  As  heretofore  stated,  the 
voltage  drop  across  the  terminals  on  the  shunt  is  pro- 
portional to  the  amount  of  current  flowing,  and  as  the 
scale  of  the  switchboard  ammeter  is  proportional  to 
the  voltage  drop  across  the  shunt,  it  is  obvious  that  by 


to  the  current,  the  millivoltmeter  will  read,  if  the 
ammeter  reading  is  correct,  (Ammeter  reading,  in  this 
case  75,  times  drop  across  shunt  at  rated  load)  divided 
by  full  scale  rating  of  ammeter,  or  in  this  problem, 
(75  X  60)  -=-  100  =  45  millivolts.  If  the  ammeter 
reading  is  in  error,  the  correct  amperes  may  be 
calculated  from  the  millivoltmeter  reading.  Suppose 
in  the  foregoing  the  millivoltmeter  showed  a  reading  of 
48.  Then  since  the  reading  of  the  ammeter  is  propor- 
tional to  the  drop  across  the  shunt  its  reading  should 
equal  (millivolt  drop  across  the  shunt  times  full  scale 
rating  of  the  ammeter)  divided  by  drop  across  shunt  at 


'Nmu 


Arfimial  Load 


SwitchboCTrrf 
Ammeter 

FIG.    2.      CHECKING    AMMETER    AVITH    ARTIFICIAL    LOAD 

rated  load,  or  in  this  problem  the  ammeter  reading 
should  be  (48  X  100)  -^  60  =  80  amperes.  However, 
if  the  ammeter  indicates  only  75,  it  is  reading  5  amperes 
low.  When  checking  the  instrument  with  the  normal 
load  on  the  circuit,  it  may  be  found  difficult  to  take 
readings  at  periods  when  the  load  remains  constant  for 
any  length  of  time,  but  by  taking  the  readings  of  the  two 
instruments  simultaneously,  accurate  results  can  be 
obtained.  As  the  load  on  the  circuit  varies  during  the 
day,  several  points  on  the  ammeter's  scale  may  be 
checked  for  accuracy. 

Fig.  2  shows  the  connections  with  an  adjustable 
artificial  load  connected  in  the  circuit,  so  that  by  vary- 
ing the  load  any  point  on  the  ammeter's  scale  can  be 
checked.  If  it  is  required  to  check  the  points  at  20,  40, 
60,  80  and  100  amperes,  the  voltage  drop  across  the 
shunt  would  be  proportional  to  the  scale  readings  on  the 
switchboard  ammeter,  and  the  following  calibrating 
table  is  obtained  by  taking  readings  and  making  cal- 
culations as  indicated  in  the  foregoing: 


Switchboard 
Ammeter 


Switchboard  Am- 
meter Reading 

20 
40 
60 
80 
100 

Millivolt  Drop 
Across  Shunt 

12 

24 

36 

48 

60 

Portable 
Millivoltmeter 

TH  PLANT 

LOAD 

meter  Reading 
12 
24 
36 
48 
60 

checking  the  shunt  drop  with  a  portable  millivoltmeter, 
the  accuracy  of  the  switchboard  instrument  may  be 
determined. 

Suppose  that  the  shunt  shown  in  Fig.  1  is  rated  at 
100-amperes,  60-millivolts,  and  the  switchboard  ammeter 
used  with  the  shunt  has  a  scale  of  100  amperes.  To 
check  the  ammeter,  connect  a  portable  millivoltmeter  of 
at  least  60  millivolts  range  across  the  terminals  of  the 
shunt  as  in  Fig.  1.  The  correct  leads  should  be  used 
with  the  millivoltmeter;  that  is,  the  leads  which  the 
instrument  was  calibrated  with  and  which  were 
furnished  with  it  by  the  manufacturer;  otherwise  the 
readings  will  be  in  error. 

Now  suppose  that  the  ammeter  indicates  75  amperes. 
Then,  since  the  drop  across  the  shunt  is  proportional 


Other  points  on  the  ammeter  can  be  checked  in  like 
manner,  but  four  or  five  should  be  sufficient  to  determine 
the  accuracy  of  a  switchboard  instrument. 


Bolivia  in  its  present  stage  of  development  is  a  coun- 
try of  mines,  though  other  resources  exist.  There  are 
only  three  or  four  towns  of  any  importance  and  popu- 
lation, and  the  present  field  for  street-railroad  and 
power-transmission  material  is  restricted.  The  greatest 
hydro-electric  resources  are  those  in  the  vicinity  of  La 
Paz,  Tres  Cruces  and  Colquechaca,  and  plans  for  their 
exploitation  have  been  made.  The  three  initial  power 
plants  will  entail  an  expenditure  of  $10,000,000  and  will 
require  large  quantities  of  other  machinery  and  elec- 
trical accessories  in  addition. 
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Hy  1).  L.  Kaon  AN 

Our  7  X  :^  X  10-in.  ai|iia  ammoniii  |)iini|),  a  sectional 
view  of  which  is  shown  in  Fit?.  1,  had  been  jfradually 
failing  of  late,  and  although  new  hard-ruhber  valves 
had  been  installed  and  the  piston  rings  found  in  good 
condition,  the  writer  at  last  located  the  trouble  in  the 
valve  seats.  A  .section  through  the  valve  chamber  i.s 
shown  in  Fig.  2.     The  suction-valve  seats  were  scored 


Oixhcirge  \ 


FIG.  1.      KND  SECTION'  OF  THE  PUMP,   SHOWlN(;  VALVES 

to  a  depth  of  0.003  in.  in  several  places;  that  is,  prac- 
tically eroded  away  in  narrow  ridges.  The  discharge- 
valve  seats  were  found  to  be  in  decidedly  worse  con- 
dition. 

We  immediately  communicated  with  the  pump  build- 
ers, advising  them  of  the  conditions  and  asking  them 
to  furnish  a  valve-seat  refacer  or  other  machine  for  the 
work.  But  they  had  nothing  of  the  kind  and  suggested 
that  the  ammonia  end  of  the  pump  be  brought  to  their 
shops  where  they  would  reface  the  seat  in  the  lathe. 
But  as  the  pump  is  needed  in  the  plant  every  day  in 
the  year  excepting  in  zero  weather,  dismantling  was  out 
of  the  question,  and  we  so  advised  them.  Near-by  we 
could  find  nothing  that  would  allow  of  properly  center- 
ing the  cutters,  as  the  top  of  the  pump  was  found  to 
have  no  studs  but  instead  was  fitted  with  only  a  large 
screwed  cover. 

It  occurred  to  us  that  the  valves  themselves  could  be 
used  to  regrind  the  seats  true.  We  went  to  the  pump 
builders  and  got  in  touch  with  the  foreman  of  their 
shops,  an  excellent  mechanic,  and  together  we  evolved 
a  plan. 

A  full  set  of  blank  castings  of  the  suction  and  dis- 
charge valves  were  on  hand,  and  we  planned  to  make 


ihi'in  i\>  shown  in  Figs.  15  and  4.  Fig-  •'»  shows  the  rodH 
as  made  to  use  as  a  ratchet  brace.  PMg.  G  shows  the 
emery  and  carborundum  cloths  a.s  cut  into  ringH.  A 
ream  of  each  number  was  or<lere<l,  and  by  using  a 
wooden  templet  and  marking  the  circles  on  the  smooth 
<ide  of  cloth  with  pencil,  the  templets  were  readily 
shifted  to  obtain  the  greatest  number  of  circles  posuible 
from  each  sheet  to  avoid  waste.  A  pair  of  shears 
were  used  to  cut  the  larger  circles,  and  a  caat-iron 
ilange  containing  :-'\v\.  holes  and  a  ball-peen  hammer 
to  cut  the  holes  through  the  center  for  cap.screw  open- 
ings. 

We  then  had  the  pump  drained  and  ventilated.  Next 
we  attached  the  discs  of  cloth  between  the  ca.st-iron  di.sc 
2  and  valve  1.  The  9-in.  rod  is  attached  to  the  suction- 
valve  casting.  A  few  drops  of  oil  was  put  on  the  emery 
cloth,  which  was  rotated  back  and  forth  .'SO  or  60  times 
on  the  seat.  The  coarsest  cloths  were  used  first  until 
a  fairly  good  seat  was  made,  then  cloths  of  fine  grade 
down  to   No.   0  were  used.     After  an   hour's  work  on 


'\  Discharge  passage 
'ijbber  dischar^  vafvr 


Lead  washer 
W.i.pipe  plun 


FIG.    -1.      SECTION  THROUGH  VALVE   CHAMBER 
OF   THE    PUMP 


each  of  the  suction  valve  seats,  an  excellently  polished 
and  true  seat  was  obtained.  Notice  that  the  opening 
in  the  bottom  of  the  discharge  valve  seat  is  3  in.  and 
valve  seat  4  in.  By  using  a  3-in.  disc  to  clamp  the 
emery  cloth,  the  disc  forms  a  well-fitting  guide  for  the 
discharge  valve. 

No  tilting  or  canting  can  possibly  occur;  therefore, 
a  true  seat  is  obtained  by  grinding  if  reasonable 
care  is  observed  in  using  the  brace.  Also  the  hole 
in  the  suction-valve  seat  is  2  in.  and  the  valve  3  in.. 
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therefore  a  2-in.  disc  was  used  as  a  clamp  for  the  suc- 
tion valve,  and  in  this  case  also  no  canting  occurred. 
The  discharge  valves  took  longer,  3i  hours  on  each  one, 
but  an  excellent  seat  was  obtained  on  each.     Then  the 


disks.  That  is,  they  were  respectively  3  in.  minus 
0.004  in.  in  diameter,  2  in.  minus  0.004  in.  in  diameter; 
holes  for  the  guides  were  reamed  true  to  size.  The 
emery  cloth  for  making  the  discs  cost  five  dollars. 


SUCTION   VALVE    CASTING    MACHINED 
FOR  REGRINDING  SEAT 


DISCHARGE  VALVE  CASTING  MACHINED 
FOR  REGRINDING  SEAT 


RODS   TURNED   DOWN   TO 
USE  RATCHET  BRACE 


seats  and  passages  were  thoroughly  cleaned,  using  a 
magnet  made  from  an  old  file  and  cloths  to  get  out  all 
grit.  The  hard-rubber  valves  were  then  ground  on 
their  seats  with  emery  and  oil  until  they  seated  like  new. 


When  a  vacuum  was  needed  on  an  absorber,  it  was 
almost  impossible  to  get  a  good  one  before  repairing 
the  pump.  The  pump  slip  was  excessive.  When  the 
pump  was  idle  the  leakage  back  through  the  exchanger 


EMERY   CLOTH  DISCS   USED  FOR  DRESSING 
VALVE  SEATS 


\Emery  clofh  clamped 
between  c.  i.  ^isc  land 
valve  2 


SHOWING   APPLICATION   OF   EMERY    CLOTH    DISC 
BETWEEN  VALVE  DISC  AND  SEAT 


The  pump  ran  fine  after  the  valves  had  been  ground. 
The  outlay  in  money  to  do  the  job  was  $12.  This  in- 
cluded machining,  the  blank  valve  castings  and  making 
the  rods,  supplying  capscrews,  etc.,  with  disc  machined 
both  sides,   allowing  about  0.004   in.  clearance  on  the 


from  the  generator  worked  back  into  the  aqua  receiver 
and  through  it  into  the  absorbers,  causing  a  consider- 
able rise  in  pressure  and  making  the  pump  gasbound. 
Now,  with  tight  valves  and  seats,  all  this  trouble  is 
eliminated. 
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Advanceinent  in  Central 
Station  Boiler  Design 

IT  IS  but  a  few  years  ago  that  a  five-hundred  horse- 
power boiler  was  considered  of  large  capacity ;  now  it 
is  looked  upon  as  a  small  unit.  Likewise  a  pressure  of 
one  hundred  and  twenty-five  pounds  was  considered 
high;  now  one  hundred  and  seventy-five  pounds  is  com- 
mon practice,  three  hundred  pounds  is  fast  becoming  so, 
and  recently  boilers  have  been  installed  that  were 
designed  for  three  hundred  and  fifty  pounds  working 
pressure.  Such  a  boiler  would  be  fifty-one  sections  wide, 
each  of  four  hundred  and  fifty-two  square  feet  of  heat- 
ing surface.  Formerly  five  thousand  square  feet  of 
heating  surface  represented  the  large  units;  today 
boilers  are  being  designed  with  twenty-three  thousand 
and  fifty  square  feet  of  heating  surface.  Allowing  ten 
square  feet  per  boiler  horsepower,  these  boilers  will 
have  a  normal  rating  of  two  thousand  three  hundred  and 
five  horsepower. 

On  another  page  of  this  issue  it  is  shown  that  builders 
are  ready  to  manufacture  units  of  these  large  capacities 
to  carry  high  pressure  and  high  superheat.  These 
double-decked  boilers  permit  of  increased  total  heat 
absorption  through  direct  radiation,  the  six  rows  of 
tubes  of  the  Jower  deck  being  exposed  without  baffles  to 
the  radiant  heat  of  the  furnace. 

By  locating  the  superheater  immediately  above  the 
lower  deck  of  the  boiler  tube,  the  desired  degree  of 
superheat  may  be  obtained  with  a  minimum  amount  of 
superheater  surface,  consequently  a  corresponding  mini- 
mum superheater  cost. 

Naturally,  such  sizes  of  boilers  will  be  equipped  with 
duplex  furnaces  and  a  furnace  volume  supplied  of 
approximately  three  and  ninety-five  hundredths  cubic 
feet  per  rated  horsepower. 

Such  boilers  clearly  show  the  trend  as  regards  modern 
power-station  practice.  Large  units  and  higher  pres- 
sures are  necessary  to  meet  the  increase  in  the  load 
factors  of  the  present-day  central  station. 

Conservative  Guarantees 

IT  IS  not  necessary  to  make  impossible  guarantees  to 
sell  goods.  A  conservative  guarantee,  whether  of 
efficiency  or  capacity,  will  carry  more  weight  and  have 
more  respect  shown  for  it  than  will  wild,  irresponsible 
claims  of  impossible  figures  such  as  .sometimes  are 
made  by  over-enthusiastic  salesmen.  Power-plant  ap- 
paratus is  not  always  sold  by  engineers,  but  sometimes 
by  men  who  ai-e  primarily  salesmen  and  who  are  sent 
out  to  get  the  business.  If  it  becomes  necessary  in  keen 
competition  to  outbid  .someone  eLse  in  efficiency  or  ca- 
pacity they  will  do  it  and  take  a  chance  on  ths  results. 
Coal  salesmen  sometimes  bid  on  contracts,  making  B.t.u. 
guarantees  that  they  know  cannot  be  met,  the  bid  being 
accompanied  by  a  schedule  of  penalties  for  coal  that  does 
not  come  up  to  the  specifications.  This  is  simply  an- 
other way  of  cutting  the  price  and  gets  by  in  the  coal 
business. 


When  selling  power-plant  apparatus,  however,  it  is 
a  more  serious  matter.  Large  amounts  of  capital  are 
invested  in  boilers,  generators  and  other  equipment  on 
certain  guarantees.  If  these  guarantees  are  not  met 
when  the  installation  is  completed  it  is  an  expensive 
and  unsatisfactory  process  to  alter  the  apparatus  to 
make  good,  and  usually  it  is  not  satisfactory  to  make 
an  adjustment  in  the  prfce  to  meet  the  conditions. 
Boilers,  for  instance,  ai-e  installed  in  many  places  where 
floor  space  is  at  a  premium  and  It  is-  nece.ssary  to  get  the 
greatest  steam  capacity  possible  in  this  space.  Simply 
deducting  a  percentage  of  the  purchase  price,  if  such 
capacity  is  not  realized  on  test,  does  not  meet  the  situa- 
tion, because  throughout  its  life  the  plant  is  penalized 
by  a  lower  capacity  per  unit  of  floor  space  than  was 
originally  intended  when  the  installation  was  laid  out. 
The  same  reasoning  applies  to  efficiency  guarantees  for 
an  engine,  turbine  or  other  power-plant  machinery.  The 
penalty  that  it  would  be  possible  to  inflict  will  never 
cover  the  loss  that  will  be  continuous  throughout  the 
life  of  the  equipment. 

It  is  much  better  to  quote  conservative  guarantees 
that  are  rather  certain  of  being  exceeded.  Purchasers 
who  know  anything  about  power-plant  affairs  will  have 
more  confidence  in  a  firm  following  this  practice,  and 
in  the  long  run  both  seller  and  buyer  will  be  better 
.served. 

Speculation  in  Anthracite 

yVLTHOUGH  conditions  in  the  bituminous  markets 
l\  have  recently  shown  improvement  the  anthracite 
industry  is  still  a  pawn  in  the  hands  of  the  speculator, 
with  retail  prices  outrageously  high,  in  spite  of  a  slight 
drop  during  the  past  few  days,  evidently  as  a  result  of 
the  constant  agitation  that  has  been  going  on. 

The  anthracite  industry,  unlike  the  bituminous,  is 
not  a  competitive  field  and  from  seventy  to  seventy-five 
per  cent  of  the  output  is  in  the  hands  of  a  few  large 
operators  who  claim  to  be  selling  at  a  normal  profit 
and  are  listing  their  prices.  They  claim  further  that 
the  high  retail  price  is  due  to  the  independents  taking 
advantage  of  the  shortage  resulting  from  the  strike 
which  occurred  in  September. 

The  local  dealer,  on  the  other  hand,  claims  his  selling 
price  is  arrived  at  by  pooling  his  costs  and  that  the 
high  average  is  due  to  having  to  purchase  the  bulk  of 
his  coal  from  the  independents. 

If  the  bulk  of  the  anthracite  produced  is  being  sold 
by  the  large  operators  at  the  listed  prices,  then  why 
is  the  local  dealer  not  able  to  .secure  the  bulk  of  his 
supply  at  these  prices?  Either  this  coal  is  first  passing 
through  the  hands  of  the  speculator  or  the  dealers  are 
hoodwinking  the  public. 

It  is  incredible  that  the  large  operators  are  un- 
ki'.owingly  diverting  their  production  to  the  speculator, 
.•■.nd  the  statement  by  Senator  Calder  that  there  has  been 
(.onnivance  between  some  of  the  operators  and  these 
speculative  middlemen  seems  suspiciously  true  in  spite 
of  the  manv  denials. 
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ARain.  why  is  it  that  some  of  the  larj?p  wholesalers, 
while  professing  a  desire  to  assist  in  a  reduction  in 
price  to  the  consumer,  invariably  invoke  the  lej?al  ma- 
chinery of  the  courts  whenever  the  investiKating 
authorities  endeavor  to  pain  access  to  their  books.  It 
must  be  most  disheartening  to  the  prosecuting  officers 
to  constantly  have  their  efforts  thwarted  by  the  tech- 
nicalities of  the  law. 

A  ray  of  hope  lies  in  the  threat  by  Senators  Calder 
and  Edge,  of  the  Senate  Coal  Investigating  Committed 
to  introduce  at  the  new  session  of  Congress,  a  bill  that 
will  put  teeth  into  the  law  and  minimize  the  opportunity 
for  speculation  in  coal.  Until  then  we  must  expect 
anthracite  prices  to  run  riot,  unless,  indeed,  the  prospect 
of  Governmental  supervision  has  a  steadying  effect  on 
the  industry  before  that  time. 

Germany  and  the  United  States 
Making  the  Same  Experiment 

ON  ANOTHER  page  appears  a  report  from  our 
Berlin  correspondent  on  the  coal  situation  in 
Germany.  An  interesting  feature  of  this  report  is  the 
proposal  of  Stinnes,  the  principal  German  "coal  baron," 
to  form  trusts  of  related  industries,  in  which  procuring 
of  the  raw  material,  its  manufacture  into  a  finished 
product  and  the  production  of  power  used  in  the  process 
will  be  under  one  organization.  There  is  now  a  very 
similar  proposition  under  way  in  this  country;  the 
plan  is  being  tried  at  the  River  Rouge  plant  of  Henry 
Ford.  Mr.  Ford  already  mines  his  own  coal  and  trans- 
ports it  to  his  plant,  and  it  is  his  further  intention  to 
bring  iron  ore  to  this  new  plant  and  produce  all  his  own 
steel  and  iron  as  well  as  power. 

This  fits  closely  the  description  of  Stinnes'  plan, 
except  for  the  representation  of  consumers  on  a  govern- 
ing board.  The  latter  provision,  however,  savors  more 
of  bait  than  of  an  integrarpart  of  the  astute  German's 
proposal.  It  should  be  interesting  to  watch  the  progress 
of  the  movement  in  the  two  countries  and  to  make  com- 
parisons of  results.  It  should  be  of  especial  interest, 
because  nearer  home,  to  watch  Heni-y  Ford's  venture; 
it  is  a  radical  step  not  only  in  engineering,  but  in 
economics  as  well. 

It  is  hard  to  conceive  of  an  enterprise  sponsored  by 
Mr.  Ford  becoming  oppressive  to  other  business,  for 
his  effort  has  always  been  to  help  the  other  fellow 
rather  than  to  fight  him.  But  suppose  his  plan  works 
out  well  and  is  adopted  by  others?  Would  its  tendency 
be  good,  and  would  it,  perhaps,  afford  a  solution  of  our 
difl!iculties?  Or  would  it  be  perverted — would  it  give 
the  profiteer  a  tighter  grip  on  the  throat  of  industry 
than  he  has  today? 

Cinders  in  Stack  Cases 

CINDERS  as  applied  to  stationary  power-plant 
engineering  have  been  of  little  importance  except 
in  a  few  instances  where  low-grade  anthracite  has 
been  burned  at  high  rates  of  combustion  with  forced 
draft.  In  such  cases  elaborate  means  have  been  taken 
to  reduce  the  discharge  of  solid  material  from  the 
stack,  the  problem  being  complicated  by  the  presence 
of  sulphur  in  the  gases  of  combustion  and  the  desire 
to  keep  the  temperature  as  high  as  possible  for  the 
sake  of  good  operating  conditions. 

Although  they  have  a  definite  fuel  value,  cinders 
represent  a  small  loss,  and  they  are  not  so  much  of 


a  nuisance  as  .smoke  or  soot,  as  they  do  not  form  an  I 
insulating   covering   on    the    heating   surface    of   the! 
i)0iler  and  do  not  have  the  damaging  action  familiar  to  a] 
smoky    atmosphere.      However,    when    taken    to    mean 
any  of  the  non-gaseous  products  of  combustion  which! 
are  discharged  from  the  stack,  the  term  takes  on  new' 
importance.      Many   plants   operating   without   smoke 
are   discharging   into  the  atmosphere  a  considerable 
amount    of    finely    divided    material    which    can    be 
classed  as  combustion   dust.     When   viewed   under  a 
microscope,  much  of  this  material  is  seen  to  have  the 
characteristics  of  true  cinders,  consisting  of  a  con- 
siderable amount  of  combustible  material  mixed  with 
fused  silica,  ash,  slag,  etcetera.     This  sub.stance,  al- 
though spread  over  a  great  area,  finally  reaches  the 
ground    and     in    industrial    communities    represents 
annually  hundreds  of  tons  of  precipitate  per  acre. 

Two  influences  are  now  at  work  that  will  bring  the 
cinder  question  more  prominently  to  the  front.  The 
first  is  the  growing  insistence  on  burning  the  lowest 
grades  of  anthracite,  introducing,  as  it  does,  forced 
draft;  the  second  is  the  increasing  use  of  powdered 
coal  in  the  boiler  room. 

Theoretically  at  least,  powdered  coal  will  find  its 
best  application  in  burning  the  high-ash  low-grade 
coals,  and  this  emphasizes  the  question  of  dispo.'^al  of 
the  solid  products  of  combustion.  While  there  is  a 
small  amount  of  combustible  material  in  the  cinder, 
there  is  a  large  proportion  of  objectionable  matter 
which  it  will  be  advisable  to  eliminate  if  possible. 
Luckily,  the  draft  necessary  in  the  burning  of 
powdered  coal  is  low.  This  condition  lends  itself  to 
the  introduction  of  deflectors,  dust  catchers,  cyclone 
separators  or  other  devices  that  may  help  to  solve 
this  problem. 

Marine  Oil-Engine  Situation 

IT  IS  customary  to  expect  engineers  to  be  ever  ready 
to  adopt  improved  machinery.  In  view  of  the  intense 
interest  displayed  by  the  lay  public  in  the  matter  of 
the  merchant  marine  and  the  oil  engine,  it  is  somewhat 
surprising  that  no  paper  on  this  or  kindred  subjects 
was  presented  at  the  annual  meeting  of  the  Society  of 
Naval  Architects  and  Marine  Engineers  in  New  York 
City  in  November. 

The  motor  ship  is  here  to  stay,  and  the  naval  archi- 
tects can  do  much  to  encourage  the  general  adoption  of 
this  economical  power.  The  problem  of  adapting  the 
Diesel  to  marine  service  is  by  no  means  so  difficult  of 
solution  as  was  that  of  the  steam  turbine,  neither 
are  the  operating  difficulties  of  such  magnitude;  while 
the  economies  that  can  be  secured  by  the  oil  engine 
are  so  great  that  the  naval  architects  and  engineers  will 
do  well  to  give  considerable  study  to  this  important 
subject. 


In  reply  to  his  message  of  congratulation  to  James 
Harkness,  past  president  of  the  society,  just  elected  gov- 
ernor of  Vermont,  Secretary  Rice  of  the  American  So- 
ciety of  Mechanical  Engineers  has  received  the  fol- 
lowing : 

Delighted  to  receive  your  message  of  congratulations. 
Tell  my  fellow  engineers  who  are  looking  over  the  sea  of 
politics  to  come  on  in.    The  water's  fine! 

James  Hartness. 

If  more  engineers  would  take  a  similar  plunge,  it 
would  be  good  for  politics. 


Decemlier  7,  1920 
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Ventilation  of  Coal  in  Storage 

I  read  with  interest  the  article  on  page  618  of  the 
Oct.  19  issue  of  Power  on  "Ventilation  of  Coal  in 
Storage."  When  I  took  charge  of  my  present  plant, 
seven  years  ago,  I  found  a  coal-storage  fire  in  full  blast 
and  we  lost  considerable  fuel.  Coal  is  received  in  cars, 
and  it  is  unloaded  by  a  swing  derrick.  When  the  pile  is 
about  seven  feet  high,  we  cut  the  pyramid  dowm  by 
shoveling  to  make  it  level  and  to  mix  the  lump  coal  with 
the  fine  so  as  to  reduce  the  air  space;  we  do  this  for 
every  four  feet  in  height  or  three  times  before  we  reach 
the  twelve-foot  level.    When  we  have  enough  area  on  the 


PILE    DRIVER   FOR   M.XKING    VK.XTI  LATIN'O    HOLK.S 


top  to  work  on,  we  pull  up  our  homemade  "pile  driver," 
made  similar  to  that  shown  in  the  sketch. 

It  is  light  enough  for  three  men  to  handle  and  is 
made  from  two  2  x  9-in.  planks  and  two  3  x  3-in.  posts 
with  2  x  3-in.  braces.  One  single  block  with  half-inch 
cotton  rope  is  used  to  handle  the  li-in.  diameter  iron 
bar  which  can  be  driven  through  the  coal  in  less  than  a 
minute.  When  the  bar  reaches  the  bottom,  it  is  shaken 
sideways  so  as  to  pack  the  loose  coal  around  the  bar. 
Before  pulling  the  bar  up,  it  is  necessary  to  make  a 
casing  of  10-oz.  roof  paper  around  the  bar,  coming  just 
level  with  the  surface  of  the  coal.  This  is  to  prevent 
loose  coal  from  falling  into  the  holes  when  the  bar  is 
removed.     We  punch  a  hole  for  each  2.5  or  3  sq.ft.  area. 


Three  men  are  able  to  make  about  twenty-five  to  thirty 
holes  in  one  hour.  We  store  5,000  to  7,000  tons  of  coal 
every  year. 

The  pile  is  easy  to  check  for  temperature  by  lowering 
a  thermometer  in  each  hole.  Joseph  Esiszter. 

Berthierville,  Canada. 


Judging  from  my  personal  experiences  with  stored 
coal,  I  would  say  that  in  most  cases  it  has  been  found 
that  the  coarser  the  coal  is  put  on  the  bottom  of  a  pile 
and  covered  vidth  finer  sizes,  the  worse  it  seems  to  heat. 

Extinguishing  a  fire  in  a  coal  pile  has  always  been 
successful  when  the  water  was  applied  to  the  bottom 
of  the  pile.  This  is  accomplished  by  applying  a  nozzle 
to  the  top  of  the  pile  and  pushing  it  down  as  far  as 
the  force  of  water  will  permit  it  to  go. 

Where  coal  is  not  piled  over  ten  feet  high,  the  bottom 
of  the  pile  can  be  reached  with  the  ordinary  nozzle. 
If  the  pile  is  higher  an  extension  pipe  must  be  attached. 
From  fifty  to  seventy  pounds  pressure  is  sufficient  ,to 
penetrate  the  general  run  of  nut  and  screenings,  and  a 
S-  to  4-in.  diameter  nozzle  is  large  enough  where  the 
fire  has  not  spread  too  much.  I  cannot  say  how  this 
will  work  on  lump  and  run-of-mine  coals,  as  the  lumps 
might  prevent  working  the  nozzle  down.  Screening 
and  nut  are  the  only  kinds  I  have  dealt  with. 

By  moving  about  on  a  pile  at  spaces  of  from  three 
to  six  feet  apart,  it  is  possible  to  cover  any  fire  under 
the  pile.  Sometimes  a  pile  will  need  several  applications 
of  water  before  all  trace  of  the  fire  is  gone. 

Pouring  water  on  the  top  of  a  pile  of  hot  coal  is 
like  pouring  water  on  a  duck's  back,  as  it  will  go  down 
but  a  small  distance.  It  means  either  work  through 
the  top  or  in  on  the  sides  of  the  pile.  It  is  surprising 
how  much  water  a  pile  of  screenings  will  absorb  when 
applied  as  described.  The  fires  always  seem  to  start 
at  the  bottom  of  the  pile. 

The  ventilating  pipes,  as  shown  in  Fig.  7  on  page 
619  of  the  Oct.  19  issue,  would  be  a  good  method  of 
applying  water  in  advance  of  any  fire,  thus  cooling  the 
pile  and  not  giving  the  coal  a  chance  to  start  heating. 

Capping  the  pipes  would  stop  ventilation  if  it  were 
considered  detrimental. 

I  have  known  screenings  to  be  stored  for  two  years 
and  longer  without  taking  fire;  then  again,  other  coals 
would  not  be  in  storage  two  months  without  a  fire 
starting.  Contrary  to  the  common  belief,  the  old  coal 
showed,  by  actual  analysis,  very  little  depreciation  from 
long  storage.  The  foregoing  applies  only  to  coal  fires 
in  the  incipient  stage.  E.  G.  HOPPE. 

Cairo,  111. 
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A  Quick  Piiinp  Repair 

A  single-actiiiK.  center-packed  boiler-feed  pump  that 
supplies  water  for  two  IfiO-hp.  return-tubular  boilers 
recently  gave  the  operating  engineer  a  chance  to  do  some 
Quick  thinking.  This  pump  is  the  only  means  for 
feeding  the  boilers,  except  when  the  pressure  is  lowered 
to  40  lb.,  when  the  city  supply  can  be  turned  on.  The 
plant  operates  six  days  a  week,  and  twenty-four  hours 
a  day. 

The  engineer  had  instructed  the  fireman  to  pack  the 
water  end  on  Sunday.     When  he  packed  the  pump,  he 


EMERGENCY   STUFFING-BOX   REPAIR 

filled  the  stuffing  boxes  so  full  that  he  could  not  enter 
the  glands  by  shoving  them  in  by  hand,  so  he  put  the 
nuts  on  and  pulled  the  glands  up  with  a  wrench;  the 
packing  used  was  made  of  a  composition  of  rubber  and 
duck. 

The  pump  was  started  on  Monday  morning  as  usual 
and  ran  until  about  9  o'clock,  when  the  four  l-in.  gland 
studs  on  the  end  toward  the  steam  cylinder  pulled  out 
of  the  casting,  because  of  the  pressure  and  the  pack- 
ing swelling. 

The  engineer  procured  eight  I  x  4-iji.  studs  and  six- 
teen hexagon  nuts,  and  after  screwing  out  the  four 
studs  on  the  opposite  end,  he  put  the  studs  and  nuts 
in  place  in  the  form  of  a  jackscrew,  as  shown  in  the 
sketch.  It  took  one  hour  and  five  minutes  to  make  this 
repair,  repack  the  pump  and  have  it  forcing  water  into 
the  boilers.  C.  J.  Miller. 

North  Tonawanda,  N.  Y. 

Boiler  Drum  Pitted 

In  answer  to  Mr.  Carter's  letter,  page  675  of  the  Oct. 
26  issue,  relative  to  pitting  of  boiler  drums,  I  am  of 
the  opinion  that  it  is  caused  by  the  carbonic  acid  and 
air  that  are  present  in  the  feed  waters — in  some  more 
than  in  others.  It  is  known  that  when  water  is  heated 
it  releases  most  of  the  air  it  contains  and  the  tempera- 
ture of  dissociation  begins  at  about  140  deg.  F.  If  the 
circulation  is  poor,  the  air  and  carbonic  acid  adhere  to 
the  rough  surface  of  the  drum. 

Strohmeyer  says  that  feeding  one  ton  of  water  per 
hour  is  capable  of  a  wasting  of  six  pounds  of  iron  in 
twenty-fcur  hours,  assuming  that  all  the  water  would 
come  in  contact  with  the  iron.     The  drum  of  which  Mr. 


Carter  sjieaks  may  just  be  at  the  right  dissociation 
temperature.  I  believe  that  every  closed  heater  should 
have  an  air  valve  in  the  feed  pil)e  just  outside  the 
heater.  JOHN  I).  UHiJMOND. 

Milwaukee,  Wis, 

Carrying  llw   Load   nilli   the  Governor 
Dinahled 

We  were  running  along  one  night,  in  a  power  hou.se 
where  I  was  chief  engineer)  with  a  700-kw.  load  on  a 
500-kw.  vertical  turbine  and  an  800-kw.  load  on  a 
revolving-field  alternator  directly  connected  to  a  1,500- 
hp.  vertical  cross-compound  engine  with  a  500-kw. 
direct-current  generator  on  the  other  end  of  the  shaft. 
This  direct-current  machine  had  no  load. 

The  two  alternators  were  in  parallel  when  the 
governor  spring  on  the  engine  broke  and  caused  the 
engine  to  drop  its  load.  This  happened  about  6:30  p.m., 
just  before  Chri.stmas,  when  our  peak  load  was  on. 
This  engine  was  controlled  by  a  .shaft  governor  which 
operated  the  admission  valves  on  the  high-pressure  side; 
all  the  other  valves  were  operated  by  eccentrics.  As 
we  did  not  have  time  to  fit  up  another  spring,  I  had  tht 
men  lash  the  governor  weight  back  against  the  stop 
as  illustrated. 

We  started,  with  one  man  at  the  throttle,  one  at  the 
condenser  and  one  at  the  switchboard.  The  man  at  tht 
throttle  was  given  orders  to  obey  signals  from  mysell 
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WEIGHT   ARM   LOCKED  TO  FLTTVHEEL   SPOKE 

as  to  opening  and  closing  the  throttle.  The  machine 
was  brought  up  to  speed,  synchronized  and  put  on  the 
bus.  We  put  the  engine  in  on  the  condenser  and  opened 
up  the  throttle  until  the  engine  had  its  part  of  the  load, 
the  turbine  doing  the  governing  for  both  units.  As  the 
load  fell,  we  closed  the  throttle  of  the  engine  so  as  to 
make  the  turbine  do  the  governing.  This  goes  to  show 
that  a  governor  is  required  on  but  one  of  the  prime 
movers  when  the  machines  are  operated  in  parallel. 
East  St.  Louis,  111.  E.  LiTTLEFlEXD. 


December  7,  1920 
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Methods  of  Calculating  Flue-Gas  Losses 

I  recently  chanced  to  leaf  through  an  issue  of  Povjer 
(April  27,  1920)  and  found  an  article  by  F.  D.  Harger, 
entitled  "Calculations  from  a  Flue-Gas  Analysis  of 
Loss  Due  to  Incomplete  Combustion."  Now  this  is  not 
intended  to  take  issue  with  Mr.  Harger,  but  let  it  be  said 
in  passing  that  rarely,  in  my  experience,  has  any  CH, 
been  found  in  the  analysis  of  flue  gas  taken  from  the 
breeching  of  furnaces  where  the  gases  have  had  a 
chance  to  travel  any  of  the  usual  distances  through  a 
boiler  setting  before  they  leave  the  heat-absorbing  sur- 
faces and  pass  to  the  stack.  In  fact,  CH,  is  rarely 
found  even  in  the  first  pass  of  any  boiler  where  any- 
thing like  ordinary  combustion  conditions  are  main- 
tained. Then  too,  using  an  accurately  calibrated  100-c.c. 
water  Orsat  equipped  with  a  good  bubbling  pipette  con- 
taining well-prepared  ammoniacal  cuprous  chloride,  all 
the  CO  that  is  ordinarily  found  in  flue  gas  can  be 
absorbed  in  three  to  four  passes.  The  whole  operation 
requires  only  about  a  minute  and  a  half.  A  sample 
of  pure  CO  can  be  absorbed  in  less  than  three  minutes 
by  this  method.  However,  if  an  ordinary  absorption 
pipette  with  vertical  glass  tubes  is  used,  the  rate  of 
absorption  will  be  much  slower  owing  to  the  low  viscos- 
ity of  the  CUjCL,  solution.  If  something  could  be 
found  to  thicken  this  solution,  it  might  be  used  success- 
fully in  an  ordinary  pipette.  Continuous  analysis  for 
CO  is  hardly  worth  while  since  conditions  causing  an 
appreciable  amount  of  CO  ought  to  be  detected  by  the 
eye  and  remedied  at  once.  Bulletin  No.  135,  United 
States  Bureau  of  Mines,  "Combustion  of  Coal  and  De- 
sign of  Furnaces,"  shows  a  series  of  tables  compiled 
over  a  long  series  of  tests. 

These  tables  trace  the  progress  of  combustion  through- 
out a  furnace,  showing  that  CH^  is  confined  to  an  area 
just  above  the  fuel  bed.  Most  of  it  is  found  at  the 
surface  or  not  more  than  11  in.  above.  Beyond  this 
point  the  CH,  is  almost  entirely  burned,  and  it  is 
only  a  little  farther  on  that  the  CO  content  materially 
decreases  until  by  the  time  the  uptake  is  reached  there 
is  only  a  few  tenths  of  one  per  cent,  if  any. 

But  to  return  to  Mr.  Harger's  reference  to  H.  B. 
Brayton:  An  article  by  this  author  in  Power  (Feb.  17, 
1920),  "Calculations  from  a  Flue-Gas  Analysis,"  though 
substantially  correct  in  most  details,  is  by  far  more 
complicated  than  need  be  for  the  average  boiler-room 
operator.  An  assumed  analysis  of  coal  given  was: 
Carbon,  82.73;  hydrogen,  4.63;  o.xygen,  4.42;  nitrogen, 
1.31 ;  total,  93.09  per  cent.  Calculated  calorific  value, 
14,480  B.t.u.  The  difference  between  this  total  and  100 
per  cent  is  presumed  to  be  ash,  sulphur  and  moisture,  if 
the  analysis  were  made  on  a  "wet"  basis.  Fifty  per 
cent  excess  air  was  assumed  and  average  flue-gas 
temperature  was  given  at  550  deg.  F.  outside  air, 
50  deg. 

Now,  instead  of  calculating  heat  losses  from  atomic 
weights  and  using  a  different  value  of  specific  heat 
for  each  gas,  it  is  much  simpler  to  start  with  a 
knowrn  flue-gas  analysis.  Since  50  per  cent  excess 
air  was  assumed,  let  us  find  an  analysis  that  will 
give  us  that  figure.  With  12  per  cent  CO,  and  6  per 
cent  oxygen  we  have  just  50  per  cent  excess  air.  This 
may  be  checked  by  using  the  formula  for  air  required 
and  air  supplied: 

11.5  C  +  34.5  yH  ""  g  )  =  l^-  of  air  required 
per  pound  of  carbon. 


Submitting  in  the  formula  the  values  of  carbon, 
hydrogen  and  oxygen  found  in  the  ultimate  analysis  of 
the  coal,  we  find  that  11.33  lb.  of  air  is  required.  The 
formula  for  the  amount  of  air  supplied  with  12  per 
cent  CO,  and  6  per  cent  oxygen  is 

(82\ 
j2 )  X  0.8273  =  —  17.16  Ih.  of  air  supplied.  '  - 

11.33  H-  17.16  =  66  per  cent  excess  air. 
With  the  flue-gas  analysis  given,  the  dry-gas  loss  may 
be  easily  computed  from  this  formula: 

Loss  =  WX  0.24  (T  —  t) 


where 


W 


=  ( 


4  CO,  +  0,  +  700 
3  (CO,  +  C0) 
fuel)  ; 


)  C  (C  ^  per  cent  carbon  in 


0.24  =  Mean  specific  heat  of  flue  gases ; 
T  =  Stack  temperature ; 
< --=  Temperature  of  outside  air; 


W=.  41  +  4+700  ^  ^_g2^3 


17.32  lb.  of  gas  per 


36 
lb.  of  carbon. 

Loss  =  17.32  X  0.24  X  500  =  2078.4  B.t.u. 
2078.4  ^  14,480  =  14.3  per  cent  loss. 

In  computing  the  hydrogen  loss  the  following  formula 
is  used: 

9H  [(212  —  <)   +  970.4  +  0.47   (T  —  212)] 
where 

H  =  Per  cent  of  hydrogen  in  fuel; 
T=  Stack  temperature; 
t^=  Temperature  of  outside  air; 
970.4=  Heat  of  vaporization  of  water; 
0.47  ^=  Specific  heat  of  superheated  steam  at  atmos- 
pheric pressure  and  at  temperature  of  escaping 
gases. 
If  any  moisture  value  for  the  coal  had  been  given, 
this  value,  expressed  in  per  cent,  could  be  added  to  the 
value  of  9^  and  computation  made.    Substituting  values 
in  the  formula,  we  have: 
Loss  =  0.4167  (212  —  50)  +  970.4  +  (0.47  X  338) 
H  loss  =  538.07  B.t.u. 
538.07  ~  14,480  =  3.7  per  cent  loss. 
Since  no  particular  kind  of  furnace  is  specified,   10 
per  cent  is  probably  high  for  an  average  radiation  loss 
and  a  nearer  figure  would  be  6  per  cent  or  under. 
868  -:-  14,480  =  6  per  cent  radiation  loss. 
Totaling  the  various  losses,  we  find  an  efficiency  of 
76  per  cent. 

HEAT  BALANCE 


Dry-gas  loss 
Hydrogen  loss 
Radiation  loss 
Heat  utilized 


B.t  u  Per  Cent 

2,078  40  14.3 

538  07  3.7 

868  00  6.0 

10.995  53  76.0 

100  00 


14.480  00 


Mr.  Brayton  obtained  an  efl^ciency  of  75  per  cent,  but 
he  did  not  obtain  a  high  enough  value  for  the  hydrogen 
loss,  as  he  only  accounted  for  the  heat  lost  in  super- 
heating the  steam  formed.  This  amounts  to  less  than 
100  B.t.u.,  whereas  there  are  over  400  B.t.u.  lost  in 
raising  the  temperature  of  the  water  formed  from  the 
temperature  of  outside  air  to  the  boiling  point  and  then 
evaporating  it.  The  factors,  0.47  for  the  specific  heat 
of  superheated  steam  and  0.24  for  the  mean  specific 
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heat  of  Hue  fja.sc^,  arc  Diose  u.Hcd  univerHally  in  coni- 
putiiipr  heat   lo».se.><. 

Mr.  Brayton  did  not  account  for  any  moi.^ture  in  the 
coal  nor  any  conibu.stible  in  the  ash,  two  factors  that 
are  sure  to  be  present  and  together  will  cause  a  further 
loss  of  at  least  .*?  or  4  per  cent. 

The  simple  formulas  for  computing  dry-gBS  loss  and 
hydrogen  and  moisture  loss  are  the  same  as  piven  in 
all  standard  textbooks  on  combustion.  Bulletin  No.  97, 
United  States  Bureau  of  Mines,  "Sampling  and  Analyz- 
ing Flue  Ga.ses,"  has  all  the  merits  of  any  treatise  on 
the  subject  and  may  be  had  for  the  asking.  For  plain, 
concise  statement  of  facts,  no  better  article  has  ever 
been  written  and  every  engineer,  whether  technically 
trained  or  not,  will  do  well  to  read  this  bulletin. 

East  Chicago,  Ind.  J.  R.  Darnell. 

Ash  Removal  from  City  Plant 

The  editorial,  "Ash  Removal  from  City  Plants,"  page 
590  of  the  Oct.  12  issue,  calls  to  attention  a  condition 
that  is  becoming  serious  in  the  large  plants  of  the  great 
cities.  While  a.shes  are  now  regarded  as  something  of 
a  nuisance,  they  may  in  time  become,  as  have  other 
waste  materials,  a  valuable  byproduct. 

Analysis  of  coal  ashes  show  them  to  be  composed 
principally  of  the  oxides  of  sulphur,  silicon,  iron, 
aluminum  and  calcium.  Nearly  all  these  compounds  are 
necessary  to  the  manufacture  of  portland  cement  and 
are  found  in  varying  proportions  in  both  limestone  and 
shale  from  which  the  cement  is  u.sually  made. 

In  some  cement  plants  the  ashes  from  the  boiler  room 
are  used  in  the  raw-material  mix.  While  this  amount  of 
ashes  is  small  compared  with  the  total  mix,  it  is  possible 
to  use  a  great  deal  more  without  serious  complications. 
In  fact,  it  may  be  possible  to  replace  the  shale  or  clay 
entirely  with  ashes.  This  w^ould,  of  course,  give  a  mix 
of  much  higher  iron  and  sulphur  and  a  lower  alumina 
content  than  is  the  usual  practice.  The  immediate  result 
would  be  a  clinker  that  is  easily  burned,  but  because  of 
the  large  iron  content,  is  ver>'  hard  to  grind  to  the 
requisite  fineness.  It  would  also  be  verj'  dark  in  color 
and  heavier  than  normal  cement.  High-iron  cement 
withstands  the  action  of  sea  water  better  than  the 
standard  cement. 

A  thousand-barrel  cement  plant  i  which  is  a  small  one 
as  cement  plants  go)  will,  if  ashes  supply  the  entire 
"argillaceous-material"  requirement,  take  the  ashes 
from  a  boiler  plant  of  about  11,000  horsepower. 

The  economic  considerations  are  the  relative  costs  of 
quarrying  the  .shale  and  of  hauling  the  ashes  coupled 
with  the  added  expense  of  using  them.  In  this  connec- 
tion the  value  of  the  20  to  40  per  cent  combustible  in  the 
ashes  should  not  be  overlooked.  This  fuel  becomes  avail- 
able in  the  rotary  kiln  which,  of  course,  is  the  only  type 
considered. 

The  ratio  of  dead  to  live  load  in  concrete  structures  is 
very  high  as  compared  with  structures  of  steel  or  wood, 
therefore,  could  a  material  be  found  that  possessed  the 
strength  and  enduring  qualities  of  sand  and  stone  and 
which  was  of  much  less  weight,  it  should  make  a  par- 
ticular appeal  to  builders.  Recently,  concrete  ships  and 
freight  cars  have  been  introduced,  and  weight  has 
been  found  a  factor  of  considerable  importance. 

While  the  quality  of  light  weight  of  cinders  has  been 
well  known  for  many  years,  its  use  where  the  advantage 
of  light  weight  is  most  desirable  (in  reinfo reed-con- 
crete buildings)   has  been  very  limited  because  of  the 


^.langer  of  corrosion  of  the  reinforcing  steel;  and  to  free 
cinders  of  the  unburned  coal  to  the  extent  of  making 
them  safe  for  use  in  reinforced  <oncrete  would  probably 
cost  more  than  anyone  would  care  to  pay  for  the 
advantage  gained. 

By  subjecting  ashes  to  a  high  temperature  in  a  rotar^' 
kiln,  the  combustible  will  be  burned  out  and  the  non- 
combustible  may  be  vitrified.  The  resulting  clinker 
may  then  be  crushed  and  screened  and  will  become  a 
very  good,  light-weight  aggregate,  suitable  for  con- 
crete. This  material  will  have  all  the  good  qualities  of 
the  untreated  ashes  and  will  be  free  from  the  liability 
of  corrosive  action  on  the  reinforcing  steel.  A  concrete 
aggregate  that  has  the  strength  of  sand  and  stone  and 
about  half  their  weight  should,  if  the  prices  compare 
favorably,  find  a  ready  market. 

In  discussing  the  economics  of  this  ash-treating  plant, 
it  should  be  credited  with  the  co.st  of  ash  removal  as 
formerly  practiced.  Also,  it  will  be  found  that  the  fuel 
content  of  the  ashes  is  nearly  sufficient  to  produce  the 
desired  effect,  .so  that  the  fuel  charge  will  be  com- 
paratively small.  C.  0.  Sandstrom. 

Kansas  City,  Mo. 

Don't  Blame  the  Fireman 

The  poor  firemen  get  little  consideration  from  the 
hands  of  contributing  engineers,  who  in  most  cases  find 
them  ignorant  and  prone  to  do  the  necessarj'  work  of 
the  plant  in  the  easiest  way  possible,  regardless  of  the 
waste  of  fuel. 

It  has  been  said  that  the  greatest  gain  in  economy  in 
power-plant  operation  will,  in  the  future,  be  made  in 
the  boiler  room,  but  no  owner  has  a  right  to  expect  very 
much  in  the  way  of  material  gain  if  he  does  not  do  his 
part.  It  is  unfair  to  expect  the  fireman  to  make  much 
improvement  in  boiler  operation  if  the  owner  does  not 
provide  the  instruments  necessary  to  guide  him  in  his 
work. 

High  boiler  efficiency  will  be  secured  only  when  the 
fuel  is  properly  fired,  the  heating  surfaces  kept  free 
from  scale,  soot  and  ash  deposit,  the  boiler  setting  free 
from  air  leaks  and  the  gas  passages  unobstructed.  All 
but  the  matter  of  gas-passage  obstruction  are  under 
the  control  of  the  fireman.  There  is  something  more 
that  governs  the  efficient  operation  of  the  boiler  plant ; 
that  is,  the  fuel  must  be  burned  within  the  furnace,  and 
to  do  this  properly  the  right  volume  of  air  must  be  sup- 
plied to  the  burning  fuel.  If  not,  incomplete  combustion 
results,  producing  a  lower  CO,  and  the  temperature  of 
the  chimney  gases  is  increased. 

But  how  is  a  fireman  to  know  how  hot  the  flue  gases 
are  or  whether  excess  air  is  being  supplied  to  the  fur- 
nace if  the  proper  instruments  are  not  provided  for 
his  guidance.  If  a  plant  is  suitably  equipped  with  the 
necessary^  instruments,  the  operation  should  be  a  con- 
tinuous boiler  test  and  then  results  can  be  expected. 

The  best  fireman  on  earth  cannot  get  the  best  boiler- 
room  results  unless  he  has  means  of  knowing  what  he  is 
doing.  Firing  boilers  by  rule  of  thumb  will  not  get  the 
best  results,  although  that  is  the  way  many  boilers  are 
operated.  This  is  not  because  the  fireman  would  not 
do  better  if  he  could,  but  because  he  is  doing  the  only 
thing  he  can  do  with  what  he  has  to  work  with. 

Do  not  condemn  the  fireman  until  he  shows  that  he 
does  not  try  for  better  results  when  proper  instruments 
have  been  supplied  for  his  guidance. 

St.  Louis,  Mo.  0.  B.  Bassett. 
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INQUIRIES  ffl 
OF  GENERAL 
INTEREST 


Use  of  Loop  or  Siphon  for  Connecting  Steam  Gage — Why 
is   a  loop   used   in  connecting   a   steam   gage   to   a   boiler? 

R.  N. 

A  loop  or  siphon  is  placed  in  the  connection  between  the 
boiler  and  the  gage  to  trap  water  of  condensation  in  the 
connecting  pipe,  so  that  steam  will  not  enter  the  gage  tube 
and  affect  its  stiffness. 


Necessity  of  Auxiliary  Steam  Valve  on  Single  Pumps. — 

On  a   single-cylinder  steam  pump,  why  is  it  necessary  to 
have  an  auxiliary  steam  valve?  W.  C. 

If  the  main  valve  of  the  pump  were  mechanically  con- 
nected to  the  piston  rod  of  the  pump,  the  steam  port  would 
be  covered  slowly  toward  the  end  of  a  stroke,  the  stroke 
would  not  be  completed  and  the  valve  would  not  reverse. 
Therefore  an  auxiliary  valve  is  necessary  to  operate  the 
main  valve. 


Increasing  Length  of  Bearing  May  Reduce  Friction — Does 
increasing  the  length  of  a  bearing  add  to  the  power  re- 
quired to  overcome  friction  ?  W.  A. 

For  the  same  materials  and  finish  and  same  lubrication, 
up  to  the  point  of  cutting  or  abrasion  of  one  surface  or 
the  other,  the  loss  of  power  by  friction  is  directly  as  the 
total  pressure  and  independent  of  the  area  of  the  rubbing 
surfaces.  Therefore  increasing  the  length  of  a  bearing 
does  not  add  to  the  power  required  to  overcome  friction,  but 
on  the  other  hand  may  reduce  the  resistance  by  prevention 
of  cutting  or  permitting  of  better  lubrication  from  reduction 
of  the  pressure  per  unit  of  area  of  the  rubbing  surfaces. 


Changing  from  Natural  Gas  to  Producer  Gas — The  nat- 
ural gas  for  our  gas  engine  will  shortly  be  shut  off.  Is  it 
possible  to  use  producer  gas  without  any  great  change  to 
the  engine?     What  will  be  the  fuel  consumption?     G.  E. 

Producer  gas  may  be  used,  and  all  that  is  necessary  is  to 
install  a  producer.  The  engine  will  require  no  alteration 
beyond  a  possible  change  in  the  compression  and  in  the 
proportions  of  gas  and  air  passing  through  the  throttle 
valve.  Any  of  the  well-known  producers  will  deliver 
enough  gas  from  anthracite  coal  to  allow  the  engine  to 
develop  a  brake  horsepower  on  Ij  lb.  of  anthracite  pea  or 
buckwheat  coal. 


Increasing  Power  Developed  by  Engine — In  how  many 
ways  can  the  horsepower  of  a  non-condensing  engine  be 
increased?  C.  W.  M. 

Assuming  that  all  bearings  and  working  parts  are  adapted 
to  the  changed  conditions,  the  indicated  power  of  an  engine 
is  increased  for  a  given  m.e.p.  by  increasing  its  speed,  or  by 
increasing  the  m.e.p.,  and  the  actual  or  brake  horsepower 
developed  for  a  given  indicated  power  can  be  increased  by 
reducing  the  friction  of  the  engine.  The  m.e.p.  can  be 
increased  principally  by  supplying  steam  of  higher  initial 
pressure,  by  obtaining  later  and  sharper  cutoff,  by  obtaining 
release  later  in  the  stroke,  by  increasing  the  percentage  of 
clearance  (provided  the  steam  does  not  follow  full  stroke), 
reducing  the  losses  due  to  cylinder  condensation  by  using 
a  nor.  conducting  lagging  or  steam  jacketing,  or  by  heating 
the  cylinder  without  raising  the  temperature  of  th^i  sxhaust; 
reducing  the  back  pressure  by  a  freer  exhaust  or  by  con- 


densing; and  by  improving  the  tightness  of  the  piston,  the 
steam  and  the  exhaust  valves.  But  under  some  conditions 
the  increase  of  friction  for  reduction  of  leakage  may  be  so 
great  that  the  actual  power  will  not  be  increased  as  much 
as  the  indicated. 


Inside  Lap  for  "Cushioning  on  the  Exhaust." — What  is 
meant  by  inside  lap  of  an  engine  valve  and  what  is  its 
effect  in  the  operation  of  an  engine?  R.  G.  L. 

The  lap  of  a  valve  is  the  distance  its  edge  overlaps  the 
port  when  the  valve  is  in  the  middle  of  its  travel.  The 
term  inside  lap,  when  applied  to  a  D  slide  valve,  refers  to 
the  distance  the  exhaust  edge  of  the  valve  overlaps  the 
exhaust  port  when  the  valve  is  in  the  central  position.  In- 
side or  exhaust  lap  therefore  results  in  closure  of  the  ex- 
haust port  before  the  piston  reaches  the  end  of  its  stroke. 
The  exhaust  steam  then  remaining  in  the  cylinder  is  there- 
by compressed  and  acts  like  a  cushion  for  gradually  arrest- 
ing the  piston  as  it  approaches  the  end  of  the  stroke,  and 
hence  the  operation  is  commonly  referred  to  as  "cushioning 
on  the  exhaust." 


Purpose  of  Dash-Relief  Valves  on  Pump — Why  are  dash- 
relief  valves  placed  on  the  steam  end  of  a  pump,  and  do  they 
make  any  difference  in  the  regulation  of  the  stroke  of  a 
pump?  W.  H.  C. 

Dash-relief  valves  are  used  to  control  the  amount  of  open- 
ing of  a  communication  between  the  exhaust  passage  and 
the  regular  live-steam  passage,  which  is  near  the  end  of 
the  cylinder  and  which  remains  covered  by  the  main  steam 
valve  until  it  reverses.  The  communication  between  the 
passages  with  its  adjustable  valve  is  simply  a  controlled 
leak  to  regulate  the  amount  of  cushioning  and  useful  in 
slightly  lengthening  the  stroke  in  case  of  excessive  cush- 
ioning after  the  piston  has  covered  the  exhaust  passage, 
especially  when  the  pump  is  working  slowly  and  with  a 
heavy  load. 


Size  of  Safety  Valve  for  Compressed-Air  System — What 
is  the  largest  safety  valve  permissible  on  an  air  com- 
pressor? L.  W.  R. 

For  safety  there  would  be  no  limitation  of  the  maximum 
size.  There  is,  however,  a  limitation  of  minimum  capacity. 
The  Massachusetts  Air-Tank  Regulations,  which  were  care- 
fully prepared,  specify  (a)  that  the  maximum  commercial 
rating  sea-level  pressure  and  60  deg.  F.  of  any  air  com- 
pressor shall  be  the  piston  displacement  in  cubic  feet  per 
minute  at  the  maximum  speed  as  given  in  the  catalog  of 
the  manufacturers,  and  (b)  the  safety  valve  connected  to 
an  air-compressor  system  shall  have,  when  adjusted  to  give 
the  maximum  discharge  area  for  satisfactory  operation,  a 
capacity  capable  of  discharging  a  quantity  of  air  at  least 
equal  to  25  per  cent  excess  of  the  maximum  rating  of  the 
air  compressors  operating  on  said  system,  without  the  air 
pressure  rising  over  5  per  cent  of  the  allowable  pressure. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Service  Experience  with  Condensers' 

By    ENCINKKR    IJKrTKNANT-CdMMANDKU    (I.    I!.    Al.I.KN,    R.N. 


IN  THK  onrly  days  of  low  powers  and  compuratively  hi^li 
ratio  of  machinery  wi'iprht  in  war  vesscl.K,  a  hifih  standard 
of  purity  of  feed  water  was  not  absolutely  es.sential.  and 
owinjr  to  its  protective  (jualities  a  wrtiiin  amount  of  boiler 
scale  was  not  particularly  objectionable.  Under  these  cir 
cumstances  the  boilers  were  frequently  worked  with  a  sliprht 
tiensity,  and  the  admission  of  .small  amounts  of  salt  water 
to  the  feed  was  a  matter  of  no  grcni  moment,  and  indeed 
would  not  ordinarily  be  detected'. 

The  demands  for  maximum  power  on  a  minimum  weight 
necessitated  the  development  of  the  water-tube  boiler,  which 
in  its  present  form  is  peculiarly  sensitive  to  the  quality  of 
feed  supplied,  and  a  condenser  defect  which  formerly  would 
have  been  i-eparded  as  of  little  importance  is  now  attended 
by  results  out  of  all  proportion  to  the  magnitude  of  the  de- 
fect itself.  , 

Among  the  immediate  results  following  upon  such  a  de- 
fect as  a  small  perforation  are: 

1.  A  rise  in  the  density  of  the  boiler  water  followed  by 
priming  (that  is,  the  passage  of  water  with  the  steam 
through  the  system),  with  consequent  possible  damage  to 
fast-running  reciprocating  auxiliaries  and  undue  wear 
(erosion)  of  turbine  nozzles  in  modern  vessels;  and  unless 
the  evaporation  is  considerably  eased  and  the  engines  either 


FLOW"  OF  WATER  l.XTO   CONDKXSEU   TUBE 

slowed  down  or  stopped,  the  mechanical  damage  caused  by 
the  water  passed  over  may  be  considerable. 

2.  The  deposition  of  scale  upon  the  heating  surfaces. 

3.  The  beginning  of  serious  corrosive  action  in  the  sys- 
tem, including  both  boilers  and  turbines,  the  first  named  be- 
ing particularly  severe  in  the  highly  forced  boilers  of  the 
present  day. 

It  is  on  these  grounds,  both  of  reliability  and  durability, 
that  the  importance  of  maintaining  a  pure  "feed"  rests. 

Fortunately,  the  proportion  of  defective  tubes  compared 
with  the  number  of  tubes  on  service  is  extremely  low  and 
is  not  greater  than  50  in  1,000,000  per  annum;  but  if  it  be 
realized  that  in  a  large  vessel  fitted  with  some  48,000  tubes 
of  a  total  length  approximating  to  115  miles,  such  a  small 
defect  as  a  !«  in.  diameter  pin  hole  or  one  cracked  tube 
niay  render  the  vessel  unmanageable  in  a  moment  of  great 
stress,  it  will  be  evident  that  it  is  a  matter  of  great  import- 
ance to  secure  immunity  from  such  defects,  and,  moreover, 
one  that  requires  considerable  investigation  and  joint  co- 
operation between  the  manufacturer,  the  metallurgist  and 
the  user. 

Many  of  the  early  difficulties  experienced  were  found  to 
be  due  to  faulty  design  and  manufacture,  but  these,  which 
concerned  accuracy  of  fitting  rather  than  faults  in  the 
tubes  themselves,  have  been  gradually  eliminated.  Defects 
of  this  nature  may  be  summarized  as  follows:   insufficient 


.-'Uiiporl  of  tubes  between  the  tube  plates;  holes  in  dia- 
phragm plates  too  large;  holes  in  tube  plates  too  large  or 
too  small;  un.suiUihIc  packing;  slackness  of  ferrules  in  tube 
plates;  steam  or  drain  orifices  unsuitably  placed,  allowing 
.iteam  and  hot  water,  sometimes  contaminated  with  oils,  to 
impinge  on  certain  tubes. 

INSUKKICIENT  SUPPORT  OK  TUBKS 

Insufficient  support  led  to  undue  vibration  of  the  tulio, 
and  although  this  has  been  largely  rectified  by  the  pro- 
\ision  of  suitable  an<l  unecjually  spaced  diaphragm  plates 
and  by  limiting  the  diameters  of  the  tubes  and  the  holes 
through  which  they  pass,  a  certain  clearance  must  of 
necessity  be  allowed;  and  the  effect  of  vibration,  more  es- 
pecially in  high-speed  vessels,  cannot  be  ignored. 

Experience  has  shown  the  necessity  of  adhering  to  rigidly 
defined  limits  in  regard  to  the  tolerances  of  tubes  and  holes 
in  tube  plates,  both  on  the  score  of  guarding  against  the 
fit  being  too  close,  with  consequent  abnormal  strain  thrown 
on  the  tubes  when  screwing  up  the  glands,  and  also  of 
guarding  against  too  loose  a  fit,  resulting  in  the  packing 
being  forced  between  tube  and  tube  plate  and  probable  leak- 
age. Similarly,  the  exact  concentricity  of  ferrules  and 
tubes  within  narrow  limits  is  of  importance.  Since  the 
adoption  of  limiting  clearances,  defects  of  this  character 
have  to  all  intents  and  purposes  been  eliminated. 

Opinions  concerning  the  suitability  of  packing  materials 
vary,  and  outside  the  service  there  appears  to  be  little  uni- 
formity of  practice.  Experience  in  naval  vessels  shows  that 
the  linen  gromet  made  to  present  Admiralty  specification 
gives  every  satisfaction,  and  with  ferrules  and  their  stuf- 
fing boxes  screwed  to  correct  gage,  difficulties  due  to  gland 
leakage  may  be  regarded  as  having  been  coped  with  suc- 
cessfully. 

Investigations  into  the  general  problem  of  the  nature  of 
the  underlying  causes  of  corrosion  within  the  alloy  it-self 
have  resulted  in  various  theories,  none  of  which  has  as 
yet  met  vnth  general  acceptance,  and  in  the  present  stage 
the  most  we  are  able  to  do  is  to  endeavor  to  trace  each 
defect  to  its  immediate  observable  source. 

The  information  available  at  the  Admiralty  is  derived 
from  reports  forwarded  by  ships  as  failures  occur.  The 
following  statement  has  been  deduced  to  show  the  present 
causes  of  failure  in  the  proportion  in  which  they  have  oc- 
curred : 

I>cr  Cent  of 

Total   Failure 

18 

14  8 
148 
54 
5.4 
10  8 
1.0 
29  8 


{a)  Deterioration  at  inlet  ends. 

(b)  Perforation  due  to  local  pitting 

(c)  Perforation  due  to  obstrurtion 

(a)  Perforation  due  to  steam  impingement 

(e)  Crushed  ends 

(/)  Splitting ._. 

(g)  Perforation  due  to  contaminated  circulating  water. 

i  0  General  corrosion      . 


•Abstract  of  a  paper  before  the  Institute  of  Metals,  Barrow-in- 
Furness.   England. 


The  large  proportion  of  failures  due  to  deterioration  at 
the  inlet  ends  of  the  tubes  is  noteworthy.  Generally  speak- 
ing, there  is  a  marked  thinning  away  at  the  ends  of  the 
tubes  (not  infrequently  accompanied  by  wear  of  ferrules) 
culminating  in  perforation  at  from  one  to  three  inches 
from  the  end. 

Air  a  Contributory  Factor  to  Deterioration 

In  many  cases  where  the  greatest  intensity  of  the  de- 
terioration occurs  at  the  upper  inside  surface  of  the  tube, 
the  presence  of  air  l.as  been  held  to  be  the  chief  contributory 
factor,  and  under  such  circumstances  the  provision  of  air- 
releasing  devices  at  the  highest  point  of  the  circulating- 
water  system  has  proved  of  marked  benefit.  However,  with 
all  such  mechanical  precautions  the  evacuation  (before 
entry  to  the  tubes)  of  air  which  is  necessarily  in  suspension 
in  the  circulating  water  is  at  the  best  only  partial.  This 
is  more  especially  the  case  in  high-speed  shallow  draft  ves- 
sels, and  as  will  be  evident  from  an  examination  of  the 
sketch,  the  sharp  edges  both  of  ferrule  and  tube,  assisted 
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to  some  extent  by  the  possibility  that  the  tube  and  ferrule 
may  not  always  lie  perfectly  concentrically,  tend  to  break 
the  flow  of  water  and  to  form  pockets  of  an  unstable 
nature  where  air  may  be  reasonably  expected  to  accumulate. 
This  type  of  defect  has  been  particularly  noticeable  in 
vessels  serving  in  shallow  waters  containing  a  considerable 
proportion  of  solid  matter,  for  example,  ^and,  chalk,  etc., 
and  this,  together  with  the  comparatively  high  water  ve- 
locity through  the  tubes,  points  to  the  influence  of  erosion 
or  the  abrasive  action  of  gritty  particles  as  being  of  con- 
siderable importance.  The  presence  of  such  gritty  matter 
cannot,  of  course,  be  avoided  on  service,  and  it  appears  that 
investigations  with  regard  to  the  elimination  of  this  type 
of  defect  must  take  the  lines  of  endeavoring  to  obtain  a 
metal  whose  surface  is  better  able  to  withstand  this 
abrasive  action. 

Perforations  Due  to  Local  Defects 

Whereas  in  the  cases  of  tube-end  deterioration  the  num- 
ber of  tubes  affected  in  any  condenser  (apart  from  those 
which  actually  fail)  may  be  considerable;  cases  of  local 
pitting  are  rarely  evident  in  more  than  one  or  two  tubes  in 
the  condenser  concerned,  and  when  once  a  failure  has  oc- 
curred and  the  tube  plugged  or  replaced,  little  further 
trouble  is  experienced.  In  these  cases  perforation  occurs  at 
isolated  spots,  and  the  failure  has  been  generally  considered 
to  be  due  to  some  local  defect,  for  example,  a  spill  or 
lamination.  To  quote  the  author  of  a  previous  paper  on 
this  subject,  "The  importance  of  spills  cannot  be  exagger- 
ated,'" and  the  elimination  of  defects  of  this  character  is 
entirely  a  question  of  the  manufacture  of  the  mechanically 
perfect  tube,  which  desirable  result  can  be  attained  only  by 
the  drawing  down  of  a  mechanically  perfect  cast  shell.  The 
practice  of  turning  and  boring  each  shell,  even  if  regarded 
as  merely  for  purposes  of  exploration  of  the  metal  im- 
mediately beneath  the  surface  skins,  ha.s  a  considerable 
safeguarding  effect  toward  the  reduction  in  the  number  of 
such  surface  irregularities,  as  may  be  discovered  on  sight- 
ing. 

Perforations,  the  cause  of  which  has  been  directly  traced 
to  obstructions,  were  particularly  prevalent  in  coal-burning 
ships  whei'e  the  ashes  were  discharged  beneath  the  water- 
line,  and  though  it  is  possible  to  nullify  the  effect  of  a 
vessel's  own  refuse  by  suitably  placing  the  ash  shoots  and 
by  the  adoption  of  oil-fuel  firing,  yet  such  obstruction  of 
tubes  by  cinders,  etc.,  may  still  be  caused  by  refuse  from 
other  vessels. 

The  recorded  cases  where  failure  has  occurred  through 
the  impingement  of  steam  and  water  directly  on  a  limited 
area  of  the  outer  surface  of  certain  tubes  are  few,  and 
in  general  have  been  confined  to  condensers  other  than  those 
of  Admiralty  design.  Such  failures  should  not  occur,  pro- 
vided orifices  are  suitably  placed  and  baffled. 

Failures  Due  to  Crushing 

The  proportionate  number  of  failures  due  to  crushing  is 
small,  and  these  may  be  regarded  as  isolated  cases.  In  no 
case  has  it  been  established  that  over-tightening  of  screwed 
glands  has  been  resorted  to,  and  the  fact  that  crushing 
sometimes  does  occur,  serves  to  emphasize  the  importance 
of  the  tubes  being  sufficiently  hard  to  stand  a  reasonable 
margin  of  pressure  due  to  tightening  up  above  that  abso- 
lutely necessary  to  secure  watertightness,  though  it  may  be 
remarked  that  crushing  is  sometimes  observed  as  a  natural 
result  of  the  weakening  of  tubes  which  have  been  attacked 
internally  by  corrosion  of  a  general  natui'e. 

There  is  some  divergence  of  opinion  as  concerning  the 
most  desirable  degree  of  purity  of  the  70  :  29  :  1  alloy,  but 
investigation  has  shown  that  a  large  proportion  of  the 
tubes  whic^  have  failed  from  splitting  have  been  manu- 
factured from  materials  of  a  lower  standard  of  purity 
than  that  required  by  the  Admiralty  specification. 

Apart  from  the  question  of  purity  of  constituents,  the  in- 
ternal condition  of  stress  in  the  finished  tube  must  have 
considerable  bearing  on  the  liability  to  season  cracking  and 
splitting.  The  work  done  during  the  final  draw  (which 
must  be  such  as  to  leave  the  tubes  sufficiently  hard  to 
stand  the  test  of  grometing)   of  necessity  leaves  the  mate- 


rial of  the  tube  in  an  indeterminate  condition  of  internal 
stress,  and  anything  that  can  be  done  which  will  eliminate 
this  internal  stress,  while  at  the  same 'time  allowing  the 
tube  to  retain  the  requisite  hardness,  will  be  of  great  benefit 
in  minimizing  defects  from  this  source. 

The  case  in  which  failure  has  been  directly  ascribed  to  the 
use  of  unsatisfactory  circulating  water  is  exceptional,  but 
it  certainly  gives  weight  to  a  widely  held  opinion  that  the 
conditions  under  which  many  condensers  are  worked  in  the 
early  stages  of  their  life  (for  example,  in  comparatively 
stagnant  fitting-out  basins  contaminated  by  various  kinds  of 
refuse)  are  conceivably  of  importance  as  a  primary  cause 
of  tube  decay.  On  the  occasion  referred  to  the  vessel  had 
been  anchored  in  waters  contaminated  by  sewage,  and  the 
case  is  quoted  as  emphasizing  that  materials  for  marine 
usage  should  be  able  to  resist  corrosion  under  varying 
conditions  which  do  not  allow  of  the  selection  of  particular 
materials  to  suit  particular  waters.  The  deleterious  effect 
of  vegetable  oils  has  already  been  described  before  this 
Institute,^  but  the  writer  is  not  aware  of  any  experiments 
having  been  carried  out  to  determine  the  effect  of  oil  fuel 
in  regard  to  the  acceleration  of  corrosion ;  though  it  may  be 
remarked  that  in  one  of  H.M.  vessels  which  reported  a  con- 
siderable number  of  defective  tubes  within  two  months  of 
entering  into  service,  no  definite  cause  could  be  traced  be- 
yond that  extended  basin  trials  had  been  carried  out  in 
comparatively  stagnant  water  contaminated  by  a  consid- 
erable leak  from  one  of  the  ship's  tanks. 

Failures  Caused  by  General  Corrosion 

The  proportionate  number  of  recorded  failures  due  to 
general  corrosion  does  not  adequately  express  the  import- 
ance of  this  class,  these  being  cases  of  actual  failure  only, 
that  is,  general  corrosion  culminating  in  perforation ;  where- 
as the  great  majority  of  cases  in  which  general  corrosion  is 
present  are  not  recorded,  and  it  is  the  possibility  of  failure 
at  an  unknown  moment  which  gives  .this  matter  so  serious 
an  aspect. 

Leakage  from  electric  circuits  has  been  put  forward  as 
being  a  contributory  cause  of  corrosion,  but  though  no  evi- 
dence of  a  positive  character  has  been  obtained  in  support 
of  this  contention,  it  has  been  observed  that  failures  have 
occurred  shortly  after  the  discovery  of  "grounds"  and  it  is 
probable  that  the  effect,  if  any,  is  one  of  acceleration 
rather  than  a  primary  cause. 

The  general  problem  of  corrosion  of  condenser  tubes 
may  be  conveniently  regarded  from  four  different  stand- 
points: 

1.  The  arrest  or  prevention  of  corrosion  in  condensers 
as  at  present  constructed. 

2.  The  treatment  of  tubes  of  accepted  composition. 

3.  The  general  design  of  condensers. 

4.  The  utilization  of  more  suitable  alloys  than  those  at 
present  in  use. 

The  provision  of  steel  protector  plates  and  cast-iron 
water-ends  has  proved  satisfactory  in  checking  the  rate  of 
deterioration  provided  that  good  conditions  are  secured, 
but  at  the  same  time  considerable  wear  of  the  cast-iron 
ends  takes  place,  and  this  wear  if  excessive  is  an  un- 
desirable feature.  The  present  Admiralty  practice  is  to 
make  the  tubes  and  tube  plates  of  as  nearly  the  same  com- 
position as  is  practicable  and  to  secure  steel  slabs  direct 
to  the  tube  plates,  but  from  the  foregoing  remarks  it  can- 
not be  said  that  this  practice  is  entirely  effective. 

The  Cumberland  Process 

The  Cumberland  process  has  been  fitted  in  certain  vessels, 
but  beyond  the  fact  that  it  has  been  found  that  this 
process  has  not  arrested  decay  where  such  decay  has 
been  in  evidence  before  the  process  has  been  installed,  the 
experience  gained  has  not  been  sufficient  to  allow  of  any  re- 
liable conclusions  being  drawn. 

With  regard  to  the  treatment  of  working  tubes,  the  Ad- 
miralty (acting  on  a  well-known  and  successful  practice 
of  coating  corroded  copper  pipes  with  a  film  of  pitch  and 
marine  glue)  have  experimented  with  resistant  varnishes. 
In  the  first  vessel  treated,  although  a  certain  degree  of 
protection  was  obtained,  it  was  found  that,  probably  as  a 

'Bruhl,  Journal  of  the  Institute  of  Metals,  1911,  Vol.  VI,  p.  304.  =Bruhl.  Journal  of  the  Institute  of  Metals.  1911,  Vol.  VI,  p.   291. 
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result  of  the  erosive  notion  of  the  water  (but  possibly  on 
necount  of  the  difluulty  of  forming  a  film  of  evi-n  thickness 
and  of  sntisfnctory  diyinp),  Ihi'  varnish  became  washed 
away  in  places,  thus  exjjosinp  portions  of  the  bare  metallic 
surface  to  (he  action  of  the  wati-r.  Kxperience  with  a 
second  vessel  has  not  been  extensive,  but  it  is  understood 
that  jreneral  corrosion  which  formerly  resulted  in  compara- 
tively frequent  failures  has  been  entirely  arrested.  In  these 
cases  the  varnish  has  been  applied  to  the  tubes  "in  place" 
and  dried  by  the  admission  of  steam  to  the  condenser,  and  it 
is  probable  that  such  a  process  carried  out  on  tubes  before 
beinp  fitted  would  be  of  considerable  value,  provided  that 
the  surfaces  formed  withstand  the  work  of  fittinpr  in  place 
and  prove  sufficiently  resistant  to  abrasive  influences. 

The  protective  value  of  an  oxide  film  has  been  supKestcd 
by  a  former  report  of  the  Corrosion  Committee,  and  the 
.Admiralty  have  under  observation  a  vessel  fitted  with  tubes 
on  which  such  a  film  has  been  formed.  Unfortunately,  this 
vessel  has  done  little  steaming  and  no  useful  data  have 
as  yet  been  obtained. 

In  regard  to  the  elimination  of  failures  caused  by  surface 
defects,  for  example,  spills,  a  vessel  has  been  fitted  with 
compound  tubes  made  on  the  lines  suggested  by  Sir  Charles 
Parsons,'  but  here  again  owing  to  post-war  conditions  it 
has  not  been  possible  to  obtain  any  conclusive  results. 

The  Admiralty  have  from  time  to  time  experimented  with 
tubes  of  various  compositions,  but  experience  to  date  has 
shown  that  the  tubes  made  to  Admiralty  specification  have 
proved  the  most  satisfactory  under  the  varying  conditions 
imposed  by  naval  service. 

Germany  May  Take  Over  Coal  Mines 

What  to  do  with  the  coal  mines  is  one  of  the  biggest 
questions  in  Germany  today,  and  there  is  a  popular  clamor 
for  nationalization  of  the  entire  coal  industry,  fostered 
principally  by  the  radical  classes.  Responsible  politicians 
and  business  men,  however,  are  in  many  cases  taking  the 
same  stand,  not  only  because  of  the  necessity  of  making 
some  concession  to  the  socialistic  doctrines  of  the  working 
classes,  but  also  on  account  of  the  glaring  faults  of  the 
present  system,  under  which  the  country's  coal  resources 
are  largely  in  the  hands  of  a  few  men.  These  men  have 
achieved  tremendous  wealth  and  influence;  in  fact,  some 
of  their  coal  companies  in  the  last  business  year  made  net 
profits  which  exceeded  their  whole  capital. 

Some  time  ago,  the  government  was  forced  to  organize 
a  committee  to  study  the  subject  and  make  recommenda- 
tions. This  committee  has  not  yet  presented  any  feasible 
solution  and  is  now  being  urged  to  take  decisive  action. 
It  is  composed  of  members  of  the  National  Economic  Coun- 
cil and  the  National  Coal  Council,  and  of  representatives  of 
employers  and  employees. 

The  supporters  of  the  nationalization  of  coal  mines  may 
be  divided  into  two  groups,  according  to  the  methods  which 
they  propose.  One  is  headed  by  Professor  Lederer,  National 
Economist  of  the  University  of  Heidelberg,  and  Rathenau, 
general  manager  of  the  A.  E.  G.  concern,  while  the  other 
group  is  represented  by  Stinnes,  the  German  coal  king. 
Professor  Lederer  and  Rathenau  agree  that  the  total  coal 
production  shall  at  once  be  taken  over  by  the  government. 
Professor  Lederer,  whose  proposal  is  the  official  one,  be- 
lieves that  the  mines  themselves  should  be  taken  over  by 
the  state,  and  the  owners  divested  of  all  proprietorship 
against  payment  of  bonds  corresponding  to  the  value  of 
the  mines,  whereas  Rathenau  proposes  to  leave  the  mines 
in  the  hands  of  the  present  owners  for  thirty  years.  In 
this  case,  however,  the  mina  owners  would  be  compelled 
to  give  up  the  total  production  of  their  mines  at  cost  price 
plus  an  adequate  profit,  providing  for  a  premium  on  in- 
creased production  as  a  stimulus  in  this  direction.  In  other 
words,  one  wants  operation  by  the  government  itself,  and 
the  other  wants  operation  by  the  owners  simply  as  agents 
of  the  government. 

The  second  group  is  totally  opposed  to  either  of  these 
ideas.  It  is  headed  by  Stinnes,  probably  the  wealthiest  and 
most  astute  business  man  of  present-day  Germany.     His 
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opinion  is  that  the  government  would  be  utterly  unable  huc- 
ccssfully  to  operate  the  mines,  and  that  under  government 
operation  individual  ambition,  initiative  and  rewarri  would 
be  entirely  lacking.  Mis  idea  is  that  of  co-operation,  as 
opposed  to  nationalization.  His  plan  is  to  make  co-operative 
combines  of  large  coal  consumers  like  gas-  works,  electricity 
works,  water  works,  and  a  corresponding  number  of  coal 
mines  sufficient  for  their  supply.  The  largest  works,  how- 
ever, would  merge  with  coal  mines  independent  of  other 
works.  Each  group  would  have  a  board  which  would  reg- 
ulate prices  and  distribution,  ancl  in  this  the  consumers 
would  have  the  majority.  He  believes  also  that  the  con- 
sumers should  gradually  assume  control  of  the  coal  mines 
by  buying  up  their  stock  against  their  own  stock. 

It  is  expected  that  these  combines  would  consist  not  only 
of  coal  mines,  but  also  of  iron-  and  steel-works,  with  a 
corresponding  number  of  manufacturers  of  finished  arti- 
cles; the  idea  being  that  the  great  amount  of  energy  now 
wasted  by  all  manufacturers  in  procuring  fuel  and  raw 
material  can  be  saved  by  linking  together  the  chain  of 
production  from  the  producer  to  the  manufacturer.  This 
proposition  is  being  strongly  advocated  among  prominent 
industrial  leaders;  in  fact,  quite  a  number  of  them  are  act- 
ing upon  it  without  awaiting  the  conclusion  of  the  national- 
ization problem.  Several  of  these  combinations,  or  trusts, 
have  been  formed  lately;  the  largest  of  them  was  the  work 
of  Stinnes  himself. 

Public  opinion  seems  to  be  inclined  towards  Rathenau's 
proposal  for  state-controlled  private  operation  rather  than 
Stinnes's  ideas  of  amalgamation.  It  is  feared  in  many 
quarters  that  although  his  plan  is  to  put  the  consumers  in 
control  of  each  trust,  the  coal  producers,  being  in  the 
strongest  position,  would  assume  control  of  the  finishing 
stages  and  therefore  of  the  entire  combination.  It  is  im- 
possible to  foresee  at  present  which  party  will  ultimately 
win;  it  seems  likely  that  the  final  result  will  be  a  com- 
promise. 

Employment  Conference  Held 
in  Chicago 

A  conference  on  employment  and  education,  which  was 
sponsored  by  the  American  Association  of  Engineers,  was 
held  in  Chicago  recently.  This  conference  had  for  its  pur- 
pose the  stimulation  of  thought  and  discussion  on  the  prob- 
lem of  educating  the  man  and  placing  him  in  the  right  job. 
It  was  attended  by  educators,  employment  managers,  engi- 
neers, experts  on  vocational  and  industrial  education,  char- 
acter analysis,  and  others  interested  in  education  and 
employment. 

Two  resolutions  were  passed,  one  of  which  is  exceedingly 
interesting  in  that  it  indicates  that  employment  methods 
are  already  recognized  as  desirable  in  higher  education. 
This  resolution  read:  "Resolved,  That  personnel  work  is 
necessary  in  engineering  schools,  and  should  be  provided 
wherever  possible."  Probably  no  other  thought  was  so 
well-defined  among  those  present  as  that  there  must  be 
better  selection  of  the  wheat  from  the  chaff  in  engineering 
education. 

The  other  resolution  read:  "Resolved,  That  it  is  the  sense 
of  the  educational  delegates  that  the  best  teachers  in  the 
schools,  training  engineers,  should  be  placed  in  charge  of  the 
more  elementary  work."  Both  resolutions  were  introduced 
by  Dean  E.  J.  McCaustland  of  the  University  of  Missouri. 

The  conference  was  not  intended  to  concern  itself  entirely 
with  engineering  education,  nor  did  it;  but  the  presence  of 
some  engineers  on  the  program  gave  an  engineering  flavor 
to  the  subject  matter  of  the  addresses. 

The  engineering  educators  and  the  practicing  engineers 
had  a  battle  royal  over  the  efficacy  of  a  college  education. 
R.  0.  Kramer,  manager  of  the  mechanical  department  of 
Montgomery  Ward  &  Co.,  advocated  the  establishment  of 
courses  in  management  in  the  technical  schools  with  a  view 
to  providing  engineers  with  the  preparation  for  their  truest 
and  best  field  of  service — executive  positions  in  the  indus- 
trial and  business  world.  Dean  A.  A.  Potter  of  Purdue  Uni- 
versity upheld  the  work  of  the  engineering  schools  with  the 
remark  that   the   technical  world   demanded   a   specialized 
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product  to  a  certain  extent,  but  that  the  aim  of  the  schools 
was  to  give  a  broad  fundamental  training  which  would 
adapt  the  graduate-engineer  to  any  field  of  work  he  might 
enter. 

J.  H.  Libberton,  of  Chicago,  manager  of  the  service 
bureau  of  the  Universal  Portland  Cement  Co.,  urged  that 
the  student  be  started  out  right  in  college  by  first  being 
interviewed  by  a  vocational  advisor.  He  disagreed  with  the 
statement  regarding  college  activities  made  by  E.  Daven- 
port in  an  article  in  The  Saturday  Evening  Post  for  Nov.  13 
and  urged  the  participation  of  the  student  in  such  activities 
to  develop  his  initiative  and  imagination.  He  also  recom- 
mended the  securing  of  the  best  possible  talent  for  teachers, 
who  should  be  encouraged  to  engage  in  the  practice  of  their 
profession. 

John  B.  Densmore,  director-general  of  the  United  States 
Employment  Service,  advocated  a  national  clearance  system 
of  employment,  operated  very  closely  with  the  educational 
systems  of  the  country.  He  deplored  the  present-day  educa- 
tion by  age  instead  of  according  to  native  ability  and  the 
lack  of  scientific  methods  of  measuring  abilities  in  the 
schools  and  colleges.  A  national  clearance  system  would 
reduce  the  present  duplication  of  expense  of  engaging  men 
and  women  incurred  by  employers  and  the  expense  of  finding 
positions  for  graduates  incurred  by  educational  institutions. 

Professor  A.  F.  Payne,  of  the  department  of  trade  and 
industrial  education  in  the  University  of  Minnesota,  in 
speaking  on  "Vocational  Analysis  and  the  Engineer,"  said 
that  "very  few  of  our  engineering  colleges  have  as  yet 
realized  that  most  of  their  students  eventually  become 
administrators  and  executives,  and  in  the  vast  majority  of 
cases  are  managers  in  more  or  less  degree."  Inasmuch  as 
the  engineer  is  usually  the  only  man  in  industry  who  has 
been  scientifically  trained  in  a  scientific  manner,  the 
responsibilities  of  vocational  analysis  fall  upon  him.  Mr. 
Payne  outlined  the  methods  of  vocational  analysis  and  deter- 
mination of  mental  capacities.  He  strongly  advocated  a 
scientific  selection  of  workers  into  proper  vocations  as  a 
means  of  increasing  prosperity  and  happiness. 

Chicago  Section  A.  S.  M.  E.  Celebrates 
Fortieth  Anniversary  of  Society 

The  Chicago  Section  of  the  American  Society  of  Mechan- 
ical Engineers  celebrated  the  fortieth  anniversary  of  the 
society  on  the  evening  of  Nov.  22.  Souvenirs  consisting  of 
photostat  copies  of  autographs  of  all  members  attending 
the  first  annual  meeting  held  in  New  York  City  in  1880 
were  distributed.  A  similar  record  of  autographs  of  Chi- 
cago members  present  at  the  Fortieth  Anniversary  meet- 
ing was  made  to  be  forwarded  to  New  York  for  historical 
record.  Anniversary  speeches  by  Fred  J.  Miller,  president 
of  the  society,  and  Dr.  I.  N.  HoUis,  president  of  Worcester 
Polytechnic  Institute,  were  reproduced  on  the  phonograph. 
During  a  short  business  meeting  telegrams  of  congratulation 
were  read  from  a  number  of  prominent  men,  including 
Harding,  Coolidge,  Hoover,  Gompers  and  others. 

In  a  few  introductory  remarks  Prof.  Herbert  S.  Philbrick, 
chairman  of  the  section,  called  attention  to  the  fact  that 
the  greatest  development  in  mechanical  engineering  has 
taken  place  during  the  last  forty  years  and  has  been  almost 
coincident  with  the  upbuilding  of  the  A.  S.  M.  E.  To  be 
convinced  of  the  progress  made  and  the  importance  of  the 
work  done  by  the  society,  he  remarked  that  it  was  only 
necessary  to  read  over  the  list  of  presidents,  all  noted  men 
in  the  mechanical  field.  It  was  his  view  that  the  future 
is  as  attractive  now  as  it  was  forty  years  ago,  and  it  was 
his  hope  that  the  progress  of  the  society  in  the  next  forty 
years  would  be  as  great  as  the  advancement  it  has  made  so 
far. 

Captain  Robert  W.  Hunt  gave  early  recollections  of  the 
society  that  was  nearest  to  his  heart.  He  was  not  one 
of  the  founders,  but  had  joined  the  society  in  its  first  year 
in  1880.  His  associations  with  prominent  members  at  that 
time  were  recalled,  and  mention  was  made  of  some  of  the 
early  presidents.  He  felt  that  in  the  continued  progress 
of  the  society  the  secretary  was  of  first  importance,  and 
that  in  this  connection  credit  must  be  given  to  Frederick 


Hutton,  to  whom,  more  than  to  any  other  man,  the  wonder- 
ful success  of  the  organization  had  been  due. 

A  short  summary  of  the  first  meeting  of  the  American 
Engineering  Council  of  the  Federated  American  Engineer- 
ing Societies,  held  in  Washington  from  Nov.  18  to  20,  was 
given  by  Arthur  L.  Rice. 

The  speaker  of  the  evening  was  Dr.  G.  0.  Smith,  direc- 
tor of  the  United  States  Geological  Survey.  Speaking  on 
"Industry's  Supply  of  Energy,"  he  gave  a  great  deal  of  in- 
teresting data  on  the  various  sources  of  energy,  including 
coal,  water  power,  oil  and  natural  gas,  the  estimated  quan- 
tities available  of  each,  the  length  of  time  that  they  should 
last  at  the  present  increasing  rate  of  consumption  and  the 
primary  horsepower  installed. 

Refrigerating  Engineers  Holding 
Annual  Meeting 

The  American  Society  of  Refrigerating  Engineers  is  hold- 
ing its  sixteenth  annual  convention  this  week  at  the  Hotel 
Astor,  New  York  City.  Meetings  will  be  held  on  Dec.  6,  7 
and  8.     The  program  follows: 

Monday,  Dec.  6 — Morning  session,  10  o'clock:  Routine 
business.  Afternoon  session,  1:30  o'clock:  Discussion  of 
Revised  Refrigeration  Code.  "Refrigeration  in  Russia,  and 
America's  Participation  in  Its  Future  Development,"  Prof. 
N.  A.  Borodin,  Russian  Committee  on  Refrigeration.  "Na- 
tional Department  of  Public  Works,"  J.  Parke  Channing, 
Chairman  of  Engineering  Council.  New  Refrigeration  Data. 
(Members  and  others  having  engineering  data,  which  have 
not  been  previously  published,  are  requested  to  present 
them.)  Evening  Session,  8  o'clock:  Paper  and  progress 
reports  by  members  of  the  staff  of  the  National  Bureau  of 
Standards,  Washington,  D.  C;  "Specific  Heat  and  Specific 
Volume  of  Superheated  Anhydrous  Ammonia  Vapor." 
"Table  of  Properties  of  Anhydrous  Ammonia  in  the  Satu- 
ration Region."  "A  Clearance  Volume  Meter,"  H.  C.  Dick- 
inson, National  Bureau  of  Standards.  "Total  Heat  Dia- 
grams," E.  F.  Mueller  and  C.  H.  Meyers,  National  Bureau 
of  Standards.  "Pressure  Relief  Diaphragms,"  H.  F.  Stim- 
son.  National  Bureau  of  Standards. 

Tuesday,  Dec.  7. — Morning  Session,  9.30  o'clock:  "Trans- 
portation Economies  of  the  Refrigerator  Car,"  H.  C.  New- 
lean,  Chicago,  111.  "Concrete  Brine  Tanks,"  Lieut.  Col. 
H.  C.  Boyden,  Chicago,  111.  "The  Isometrics  of  the  Super- 
heat and  the  Vapor  Pressure  of  Liquid  Ammonia,"  F.  G. 
Keyes,  Cambridge,  Mass.  Afternoon  session,  1.30  o'clock: 
"Thermit  Welded  Pipe  Joints,"  R.  L.  BrowTie,  Boston,  Mass. 
"Oxyacetylene  Welding  of  Refrigeration  Apparatus,"  Fred 
E.  Rogers,  Jersey  City,  N.  J.  "Resistance  Welding  and  Its 
Application  to  Refrigeration  Machinery,"  J.  H.  Gravell,  New 
York,  N.  Y.  "Electric  Arc  Welding  of  Refrigeration  Equip- 
ment," H.  C.  Unland,  Schenectady,  N.  Y.  Evening,  7 
o'clock:  The  annual  dinner,  at  Hotel  Astor,  Broadway  and 
Forty-Fourth  Street,  New  York;  informal  dress;  ladies  in- 
vited; subscription,  $5  per  cover.  Addresses:  United  States 
Army,  Col.  Raymond  Sheldon,  Assistant  Chief  of  Staff  for 
Military  Intelligence.  Motion  Pictures,  Showing  the  Manu- 
facture of  Wrought  Iron  Pipe,  Wyman  Howell,  New  York 
City.     Motion  Pictures  of  Spanish   Scenes. 

Wednesday,  Dec.  8. — Morning  Session,  9.30  o'clock: 
"Control  of  Corrosion  in  Refrigerating  Systems,"  F.  N. 
Speller,  Pittsburgh,  Pa.  "The  Use  of  Refrigeration  in  Air 
Conditioning,"  Lee  Nusbaum,  Philadelphia,  Pa.  "Safety  De- 
vices for  Household  Refrigerating  Machines,"  H.  E.  Willsie, 
Darien,  Conn.  Afternoon  Session,  1.30  o'clock:  "Modem 
Propellers  for  Brine  Circulation,"  E.  A.  Burrows,  Chicago,, 
111.  "Electric  Current  Rates  for  Refrigerating  and  let 
Making  Plants,"  S.  Bennis,  New  York,  N.  Y.  "The  Unaflow 
Steam  Engine,"  Robert  Cramer,  Chicago,  111. 


The  Board  of  Trade  of  Alberta,  Canada,  has  appointed 
a  committee  to  investigate  the  possibilities  of  the  waste 
coal  from  the  mines  in  the  generation  of  electricity  in  a 
large  central  plant  and  of  the  proper  distribution  of  this 
power  to  manufacturers  and  municipalities  nearby.  The 
fuel,  which  is  very  low  in  price,  is  being  tested  with  a 
view  to  increasing  its  efficiency  by  pulverizing. — Valve  World. 
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Some  Opinions  on  tlic  Pclroleiiin  Onllook 
from  the  Anu'rican  Pt'lrolouni  Institute 

The  American  I'l'troknini  Institute  has  been  very  aitivr 
lately  in  seeking  litrht  on  problems  of  oil  supply,  both 
present  and  future.  Excerpts  from  two  speeches  which 
were  presented  at  its  annual  meeting  held  in  Washington 
recently  are  presented  lierewith,  together  with  an  abstract 
of  the  memorandum  prepared  by  the  secretary  of  the  in- 
stitute for  the  Federal  Trade  Commission. 

The  Dyer  resolution  requires  the  Federal  Trade  Com- 
mission to  make  "inquiry  and  investigation  into  the  causes 
of  the  recent  advances  in  the  price  of  fuel  oil,  kerosene, 
gasoline  and  other  petroleum  products."  The  American  Pe- 
troleum Institute  in  its  memorandum  takes  the  stand  that 
these  increases  are  due  simply  to  the  great  extent  of  con- 
sumption over  production  and  not  to  any  combination  or 
any  sort  of  collusion.  Production  in  1919  was  greater  than 
consumption  b-'  2,160,000  bbl.,  but  that  condition  did  not 
hold  true  throu  hout  the  year.  A  radical  change  took  place 
about  Aug.  1st,  1919,  for  from  that  time  on  consumption 
has  exceeded  production  at  the  rate  of  33,717,240  bbl.  an- 
nually. As  it  was  just  about  this  time  that  prices  began 
to  rise  so  noticeably,  the  inevitable  inference  is  that  the 
change  in  the  relation  between  consumption  and  production 
was,  and  is,  the  cause  of  higher  prices. 

This  condition  is  not  due  to  any  decrease  in  production, 
for  there  has  been  a  considerable  increase  in  the  past 
year;  it  is,  instead,  the  result  of  an  enormously  increased 
demand.  The  revival  of  industries,  the  increase  of  shipping 
and  the  shortage  of  coal  have  all  had  their  part  in  bring- 
ing it  about.  But  the  greatest  demand  is,  of  course,  for 
gasoline.  From  1911  to  Jan.  1,  1920,  the  number  of  auto- 
mobiles increased  979  per  cent,  while  the  production  of 
crude  oil  increased  only  71  per  cent. 

Competition  as  it  exists  in  the  oil  industry  makes  impos 
sible  any  combination  or  trust.  The  very  size  of  the  indus- 
try precludes  the  possibility  of  a  corner  in  the  ownership 
of  producing  properties.  There  are  more  than  16,000  in- 
dividuals and  corporations  engaged  in  the  business  of  pro- 
ducing petroleum  in  the  United  States.  The  average  oil 
field  is  a  checkerboard  of  ownerships,  and  values  have  be- 
come so  high  that  the  capital  necessary  to  buy  or  to  con- 
trol production  is  not  available  to  any  company  or  group 
of  companies.  The  oil  produced  in  the  United  States  in 
1911  was  worth  5134,044,752;  it  will  be  worth  in  1920  about 
$1,260,000,000.  Contrary  to  the  popular  idea,  the  Standard 
Oil  Company  of  New  Jersey  and  its  former  subsidiaries 
do  not  control  the  ownership  of  production  in  the  United 
States;  the  production  owned  by  these  companies  amounts  to 
but  17  per  cent,  of  the  total  volume  in  the  country. 

In  spite  of  the  alarm  over  the  petroleum  situation  felt 
by  many,  this  report  is  optimistic;  it  concludes: 

The  oil  business  has  ever  met  every  public  and  private 
demand,  and  we  are  confident  that  it  will  continue  to  do  so 
through:  Conservation  of  petroleum  and  its  products;  in- 
creased production;  increased  importations;  increased  effi- 
ciency in  the  construction  of  automobile  engines  (a  great 
change  in  this  respect  is  probable)  ;  and  increased  efficiency 
in  refining;  that  is,  getting  more  gasoline  and  other  valuable 
products  out  of  each  barrel  of  crude. 

To  attain  these  ends,  it  will  be  necessary  for  the  petroleum 
industry  to  have  the  co-operation  of  the  public  and  the 
Government  of  the  United  States,  both  at  home  and  in 
foreign  lands. 

Mb.  Teagle  Discusses  Foreign  Relations 

W.  C.  Teagle,  president  of  the  Standard  Oil  Company 
of  New  Jersey  and  chairman  of  the  committee  on  foreign 
relations  of  the  American  Petroleum  Institute,  in  his  address 
before  the  society,  discussed  "The  World's  Petroleum  Pro- 
blem." He  felt  this  problem  to  be  one  of  the  few  really 
big  questions  on  which  thinking  men  the  world  over  are 
spending  a  good  deal  of  energy. 

Mr.  Teagle  stressed  the  point  that  the  United  States  has 
been  drawing  upon  its  reserves  to  supply  Europe's  needs, 
and  that  now  that  our  ovm  demand  has  become  so  great, 
we  should  demand  the  opportunity  of  developing  oil  in 
foreign  lands  on  an  equal  basis  with  other  nations.     He 


lirought  up  the  question  of  whether  Huch  development  should 
l)e  undertaken  by  the  Government  or  by  individualo,  and 
pointing  out  the  failure  of  the  nationalization  of  oil  landx 
in  France,  England  and  Russia,  he  declared  emphatically 
that  the  oil  business  should  be  privately  conducted  and 
given  a  free  rein,  as  has  been  succensfully  done  in  this 
country. 

On  the  other  hand,  many  foreign  governments  are  de- 
liberately placing  obstacles  in  the  way  of  those  who  would 
like  to  assist  in  the  development  of  new  sources  of  supply. 
This  condition  appears  to  exist  in  Mesopotamia,  Turkey, 
Asia,  Japan,  Dutch  East  Indies  and  very  markedly  in 
Mexico. 

If  foreign  governments  insist  on  pursuini^  the  policy  of 
nationalizing  oil  lands  and  reserving  subsoil  rights  to  be 
held  under  government  direction;  if  they  persist  in  attempt- 
ing to  keep  all  their  own  petroleum  products  for  their  own 
future  benefit,  while  relying  upon  the  United  States  for  a 
large  share  of  their  present-day  needs,  then,  and  in  that 
event,  this  nation  will  have  no  alternative  but  to  take 
cognizance  of  the  attitude  of  foreign  governments  and,  as 
a  matter  of  necessary  self-protection,  to  consider  the  adop- 
tion of  measures  reciprocally  to  conserve  its  petroleum  re- 
sources for  its  own  people. 

With  its  position  in  world  trade  and  the  economic  and 
financial  weapons  ready  to  hand,  the  United  States  could 
undoubtedly  compel  a  new  allotment  of  foreign  oil  terri- 
tory so  as  to  give  it  a  share  of  what  other  nations  are  now 
proposing  to  keep  for  themselves.  But  we  do  not  propose 
this.  Might  never  makes  right,  and  the  smaller  countries 
without  similar  means  of  forcing  their  way  into  such  a  di- 
vision deserve  better  treatment  at  our  hands. 

Moreover,  we  do  not  believe  any  such  measures  will  be 
necessary.  The  world  is  too  anxious  for  petroleum.  This 
it  can  obtain  only  if  there  be  maintained  everywhere  a  free 
and  fair  field  to  all  with  special  governmental  favor  to 
none. 

Mr.  O'Donnell  Tajces  Optimistic  View 

Thomas  A.  O'Donnell,  president  of  the  American  Petro- 
leum Institute,  took  an  unusually  cheerful  view  in  his 
address,  "Future  Production  of  Petroleum."  He  minimized 
the  danger  of  exhaustion  of  oil,  declaring  that  if  the  econ- 
omic law  of  supply  and  demand  be  given  a  free  opportunity 
to  assert  itself,  the  petroleum  available  will  be  sufficient  to 
meet  the  requirements  in  all  parts  of  the  world  for  many 
generations  to  come.  There  are  vast  areas  in  all  parts  of 
the  world  that  have  scarcely  been  "scratched."  Frequently, 
in  the  past  there  have  been  predictions  that  the  source  of 
supply  was  exhausted  and  there  never  again  would  be  suffi- 
cient oil  to  supply  the  demand,  and  in  every  instance  these 
predictions  have  been  wrong.  Increased  prices  have  al- 
ways resulted  in  increased  activity  of  the  wildcatter,  which 
in  turn  has  resulted  not  only  in  producing  sufficient  oil  to 
meet  the  demand,  but  usually  in  overproduction.  The  pres- 
ent shortage  has  not  been  caused  by  any  serious  exhaustion 
of  the  petroleum  deposits,  but  by  extraordinary  increased 
consumption. 

Nature  has  supplied  a  sufficient  quantity  to  meet  the 
requirements.  It  is  unbelievable  that  so  many  governments 
have  established  restrictive  rules  and  regulations,  and  in 
those  countries  not  yet  affected  there  is  much  agitation 
for  restrictive  legislation  and  regulation,  which  will  be  very 
effective  in  discouraging  necessary  activity.  A  return  to  a 
"free  and  open-door  policy"  by  many  governments  of  the 
world  is  the  most  important  factor  in  an  assured  future 
supply.  Unless  this  is  done,  there  is  no  doubt  that  a  serious 
shortage  is  confronting  the  world.  In  conclusion,  Mr. 
O'Donnell  said: 

I  have  no  apprehension  as  to  the  future  petroleum  supply 
of  either  this  country  or  the  world  at  large;  the  danger  now 
confronting  us,  which  is  really  serious,  is  not  caused  by 
exhaustion,  but  is  likely  to  occur  through  the  foolishness  of 
men  in  permitting  restrictions  caused  by  too  much  govern- 
ment. In  addition  to  our  known  petroleum  deposits 
and  the  new  discoveries  that  are  sure  to  be  made,  we  have 
enormous  shale  deposits  in  the  western  part  of  the  United 
States  as  a  reserve  in  case  of  need;  but  a  proper,  active 
development  throughout  the  world  will  produce  our  petro- 
leum requirements  so  much  cheaper  than  is  possible  by 
operating  the  shale  beds,  that  I  do  not  anticipate  any  im- 
portant development  in  the  use  of  shale  during  this  gener- 
ation. 
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A.  S.  M.  E.  Annual  Meeting  Is  Here 

The  forty-first  annual  meeting  of  the  American  Society 
of  Mechanical  Engineers  will  be  held  from  Tuesday,  Dec.  7, 
to  Friday,  Dec.  10. 

As  transportation  will  be  the  timely  keynote  of  the  meet- 
ing, there  will  be  addresses  by  prominent  men  who  are 
recognized  authorities  in  this  field.  Other  subjects  will  be 
treated  of,  however,  for  papers  are  to  be  read  on  fuels, 
forest  products,  machine-shop  work,  management,  rail- 
roads, design,  research,  textiles  and  power.  The  detailed 
program  follows: 

Monday  Morning,  Dec.  6 — Conference  of  local  sections' 
delegates;  meeting  of  committee  on  power  test  code. 
.  Tuesday  Afternoon  (simultaneous  sessions) — Fuel  Section: 
"Fuel  Supply  of  the  World,"  L.  P.  Breckenridge;  "Low- 
Temperature  Distillation  of  Coal,"  O.  P.  Hood;  "Fuel  Con- 
servation; The  Need  for  a  Definite  Policy  and  Its  Require- 
ments," D.  M.  Myei's;  "Form  Value  of  Energy  in  Relation 
to  Its  Production,  Transportation  and  Application,"  Chester 
G.  Gilbert  and  Joseph  E.  Pogue.  Forest  Products:  "A  Pho- 
tographic Study  of  the  Wood-working  Industry,"  F.  F. 
Murray;  "Engineering  in  Fui-niture  Factories,"  B.  A. 
Parks;  "Use  of  Wood  in  Freight-Car  Construction,"  H.  S. 
Sackett;  "Machining  Railroad  Cross-Ties,"  D.  W.  Edwards; 
"Creosoted  Wood-Block  Factoi-y  Floors,"  L.  T.  Ericson; 
"Processes  and  Equipment  Used  in  Wood  Preservation," 
E.  S.  Park  and  J.  M.  Weber;  "Electrically  Driven  Sawmills," 
A.  E.  Hall.  Machine-Shop  Section:  "Side-Cutting  of 
Thread-Milling  Hobs,"  Earl  Buckingham;  "Cylindrical 
Grinding  in  1920,"  W.  H.  Chapman;  "Mechanical  Engraving 
and  Die-Sinking,"  J.  F.  Keller. 

Tuesday  Evening — Report  of  tellers  of  election  and  in- 
troduction of  president-elect;  presidential  address;  confer- 
ring of  six  honorary  memberships;  presidential  reception 
and  dance. 

Wednesday  Morning — Business  meeting:  Amendments  to 
the  constitution,  reports  of  standing  committees,  committee 
on  code  of  ethics,  industrial  relations,  education,  feed-water- 
heater  standardization,  subcommittee  on  bearing  metals. 

Wednesday  Afternoon  (simultaneous  sessions)  — Ma- 
agement  Section:  "Mr.  Gantt's  Contribution  to  Industry," 
Fred  J.  Miller;  "Mr.  Gantt's  Contribution  to  Shipbuilding, 
Ship  Operation,  Ordnance  and  Aircraft,"  Marshall  Evans; 
"Life  Work  of  H.  L.  Gantt,"  E.  A.  Lucey;  "H.  L.  Gantt," 
J.  F.  Butterworth;  "Principles  of  Industrial  Philosophy," 
W.  N.  Polakov.  Railroad  Section:  "Static  Adjustment  of 
Trucks  on  Curves,"  R.  Eksergian;  "Increasing  Capacity  of 
Old  Locomotives,"  C.  B.  Smith;  "Modernizing  Locomotive 
Terminals,"  George  W.  Rink.  Design — I:  "Rational  De- 
sign of  Hoisting  Drums,"  E.  0.  Waters;  "Tests  on  Rear- 
Axle  Worm  Drives  for  Trucks,"  K.  Heindlhofer;  "Founda- 
tions for  Machinery,"  N.  W.  Akimoff.  Research — I:  "Cali- 
bration of  Nozzles  for  the  Measurement  of  Air  Flowing 
Into  a  Vacuum,"  W.  L.  de  Baufre;  "The  Heat-Insulating 
Properties  of  Cork  and  Lith  Board,"  A.  A.  Potter,  J.  P. 
Calderwood,  A.  S.  Mack  and  L.  S.  Hobbs;  "The  Constitu- 
tion and  Properties  of  Boiler  Tubes,"  A.  E.  White.  Meeting 
of  committee  of  standardization  of  plain  limit  gages. 

Wednesday  Evening — Brashear  Memorial:  Oration  on 
the  life  and  work  of  the  late  Dr.  John  A.  Brashear,  past- 
president,  A.  S.  M.  E.,  will  be  delivered  by  Dr.  Henry  S. 
Pritchett,  president  of  the  Carnegie  Foundation  for  the 
Advancement  of  Teaching. 

Thursday  Morning — Keynote  session  on  transportation: 
"Railroads,"  Daniel  E.  Willard,  president  Baltimore  &  Ohio 
R.R.;  "Railroad  Feeders,"  Charles  A.  Morse,  chief  engi- 
neer, Chicago,  Rock  Island  &  Pacific  R.R. ;  "Waterways," 
General  Frank  T.  Hines;  "Motor-Truck  Transportation," 
Francis  W.  Davis,  engineer,  Pierce-AiTow  Motor  Car  Co. 
Meeting  of  committee  on  standardization  of  shafting. 

Thursday  Afternoon  — ■  Keynote  session  (continued) : 
"Terminals,"  Colonel  William  Barclay  Parsons,  consulting 
engineer,  of  New  York  City;  "The  New  York  Terminal 
Problem,"  Gustav  Lindenthal,  consulting  engineer,  of  New 
York  City.  Professional  session,  Research — ^11:  "Effect  of 
Fittings  on  Flow  of  Fluids  Through  Pipe  Lines,"  D.  E. 
Foster;  "Steam  Formulas,"  R.  C.  H.  Heck.  Organization 
meeting  of  the  Ordnance  Section:    Ladies'  tea  and  dance. 


Friday  Morning  (simultaneous  sessions) — Design — II: 
"Experiences  with  Large  Center-Crank  Shafts,"  Louis 
Illmer;  "Design  of  Flywheels  for  Reciprocating  Machinery 
Connected  to  Sjoichronous  Generators  and  Motors,"  R.  E. 
Doherty  and  R.  F.  Franklin.  General  session:  "The 
Armor-Plate  and  Gun-Forging  Plant  of  the  U.  S.  Navy  at 
S.  Charleston,  W.  Va.,"  Roger  M.  Freeman;  "Principles 
of  the  Gyro-Compass,"  George  B.  Crouse.  Textile  Section: 
"Textile  Dye  Houses,"  A.  W.  Benoit;  "Power  Applications 
to  Cotton  Finishing  Plants,"  Leo  Loeb;  "Textile  Fabrics 
for  Mechanical  Purposes,"  J.  W.  Cox.  Power  Section: 
The  subject  of  the  session  will  be  "Future  Power  Develop- 
ment." Papers  will  be  presented  on:  "The  Policy  of  Fu- 
ture Power  Development,"  "Effect  of  Load  Factors  on 
Cost,"  "Effect  of  Size  of  Plant  on  Cost,"  "Financial  and 
Legal  Aspects  of  Future  Power  Development." 

Bureau  of  Welding  Reorganized 

The  American  Bureau  of  Welding  was  reorganized  at  a 
meeting  held  in  the  Engineering  Societies  Building  on  Nov. 
22,  as  a  joint  advisory  board  of  the  Division  of  Engineering 
of  the  National  Research  Council  and  the  American  Weld- 
ing Society,  with  the  purpose  of  promoting  welding  research 
and  standardization. 

This  advisory  board,  or  bureau,  is  made  up  of  represent- 
atives from  the  American  Welding  Society,  other  interested 
engineering  and  scientific  societies  and  organizations.  Gov- 
ernment departments,  and  certain  members  at  large  selected 
because  of  their  special  fitness  and  ability  in  welding 
matters. 

At  the  first  meeting  of  the  bureau,  by-laws  were  adopted 
and  the  following  officers  elected:  Director,  C.  A.  Adams; 
first  vice-director,  H.  M.  Hobart;  second  vice-director,  A.  S. 
Kinsey;  secretary,  W.  Spraragen. 

The  bureau  voted  to  create  the  following  research  com- 
mittees to  advance  welding  i-esearch  and  standardization: 
Electric  Arc  Welding,  Gas  Welding,  Training  of  Operators, 
Welding  Wire  Specifications,  Welding  Conference  Commit- 
tee, Specifications  of  Steel  To  Be  Welded,  Thermit  Welding, 
Resistance  Welding. 

Water-Power  Applications 

Applications  for  water-power  permits,  or  licenses,  were 
received  by  the  Federal  Power  Commission  during  the 
week  ended  Nov.  20,  as  follows: 

Garland  Hydro-Electric  Power  Co.,  113  Fulk  Building, 
Little  Rock,  Ark.;  Ouachita  River,  Garland  County,  Ark.; 
use,  public  utility. 

Frank  G.  Baum,  1901  Hobart  Building,  San  Francisco; 
Little  Colorado  River  at  Grand  Falls,  Ariz.;  use  not  stated. 

Frank  G.  Baum,  1901  Hobart  Building,  San  Francisco, 
Black  River,  Ariz.;  use  not  stated. 

W.  H.  Shrader,  21  East  Gonzalez  St.,  Pensacola,  Fla.; 
U.  S.  dam  on  Sunflower  River,  Washington  County,  Miss.; 
use  not  stated. 

R.  L.  Weeks,  U.  S.  Army  Recruiting  station,  4th  and 
Main  Sts.,  Los  Angeles;  Shrimp  Bay,  Tongas  National 
Forest,  Alaska;  use,  power  for  pulp  mill. 

Alaskan-American  Paper  Corporation,  23  East  26th  St., 
New  York  City;  Orchard  Lake  outlet  to  Shrimp  Bay,  Tongas 
National  Forest,  Alaska;  use,  power  for  pulp  mill. 


The  New  Zealand  Government  is  still  assisting  private 
interests  in  prospecting  for  petroleum  in  this  dominion,  and 
has  subsidized  a  company  that  has  put  down  a  bore  near 
Hawkes  Bay  to  the  depth  of  3,660  ft.  It  is  proposed  to  go 
much  deeper,  for  the  indications  are  that  oil  may  be  found 
in  that  locality.  During  1919  the  New  Zealand  government 
paid  $21,656  in  subsidies  for  prospecting  work  and  will 
expend  more  this  year. 


The  Bolivian  government  has  been  for  some  time  con- 
templating the  electrification  of  all  railways  and  has  de- 
clared as  public  domain  the  waters  of  such  rivers  as  are 
capable  of  being  used  for  the  development  of  power.  The 
Jafe  de  la  Seccion  de  Ferrocarrilos  del  Ministerio  de 
Fomento  has  charge  of  these  projects. 
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Fih'Ih  of  ihr  Kiitiirr 

That  either  oil  or  jcas  is  to  bf  the  uitiiiiatc  fui-l  wum  the 
pn-iliction  of  S.  W.  Pnrr,  professor  of  applied  chemistry  at 
the  University  of  Illinois,  in  an  address  before  the  (Jas 
Kii^ineerinn  Section  of  the  Western  Society  of  Engineers 
reiently.  Mr.  I'arr  said  that  the  whole  question  of  fuel 
nowadays  is  k^'OK  UirouKh  "  transition  state.  The  world  is 
demanding  a  fuel  that  has  the  property  of  mobility,  that 
can  easily  be  conveyed  to  the  spot  where  it  is  wanted.  This 
demand  is  to  a  larjre  extent  due  to  the  development  of  the 
automobile.  For  steam  jjeneration  there  has  been  increasing 
use  of  liquid  fuel,  particularly  on  seaKointf  vessels,  where 
all  the  advantages  are  with  a  fuel  in  liquid  form.  A  ship 
the  size  of  the  "Mauretania"  reciuires  about  200  stokers 
when  buminK  coal,  while  with  oil  fuel  only  17  men  are 
needed.  There  are  other  advanUiKt's,  such  as  less  storaKC 
space  uiui  jrreater  sleaminp;  radius,  so  that  it  is  evident  that 
oil  fuel  is  here  to  stay. 

.\s  the  country  is  now  usinjc  more  nasoline  than  it  is  able 
to  make,  the  question  arises,  Where  will  the  greater  supply 
that  will  be  needed  come  from  ?  This  is  a  task  for  the 
chemist  to  determine.  Of  the  annual  yield  of  petroleum, 
appro.\imatinK  350,000,000  bbl.,  only  12  per  cent  is  now  made 
into  jrasoline.  Increasinfr  this  percentage  is  the  big  task  of 
the  chemist,  and  even  a  small  gain  of  2  or  3  per  cent  would 
mean  a  large  increase  in  the  total  output.  It  was  the 
speaker's  belief  that  the  chemist  would  succeed  in  increasing 
the  yield  of  gasoline  and  that  the  liquid  fuel  of  the  future 
would  be  a   mi.xture  with  gasoline  as  the   base. 

As  to  alcohol  the  potential  yield  is  almost  without  limit. 
It  has  less  heat  value  per  pound  than  gasoline,  but  burns 
more  completely,  so  that  the  relative  merits  stand  in  the 
ratio  of  approximately  five  to  four  in  favor  of  gasoline. 
Used  alone  it  is  not  a  good  fuel  for  internal-combustion 
engines,  but  gives  e.\cellent  service  when  mixed  with  ether 
or  other  volatile  fuel. 

Although  the  use  of  gas  has  formerly  been  for  lighting, 
its  ultimate  use  will  be  principally  that  of  a  fuel.  The  most 
judicious  thing  to  do  with  coal  is  to  convert  it  into  gas  or 
gas  and  coke;  it  should  not  be  burned  raw.  Siemmens  made 
this  statement  years  ago,  and  the  truth  of  it  is  now  being 
realized.  The  time  is  rapidly  approaching  when  gas  will 
begin  to  take  the  place  of  solid  fuel  for  numerous  purposes 
where  it  has  been  thought  only  solid  fuel  could  be  used.  In 
the  gas  industry  the  sum  total  of  development  for  the  last 
hundred  years  has  been  in  the  mechanical  field.  The  chem- 
ist is  now  entering  the  field,  and  many  changes  are  to  be 
expected.  The  gas  produced  averages  about  550  B.t.u.  per 
cu.ft.,  as  compared  to  800  B.t.u.  for  the  gas  coming  directly 
from  the  coal,  before  the  secondary  reaction  has  taken  place. 
It  is  the  chemist's  work  to  retain  the  higher  heat  value. 

The  University  of  Illinois  has  been  interested  in  estab- 
lishing a  laboratory  where  investigations  could  be  made  on 
the  manufacture  of  gas  and  the  complete  utilization  of 
coal.  Since  1902  they  have  been  interested  in  the  question 
as  to  whether  it  is  possible  to  take  smoke  out  of  Illinois  coal. 


and  they  are  now  of  the  opinion  that  it  in  posHible  to  make 
smokeleHH  fuel  from  this  coal.  During  the  proceHH  25  to  30 
k'al.  of  li(|uid  fuel  is  obtained,  approximately  one-half  barrel 
per  ton  of  coal.  The  gas  is  of  the  high-grade  variety  and 
averages  about  750  B.t.u.  ijer  cu.ft.,  while  the  residue,  coke, 
may  be  used  as  smokeless  fuel.  Burning  coke,  however,  to 
generate  electrical  energy  results  in  an  efficiency  of  only 
10  to  12  per  cent.  With  the  same  fuel  converted  into  gas 
an  efficiency  of  .30  per  cent  is  (|uite  feasible,  so  that  there 
is  a  wide  margin  to  work  upon.  The  belter  proposition, 
then,  is  to  make  the  coke  into  water  gas,  thus  converting 
all  the  coal  into  lic|uid  or  gaseous  fuel  and  not  burning  any 
of  it  in  the  solid  state. 

Samples  of  coke  from  Illinois  and  West  Virginia  coals 
were  presented  for  inspection,  and  it  was  scarcely  jjossible 
to  tell  from  which  coal  the  coke  originated.  A.s  a  material 
for  the  n»anufacture  of  water  gas  coke  from  Illinois  coal 
was  considered  ideal.  It  gives  a  gas  containing  approxi- 
mately 500  B.t.u.,  and  if  the  richer  gas  from  the  earlier 
distillation  is  turned  into  it  an  excellent  gas  of  about  760 
B.t.u.  per  cu.ft.  is  obtained.  There  are  great  opportunities 
to  develop  fuels  of  the  liquid  or  gaseous  type,  using  the 
proper  chemical  combinations  and  seeing  that  none  of  the 
heat  is  dissipated  before  the  gas  is  delivered  for  use. 

Discussion  turned  to  the  quality  of  coke  from  Illinois  coal 
and  its  adaptability  for  blast  furnace  and  domestic  use. 
For  the  former  pui-pose  the  coke  should  contain  about 
4  per  cent  volatile,  but  when  burned  in  the  home  it  gives 
better  results  with  10  per  cent  volatile.  There  is  little 
doubt  that  coke  from  Illinois  coal  would  stand  up  in  the 
blast  furnace.  Whether  all  of  this  gas  should  be  made  at 
the  mouth  of  the  mine  and  transmitted  to  the  point  of  use 
or  whether  the  coal  should  be  transported  to  the  place  where 
the  gas  is  required  was  a  question  raised,  and  there  was 
considerable  discussion  upon  the  use  of  alcohol  and  its  pro- 
duction from  sugar  cane,  potatoes  containing  an  unusual 
quantity  of  starch,  com  and  other  vegetable  products. 


The  Old  Hickory  Powder  Plant  at  Jacksonville,  Tenn., 
has  been  sold  by  the  United  States  Government  to  the 
Nashville  Industrial  Corporation,  which  is  composed  of 
business  men  of  Nashville.  Old  Hickory  was  the  largest 
Government  manufacturing  undertaking  of  the  war;  its 
total  cost  was  over  $87,000,000.  It  occupies  5,100  acres  of 
land,  has  a  water-filtration  system  capable  of  supplying  a 
city  the  size  of  Boston,  one  of  the  largest  steam-power 
plants  in  the  world,  a  double-track  railroad  connecting  with 
trunk  lines,  35  miles  of  industrial  track  connecting  manu- 
facturing buildings,  an  immense  refrigeration  system,  com- 
plete waterworks,  sewerage  system,  fire  departments  and 
concrete  and  macadam  roads.  The  village  had  a  population 
of  35,000  when  the  plant  was  closed  in  1918,  and  is  now 
completely  equipped  with  all  necessary  public  utilities, 
schools,  banks  and  clubhouses.  The  purpose  of  the  Nash- 
ville people  is  to  develop  this  war  project  into  a  large 
manufacturing  center,  having  available  immense  housing 
and  manufacturing  buildings  and  facilities. 


New  Piihlifations 


A  COrRSE  IX  ELECTRICAL  EXGINEER- 
IXG,  VOL.  1.     By  Chpster  L.  Dawes.  SB. 
Published    l.y    McGraw-Hill    Book    Co.. 
Inc..    Xew    York.    192ii.      Cloth:    51    x    8 
in.;  496  pages;  364  illustrations.    Price, 
$4. 
This   is   Volume   1   of  two  to  be  used   as 
a   text    on   electrical   engineering  and   deals 
with  direct   current.   The  work  begins   with 
the    most    elementary    conception    of    mag- 
netism and  the  flow  of  current  and  advances 
to  a  discussion  of  the  many  types  of  direct- 
current     machinery.       This     book     and     its 
forthcoming  companion  volume  are  intended 
as   a   stepiiing   stone   to   the   more    advanced 
works  on  electrical  engineering.     In  prepa- 
ration of  the  material  the  needs  of  students 
taking  industrial  courses  in  electrical  engi- 
neering have  been  carefully  considered,  and 
as  a  result  a  liberal  use  of  illustration  and 
illustrative   problems    has    been   made,    also 
frequent  discussions  of  the  methods  of  mak- 
ing  measurements    in    laboratory    tests    are 
included.     Like  all  textbooks  on  the  subject 
mathematics  is  used  freely.     However,  this 


treatment  has  been  limited  to  simple  arith- 
metic and  elementary  algebra.  Wherever 
possible  an  attempt  has  been  made  to  apply 
the  theory  to  the  solution  of  practical 
problems. 

Although  the  book  is  intended  as  a 
text  for  use  in  classrooms,  the  treatment  Is 
such  as  to  be  easily  mastered  by  the  home 
student.  In  this  respect  the  value  of  the 
work  would  be  considerably  enhanced  if  the 
answers  had  been  given  to  the  several 
hundred  electrical  problems  included  in  the 
work. 

LESSOXg  IX  HEAT.  By  Franklin  and 
MacNutt.  Published  by  Franklin  & 
Charles.  Bethlehem.  Pa.  144  pages; 
41  illustrations.    Price,  $2. 

This  volume,  which  was  prepared  for  use 
as  a  college  textbook,  has  many  features 
to  commend  it.  especially  the  explanation 
of  the  Second  Law  of  Thermodynamics 
This  is  usually  a  stumbling  block  to  the 
student.  In  most  instances  a  college  text- 
book Is  of  little  worth  to  those  whose  mathe- 
matical training  has  been  limited.  In  the 
volume  under  discussion  the  treatment  is 
so  simple  that  it  should  be  of  benefit  to 
all  who'  wish  to  gain  a  fair  understanding 
of  heat. 


Obituary 


William  Krouse.  chief  engineer  of  the 
Pater.son  Parchment  Co.  for  more  than 
thirty-six  years,  died  Xov.  20,  at  his  home 
in  Clinton,  X.  J.  He  was  one  of  the  early 
members  of  the  Xational  Association  of 
Stationary  Engineers,  served  as  its  state 
president  for  Xew  Jersey,  and  is  known 
to  many  members  of  the  craft  all  over  the 
country  through  his  attendance  at  the  na- 
tional conventions. 


Personals 


J.  Grady  RoUow  has  resigned  his  position 
with  K.  I.  duPont  de  Xemours  &  Co..  and 
is  now  consulting  engineer  with  the  Los 
Angeles  Gas  and  EHectric  Corporation. 

C.  C.  Lance,  formerly  shop  engineer  for 
the  Seaboard  .\ir  Line  Railway  Co..  is 
now  with  the  Xational  Boiler  Wa.shing  Co., 
Chicago,   111. 
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A.  H.  Berchf n  has  left  the  A.  S.  Cameron 
Steam  Pump  Works,  of  New  York  City,  to 
accept  a  position  with  the  Charles  F.  Ames 
Co.  Ltd.,  90  West  St.,  as  sales  manager  in 
this   vicinity. 

I,ucien  Buck,  who  was  general  manager 
of  the  Parana  Paper  Co.,  Inc..  Parana, 
Brazil,  S.  A.,  has  returned  to  the  States  and 
is  now  with  the  B.  F.  Sturtevant  Co.,  Bos- 
ton,  Mass. 

E.  H.  Whitney  has  recently  joined  forces 
with  the  Westinghouse  Lamp  Co.  as  dis- 
trict illuminating  engineer  of  its  New  Eng- 
land office  at  Boston,   Mass. 

Dean  L.  A.  Scipio,  formerly  of  Robert 
College,  of  Constantinople,  is  now  acting 
director  of  the  Research  Bureau  of  the 
American  Society  of  Heating  and  Ventilat- 
ing Engineers,  in  place  of  the  late  Profes.sor 
Allen,   with   whom   he   had   been   associated. 

Victor  J.  Azbee,  consulting  engineer,  of 
St.  Louis,  is  establishing  a  laboratory  which 
will  be  equipped  for  chemical  analysis  and 
physical  tests  having  to  do  with  power- 
plant  economy.  It  will  enable  him  to  test 
solid,  liquid  and  gaseous  fuels,  boiler-feed 
water,  boiler  scale,  etc. 

S.  S.  Garrett  has  recently  been  advanced 
from  the  position  of  assistant  professor  in 
Cornell  University  to  that  of  professor  of 
mechanical  engineering,  having  received  one 
of  the  eight  professionships  recently  es- 
tablished in  memory  of  the  university's 
students  -n-ho  gave  their  lives  in  the  World 
War. 

Frltr  J.  Frank,  vice  president  of  th« 
Iron  Age  Publishing  Co.  has  been  elected 
president  of  that  company,  following  the 
resignation  of  William  H.  Taylor,  who  had 
been  president  and  general  manager  for 
more  than  ten  years.  Mr.  Taylor  resigned 
because  of  ill  health  and  has  retired  from 
active  connection  with  the  company.  He 
was  for  a  time  vice  president  of  the  McGraw 
Publishing  Co.,  and,  later,  president  of  the 
Taylor  Publishing  Co..  of  Chicago,  which 
consolidated  the  "Engineer"  and  "Steam 
Engineering."  Mr.  Frank  has  been  with 
the  Iron  Age  Publishing  Co.  since  1916, 
rfter  an  active  association  with  other 
trade  publications,  among  them  Colliery 
Engineer  and  the  Mining  and  Scientific 
Prc.':s. 


entirely  educational  and  will  amount,  in 
fact,  to  an  intensive  course  of  instruction. 
All  refrigerating  t-ngiiuers.  whether  mem- 
bers or  not,  are   invited  to  attend. 


The  American  Society  of  Refrigeratine 
Engineers  is  holding  its  sixteenth  annual 
meeting  at  the  Hotel  Astor.  New  York  City, 
on  Dec.  6,  7  and  8.  The  program  is  given 
in  full  on  another  page. 

The  American  Society  of  Mechanical  En- 
gineers will  hold  its  forty-first  annual  meet- 
ing in  the  Engineering  Societies  Building, 
New  York  City,  from  Dec.  7  to  10.  The 
full  program   is  given  on  another  page. 

The  Chicago  Section  of  tlie  Association  of 
Iron  and  Steel  Electrical  Engineers  will 
hear  an  address  on  Dec.  11  on  "Switching 
Equipment  for  Steel  Mill  Power  Houses 
and  Sub-Stations,"  by  J.  P.  Wilson,  switch- 
boijlrd  engineer  with  the  'WlDstinghouse 
Electric  and   Manufacturing  Co. 

Columbus  Section,  A.  S.  M.  E.,  will  meet 
on  Dec.  10.  Dean  E.  A.  Hitchcock,  of  the 
Engineering  College,  Ohio  Stale  University, 
will  speak  on  "Emergency  Work  in  Power 
Plant  Operation."  Motion  pictures  will  be 
shown  of  the  manufacture  of  A.  M.  Byers 
genuine   wrought-iron    pipe. 

The  Cleveland  Section  of  the  Association 
of  Iron  and  Steel  Electrical  Engineers  will 
meet  on  Dec.  13  to  hear  an  address  by 
L.  M.  Adams,  electrical  engineer  with  the 
General  Electric  Co..  on  the  subject  of 
"Continuoua  Rated  or  50  Degree  Rise  Mo- 
tors." The  meeting  will  be  preceded  by  an 
informal  dinner  at  6:30  p.m. 

The  Philadelphia  Section  of  the  A.  S.  M. 
E.  will  hold  a  joint  meeting  with  the  A. 
I.  R  E.  and  the  Engineer's  Club  of  Phila- 
delphia on  Dec.  13  in  the  Bellevue-Stratford 
Hotel.  W.  S.  Murray  will  speak  on  "The 
Super-Power  Survey."  The  meeting  will 
be  at  8  o'clock,  and  will  be  preceded  by  an 
informal   dinner   at   6;  30. 

The  National  Association  of  Practical  Re- 
frigerating Engineers  will  hold  its  annual 
convention  at  Chicago  on  Dec  13,  14,  15 
and  16.  four  days  later  than  was  originally 
planned.  Arrangements  are  being  made 
by  the  Chicago  Subordinate.  Papers  will 
be  presented  by  prominent  men  in  the  re- 
frigerating  industry  :   the   program   will    be 


Business  Items 


The  Hagan  Corporation  has  expanded  its 
New  York  City  organization,  and  has  taken 
new    offices    at    110    West    34th    St. 

The  Philadelphia  Belting  Co.  announces 
that  its  New  York  Office  is  now  under  the 
management  of  Harry  F.  Wooden,  a  trans- 
mission engineer  and  packing  expert.  Prob- 
lems of  a  technical  character  are  solicited. 

The  Illinois  Stoker  Co.,  Alton,  III ,  manu- 
facturer of  forced  and  natural  draft  chain- 
grate  stokers,  announces  the  appointment 
of  the  Ernest  E.  Lee  Co.  as  district  rep- 
resentatives for  Iowa,  Wisconsin,  Michi- 
gan, Northern  Indiana,  and  Northern  Il- 
linois with  offices  at  115  South  Dearborn 
St.,  Chicago. 


Trade  Catalogs 


X>illis  &  Geoghegan,  529  West  Broadway, 
New  York  City,  have  just  issued  a  booklet 
showing  the  labor-.saving  uses  of  G.  &  G. 
Hoists  in  factory  buildings.  Special  promi- 
nence has  been  given  a  new  electric  model 
which  consumes  only  half  the  amount  of 
current  that  the  former  one  used.  Installa- 
tions in  machine  shops,  automotive  build- 
ings, chemical  plants,  railroad  and  other 
shops  are  shown. 

The  Graton  &  Knight  Manufacturing  Co., 

Worcester.  Mass..  has  put  out  a  new  96- 
page,  5  X  8-in.  catalog  on  "Standardized 
Leather  Belting  for  Power  Transmission." 
The  book  is  attractively  bound  and  contains 
not  only  specifications  of  the  company's 
product,  but  also  some  very  handy  and 
practical  information  on  belt  problems, 
which  should  be  of  value  to  millwrights  and 
others    having    to    do    with    belts. 


COAL  PRICES 


Bituminous — The  following  table  shows  the 

trend  of  the  spot  steam  market  in  various  coals 

(mine-run  basis,  f.o.b.  mines) : 

Nov.,  Aug.  5,  Dec.  2, 

1919*  1920  I920t 

Pittsburgh  steam $2  30  $10.00  $5.00 

Pittsburgh  gas 2  30  12  00  .5.  .50 

Hocking 2  50  9  00  4.50 

Franklin,  111 2  35  6  50  5.00 

Indiana  4th  vein 2  35  7  50  i.OO 

Eastern  Ohio,  No.  8..     2  35  10  50  5  00 

Fairmont 2.50  13  50  4.75 

Kanawha 2  60  14  00  4  75 

S.E.Kentucky 3  00  10  50  5  25 

Western  Kentucky...      2  35  5  25  4  25 

Clearfield 2  95  12.00  5  00 

Cambria  and  Somerset   2.95  13.50  6  00 

New  River 2.70  \ 

Pocahontas 2.35)  14.00  5.25 

*  Governmentprices. 

t  .Advances  over  the  previous  week  shown  in 
heavy  type,  declines  in  italics. 


New  Construction 


PROPOSED    WORK 

Mass.,  Boston — The  Schoolhouse  Dept. 
will  soon  receive  bids  for  a  4  story,  220  x 
250  ft.  Latin  school  including  a  steam 
heating  system  on  Louis  Pasteur  Ave. 
.\bout  $1,000,000.  J.  E.  McLaughlin,  88 
Tremont  St.,  Archt. 

Mass.,  Roxbury  (Boston  P.  O.) — The  Chil- 
dren's Hospital,  300  Longwood  Ave.,  plans 
to  build  a  3  story  nurses'  home  including 
a  steam  heating  system.  About  $600,000. 
Coolidge  &  Shattuck,  122  Ames  Bldg.,  Bos- 
ton,  Archts. 

Mass.,  Worcester — The  Holy  Cross  Col- 
lege will  soon  award  the  contract  for  a 
49  X  100  ft.  chapel  including  a  steam 
heating  system.  About  $300,000.  Rev.  J. 
J.  Carlin,  Pres.  Shoehan  &  Colleary,  120 
Boylston    St.,    Boston,    Archts. 


Conn.,  New  Haven — The  United  Illumin- 
ating Co.,  84  Temple  St..  had  plans  pre- 
pared for  a  40  X  60  ft.  plant  extension  on 
Grand  Ave.  Westcott  &  Mapes.  Inc.,  207 
Orange  St.,  Archts.  and  Engrs. 

Conn.,  Storrs  (Eagleville  P.  O. — The  Con- 
necticut Agricultural  College,  c/o  Building 
Com.,  will  receive  bids  until  Dec.  14  for  a 
3  story,  110  x  186  x  53  ft.  dormitory  In- 
cluding a  steam  heating  system.  About 
$335,000.  D.  K.  Perry,  27  West  Main  St., 
Archt. 

Conn.,  Waterbnry — The  Connecticut  Mili- 
tary Emergency  Bd.,  State  Armory,  Hart- 
ford, will  select  new  architect  and  receive 
bids  soon  for  a  4  story  armory  including 
a  steam  heating  system  on  Field  St.  About 
$400,000.     Noted  July  27. 

Conn.,  West  Haven — The  Union  School 
Dist.,  Orange,  will  receive  bids  early  In 
January  for  a  3  story  high  school  here, 
including  a  steam  heating  plant.  Cost, 
between  $350,000  and  $400,000.  R.  W. 
Foote.   185   Church  St.,   New  Haven,  Archt. 

N.  Y.,  New  York — Marc  Klaw.  Inc.,  1451 
B'way,  had  sketches  prepared  for  2  theaters 
including  a  steam  heating  system  at  46th 
St.  near  8th  Ave.  About  $650,000.  DeRosa 
&  Pereira,  110  West  40th  St.,  Archts.  and 
Engrs. 

N.  Y.,  New  York — The  Society  for  Pre- 
vention of  Cruelty  to  Children.  83  Irving 
Place,  had  sketches  prepared  for  an  insti- 
tution including  a  steam  heating  system  on 
5th  Ave.  About  $3,000,000.  Maynicke  & 
Franke,  25  East  26th  St.,  Archts.  and 
Kngrs. 

N.    Y.,    New    York — Figge    &    Hutwelker, 

627  West  40th  St.,  are  having  plans  prepared 
for  a  tank  house  including  a  steam  heating 
system.  About  $500,000.  Henshein  & 
McLaren,  37  West  Van  Buren  St.,  Chicago, 
111.,  .\rchts. 

N.  Y.,  New  York — The  Bowery  Savings 
Bank,  Bowery  and  Grand  St.,  plans  to  build 
a  20  story,  105  x  200  ft.  bank  and  office 
building  including  a  steam  heating  system 
on  4 2d  St.     Archt.   and  Engr.  not  selected. 

N.  Y.,  Ossining — Chas.  S.  Ratigan,  Supt. 
of  Prisons,  received  bids  for  the  installa- 
tion of  a  heating  system  for  additional 
accommodations  at  Sing  Sing  Prison  from 
.\.  H.  Rarr  &  Co..  6  ■  River  St.,  Yonkers, 
$21,500  ;   Globe  Heating  Co.,   209   Washing- 


ton Ave..  Philadelphia,  Pa.,  $22,150:  Miller 
&  Brady.  210  East  38th  St.,  New  York  City, 
$23,760. 

N.  Y.,  Rochester — The  Chocolate  Shoppe, 
11 J  North  Clinton  Ave.,  is  in  the  market 
for  a  12-in.  a.c,  110-volt  blower.  A.  Callis, 
Pur.   Agt. 

Pa.,  Philadelphia — The  Bd.  Educ,  19th 
and  Chestnut  Sts.,  had  plans  prepared  for 
a  3  story,  145  x  170  ft.  school  including  a 
steam  heating  system  on  7th  and  Norris 
Sts. 

Md.,  Baltimore — The  Immaculate  Concep- 
tion R.  C.  Church  plans  to  build  a  church, 
school,  rectory  and  sisters'  house  at  Liberty 
Heights  Ave.  and  Hilton  St.  About  $500,- 
000.  Rev.  G.  V.  McKinney,  532  Mosher 
St.,  Pastor.  F.  Baldwin,  328  North  Charles 
St.,   Archt. 

Md^  Baltimore — The  Duraflex  Co.,  409 
Continental  Bldg.,  is  in  the  market  for  a 
50  hp.  boiler  and  35  to  50  hp.  motors.  J. 
F.   Nachod,  Gen.  Mgr. 

D.  C,  Washington — The  Catholic  Uni- 
versity, Brookland,  here,  is  having  plans  pre- 
pared for  a  100  X  600  ft.  church  at  the 
university  grounds.  About  $5,000,000. 
Maginnis  &  Walsh,  100  Boylston  St.,  Bos- 
ton, Mass.,  Archts. 

N.  C,  Canton — The  Champion  Fiber  Co. 
plans  to  build  a  140  ft.  paper  mill  and  a 
92  X  400  ft.  board  mill.     About  $750,000. 

N.  C.  Kinston — The  city  will  soon  award 
the  contract  for  power  plant  and  pumping 
station  buildings.  W.  C.  Olsen,  Engrr.  Noted 
Nov.   30. 

N.  C,  Raleigh — The  Raleigh  Ice  &  Cold 
Storage  Co,  c/o  J.  L.  Dorminy.  plans  to 
build  a  wholesale  ice-manufacturing  plant 
and  cold  storage  house  to  be  electrically 
operated,  on  West  Hargett  St.  About 
$100,000.     Archt.  and  Engr.  not  selected. 

Fla.,  Tampa — C.  H.  Brown,  510i  Frank- 
lin St.  and  F.  Hensley  plan  to  build  a  90  x 
105  ft.,  12  to  15  story,  office  building 
Archt.    not   selected. 

C,  Cleveland — The  Cleveland  Bar  Assn., 
c/o  J.  J.  Sullivan,  Williamson  Bldg..  plans 
to  build  a  12  story  office  building  including 
a  steam  heating  system.  About  $1,500,000. 
Archt.    not    selected. 
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O..  Lakrwood  (Cleveland  IV  O.)  — Tlio  lUI. 
1C«lii>'..  (V  W.  (Irlll,  Clk  .  Warron  U<l  .  will 
n'ci'lvr  IiIiIn  uiiIII  1  >.c  1  ;i  fur  ii  .I  Miory. 
SL'  X  HI  ft.  hlKli  Hi'lu>ol  Iru'ludlitK  u  Htiuini 
hi'iKliiK  MyMlcni  uii  JiickMuii  Am-.  Aboiil 
»S:.ii.iMiii.  (?  \v.  IloiiklriHuii.  Uo«p  HldK-. 
flivi-laiid.    Arclil. 

O..  I.uruln— TliP  Ud.  Kiliii- .  KhhI  «(Ii  St. 
and  WiiMhliiKloii  Av...  Ih  IiuvImk  pluiiH  |>rf- 
liiir.'d  for  :t  lI  8tory  IiIkIi  hi-IiuuI  iiii-liidinK 
a    Hti'iiiM    hculliiK    HyHd'in    a(     Kimt    :;iitli    St. 

«iid   Oiikdal<-   Avr.      Alxiiit    |3fici. i.      K    C 

Waimi.     Ill|i|>i>dr(iiii('    Anii.-x    Itldis..    ClcVf- 
laiul.    Anlil. 

<)..  MurMlii— Th."  P.opl,!)'  Ilaiikliitr  & 
Ti  uwl  i\i.  will  n-cflvi-  l>id8  iiiilil  Jan  1  for 
an  II  .mory.  51  x  IH  ft.  Imnk  and  oirifi- 
I'liihlinK  moliidliiK  a  IiIkIi  pn'.tsuri-  Mti-um 
li.atinit  |>lan(.  Wrary  &  Alfc.ni.  17;i2Soiilli 
MulilK'an    lilvd.,    Chka»ro.    III..    ArclitM. 

Iiid..  I.iiituii— T)u'  citv  i.'J  havInK  plan.s 
pi.par.tl  for  a  7"  .\  KHI  ft.  Il(;ht  plant  and 
will  .siHin  award  tin-  fontrai't  for  oiiulpiucnt. 
.»li..ul  JIOO.OIIO.  Shrouds  Stoiu-r  Co.. 
•I'ril.un.'    BIdK..    TiTrr    llautf.    ArchtK, 

Iiiil..  Klrliniond — W.  Strvens.  Cltv  Clk 
will  rfi'.-l\v  lilds  until  U-c.  15  for  it  76  x 
S5  ft.  llKht  plant  and  tln>  conlrat't  will 
soon  l>f  awarded  for  <'(|uipni<-iit.  J  J). 
I. yon.  2.M3  I'nioii  Central  BldR..  Cincinnati, 
t  >liio.    ICiiKr. 


Ind..  Thorntown — The  Bd.  Kduc.  will  pnr- 
clia.sc  two  sniokelfss  fire  -  box  hollers, 
vacuum  punii>s.  cic. 

Ind..  WubuNh  —  The  Wabash  National 
Bank  will  r.oeivi-  bids  until  Dec.  15  for 
a  bank  buildini;  including;  a  steam  heatin»r 
system.  .M.out  $2'.o.oiio.  Wearv  &  Alford. 
17»2  Soulli  .Michigan  Rlvd.,  Chicago,  III.. 
Archls. 

Mich.,  Kenton  llHrl>or — The  Washington 
Hotel  &  Mineral  Haths  plans  to  build  a  3 
story.  2IHI  x  :iiio  ft.  hotel  including  a  steam 
heating  system.  Bennett  &  Oibb,  117  North 
near1)orn   St.,  Chicago,   III..  Archts. 

Mich..  Itetroit — The  Zenith  Foundry  Co.. 
Miller  Ave.,  will  receive  bids  until  Dec.  Ul, 
for  a  1  story,  9"  x  2i)il  ft.  foundry  includ- 
ing electric  motors  for  power.  G.  W 
lirave.   43  John   K.  St.,  Archt. 

Mich..  Oetroit — The  Bd.  Educ,  50  B'way 
.Vve..  will  receive  bids  until  Dec.  21  for  a 
5  and  7  story.  25ti  x  350  ft.  addition  to 
ihe  technical  high  school  at  Second  Ave. 
and  High  St..  including  a  gas  engine  lab- 
oratory. Steam  heating  and  power  equip- 
ment will  al.so  be  required.  Malcolmson, 
H;gginbotham  &  Palmer,  405  Moffat  Bide., 
Archts. 

Mich,,  Flint — St  Michael's  Parish  plans 
to  build  a  3  story  parochial  school  includ- 
ing a  steam  heating  plant.  About  $500,000. 
.\rclu.  not  selected. 

Mich.,  Monroe — The  Dansard  State  Bank 
will  receive  bids  about  Jan.  15  for  a  bank 
building  including  a  steam  heating  system. 
.\bout  $25(1.11(1(1.  Wearv  &  Alfonl.  1732 
South   Michigan   Blvd..   Chicago  111.,   Archt.-^. 

Mich.,  Muskeegan — The  National  Lum- 
bermans"  Bank.  13  West  Western  Ave 
will  leceive  bids  until  Jan.  15  for  a  bank 
and  office  building  including  a  steam  heat- 
ing system.  About  $3(M1.000.  Wearv  & 
.\lford.  1732  South  Michigan  Blvd.,  Chi- 
cago.   111..   Archts. 

III.,  Chicago — The  Woodlawn  Trust  & 
Saving  Bank,  c/o  Weary  &  Alford,  1732 
South  Michigan  Blvd..  will  receive  bids 
until  Dec.  15  for  a  bank  and  office  build- 
ing including  a  steam  heating  system. 
.A.boul   $400,000. 

ni..  ChicttKo — The  Illinois  Malleable  Co.. 
1801  Diversey  Blvd..  plans  to  install  a  12- 
panel  electric  switchboard.  Cahill  & 
Douglas.  217  West  Water  St.,  Milwaukee, 
Engrs. 

ni..  Hanover — The  village  clerk  will  re- 
ceive bids  about  February  1  for  a  water- 
wbrks  system  including  a  pump  house, 
pump.  etc.  About  $25.imio.  Holland.  Acker- 
man   &   Holland.   Ann   Arbor.   Mich..    Engrs. 

Wis.,  .\lban.v — W.  G.  Kirchoffer.  Engr , 
31  Vroman  Block.  Madison,  received  no 
bids  for  centrifugal  pump,  motor  and  con- 
trolling apparatus  for  waterworks  plant 
Noted   Nov.   9. 

Wis.,    HelenvUIe— The    Blochowiat    Dairy 

Co..  1364  4th  Ave.,  Milwaukee,  has  se- 
lected a  site  for  a  2  story.  80  x  140  ft 
dairy  products  factory  on  Main  St,  here. 
.\bout    $75,000.    Archt.    not    selected. 

Wis.,  Manitowoc — The  Manitowoc  Hotel 
Realty  Co.  plans  to  build  an  addition  to 
hotel  at  825  8th  St.  S.  About  $500,000. 
H.  B.  Hamschulte.  North  8th  St..  Archt. 
W.  C.  Tvoegpering.  c/o  Forest  Avenue  Hotel, 
170  Foiest  Ave..  Fond  du  Lac.  is  interested. 


Wl*.,  Mllwaukrr  The  Milwaukee  Ilo- 
llance  Holler  Co.  1102  ;i2d  Si.  bad  jire- 
llmlnary  pliinH  prepnnil  fur  a  1  Htory.  100  x 
125  ft.  boiler  Hhoii  addition.  A.  1>.  Koi-h, 
WellH    Uldu  ,    Archt. 

Wl»..  Mllwaukrr  -  Tin-  Mllwnukco 
Chlldren'H  MoHpllnl.  219  lutli  Si  .  had  pre- 
liminary planH  pri'pared  for  u  hoHpllal  and 
power    plant    on    (Jrund    .\ve       Alioul    $15U.- 

Scott     «l     .Mayer.     Colby-Abbot     Bldg., 

.Vrchts.    and    KnKrv. 

WU.,  I'lirk  KhIIn  The  city  plunH  to  ux- 
tenil  the  water  inuliiH  about  2  miles  anil 
Will  reipilre  pumping  e(|Ulpnient  .\boul 
J50,000. 

WU.,  Racinr — The  Oi-anl  Furniture  Co.. 
5(12  6th  St.,  is  having  plans  prepared  for 
a  3  story,  80  x  120  ft  fad  or  v  on  Wash- 
ington .We.  Kleclrii-  motors  will  he  in- 
stall.d  in  same.  I).  It,  Davis.  Schultz  Itldg.. 
.\riht.    and    Kngr. 

Ml"..  Superior — \V  J  Little.  Secv  of  the 
ltd.  of  .NorniKl  School  Kegents.  wllj  receive 
bids  about  .Ian.  2  for  a  2  story.  I5(i  x  2H5  ft. 
gynniasium  including  a  steam  heating  sys- 
tem. .\liout  $3011.011(1.  Archt.  and  Kngr.  not 
.selected. 

WU..  Wauiiau — The  American  Nat' 1  Bank. 
502  3d  St..  plans  to  build  a  bank  and  office 
building  including  a  steam  heating  system 
.About  $3(1(1.01111.  c.  s.  Ollberl,  Pres  ArClit 
not   selected. 

Wis..  Went  AIIIb— The  city  plans  im- 
lirovements  to  the  water  supply  jilant  in- 
cluding a  reservoir  near  Woodlawn  and 
Lincoln  Aves..  and  a  new  pumiiing  station 
to  be  equipped  with  2  electricallv-driven 
pumps  of  a  2.500,00(1  gal.  daily  capacity. 

lu„  Kheinbeck — The  Bd.  Kduc.  plans  to 
build  a  2  story.  90  x  144  ft.  high  school 
and  install  boilers,  jiumii,  etc.  About  $225  - 
(10(1.  Nitcotts  &  .Vitcotts,  516-19  Black 
Bldg.,   Waterloo.   Archts. 

Minn..  Mankuto — The  Immanuel  Hospital 
Assn.  plans  to  build  a  2  or  3  story  addition 
to  hospital  including  a  central  heating 
Iilant.  About  $150,000.  Rev.  A.  F.  Winter 
Chn.  of  plan  committee.  Archt  not  an- 
nounced. 

Minn..  Minneapolis — The  Radison  Hotel 
Co.  plans  to  build  an  addition  to  hotel  on 
7th  St.  between  Nicollet  and  Hennepin 
Aves.  About  $1,800,000.  S.  Kraus.  Pres. 
-•Vrcht   not  announced. 

8.  I).,  Tyn^all — The  city  has  made  ar- 
rangements for  the  issue  of  $50.0iio  bonds 
to  be  used  for  a  municipal  light,  heat  and 
power   plant 

Okla.,  Nuwata — The  Gunther  City  Coke 
&  Coal  Mining  Co.  is  interested  in  an  elec- 
tric light  plant.     C.  B.  Circles.  Pur.  Agt 

Tex.,  Hailetsville — The  city  plans  an 
election  Dec.  12  to  vote  on  $20,000  bonds 
for  the  purchase  and  installation  of  a  new 
steam  engine  for  the  electric  light  plant 

Col.,  Denver — The  Simm  Finance  Co.  has 
leased  a  site  at  East  17th  Ave.  and  Broad- 
way to  an  organization  for  a  6  story,  125 
X  150  ft.  physicians'  building,  also  a  2  story 
garage  and  filling  station.  About  $1,000.- 
000.  W.  N.  Bowman  Co.,  Central  Savings 
Bank  Bldg.,  Archt 

Vtah,  Fillmore — The  Telluride  Power  Co.. 
415  Walker  Bank  Bldg.,  Salt  Lake  City, 
plans  to  extend  its  power  line  for  pump- 
ing purposes,  through  the  artesian  well  belt. 
McCormick.   Delta  and  other  nearby  towns. 

Itah,  Provo — F.  W.  C.  Hathenbruck  has 
filed  application  with  the  state  engineer 
for  permission  to  divert  water  from  the  sub- 
soil flow  in  Slate  canyon  to  operate  a  300- 
hp.  hydro-electric  plant  for  mining  purposes. 

Que..  St.  Laurent — The  Canada  Heaters 
Co..  Ltd..  •  plans  to  build  a  1  story  plant. 
About    $250,000. 

Ont.,  Belleville — The  Albert  College  plans 
to  build  a  3  story  college  including  a 
vacuum  steam  heating  system.  About  $500.- 
(100.  Chapman.  Oxley  &  Bishop.  Harbor 
Bldg.,    Toronto,    Archts. 

Ont.,  Brantfurd — The  I>ake  Erie  & 
Northern  Power  Plant,  recently  destroyed 
by  fire,  will  be  rebuilt  and  equipment  pur- 
chased at  a  cost  of  $110,000. 

Ont.,  BrockviUe — The  Lanig  Produce  & 
Storage  Co..  Water  St,  E.,  plans  to  build 
an  addition  to  the  present  plant.  About 
$400,000.  J.  G.  Gardner.  Pres.  Archt  not 
selected. 

Ont..  Richmond  Hill — The  city  plans  to 
establish  a  complete  waterworks  system 
including  a  pump  house,  reservoir,  elec- 
trically driven  centrifugal  pumps,  etc  About 
$95,000.  E.  A.  J'ames  Co..  36  Toronto  St.. 
Toronto,   Engr. 


Ont.,  Nlirlliurnr—  The  lown  plaiiH  lo  .-x- 
lend  thi-  exIslltiK  wnli-rworks  Irichiillng  new 

pump     bouse      inHlnlliiilon     of     ihr stiiKe 

1,000  Bp.ni.  elerirlenlly  driven  u-hlrlfuicui 
pumps.  <'lc  About  $100,000  K  A.  James 
Co..   311  Toronto  St..  Toronto,    lOngrs. 

On«..  Tiirontu  Tin-  Toronto  Skating  Club 
'Vp  l;l  -Col.  A  K  KIrkpatrIck,  Kxclsloi 
Life  lildg..  has  purchas.<i  site  and  plann 
lo  build  a  iHiory  Mkatlng  rink  IncludliiK 
Hteain  heuilng  Hysleni  In  clubhouse  purllon 
iMIulpnieiit  for  the  nuinufacture  and' main 
tenance  of  an  artlflclal  Ice  surface  will 
be    Installed. 

Tuba,  lluvunu — M  Diaz  Is  having  planx 
prepared  for  a  bottling  plant  Including  a 
steam  heating  system.  About  $1,000,000 
Uphuls,  Hill  &  McCreery.  112  West  42d 
St..    .Vew    York  City.   Archts    and    Kngrs 

(  O.NTK.VCTM    .\H  AKUKI> 

H.  <'..  Suinnirr\illr-  J  !<'.  I'rettlnian  Sc 
.Sons,  has  awarded  the  contract  for  a  32 
X  68  ft,  power  house  to  II,  K.  Ferguson 
Co  VIckers  Bldg..  (Cleveland.  Ohio,  at 
$2b.0OU. 

C.  <'inclniiati— B.  F.  Keith,  c/o  Rapp  & 
Rapp.  190  .North  State  St.  Chicago,  III 
has  awarded  the  contract  for  a  lU  story 
123  X  200  ft.  theater  and  otllce  building,  her. 
including  a  high  pressure  steam  heating 
system,  to  Ohio  lildg,  &  ("onstr,  Co,,  Bur- 
net   St.,    at    $1,250,000, 

O..  Cleveland — St,  Hyacinth's  Catholic 
Church,  2965  Kast  75th  St..  has  awarded 
the  contract  for  a  2  storv.  40  x  80  ft.  boiler 
hou.se  and  garage  to  Law  &  Strauss,  Build- 
ers' Exchange,  at  $35,000.     Noted  Oct  5. 

O..  Cleveland— The  Cleveland  Heater  Co. 
1540  West  112th  St..  has  awarded  the  con- 
tract for  a  4(1  X  50  ft.  boiler  house  addi- 
tion to  the  H.  K.  Ferguson  Co..  Vlckers 
Bldg.,   at   $20,000. 

O..  Lima — The  Crystal  Ice  &  Coal  Co. 
has  awarded  the  contract  for  a  1  story  ice 
plant  to  be  electrically  operated,  to  the 
Triumph    Ice    Machine    Co..    Cincinnati     at 

$25,000. 

Midi.,  Buchanan — The  city  has  awarded 
the  contract  for  furnishing  3  centrifugal 
pumps,  motors,  etc.,  to  the  Manistee  Iron 
Wks.,  Manistee, 

Mich,,  Detroit — Julius  Stroh,  1676  Jef- 
ferson Ave.,  has  awarded  the  contract  for 
an  18  story,  80  x  100  ft  office  building 
including  a  high  pressure  steam  plant  to  the 
Lanquist  &  Illsley  Co.,  1100  North  Clark 
St..    Chicago,    111.,    at    $1,200,000. 

-Mich..  Oxford — The  city  has  awarded  the 
contract  for  improvements  to  the  water- 
works s>steni  to  the  Gang  Constr.  Co.  737 
Second  Xat'l.  Bldg.,  Akron,  Ohio,  at  $29.- 
00(1.      Noted   Nov.  2. 

Wis.,  (iranville — The  T.  J.  Moss  Tie  Co.. 
Security  Bldg.,  St.  Louis,  Mo.,  has  award- 
ed the  contract  for  a  creosoting  plant  here 
including  three  buildings  and  a  30  x  49  ft. 
boiler  house  to  J.  L.  Strange.  144  Oneida 
St..   Milwaukee. 

Wis.,  MarMlfflcId — The  city  has  awarded 
the  contract  for  a  1  story,  36  x  40  ft  addi- 
tion to  the  power  house  to  Krasin  Bros.. 
at  $20,1100.      Noted  Nov.   16. 

Wis..  Milwaukee — The  Shope  Brick  Co., 
49th  and  State  Sts,.  has  awarded  the  con- 
tract for  a  25  x  47  ft.  boiler  house  to  the 
American  Contg.  Co..  198  Milwaukee  St.. 
and  for  one  150-hp.  boiler  for  heating  sys- 
tem to  J,   S.  Jung.   1010  Greenfield  Ave. 

Minn..  Cloqnet — The  North  West  Paper 
Co..  F^ast  End.  has  awarded  the  contract 
for  work  on  dam  to  Siems.  Helmers  & 
Schaffner.  514  Guardian  Life  Bldg.,  St. 
Paul, 

Kan..  Liberal — The  city  has  awarded  the 
contract  for  furnishing  a  deep  well  centrif- 
ugal pump  to  the  American  Well  Wks,.  319 
Reliance  Bldg..  Kansas  City.  Mo,,  a*  $20,300, 

N.  D.,  .\shley — Mcintosh  Coimty  has 
awarded  the  contract  for  furnishing  a  20-hp, 
engine,  one  fuel  tank,  one  12i  kw,  genera- 
tor. 125-volt.  d.c.  to  engine,  one  112  1/1 
amp.  hour  Edison  storage  battery  and  one 
switchboard,  for  the  court  house,  to  Fair- 
banks &  Co,,  111  West  Washington  St. 
Chicago.  111.,  at   $5,225. 

Col..  Wellington — The  DuPont  Sugar  Co.. 
627  19th  St..  Denver,  has  awarded  the  con- 
tract for  a  sugar  factory,  here,  to  the 
Schwartz  Engineering  Co..  310  Mack  Bldg, 
Denver,   at   $1,000,000. 

Man..  Winnipeg — The  Provincial  Govern- 
ment. Parliament  Bldg.s.,  has  awarded  the 
contract  for  a  2  and  3  story  school  for  the 
deaf  on  Tuxedo  Park  site  to  Carter-Halls 
Co..  515  Union  Bank  Bldg..  at  $621,000. 
Separate  bids  will  be  taken  for  the  heat- 
'""»,   etc. 
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Electrical  prices  on  following  page  are  prices  to  the  power  plant  by  jobbers  in  the  lamer  buying:  centers  east  of  the 


KIsewhere  the  prices  will  be  niodiflt  (I  by    increased    freisrht    cliarccs    anil    l>y    local 
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POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft,  Lencths 

Underwriters'  2|-in 75  ■    per  ft. 

Common,  2J-iD 40^,, 

Air 
First  Grade        Second  Grade       Third  Gr:ifle 

}-in.perft $0  50  $0  35  $0  25 

Steam — Discnunts  from  List 
First  Eradp  20<^o  Second  erade 40<v  Third  crarlc         '0   ; 


list    apply    to    traii>- 
25', 


RUBBER    BEATING— Tho    following    discounts    fn 
mission  rubber  and  duck  beltinL': 

Competition 40'"  Best  grade. 

Standard  40-10'v 

LF.\THER    BELTING — Present  discounts  from  list  in  fair  quantities  (4  doz. 
rolls) : 


Light  Grade 
30% 


Medium    Grade 
25% 


IIea\'y  Grade 
20-, 


iPor  cut,  best  grade,  2.5%,  2nd  grade,  30% 
For  lace.s  in  sides,  best,  79c  per  sq.  ft.;  2nd.  75c. 
Semi-fanned:  cut,  20%;  sides,  83c  per  sq.  ft. 


PACKING — Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $  I   00 

Asbestos  for  high-pressure  steam 2  00 

Duck  and  rubber  for  piston  packing I    20 

!•  lax,  regular    I    .  j 

Flax,  waterproofed 1    70 

Compressed  asbestos  sheet      1    00 

Wire  insertion  asbestos  sheet 1    50 

Rubber  sheet    . 50 

Rubber  sheet,  wire  insertion 70 

Rubber  sheet,  duck  insertion      60 

Rubber  sheet,  cloth  insertion            :0 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes                           I    50 

Asbestos  wick,  j-  and  l-lb.  balls 85 

PIPE    AND    BOILER    COVERING— Below  are   part   oi   standard  lists,  with 
discounts. 

FIFE  COVERING  BLOCKS  AND  SHEETS 

Standard    List  Price 

Pipe  Size  Per  Lin  Ft.  Thickness  per  Sq  Ft. 

1-in.  $0  27  i-in.  $0  27 

2-in.  .36  I   -in.  30 

6-in.  80  l|-in.  .45 

4-in.  60  2  -in.  .60 

3-in.  45  25-in.  .75 

8-in.  110  3  -in.  .90 

10-in.  1.30  35-in.  1.05 

85%  magnesia  high  pressure     List  -^-5% 

[  4-ply-    50%  off 

For  low-pressure  heating  and  return  linos       \  3-ply 52';,  off 

I  2-ply      54%  off 


GREASES— Prices  are  as  follows  in   the  folio 
for  barrel  lots: 

Cin- 
cinnati Chicago 

Cup 8!  6  6 

Fiber  or  sponge 8  J  8.6 

Transmission 10  8.1 

Axle 4.8 

Gear     6}  6.1 

Car  journal 1 2(gal.'>  4  7 


in  cents    per    pound 


St. 
I.ouis 

8®  9 
I2tgil5 
12(3)15 

S-S-  9 
23(n  25 


Bir- 
inghai 
85 
81 
85 
5i 
5} 
8} 


Penver 
13; 
20 
20 
7i 
8J 


COTTON    WASTE— The    following   prices   are   in  cents   per   pound: 

. New  York 

n.irr.nt            One  Year  Ago  Cleveland           Chicago 

White I5   00("I7  00              13  00  16  00         IIOOtoMOO 

Colored  mixed .            9  00((/  14.00     9  00  to  12  00  12  00          9   50  To  12   00 


WIPING  CLOTHS— Jobbers'  price  per 
Cleveland                                              

1000  is  as  folio 

I3ix  in 

$55  00 

41    00 

I3{x  205 
$65.00' 

Chicago          

43.50 

LINSEED  OH These  prices  are  per  gallon : 

. — —  New  York 
Current  One 

Year  Ago 
Paw  in  barrels  (5  bbl  lots)       SO.  95  S2.15 

5-gal.  cans I.  10  _    2.30 

With  lower  prices  obtainable  in  New  York. 


Chicago 

Current  One 

Y.ar.Vgo 
$1.25  S2  37 

1.50  2.57 


WHITE  AND  KED  LEAD— Base  price  per  pound: 
^— -Ued- 


I  Year  Ago 


. White ~ 

Current  I  Yr.  Ago 


Drv 

lOO-lb.  keg 14  25 

2S-and  50-lb.  kegs...    14  50 

l2S-lb   keg 14  75 

W.  c  ns     17  25 

54).  cans 19  25 

SCO  lb.  lots  less  10%  discount; 


In  Oil 

15  75 

16  00 
16  25 
18.75 
20  75 


Drv 
13  00 
13  25 
13  50 

15  00 

16  00 


In  Oil 
14    50 

14  75 

15  00 

16  50 

17  50 


2000  lb.  lots  less   IO-2i%. 


Dry 
and 
In  Oil 
14  25 
14  50 
14  75 
17  25 
19  25 


Dry 
and 
In  Oil 
13  00 
13  25 
13  50 
15  00 
16.00 


RI\'ETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  ^'ork        Cleveland         Chicago 

Steel  A  and  smaller List  net  40%  30% 

Tinned  ..    List  net  40%  30% 

Boiler  rivets,  I,  I,  I  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  1001b.; 
NcwYork $6    11  Chicago $5.00         Pittsburgh $4  50 

Stnictual  rivets,    same   sizes: 
.New  York $7   10         Chicago  $5.10         Pittsburgh $4  60 


REFRACTORIES— Prices  in  carlots; 

Bauxite  briek,  56%  alumina,  fob.  Pittsburgh per  lOOQ  $160 

Chrome  bri<k,  eastern  Shipping  points net  ton  1 00(a  $  I  I C 

Chrome  cement,  40(''  45' ,  <  'rs'  >s net  ton  55(m      60 

Chrome  cement,  40(u  45''^  C'ri<  )a.  in  sacks. net  ton  60(a>      65 

Clay  brick,  1st  quality,  fire  clay,  9-in.  shapes,  Penn- 
sylvania, Ohio  and  Kentucky        per  1000  55®      60 

Clay  brick,  2d  quality,  fire  clay,  9-in.  shapes  Penn- 
sylvania, r)hio  and  Kentucky per  1000  45®      50 

Magnesite  brick:    9-in.  straight net  ton  1 10 

.Magnesite  brick:    9-in.  arches,  wedges  and  keys  ....  net  ton  121 

Magnesite  brick:    Soaps  and  splits net  ton  134 

Silica  brick;    Chicago  district per  1000  65®      70 

.■^iliea  brick:    Birmingham,  Ala per  1 000  56®      61 

."Silica  briek:    Mt    Union,  Pa per  1000  55®      60 


-Chicago 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound; 

New  Y'ork — ■   — —  Cleveland . 

Current  One  Current  One  Current 

Year  Ago  Year  .\go  Year    .\go 

Best  grade...      70  00  90   00  47  00  70.00  45.00  60  00 

Commercial..      30  00  50  50  18  00  16.50  11.00  1300 

COLD  FINISHED  STEEL— Warehouse  prices  are  as  follows: 

New  Y'ork     Chicago  Cleveland 

Roundshaftingorserewstock,  per  lOOlb.  base       $5  50         $5  80  $5  50 

Flats,    square  and  hexagons,  per    100  lb.   base.      6  00            6.    0  6  00 


SHEETS     Quotations  are  in  cents  per  pound  in 
also  th.--  base  quotations  from  mill: 

Large 
Mill  Lots 

Blue  Annealed                       Pittsburgh  Chicago 

No.  10 $3  55("  $4  50  $6   13 

No.  12 3  60((i    4  55  6    18 

No.  14   3  65(o    4  60  6  23 

No.  16 3  75(o    4  70  6  33 

Black 

*Nos.  I8and20 4  20(3    5  35  6  90 

*Nos.  22  and  24 4   25(ii    5   40  6  95 

*No.  26   4  30(S    5  45  7  00 

*No  28 4  35(a    5  50  7   10 

Galvaiiizei.1 

No    10                                   4  70(<'    6  00  7  25 

No    12                                     4   80w    6    10  7   30 

No    14              .                       4   80('i    6    10  7  45 

Nos.  18and20                      5    I0(./    6  40  7  75 

Nos.  22and24.  .                   5   25('i'    6   55  8   15 

*No.  26...                            5  40("    6  70  8  30 

*No.  28   .                              5  70((i    7  00  8.60 


WROUGHT  PIPE — The  following  discounts  are  to  jobbers  for  carload  lots  on 
the  Pittsburgh  basing  card: 

BUTT  WELD 

Steel  Iron 

Inches                       Black             Galv.                Ii.he  Black               Galv. 

J  to  3 54to571       4U  to  44           I  l5}to25}     -|-l}toII 

J 19}  to  291      15   to   II! 

J  to  IJ 24i  to  341     8     to   18; 


San 

. 

—  New 

TorK 

Fran- 

One 

cisco 

Ctirreni 

Yr.  Ag 

$8  65 

$6 

I5(S 

$7 

25 

$4   82 

8   70 

6 

2()f« 

7 

30 

4   87 

8  75 

6 

2S(« 

7 

IS 

4   92 

8   85 

6 

35(g 

7 

45 

5   02 

10  60 

7 

90(3 

8 

80 

5   80 

10   65 

7 

95(a 

H 

85 

5  85 

10   70 

H 

00(« 

H 

90 

5  90 

10   80 

8 

10® 

9 

00 

6  00 

8 

65® 

9 

50 

6  25 

II    35 

« 

75(<. 

9 

50 

6   30 

II    35 

8 

75(n 

9 

60 

6   35 

II    65 

9 

00  (« 

9 

90 

6  65 

11    80 

9 

I5w 

10 

05 

6  80 

II    95 

9 

30(0 

lU 

20 

6  95 

12   25 

9 

60(5  10 

50 

7   25 

2 47    to  50S 

2i  to  5 50    to  535 

7  to  12 47    to  50! 

13  and  14 37i  to  41 


LAP  WELD 

345  to  38  2 

375  to  41  25  to  6. 

335  to  37  7  to  12. 


205  to  281  6!  to  14! 
225  to  301  95  to  175 
I9J  to  271        6J  to  145 


BUTT    WELD,    EXTRA    STRONG,    PLAIN    ENDS 

;  to  15 52  to  55!  39!  to  43     5  to  II 241  to  34!   9!  to 

2  to  3 53  to  561  40!  to  44 


2 

2!  to  4. 
41  to  6. 
7  to  8 
9  to  12 


LAP  W  ELD,  EXTRA  STRONG.  PLAIN  ENDS 

45  to  48!  335  to  37     2   21 1  to  29!  8!  to  16! 

48to5l5   365  to  40     2!  to  4 231to31}  11!tol9! 

47  to  505  355  to  39     45  to  6 22!  to  30}  10}  to  18 

43  to  465  295  to  33     7  to  8 14!  to  22}  2}  to  10! 

38  to  41!  24}  to  28     9  to  12.  .  .  .   9!  to  17!  51  to+2J 
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IIOII.I'iK  ll'IH.S      rii.f,.ll..wiii«rir.<lhf|'ri for  r.irlimil  IdIk.  (  "  I'    I'illjilMirnli 

l.np  WrliU-.!  SI<tI  C'linrcoul  Iron 

)lto4Hn.                                 2<""  151          "I  toll  in  .             •» 

2J  to  If  in                                  III..  )0l          ijin...  4IOto+    2 

2I  to  21  in                                    Jl..  JOl          2(in.  +      to  •  10 

Ml.,  Ijin..                           f7l.i     I'l         2!iimU|in  -l)to+} 

3J,  4  nnd  4|  in  8 

ig       SInii.liml    rommrroial    Smnilpnn  —  Ciilil     Driiwii    or  Hot     TIoUmI 

PcrNplTon  P.rN.lTo.. 

1  in                                                     »^27           II  "■  ^^'^ 
Uin..;. M          2  to  21  in  [77 

2  IS... 2W           2:  to  Jim  J. 

II  in                                                         207           4  in  l«7 

"                                                                          4)  to  5  in  207 


ELECTRICAL  SUPPLIES 


ARMORED  C.ABLE- 


U.  &  S.  Siic      TwoCond. 
M  Ft 

No.  14  solid $e85  00(ncl 

No.  12  solid 135  00 

No.  10  solid 185  00 

No.  Sslranil.-il.  .      285  00 
No.  6strand«l.    .      400  00 
Kroni  the  above  lists  disi-oiints  arc; 

l.e.Hs  than  coil  lots -|-    5% 

Coils  to  1.000  ft -  5% 

1,000  ft.  and  over —10% 


Three  Cond. 
M  Ft 
tl)8  00 
1 70  00 
235  00 
375  00 
500  00 


Two  Tond. 
I. cad 
M  Ft 
$164  00 
225  00 
275  00 
520  00 
560  00 


Three  fond . 
Lead 

M  Ft. 
$210  00 
265  00 
325  00 
500  00 


.     +15% 
List  Nel 


BATTERIES,  DRY — Regular  No.  bs'ae  red  seal,  Columbia,  or  Ever-Ready: 

Each.  Net 

I  ess  than  12 i0.4» 

12  to  50        il 

50  to  1 25  (bbl.) If 

125  (bbl.)  or  over 35 


CONDUIT.  Price  per  lOOO  ft  ; 
f.  o.  b.  New  York,  with  10-day 

— — —  Conduit  

Black        Galvanized 

Size.         2.500  to  2.500  to 

In.        5.000  Lbs      5.000  Lbi^ 

1  85  66  90   39 

J  113  62  119  99 

1  167  96  177  38 
li  227  24  239.98 
li               271    70           286  93 

2  365  56  386  06 
24               577.98  610  39 

3  755.82  798  20 
3»               936  38  987   52 

4  1.131    20        1.191    81 


ELBOWS  AND  COUPLINGS.  Per  lOOpicccp 
discount  of  5  p<r  cent. 


CONDUIT  NON-METALLIC. 

LOOM— 

Sire  I.  D.. 

In. 

Feet  per 

CoU 

List,  Ft. 

250 

$0.05! 

1 

250 

.06 

1 

250 

.09 

200 

.12 

1000  ft  and 

1 

200 

.15 

over ....  40""^ 

1 

150 

.18 

Coils 30^0 

100 

.25 

Less  coUs,  20'-c 

U 

100 

.33 

l| 

Odd  lengths 

•?? 

2 

Odd  lengths 

.55 

CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities:     ■ 
CUT-OUTS,  PLUG 

S   P   M    L  $0.12         D.  P.  D.  B $0.43 

D   p   M   L  21         T.  P.  to  D.  P.  S.  B 26 

TPM.L   .'!'. 33         T.  P.  S.  B 38 

D   P   S.  B    23         T.  P.  D.  B 64 


CUT-OUTS.  N.  E.  C.  FUSE 


D.  P.  M 
T.  P.  M 
D.  P.  S. 
T.  P.  S. 
D.  P.  D 
T.  P.  D. 
T.  P.  to 


0-30  Amp. 

.L $0  50 

70 


B 

B 

D.  P.  D.  B 


.63 
1.15 
1.10 
1.90 
I   30 


3l-60.\mp. 

$1    30 

I    70 

1  60 

2  40 

3  00 
5  40 
3   80 


60-100  Amp. 

$1.68 

2.40 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  250  ft.; 

No.  1 8  cotton  twisted 523   50 

No.  1 6  cotton  twisted 27  00 

No.  18  cotton  parallel 29  40 

No.  1  6  cotton  parallel 36  25 

No.  18  cotton  reinforced  hea^-y ^-. .  .  .  39  50 

No.  16  cotton  reinforced  hea%'y 45  75 

No.  18  cotton  reinforced  light 34  80 

No.  1 6  cotton  reinforced  light 39  45 

No.  18  cotton  Canvasite  cord .    .  26  00 

No.  1 6  cotton  Canvasire  cord 28  50 

FUSES,   ENCLOSED—  c  j  „, 

250-Volt                                              Std.  Pkg.  List 

3-amp   to     30-amp 100  $0.25 

35-amp    to     60-amp '00  .35 

65-amp.  to  100-amp 50  .90 

110-amp.  to  200-amp 25  2.00 

225-amp.  to  400-amp 25  3   60 

«25-amp.  to  600-amp 10  5   50 


1,00  \  .,11  .-I.I    I'l.K  I 

I,... If.    I..     10  ,i..,|i    100  to  40 

35-un>|>.  t..     (>0  iiiup   100 

65-»Mip    lo  lOOainp   , 50  I    ''0 

llOan.p    I"  200ar,ip    25  2 

225-an.p   lo  400  ...IIP  25  5 

450-»n.p   I..  <,00  iin.p  10  800 

Discniiiit     1 1""  l-5tli  Htnnilurd  piu'kasa IS% 

l-5lh  to  staiidiinl  packaiio.    28';o 

Htiinilanl  puckuBC  4J% 

FUSE  PLUaS.  MICA  CAP— 

0  30  ampere.  Btnniliinl  packaae  $5  25C 

0   30  nnipere,  l.-sx  tlinii  ntandiird  package 6  UOC 


LAMP.S — Below  ore  present  i|Uotationi  in  leas  than  standard  package  quantities: 


■  StroiKhl-Si.li-  Bulbs 
Martla  II 


Pear-Sliiii>Ml  Bulbs  ■ 
Mazda  <" 


WatU 
10 
15 
25 
40 
50 
60 


Plain 
$0  40 
40 
40 
40 
40 


nt  of  1 7  to  Atr.'c  from  list. 


Standanl  riuanlitics 
ranging  from  $150  I 

PLUGS.  ATTACHMENT- 

Fach 

Porcelain  .leparable  attachment  plug $0  28 

Composition  2-piece  attachment  plug 

Swivel  attachment  plug 

Current  taps  45 

RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  f.  o.  b.  New  York. 


Solid 
Single  Hraid 
$  9  00 
13  70 
17  90 
22  50 


.Solid 
Double  Braid 
$12  50 
17  48 
22  01 
31.05 


I 

0 

00. 

000. 

0000. 


stranded, 
Double  Braid 
$16  28 
19  79 
26  06 
35.00 
49.00 
68  00 
95  45 
140  00 
158  00 
185  50 
228  00 
283.00 


Duple 
$25   50 
31   00 
42  00 
57.00 


Prices  per  1000  ft.  for  Rubber-Covered  Wire  in  Following  Cities: 


Single 
Braid 

$13  50 
21  10 
27  60 
49  00 
66  00 
93   50 


1 128  00 

0 175  00 

00 

000 

0000 

*  Solid;         t  stranded. 


Double 
Braid 

$16  80 
24  60 
32  35 
51.30 
68  85 
95    50 

131   05 

175.00 


SOCKETS,   BRASS  SHELL— 

. 1  In.  or  Pendant  Cap 

Key  Keyless  Pull 

Each  Each  Each 

$0.33  $0  30  $0  60 


:   In.  Cap 

Keyless 

P'ach 

$0.36 


Pull 
Each 
$0.66 


Key 

Each 

$0.39 

Less  i-5th  standard  package -t-50% 

l-5th  to  standard  package -1-20% 

Standard  package — 1  5% 

WIRE,  ANNUNCIATOR  ANT)  DAMPPROOF  OFFICE— 

No.  1 8  B.  &  S.  regular  spools  (approx.  8  lb.) 50c.  lb 

No.  18  B.  &  S.  regular  1-lb.  coils 51c.  lb 


WIRING  SUPPLIES— 

Friction  tape.  ;  in.,  less  1 00  lb.  56c.  lb..  1 00  lb.  lots 52c.  lb 

Rubber  tape.  ;  in.,  less  100  lb.  65c.  lb..  100  lb.  lots 60c    lb 

Wire  solder,  le.-^  100  lb.  47c.  lb..  100  lb.  lots 42c 

Soldering  paste,  2  oz.  cans    $1.50doz 


SWITCHES,  KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Size.  Single  Pole.  Double  Pole,  Three   Pole,  Four  Pole, 

Amp.  Each  Each  Each  Each 

30  $0  42  $0.68  $1.02  $1    36 

60  .74  1    22  1.84  2  44 

100  1    50  2   50  3.76  5  00 

200  2.70  4.50  6.76  9.00 

TYPE  "C"  FUSIBLE,  TOP  OB  BOTTOM 

30  70  1.06  I   60  2.12 

60  1.18  1.80  2   70  3.60 

100  2.38  3.66  5.50  7   30 

200  4.40  6.76  10.14  13.50 

Discounts: 

Less  than  $10.00  list  value -f25% 

$10  to  $25  list  value -H0% 

$25  to  $50  list  value +    5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over —  1 5% 
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The  Operating  Record  — 
A  Sleuth  or  a  Traffic  Officer? 


IN  SOME  organizations  the  engineer  of  tests  and  his  staff  are  looked  upon 
rather  as  plain  clothes  men  who  prowl  about  the  plant  and  undertake  to  find 
operating  deficiencies  for  report  to  the  management.  Under  other  circum- 
stances the  operating  force  recognizes  the  great  value  of  tests  and  records  of  plant 
performance.  It  uses  the  work  of  the  inspection  department  as  a  traffic  guide, 
gladly  regulating  the  course  of  plant  operation  according  to  results  reported,  just 
as  the  chauffeur  regulates  his  movements  by  the  "stop"  or  "go"  of  the  crossing 
officer's  semiphore. 

Operating  records  should  under  no  circumstances  be  maae  an  end  in  them- 
selves. A  most  beautiful  and  impressive  set  of  records  can  easily  be  built  up  by  a 
careful  engineer  of  tests,  but  this  achievement  represents  no  advantage  at  all  un- 
less real  use  is  made  of  the  findings.  Not  long  ago  a  well-known  mechanical 
engineer  was  called  in  for  advice  by  one  of  the  most  elaborately  organized  munici- 
pal water-works  departments.  He  found  that  this  department  had  a  splendid 
engineer  of  tests  and  staff,  who  could  present  for  his  examination  graphic  records 
pertaining  to  every  detail  of  plant  operation  for  years  past.  Roll  after  roll  of  chart 
was  brought  out  for  inspection,  showing  the  ups  and  downs  in  every  measurable 
factor.  But  it  quickly  developed  that  the  operating  force  had  looked  upon  this 
engineer  of  tests  and  his  records  as  a  spy  set  to  catch  them  in  error,  and  that  so  far 
as  possible  they  had  undertaken  to  discredit  his  records  and  had  succeeded  more 
or  less  completely  in  having  them  ignored.  Under  such  circumstances  it  is  not 
surprising  that  the  eminent  consultant  was  sorely  needed  by  the  staff. 

The  operating  record  of  any  plant,  be  it  boiler  house,  engine  room  or  factory, 
is  a  most  valuable  tool  both  to  the  management  and  to  the  operating  force.  To 
dull  this  tool  by  misuse  or  to  allow  it  to  lie  and  rust  upon  the  shelf  is  most  un- 
fortunate.  Indeed,  either  of  such  practices  is  likely  to  be  very  expensive. 
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THERE  is  considerable  interest  connected  with  the 
design^  construction  and  test  of  the  recently  com- 
pleted Kerckhoff  hydro-electric  development  of  the 
San  Joaquin  Light  and  Power  Corporation,  of  Fresno, 
Cal.  This  development  is 
about  forty-five  miles 
northeast  of  Fresno  on 
the  San  Joaquin,  one  of 
the  largest  rivers  in  the 
state.  The  project  in- 
cludes a  concrete,  con- 
stant-angle arch  dam 
across  the  main  San 
Joaquin  River  bed;  an 
18  X  18-ft.  unlined  pres- 
sure tunnel  16,875  ft. 
long;  a  steel,  triple-pen- 
stock line;  a  reinforced-concrete  power  house,  housing 
three  15,000-hp.  vertical-shaft  turbines  to  operate  under 
a  head  of  315  to  340  ft.  and  directly  connected  to  14,200- 
kva.  vertical-shaft  generators;  an  outdoor  high-tension 
step-up  transformer  and 
switching  station ;  206 
miles  of  110,000-volt 
transmission  line  and  of 
four  substations,  tying  in 
to  exi-sting  60,000-volt  and 
110,000-volt  network. 
When  deciding  upon  the 
hydraulic  development, 
there  was  the  choice  of 
providing  a  simple  diver- 
sion with  a  rather  small 
dam  located  at  the  com- 
pany's existing  No.  1 
power  house,  with  an  open 
conduit  from  there  part 
or  all  of  the  way  to  the 


A  45,000-Hp.  Hydro-Electric  Development 
Completed  in  IS  Months — Pressure  Tunnel 
18  by  18  Ft.,  lo,875  Ft.  Long— Pieces  of 
Equipment  Weighing  58,000  Lb.  Transported 
Over  Mountain  Roads  —  Airplane  Used  in 
Making  Surveys — Project  Completed  in  Record 
Time  Under  Most  Unfavorable  Con«]itions. 


♦General  Inspector.  San  Joa- 
quin Ught  and  Power  Corp., 
Fresno,   Calif. 


head  of  the  penstock  for  this  plant,  but  decision  was 
made  in  favor  of  the  dam.  This  would  provide  a  certain 
r.mount  of  storage  to  absorb  the  fluctuation  in  the  river 
flow,  which  varies  during  the  twenty-four-hour  period 

on  account  of  the  run-off 
decreasing  during  the 
cold  night  hours  and  on 
warm  days  amounting 
almost  to  a  freshet.  This 
storage  vvould  also  en- 
able the  plant  to  be  .so 
operated  during  the  low- 
water  season  as  to  carry 
a  high  peak  by  conserv- 
ing the  water  during 
part  of  the  day  while  the 
run-off  is  light;  that  is, 
by  letting  the  steam  stand-by  plants  carry  the  load 
while  the  reservoir  is  allowed  to  fill  up.  When  the  peak- 
comes  on  beyond  the  steam-plant  and  other  reserve  ca- 
pacity, the  hydraulic  plant  can  be  operated  at  a  point 

bcycr.d  the  stream  flow, 
which,  of  course,  would 
draw  down  the  reservoir; 
but  by  the  time  the  peak 
dropped  off,  the  balance 
of  the  plants  would  be 
able  to  take  care  of  the 
load.  This  may  or  may  not 
be  necessary,  but  even  the 
small  amount  of  storage 
makes  it  possible.  In  the 
second  place  the  reservoir 
displaces  several  miles  of 
open  ditch  on  rather  rough 
mountainside,  which 
would  be  expensive  to 
build  as  well  as  to  main- 
tain and  operate ;  and  this 
is  all  eliminated  by  the 
dam,  the  maintenance  and 


UOr.-^E  SITE  AT  LEFT;   PHOTO  TAKEN 
EXTREME   LOW    WATER 
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peration  .  of  which  will,  of  coui'se,  be  negligible; 
nd  in  addition  the  available  head  at  the  power 
lant  is  increased  by  the  amount  of  drop  that 
ould  have  been  required  in  the  several  miles  of  ditch 
)  give  even  a  flow  of  1,750  second- feet,  which  is  the 
ull-load  requirement.  On  the  other  hand,  it  was  not 
)nsidered  economical  to  build  a  tunnel  of  this  size 
irough  to  a  diversion  dam  at  the  No.  1  power  house 
ecause  the  additional  head  (the  fall  through  a  longer 
mnel)  would  undoubtedly  have  made  necessary  the 
jncrete  lining  of  the  tunnel  throughout  its  length. 


the  dam  beyond  one  of  the  Taintor  gate  openings  in 
order  to  take  care  of  driftwood  which  sometimes  comes 
down  the  river  with  the  first  heavy  floods. 

At  elevation  994.5  ft.  is  the  top  of  the  dam,  Fig.  3, 
forming    a    floor    over   the    walls    which    separate    the 
Taintor  gates,  and  along  this  floor  there  is  provided  a 
track  on  which  is  operated  a  specially  designed  motor- 
driven  hoist  for  operating  the  Taintor  gates  by  means 
of  chains  that  extend  up  through  small  openings  in  the 
floor.      Near  the   bottom   of   the   dam   there   are   three 
72-in.    rising-stem    sluice    gates.      The    Taintor    gates, 
when  open,  will  permit  the  discharge  of  100,000  cu.ft. 
per  sec,  this  capacity  being  amply  safe  for  any  pos- 
sible floods. 

When  the  gates  are  closed,  as  they  normally  will  be, 
and  the  lake  raised  to  their  top,  its  surface  elevation 
will  be  985  ft.,  which  is  approximately  that  of  the  floor 
of  the  tailrace  of  the  company's  existing  No.  1  power 
house  about  two  miles  up  river,  thus  forming  a  storage 
impounding  4,000  acre-feet  of  water,  approximately 
3,000  of  which  is  above  the  Kerckhoff  pressure  tunnel. 
This  available  part  will  operate  the  new^  Kerckhoff  plant 
nearly  twenty-four  hours  at  full  load,  which  requires 
1,500  cu.ft.  per  second. 

As  is  well  known,  all  the  power  companies  in  the 
West  have  suffered  for  the  last  two  years  on  account 
of  power  shortage,  and  in  order  to  relieve  this  condi- 
tion it  was  decided  to  get  the  Kerckhoff  development 


FIG.  2.     DAM  BEFORE  RADIAL  FLOOD 
GATES  AVERE   IXSTALLED 

Dam  and  north  poital  were  completed  less 
an  six  months  after  drilling  of  test  holes,  ex- 
pting  the  radial  flood  gates  which  were  in- 
alled  the  following  summei .  during  lower- 
ater  period,  before  the  tunnel  and  power 
5use  were  ready,  fifteen  months  after  the 
ork  was  first  started. 

The  dam  (see  headpiece  and  Figs.  2  ^^i^^vugB^^-'^.'^ 

nd  3)  is  in  a  narrow  horseshoe  of  the  '-**•• 

iver,  where  it  winds  through  a  granite 
lountain,  and  contains  23,489  cu.yd.  of 
mcrete,    which    is    about    one-half   of 
le  quantity  that  would  be  required  for 
gravity  dam  at  this  place.    This  dam 
570   ft.  along   the   top,   140.5   ft.   in 
tal  height  above  the  original  riverbed, 
id  the  crest  is  constructed  on  a  para- 
)lic  curve,  with   a   lip   extending   out 
rer  the  downstream  face  in  order  to 
scharge  the  overflow  a  distance  away  from  the  face 
id  free  of  the  toe  of  the  dam,  into  a  pool  formed  below 
le  dam  by  casting  excavation  material  downstream  in 
ich  a  way  as  to  form  an  embankment  and  provide  a 
)ol  about  thirty  feet  deep,  which  eliminates  the  danger 
:  the  falling  water  cutting  the  rock  at  the  toe  of  the 
im.     Above    the    crest   there    are   provided    fourteen 
[  X   20-ft.   Taintor    (radial)    gates.      A   concrete   log 
lUte,  shown  to  the  right  in  the  headpiece,  was  con- 
ructed,  extending  out  from  the   downstream  face  of 


i*^^ 


FIG.  3.     K.VUIAL  FLOOD  GATES  INSTALLED  IN  DAM 
Radial   flood   gates   aie   operated   by   an   electrically    driven    hoist   mounted   on    a 
traveller  which  moves  along  the  dam  on  a   track,  the  three   72-in.  sluice  gates  also 
being  operated   fioni  tlie  lop  of  the  dam. 


into  operation  at  the  earliest  possible  time.  In  addition, 
it  was  necessary  to  complete  the  foundations  of  the 
dam  during  the  low-water  period  before  the  fall  rains 
raised   the   waters,   interfering   with   construction. 

At  the  time  R.  C.  Starr  was  called  to  take  charge 
of  this  development,  only  rough  preliminary  surveys 
had  been  made,  and  under  his  direction,  on  May  20, 
1919,  work  was  started  on  the  engineering,  and  at  the 
same  time  diamond  drilling  at  the  dam  site  selected 
was  started.     By  July  20  test  holes  had  been   drilled 


928 


POWER 


Vol.  52,  No.  24 


FIG.  4.     SURGE  TANK  CUT  IN  SOLID  ROCK 
Looking  up  through   the  milk-bottle  shaped   surge   tank   which 
rises   70  ft.   from  the  roof  of  the  tunnel  through  solid  granite  to 
the  hill-slope  above. 


for  the  foundation  of  the  dam,  camps  constructed,  roads 
built,  etc.,  and  on  that  date  excavation  of  the  dam 
was  begun.  An  incline  was  built  down  a  steep  grade 
immediately  at  the  dam  site  (see  Fig.  2),  and  even 
before  that  was  completed  and  during  the  heat  6f  the 
summer,  in  this  box-canyon,  crews  of  men  worked 
feverishly,  dragging  and  lowering  compressors  and 
other  rnachinery  down  the  steep  mountainside  amid 
such  dangers  as  loosened  boulders,  poison  oak,  etc.,  and 
on  Aug.  12  the  first  concrete  was  poured.  Work  went 
on  day  and  night  until  the  dam  was  completed  on 
Dec.  15  of  that  year,  marking  the  accomplishment  of 
a  feat  that  is  probably  unparalleled.  W.  A.  Whitmire 
was  personally  responsible  for  pushing  the  construction 
work  on  the  dam  to  such  rapid  completion. 

The  north  portal,  or  intake  of  the  tunnel  line,  is 
closed  by  a  substantial  gate  and  grizzly  and  is  located 
close  to  the  dam,  as  shown  at  the  left  in  Fig.  3.  The 
tunnel  extends  from  this  point  16,875  ft.  entirely 
through  hard,  gray-granite  formation,  requiring  no 
timbering  during  driving,  nor  lining.  This  tunnel  has 
an  average  driven  cross-section  of  320  sq.ft. — approx- 
imately 18  ft.  square — designed  for  2,100  cu.ft.  per 
second. 

Near  the  south  end.  Fig.  5,  where  the  triple  penstock 
line  is  concreted  into  the  tunnel,  a  surge  tank  was  con- 
structed, called  the  "Milk  Bottle"  by  the  construction 
men,  as  it  is  of  that  shape  (.see  Fig.  4).  It  is  40  ft. 
in  diameter  at  the  tunnel  roof,  extending  upward 
approximately  70  ft.,  and  approximately  17  ft.  in 
diameter  at  the  top,  where  it  opens  out  on '  the  side 
of  the  mountain  to  form  a  spillway.  The  chamber 
itself  forms  a  surge  tank  to  absorb  or  dampen  out 
surges  in  either  the  pipe  lines  or  tunnel.  This  bottle- 
shaped  shaft  is  hewTi  out  of  the  solid  granite  mountain 
above  the  tunnel. 

The  method  used  in  driving  the  tunnel  is  known  as 
the  "Heading  and  Bench  Method,"  under  which  a  bench 


about  foiirtopn  fret  long  and  seven  or  eight  feet  from 
the  roof  i.s  carried  forward,  on  which  the  "heading 
crew"  drill.s  fn;m  thirty-five  to  forty  holes  fifteen  to 
twenty  feet  deep  into  the  heading,  those  near  the 
center  pointing  toward  each  other  and  coming  together 
at  the  liottom.  These  are  called  the  "cut  holes,"  and 
when  .^hot  throw  a  wedge-shaped  piece  of  the  rock,  and 
are  drilled  while  the  former  shot  is  being  mucked  out 
in   front  of  the  bench. 

After  the  muck  is  cleaned  up,  the  "bench  crew"  drills 
from  twelve  to  sixteen  holes  horizontally  into  the  bench, 
requiring  about  four  hours,  after  which  this  crew  shoots 
the  hole.s.  This  loading  time  generally  occupied  from 
midnight  to  7  a.m.,  and  by  8  o'clock  the  tunnel  was 
clear  of  gas  and  the  crew  sent  in  to  clean  up  the  track 
preparatory  to  moving  the  shovel  ahead.  By  10  o'clock 
the  steam-shovel  crew  would  be  called  and  start  oper- 
ation, and  by  noon  the  heading  crew  was  ready  to  go, 
and  later  on  the  bench  crew  went  in.  A  complete  round 
was  made  in  each  twenty-four-hour  period,  in  this  man- 
ner making  sometimes  as  high  as  19  ft.  progress. 

The  mucking  was  done  with  Marion  40-in.  steam 
shovels  operated  with  air  at  100  lb.  The  very  skillful 
and  efficient  manner  in  which  these  shovels  were  oper- 
ated represented  one  of  the  greatest  factors  in  the 
remarkable  record  made  in  driving  this  tunnel. 

Tunnels  of  this  size,  where  .shovels  have  been  used 
for  mucking,  have  invariably  been  con.structed  by  first 
driving  a  pioneer  heading  outside  of  the  required  tun- 
nel section,  and  have  cost  approximately  50  per  cent 
more  per  foot  where  driven  in  similar  gray  granite, 
although  the  wage  scale  and  cost  of  powder  on  this  job 
was  100  per  cent  higher  than  was  paid  before  the  war. 

The  triple  penstock,  consisting  of  three  steel-pipe 
lines  950  ft.  long,  8  ft.  in  diameter  at  the  portal  and  7  ft. 
at  the  wheels,  was  completely  erected,  riveted,  calked 


FIG.  5.     TRI.\XGLES  IN  SOUTH  PORTAL,  FOR  SUPPORTING 
THREE  STEEL  PENSTOCKS 

At  the  south  portal  of  the  tunnel  the  three  eight-foot  penstock 
p'pes  were  cemented  into  the  tunnel  in  a  triangular  position, 
coming  to  a  horizontal  plane  a  short  distance  beyond. 
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and  anchored  in  thirty-two  days  by  the  power  company's 
construction  crew.  There  are  no  standpipes  on  these 
lines,  there  being  provided  a  surge  tank  a  little  inside 
at  the  point  where  these  lines  are  cemented  into  the 
south  portal. 

Air  relief  valves  are  installed  on  the  top  of  each 
pipe  line  at  two  points  to  permit  air  to  enter  the 
penstock  lines  to  prevent  collapsing.  At  the  lower  end 
of  each  line  where  it  enters  a  turbine  there  is  provided 
an  84-in.  butterfly  valve,  electrically  controlled  from 
the  switchboard  and  designed  to  withstand  full  pen- 
stock pressure  if  it  is  desired  to  empty  the  turbines 
for  inspection  or  repairs  without  emptying  the  pen- 
stock. 

At  the  upper  end  of  the  pipe  lines  there  are  installed 
three  8-ft.  rising-stem  gate  valves  provided  with  bypass 
valves.  Fig.  6.  They  weigh  60,000  lb.  each,  complete, 
and  were  designed  and  built  in  I'ecord  time.  They  are 
electrically  operated 
from  the  power 
house,  being  so  in- 
terconnected as  to 
require  the  main 
gates  and  the  bypass 
valves,  which  are 
also  electrically 
equipped,  to  be  oper- 
ated in  the  proper 
sequence.  The  rein- 
f  orced-co  n  c  r  e  t  e 
power  house  is  lo- 
cated in  a  box-can- 
yon, Fig.  1,  through 
which  the  San 
Joaquin  River  flows; 
the  main  floor,  100  x 
36  ft.,  is  at  elevation 
675  ft.  above  sea 
level,  the  roof  being 
45  ft.  above  and  the 
turbine  floor  23  ft. 
below.  The  building 
is  constructed  on  a 
site  entirely  exca- 
vated out  of  the  solid 
granite  side  of  a 
mountain,  inacces- 
sible by  road,  and  to 

which  access  was  obtained  by  building  an  incline 
railway  1,000  ft.  long  (Figs.  6A  and  11).  This  railv/ay 
has  a  maximum  grade  of  100  per  cent  juct  before  it 
enters  the  power  house,  and  at  the  door  of  the  power 
house  it  straightens  out  to  a  level,  under  the  crane. 
A  chamber  entirely  excavated  down  into  solid  granite 
to  the  low-water  river  level  forms  the  turbine  room, 
the  generator  floor  above  being  constructed  as  an  arch 
over  this  cavern  the  sides  of  which  did  not  require 
concreting.  Fig.  7. 

The  unusually  small  floor  space  provided  for  three 
units  of  such  large  capacity  is  rather  striking  and 
causes  considerable  comment,  but  all  the  equipment  is 
so  compactly  built  and  placed  that  there  is  ample  room 
in  the  building  for  all  purposes.  In  fact,  the  design 
is  a  striking  example  of  compactness,  efficiency  and 
economy  in  every  way  and  is  credited  to  the  power  com- 
pany's engineering  department  on  this  project,  of  which 
B.  F.  Jakobsen  was  chief  designing  engineer. 


FIG.  6.     KISING-STEM  GATE  VALVES  FOR  PENSTOCKS 

Eight-foot  rislng^-stem  gate  valves  weighing  60,000  lb.  each,  motor  operated 
and  with  motor  operated  bypass  valves,  were  installed   cIogc  to  the  tunnel. 


Three  15,000-hp.,  vertical  turbines,  direct-connected 
to  14,200-kva.  generators;  two  500-hp.  turbines  direct- 
connected  to  300-kw.  exciters,  on  top  of  each  of  which 
is  mounted  a  15-kw.  control-current  generator;  oil- 
pressure  governors  and  pumping  sets  make  up  the  main 
equipment  of  the  plant  (see  Fig.  9).  An  excellent 
record  in  delivering  the  equipment  within  the  schedule 
time  was  made  by  the  manufacturers  in  spite  of  diflli- 
culty  due  to  labor  and  material  shortage.  The  manu- 
facturer's erector  completely  installed  the  turbine,  gen- 
erator and  exciter  equipment,  using  men  furnished  by 
the  power  company,  in  less  than  ninety  days ;  and  with 
the  aid  of  the  power  company's  riggers,  installed  the 
first  two  turbines  in  twenty  days  without  the  use  of 
the  crane,  which  had  not  then  been  installed.  The 
winders  completed  the  stators  on  the  job  in  fourteen 
days  per  machine.  All  of  this  is  considered  excellent 
erection   time.     As   indicated    in    Fig.   7,   the   turbines 

are  of  the  vertical- 
shaft,  single-runner 
"Francis"  type, 
equipped  with  pres- 
sure-relief valves, 
which  are  automati- 
cally operated  by  the 
governor  or  by  ex- 
cessive increase  in 
p  i  p  e-line  pressure 
due  to  surge  or  load 
changes,  etc.  The 
governors  are  of  the 
latest  type  manufac- 
tured by  the  Allis- 
Chalmers  Manufac- 
turing Co.,  with  the 
flyballs  mounted  on 
the  mainshaft  and 
mechanically  con- 
nected to  the  relay 
and  floating  valves, 
which  control  the  oil 
pressure  in  the  gate- 
operating  cylinders. 
The  latter  in  turn 
operate  the  wickets 
and  relief  valve. 
Elimination  of  driv- 
ing arrangement  by 
placing  the  governor  actuating  parts  on  the  mainshaft 
is  a  dir>ti::ct  improvement. 

Bolted  immediately  to  the  butterfly  valve  at  the  end 
cf  the  penctcck  line  is  the  84-in.  spiral  casing,  so  that 
all  acceleration  to  the  required  velocity  will  occur  in 
the  casing,  the  water  passing  through  the  butterfly 
valve  at  penstock  velocity.  The  casing,  which  is  in 
tv/o  parts,  and  the  speed  ring,  which  is  one  solid  cast- 
ing, v;eigh  85,000  lb.  The  weight  of  the  casing,  speed 
ring,  etc.,  is  carried  en  a  foundation  ring,  which  in  turn 
is  carried  on,  and  bolted  to,  the  concrete  foundations. 
Steel-plate  draft  tubes  are  used,  discharging  straight 
into  tunnels  driven  through  the  solid  rock  to  the  river, 
these  tunnels  measuring  10  x  12  ft.;  and  openings  are 
provided  in  the  steel  draft  tubes  for  inspection  of  the 
runner  and  other  parts  from  the  discharge  side. 

Special  composition  water  bronze  was  used  in  the 
construction  of  the  runners,  the  guide  vanes  being  of 
cast  steel  with  solid-steel  stems.    These  gates  are  oper- 
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attd  by  two  roRuluting  cylinderH  for  each  unit,  mounU'd 
on  top  of  the  spiral  casings  to  which  they  are  bolted, 
providioK  compact,  self-contained  units,  controlled  by 
the  K»'vernor. 

Kach  main  unit  is  provided  with  its  own  motor- 
driven  governor  oil  pump,  pressure  and  receiving  tanks, 
and  a  hand-operated  oil  pump.    These  pumps  are  inter- 


;i;  FIG.  6A.     EXTERIOR  OF  POWER  HOUSE 

The  Keroklioflf  powor  house  is  on  a  bench  excavated  out  of  thr 
granito  hillside,  and  the  110.000-volt  switch  structure  is  built  on 
an  angle  of  4.'>  dee.  An  incline  railway,  on.  the  right,  was  con- 
strui  led.  having:  a  maxinuini  grade  of  100  per  cent.  Tlie  pen- 
stoelvs  S  ft.  in  diameter  are  shown  on  the  left. 


connected,  however,  so  that  either  may  be  used  on  any 
machine. 

The  weight  of  the  rotating  elements  complete,  to- 
gether with  the  reaction  from  the  runner  due  to  the 
water  passing  through  the  wheels  at  maximum  load,  is 
carried  on  29-in.  diameter  special  Kingsbury  bearings, 
the  friction  loss  of  which  at  normal  speed  and  with 
150,000  lb.  load,  rotating  and  thrust,  is  approximately 
20  hp.  These  are  the  first  bearings  of  this  type  which 
are  self-contained  as  to  lubrication.  They  are  equipped 
with  cooling  coils  to  keep  the  oil  temperature  within 
proper  limits,  the  power  company's  engineering  depart- 
ment specifying  this  arrangement  in  order  to  eliminate 
the  objections  in  connection  with  external  oil-circulating 
and  cooling  systems,  which  may  permit  foreign  par- 
ticles and  scale  from  the  pipes  getting  into  the  oil. 
These  are  of  necessity  expensive,  requiring  pumps,  cool- 
ers, filters,  etc.,  and  one  of  the  principal  features  con- 
sidered was  that  with  the  external-pressure  circulating 
systems  the  oil  is  broken  down  and  has  much  shorter 
life 

This  thrust  bearing  is  mounted  on  the  upper  bridge 
over  the  generator,  and  immediately  below  it  is  located 
the  upper  guide  bearing  so  designed  as  to  be  removable 
without  disturbing  the  thrust  bearing.  The  second,  or 
lower,  guide  bearing  is  in  the  lower  generator  spider, 
on  which  are  also  mounted  three  friction  asbestos-lined 
brakes,  operated  by  a  system  of  levers  controlled 
by  a  handwheel  on  a  column  alongside  the  generator. 
All  of  the  guide  bearings  are  lubricated  by  a  small  pump 


located  in  the  pan  below  the  lower  Kuide  bearing  nl 
each  unit,  these  pumps  being  geared  to  the  mainshalt 
and  easily  accessible.  The  pans  form  large  reservoirs 
from  which  the  pumps  raise  the  oil  to  the  top  of  the 
ui)per  bearing  down  through  which  it  flows.  After  this 
it  is  conducted  to  the  top  of  the  lower  bearing  through 
pipes  that  revolve  with  the  shaft,  being  placed  through 
the  hub  of  the  rotor  spider.  The  wheel  bearing  is  of 
lignum-vita*  and  is  split  .so  that  it  may  be  removed 
without  disturbing  the  rotor  or  shaft. 

All  three  main  generators  are  of  the  vertical  type, 
three-phase  GO-cycle  G,G00-volt  1,240-ampere,  with  a 
maximum  rating  of  14,200  kva.  at  80  per  cent  power 
factor.  The  stator  winding  is  insulated  with  mica  in 
the  slots  and  in  accordance  with  Class  B  specification, 
A.I.E.E.,  good  for  125  deg.  C.  continuously,  and  both 
ends  of  each  phase  winding  are  brought  out  to  make 
them  easily  accessible  for  any  combination  of  metering 
and  relay  equipment,  and  grounding.  Ventilation  of 
the  generators  is  accomplished  by  taking  air  from  the 
room  at  the  top  and  from  the  turbine  cavern  below  and 
discharging  it  out  through  the  sides  of  the  stator's 
frame  into  a  sheet-steel  casing  which  surrounds  the 
yoke  and  conducts  the  air  outdoors,  openings  being 
provided,  however,  for  warming  the  power  house  in 
the  winter. 

The  entire  rotating  element  is  good  for  100  per  cent 
overspeed,  and  they  were  actually  tested  in  the  pit  at 
690    r.p.m.,   which    is   the    runway    speed.      At   normal 


FIG.    7.       IXTEKIOK    OF    TLKBIXE    ROOM 

Two  of  the  three  turbines  were  erected  in  this  cavern  in  twenty 
days  before  the  crane  was  installed.  This  cavern  is  cut  out  of 
solid  g^r.inite.  down  to  low-water  level. 


speed,  360  r.p.m.,  the  peripheral  speed  is  11,000  ft.  per 
minute. 

Excitation  is  supplied  by  tw-o  vertical  waterwheel- 
driven  shunt-wound  300-kw.  exciters,  which  are  amply 
large  to  provide  excitation  for  all  three  main  units. 
On  top  of  each  of  these  exciters  there  is  mounted  a 
15-kw.  125-volt  compound-wound  generator,  either  of 
which  will  furnish  all  control  current  for  operating  oil 
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switches,  governors,  etc.  These  exciters  are  driven  by 
500-hp.  900-r.p.m.  vertical  turbines  similar  in  type  to 
the  main  units  except  that  they  are  not  equipped  with 
governors,  complete  electric  and  hydraulic  control  being 
provided  at  the  switchboard,  it  being  possible  to  depend 
on  the  relation  between  the  speed  and  torque,  and  the 
rather  wide  range  of  speed  through  which  it  is  possible 
to  operate  the  exciters  without  trouble. 

When  the  exciter  set  is  operating  at  a  point  on  the 
drooping  side  of  the  efficiency  curve,  where  increased 


although  the  conditions  were  rather  unusual  for  this 
method,  remarkably  uniform  results  were  obtained. 
These  tests  were  conducted  by  H.  R.  Stevens,  who  had 
charge  of  power-house  construction. 

Because  of  shortage  of  power  in  California,  it  was 
decided  not  to  interrupt  the  operation  of  the  power 
plant  as  far  as  the  output  to  the  system  was  concerned, 
and  the  test  was  conducted  on  one  unit  operating  on  a 
fixed  gate,   with  the   generator  tied   into  the  system, 
which  of  course  held  the  speed  variation  down  and  pro- 
vided for  a  very  satisfactory  uniform  block  of  load  at 
a  constant  speed  for  a  period  sufficiently  long  to  enable 
the  taking  of  necessary  readings  and   samples,   etc. 
During  the  test  elevations  were  read  at  the  lake,  and 
also  in  the  surge  tank  at  the  head  of  the  penstock,  in 
this  case  a  float  being  used  attached  to  a  steel  tape 
running  over  a  pulley  so  that  readings  could  be  taken 
against  an  established  benchmark. 

A  platform  was  constructed  in  the  stop-log  shaft, 
which  extends  vertically  down  to  the  tailrace  tunnel, 
and  from  this  platform  the  elevation  of  the  water  in 
the  tailrace  was  accurately  read,  and  also,  gages  were 
connected  through  separate  piezometer  openings  at  dif- 
ferent points  around  the  circumference,  the  center  line 
of  these  three  gages  being  established  at  a  given  ele- 


FIG.  8.   TRANSFORMERS  AND  BUSSES 

LOCATED  OUTSIDE   POWER 

HOUSE 

At  the  rear  of  the  building  is  located 
the  switch  room,  on  top  of  which  are  the 
6,600-volt  transformer  busses,  serving  the 
nine   5,000-kva.   transformers. 


speed  results  in  lower  efficiency,  it 
is  readily  seen  that  a  rejection  of 
load  by  the  Tirrell  regulator  would 
result  in  the  exciter  set  speeding 
up  until  the  speed  comes  to  a  point 
where,  on  account  of  reduced  effi- 
ciency, the  given  gate  opening 
would  correspond  to  the  reduced 
horsepower,  which  would  prevent 
further  speeding  up.  As  the  load 
on  an  exciter  varies  but  little,  a 
governor  normally  operates  in  a 
very  short  range  within  which  parts 
weai  free,  the  governor  sticking 
and  refusing  when  called  on  by 
trouble  to  act  beyond  that  range, 
requiring  close  supervision  by  op- 
erators in  any  case.  No  complete  load  tests  were  con- 
ducted at  the  factory,  but  core  loss,  windage,  friction, 
etc.,  were  measured  by  input  to  a  vertical  direct-current 
motor  driving  a  machine,  and  from  these  results  an 
efficiency  was  predicted  of  97.1  per  cent  at  maximum 
load  and  80  per  cent  power  factor,  on  the  generators. 

On  Sept.  29,  1920,  the  power  company  conducted 
a  test  to  determine  if  the  guaranteed  efficiency  had  been 
met.     The  chemical,  or  salinity,  method  was  used,  and 


FIG.   9.     INTERIOR  OF  GENERATOR  ROOM 

Interior  of  the  Kerckhoff  power  house  is  a  model  of  compactness  and  efficiency  of 
design.  This  view  shows  the  main  units,  exciters,  governor-oil  pumping  sets,  rheostats 
and  auxiliary  board,  on  the  main  floor,  with  the  bench  control-board  and  low-tension 
switches  on  the  gallery. 


vation.  For  providing  the  salt  solution  sufficient  to  make 
all  the  tests,  a  10,000  gal.  wood-stave  tank  was  erected, 
close  by  the  top  of  the  pipe  line,  containing  7,500  gal. 
of  water  to  which  was  added  six  tons  of  common  salt, 
after  which  the  solution  was  agitated  for  sixty  hours 
by  air  released  from  submerged  pipes,  under  pressure. 
The  resulting  solution  contained  86,543  parts  of  salt 
to  1,000,000  parts  of  water,  the  density  being  1.09248. 
This  solution  was  then  allowed  to  flow  into  a  barrel 
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juduiitfd  1)11  a  frame  and  provided  with  an  (irifico  at 
the  bottom  and  a  marker  at  the  top,  the  t)arrel  kept 
filled  to  the  marker  while  the  .solution  flowed  freely 
out  throujrh  the  orifice,  fallinjr  into  a  .'<econd  barrel  from 
which  it  wa.s  di.scharjjed  liy  a  ;]-in.  IfiO-p.ii.m.  four-sta^re 
centrifujral  pump,  through  (luick-openin;?  valve.s  and 
rejrulatinp  valve.s,  either  into  the  pen.stock  or  hack  to  the 
supply  tank  or  to  a  third  barrel  mounted  on  a  calibrated 
platform  .scale. 

The  orifice  wa.s  checked  by  weifrhinp  the  .solution  that 
pas.scd  through  in  a  piven  time,  then  the  .solution  was 


tion  of  the  tunnel  friction  Ioh.s,  which  was  H.-'iR  ft., 
and  velocity,  which  wa.s  2..'{7  ft,  i)er  second,  at  TOO  cu.ft. 
piT  second. 

The  resultinp  eflTiciency  was  found  to  be  in  exceH.s  of 
the  guarantees  by  a  considerable  margin.  The  Kuaran- 
teed  maximum  turbine  elliciency  was  87.5  per  cent  at 
0.8  pate,  .Sn2-ft.  net  head,  corresponding  to  approx- 
imately 1:5,000  hp.  Actual  turbine  cfncicncy  at  0.8  gate 
opening  and  .'520.:587  ft.  net  head  wa.s  90.1  per  cent, 
when  the  outi)ut  was  10,200  hp.  At  a  generator  effi- 
ciency of  97.02  this  represented   11,800  kw.     The  dis- 


FIGS.   10  TO  13.      SHOW  METHODS   OF  TRANSPORTING   EQUIPMENT 

Fig.  10 — Six  ten-ton  trailers  were  operated  in  a  train,  shown  here  loaded  with  transformer  cases,  drawn  by  a  75-hp.  caterpillar. 
Fig-.  11 — An  incline  railway  1,000  ft.  long,  having  a  maximum  grade  of  100  per  cent  (45  deg. ),  was  constructed  to  serve  the  power 
lioiise.  which  was  inaccessible  by  road.  The  29.5-ton  rotors  were  in  this  way  sent  down.  Fig.  12 — Loading  a  half  of  a  generator 
stator  on  a  35-ton  special  trailer,  by  means  of  which  the  29.5-ton  rotors  were  also  transported  over  a  mountain  road,  having  a  maxi- 
mum g^ade  of  12  per  cent.  Fig.  13 — 5-ton  truck,  with  5-ton  doUv,  loaded  with  22-ft.  section  of  the  eight-foot  penstock  pipe,  weighing 
about  eight  tons. 


allowed  to  pump  into  the  .=;upply  tank  until  a  test  signal 
was  giv'en,  when  the  quick-opening  valves  were  thrown 
over  and  the  solution  discharged  into  the  penStock 
through  four  2 -in.  nozzles  arranged  around  the  cir- 
cumference. 

This  arrangement  was  located  near  the  top  of  the 
penstock.  The  rate  was  14.905  lb.,  or  0.2185  cu.ft.  per 
second. 

By  keeping  record  of  the  load  of  the  other  units 
during  the  test,  it  was  possible  to  include  a  determina- 


charge  w-as  483.5  cu.ft.  per  second,  and  the  penstock 
loss  4.7  ft.  At  full  gate  opening  the  turbine  developed 
18,680  hp.  at  327.374  ft.  net  head,  di.'jcharging  575 
cu.ft.  per  sec,  the  efficiency  of  the  turbine  being  87.45 
per  cent,  the  generator  output  13,610  kw.,  the  penstock 
loss  6  ft.  and  the  velocity  12.8  ft.  per  sec.  The 
maximum  generator  output  to  date  is  14,500  kw.  on  one 
machine. 

All  of  these  results  show  that  the  machines  are  above 
rating,  that  for  a  given  gate  position  a  greater  output 
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is  generated  but  witnout  a  corresponding  full  increase 
in  use  of  water;  and  it  is  contemplated  to  add  another, 
perhaps  smaller,  unit  at  some  future  time  in  this  power 
house;  the  tunnel,  having  an  average  section  of  320 
sq.ft.,  will  accommodate  2,100  second-feet  at  only  6.6 
ft.  velocity. 

The  main  control  board  is  of  the  bench  type,  flanked 
with  a  pedestal-type  Tirrell  voltage  regulator.  Watt- 
hour  meters  and  various  combinations  of  relays  are 
located  on  the  rear  of  the  bench.  This  entire  switch- 
board was  wired  in  completely  in  the  field  in  fourteen 
days  by  the-  employees  of  the  power  company's  con- 
struction department,  un- 
der H.  L.  Wood.  A  mimic 
bus  is  located  on  the  bench- 
board, and  on  the  front  of 
this  board  are  the  testing 
receptacles  connected  with 
the  temperature  explor- 
ing coils,  which  are  in- 
serted in  the  generator 
windings.  The  6,600-volt 
layout  includes  a  main 
bus  and,  for  each  gener- 
ator, a  transfer  bus  which 
permits  connecting  the 
generator  direct  to  its  cor- 
responding transformer 
bank  and  operating  these 
as  a  unit  on  one  outgoing 
110,000-volt  line  independ- 
ent of  the  main-station 
bus ;  and  there  are  discon- 
necting switches  provided, 
so  that,  when  so  operating, 
a  unit  may  be  closed  in  to 
the  main  bus  and  changed 
to  normal  parallel  opera- 
tion without  interrupting 
its  load.  This  scheme  is 
nearly  as  flexible  as  a 
double-bus  system,  but 
much  less  expensive;  and 
while  it  may  be  conceded 
that  a  double-bus  layout 
is  preferable  in  connection 
with  a  switching  or  dis- 
tributing center,  it  is  not 
considered  so  important 
in  a  generating  station 
containing  its  equipment 
in  comparatively  few 
units.  Generators  and 
step-up  transformers  are 
protected  by  diff"erential 
relays  in  such  manner  as 
to  isolate  faulty  apparatus. 

The  generator  and  exciter  field  rheostats,  field  switches, 
governor  control,  hydraulic  gate  opening  and  closing 
mechanism,  both  on  the  main  and  exciter  units,  are 
remote-controlled  from  the  switchboard. 

The  high-tension  layout  is  outdoors  on  the  hillside, 
Fig.  6A,  which  was  so  steep  that  the  steel  structure, 
which  consists  of  three  bays,  had  to  be  designed  with 
the  supporting  trusses  and  braces  built  at  an  angle  of 
45  deg.,  so  as  to  give  proper  clearance  without  requiring 
expensive  excavation  in  the  granite  mountainside. 


■ 
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PIG.   14.      AERIAL   PHOTOGKAPHIC   ASSEMBLAGE 
KERCKHOFF   DEVELOPMENT 

This  is  a  reduced  riproduction  of  a  "mosaic"  map  made  up.  of 
photographs  taken  fi-oni  the  air  at  7,000  ft.  elevation,  showing 
the  Kerclilioff  lake,  dam,  etc.  Similar  "mosaics"  are  now  being 
completed  over  the  Sun  Joaquin  Light  &  Power  Corporation's 
Kings  River  project. 


There  are  nine  step-up  transformers,  arranged  in 
three  banks,  and  having  a  capacity  of  5,000  kva.  each, 
wound  for  6,600-volt  delta  to  127,000-volt  "Y."  They 
are  located  outdoors  on  a  bench  cut  in  the  steep  moun- 
tainside close  to  the  rear  wall  of  the  power  house. 
Fig.  8.  Catch  basins  are  arranged  in  such  a  manner 
that  the  oil  from  an  exploded  tank  will  run  away  from 
the  transformers  and  be  discharged  into  the  river. 
As  two  banks  of  these  transformers  will  carry  the 
load  of  all  three  generators  without  serious  overheating, 
it  was  not  considered  necessary  to  provide  a  spare  unit. 
There    are    two    outgoing     110,000-volt    transmission 

lines,  one  exten-^ing  south 
approximately  140  miles 
to  McKittrick  in  the  lower 
end  of  the  San  Joaquin 
Valley,  near  Bakersfield, 
near  where  the  company  is 
now  completing  a  30,000- 
kw.  gas-burning  steam 
power  plant,  and  at  which 
point  connection  is  made 
to  the  lower  end  of  the 
existing  60,000-volt  net- 
work. [For  a  description 
of  the  Bakersfield  gas- 
fired  steam  plant  see 
Power,  Dec.  7  issue.]  The 
other  line  extends  from 
the  Kerckhoff  plant  west, 
approximately  52  miles, 
thence  north  14  miles,  to 
Merced,  near  the  north  end 
of  the  company's  existing 
network,  and  where  inter- 
connection is  made  with 
the  great  system  of  the 
Pacific  Gas  and  Electric 
Co.  on  the  north.  During 
the  progress  of  this  work 
labor  shortage  was  a  seri- 
ous condition,  and  railway 
transportation  was  even 
more  serious.  Chief  en- 
gineer Starr  gave  the  lat- 
ter considerable  of  his 
personal  supervision,  giv- 
ing shipments  only  to  the 
railroad  that  would  not 
only  promise  but  actually 
deliver  the  cars  in  the 
lea.sttime;  and  he  actually 
.'^ecured  deliveries  from 
Chicago  in  the  record  time 
of  eleven  days  and  an  av- 
erage time  of  fifteen  days. 
H  e  accomplished  this 
through  connections  at  Eastern  points,  by  following  up 
personally  at  this  end,  and  by  placing  a  man  on  each  car 
coming  out.  These  men  reported  their  location  daily, 
and  received  instructions  as  to  any  necessary  immediate 
arrangements  for  coming  forward. 

The  railroad  delivery  point  was  at  Auberry,  on  the 
San  Joaquin  &  Eastern  Railroad.  From  here  17  miles 
of  road  was  constructed,  serving  the  camps  and  main 
construction  points.  All  road  used  by  the  construction 
department  was  built  since  this  job  was  started.    These 
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road.s  wcif  oiitiii-ly  in  roii^rh  nioiiiitaiiiou.'*  country,  with 
Kiade.s  n.s  IukIi  »s  12  por  tent  and  many  .sharp  turn."*, 
and  .soon  thoy  hecanie  almost  imi)a.ssal)lc  on  account  of 
the  deep  dust  and  ruts.  Iiecau.se  of  thi.s  condition, 
tojrether  with  the  fact  that  on  account  of  the  dry  sea.son 
the  water  K»ve  out  in  the  wells  at  Auberry,  a  i)ipe  line 
was  laid  a  distance  of  approximately  live  miles  from 
the  river  alonjr  the  road  between  Auberry  and  the 
dam  site.  Pumj)s  were  installed  to  supply  water  for 
the  camps,  and  for  fdlinjj  tanks  that  were  placed  at 
nitrht  on  the  trucks,  which  were  u.sed  for  haulinjj  cement 
during  the  day,  but  .served  as  sprinklers  at  night,  with 
ditTerent  forms  of  drajrs  attached.  Inside  of  a  week 
of  thus  carina  for  the  roads,  they  were  transformed 
into  boulevards,  and  were  maintained  so  in  spite  of  the 
extremely  hard  usage  which  followed. 

The  hauling  was  accompli.shed  over  these  roads  prin- 
cipally by  Mack  5-ton  and  White  2-ton  trucks  and  a 
75-hp.  Holt  caterpillar  with  10-ton  and  35-ton  trailers 
of  the  cross-connected-reach  type,  under  which  both 
axles  turn,  causing  the  trailers  to  "track"  around  turns 
(see  Figs.  10,  12  and  13).  The  caterpillar  hauled  six 
10-ton  trailers,  loaded,  in  single  trains;  and  as  high 
as  1,000  tons  of  equipment  was  transported  in  seven 
days'  time.  The  heaviest  piece  of  equipment,  which 
weighed  58,000  lb.,  was  hauled  to  the  power-house 
incline  without  difficulty  on  the  special  35-ton  Holt 
trailer  with  60-in.  diameter  wheels,  14-in.  tread,  the 
distance  of  five  and  one-half  miles  being  made  in  four 


PRINCIP.VI.    KQlll'MEXT   KERCKHOFF    POWER 
DEVElvOPMEXT 

Equipniont  Manuf.icturcrs 

Turbine,  generators  and  exciters.  ..  .An=s-ChaImor.s  Mfg.  Co. 

Butterfly    valves Allis-Chalmers  Mfg.   Co. 

Steel    penstocks    Western  Pipe  and  St^el  Co. 

Penstock    rising-isteni   valves Joshua  Hendy   Iron  Works 

Power  transformers    Allis-Chalmers  Mfg.  Co. 

.Switchboard  and  Tirrel  regulators. .   General  Electric  Co. 

llU.OOO-volt  switches    Kelman  Elec.  and  Mfg.  Co. 

110.000-volt  switching  bushings.  _..  .Ohio  Brass  Co. 

Taintor  gates    California   Culvert  Co. 

Rising-stem  sluice  gates  in  dam CofHn  Valve  Co. 


hours,  including  loading  and  unloading.  The  penstock 
pipe,  in  22-ft.  lengths,  averaging  eight  tons  per  section, 
was  hauled  over  this  road  with  Mack  5-ton  trucks,  trail- 
ing 2-wheel,  5-ton  dollies. 

An  interesting  feature  in  connection  with  the  study 
of  the  topography  of  the  country  in  which  this  devel- 
opment was  made  is  the  fact  that  it  has  been  photo- 
graphed from  airplane  and  a  "mosaic"  map,  Fig.  14, 
made  and  checked  with  the  topographic  maps  made  by 
the  company,  the  results  proving  so  favorable  that  this 
method  was  adopted  for  accomplishing  reconnaissance 
survey  in  the  Kings  River  country,  in  which  a  develop- 
ment aggregating  500,000  hp.  has  been  started  by  the 
San   Joaquin   Light   and   Power   Corporation. 

Mr.  Starr,  since  the  Kerckhoff  development  was  about 
completed,  has  been  engaged  in  connection  with  the 
Kings  River  development,  and  also  additional  work  in 
Crane  Valley  and  Kern  River  territories.  He  has  pur- 
chased a  Varney  Lincoln-Standard  plane  with  a  150-hp. 
Hispano-Suiza  motor,  and  by  permission  of  the  Air 
Service  and  with  the  personal  co-operation  of  Major 
H.  H.  Arnold,  in  charge  of  the  Air  Service,  Ninth  Corps 
Area,  and  other  officers  of  the  Air  Service  at  San 
Francisco,  installed  a  "G.  E.  M."  Eastman  Kodak  Co. 
special  aerial  camera  belonging  to  the  War  Department. 
The  machine  was  piloted  by  Lieut.  F.  T.  Honsinger  of 
the  Ninth  Corps  Area,  Air  Service,  while  R.  L.  Bryant, 


<if  the  company'.s  engineering  organization,  operated 
I  he  camera. 

After  viewing  the  country,  a  map  is  prepared  on 
which  is  laid  out  the  areas  to  l)e  surveyed,  and  fixed 
points  are  established,  after  which  a  certain  amount  of 
field  work  is  done,  establishing  triangulation  points  to 
be  picked  up  from  the  air  when  the  pictures  are  made, 
and  to  .serve  as  the  basis  for  laying  out  the  air  pic- 
tures into  a  "mosaic,"  on  which  contours  can  be  sketched 
in  (|uite  accurately;  and  then  study  of  the  possible 
schemes  of  development  may  be  made,  and  of  the  value 
of  areas  for  early  or  late  run-off,  the  location  of  reser- 
voirs, .some  of  which  may  be  developed  from  existing 
glacial  lakes,  many  of  which  exist  in  this  part  of  the 
Sierra  Nevada  Range  at  elevations  from  10,000  to 
12,000  ft. 

These  air  pictures  indicate  better  than  anything  else 
the  value  of  each  possibility  and  the  capacity  to  which 
each  may  be  economically  developed. 

A  note  of  appreciation  nece.ssarily  occurs  throughout 
an  article  of  this  kind  in  connection  with  a  project 
which  was  started  under  such  extremely  unfavorable 
conditions  and  a  design  worked  out  that  has  proven 
to  be  most  conservative,  economical,  and  successful, 
planned  and  carried  forward  to  completion  in  such  rec- 
ord time  without  mishap  of  any  kind  and  without  any 
regrets,  the  entire  organization  working  through  to  the 
finish  in  perfect  harmony,  with  the  foremen,  superin- 
tendents, designing  engineers,  etc.,  all  working  in  hearty 
co-operation  and  with  the  relation  between  those  at  the 
top  and  those  at  the  bottom  being  marked  by  a  firm 
but  just  treatment  of  the  men  by  those  in  charge,  who 
received  in  return  loyalty  and  willingness.  Contribut- 
ing considerably  to  the  results  there  was  the  earnest 
co-operation  of  all  the  manufacturers  in  furnishing 
their  equipment  in  time  so  as  to  avoid  holding  up  the 
work.  Early  completion  of  this  plant  was  of  vital  im- 
portance to  a  vast  agricultural  territory  of  the  West, 
which  was  suffering  for  lack  of  water  and  for  lack  of 
power  with  which  to  pump  it.  If  this  plant  merely 
replaced  steam  generation  and  saved  fuel,  as  it  does, 
the  completion  of  it  would  have  been  of  utmost  impor- 
tance. 

Diesel  Engine  Pointers 

If  a  piston  ring  fails  to  bear  against  the  cylinder 
walls,  ham.mering  the  inner  surface  of  the  ring  will 
increase  the  diameter  of  the  ring. 

In  replacing  piston  rings,  a  clearance  of  0.01  in. 
between  the  ring  and  side  of  the  groove  is  amply  large. 

Each  piston  ring  should  be  fitted  to  the  cylinder, 
allowing  0.01  in.  clearance  at  the  gap. 

In  many  Diesels  the  top  rings  gum  up  very  quickly. 
This  may  be  caused  by  the  kind  of  lubricating  oil  used 
and  an  excessve  amount  of  it.  Often  it  is  the  result  of 
low  compression  pressures,  much  of  the  heavier  portions 
of  the  fuel  failing  to  burn. 

If  a  piston  distorts  and  scores  the  cylinder,  the  rough 
place  can  be  removed  by  a  emery  stone  or  by  placing 
grinding  compound  on  a  wooden  block  shaped  to  fit  the 
curvature  of  the  cylinder. 

In  checking  the  clearance  of  a  piston-pin  bearing, 
place  the  piston  cr  rod  in  an  upright  position,  having 
the  rod  end  free  from  the  floor  and  the  piston  suspended 
from  a  chain  block.  If  the  rod  can  be  swung  like  a 
pendulum  without  tilting  the  piston,  there  is  ample  play. 
If  the  rod  swings  freely,  the  bearing  is  too  loose. 
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Steam  Making  >vith  Fuel  Oil 

It  is  generally  recognized  that  it  is  impossible,  in 
every-day  operation  of  coal-fired  boiler  plants,  to  secure 
results  that  approach  test  results  where  all  conditions 
are  as  favorable  as  possible.  The  same  truth  applies 
to  oil-fired  boiler  plants.  It  is  of  small  practical  worth 
to  run  a  test  and  then  base  estimates  of  operating 
costs  on  the  test  results.  If  a  test  is  d;-,irable,  it 
should  be  conducted  as  nearly  as  possible  under  actual 
operating   conditions. 

The  accompanying  table  covers  the  results  of  a  series 
of  tests  conducted  under  such  conditions  in  a  mill  hav- 


neers  representing  the  parties  interested  in  the  several 
tests. 

The  fuel  oil  was  stored  in  two  large  tanks  supplied 
with  pumps  which  were  driven  by  steam  from  the 
horizontal-tubular  boilers.  For  this  reason  some  of  the 
steam  used  to  heat  and  pump  the  oil  to  the  B.  &  W 
boilers  was  supplied  by  the  tubular  boilers.  For  this 
reason  it  is  necessary  to  treat  the  tests  by  pairs  to 
arrive  at  the  steam  used  by  the  oil-burning  system. 
This  has  been  done  in  the  concluding  portion  of  the 
table. 

Consolidating  all  the  tests,  the  evaporation  of  water 
from  and  at  212  deg.  F.  per  pound  of  oil  was  13.962  lb. 
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Date  of  test 

Duration,  hours 

Kind  of  boilers 

No.  of  boilers 

Total  heating  surface  of  boilers. 
Type  of  burner 


Pressures: 

Steam  gage  pressure,  lb 

Absolute  steam  pressure,  lb 

Furnace  draft,  in 

Draft  under   dam  per  in 

Oil  pressure  to  burners,  lb '. 

Temperatures: 

Atmospheric,  deg.  F 

Fire  room,  deg.  F 

Feed  water  at  boilers,  deg.  F 

Waste  heat  at  dampers,  cleg.  F 

Oil  to  burners,  deg.  F 

Moisture  in  steam,  per  cent 

Factor  of  evaporation 

Fuel-oil : 

Heat  per  pound,  B.t.u 

Weight  per  gallon  at  60  deg  F.,  lb 

Weight  of  oil  used,  lb    

Gal.  of  oil  at  60  deg.  F 

Water: 

Total  water  fed  to  boilers,  lb 

Total  water  evaporated,  !b 

Water  as  steam  used  by  fuel-oil  system,  lb 

Xet  water  evaporated  and  available  for  the  mill's  use,  lb 

Total  water  evaporated  from  and  at  2 1 2  deg.  F.,  lb 

Water  evaporated  per  hour  per  sq.ft.  heativg  .surface  from  and  at  21 2  deg 
F.,  lb 

Xet  water  for  mill  use  evaporated  from  and  at  2 1 2  deg.  F.,  lb 

Steam  made,  boiler  hp. : 

Rating  of  boilers  in  use,  hp 

Economic  evaporation: 

Gross  water  evaporated  from  and  at  2 1 2  deg.  F.  per  pound  of  fuel-oil,  lb. . . . 

Xet  water  for  mill  use  evaporated  from  and  at  212  deg.  F.  per  pound  of  fuel- 
oil,  lb 

EfSciencies  in  the  use  of  fuel-oil: 

Gross  efficiency,  per  cent 

Xet  efficiency,  per  cent 

Combined  and  weighted  results: 

Gal   of  fuel-oil  at  60  deg.  F 

Weight  of  fuel  oil,  lb 

Heat  in  a  pound  of  oil,  B.t.u 

.Total  water  evaporated  from  and  at  212  deg.  F.,  lb 

Net  water  for  mil!  use  evaporated  from  and  at  21 2  deg.  F.,  lb 

••^team  used  by  fuel-oil  system,  per  cent 

Gross  evaporation  from  and  at  2 1 2  deg.  F.  per  pound  of  fuel-oil,  lb 

Xet  evaporation  from  and  at  2 1 2  deg.  F.  per  pound  of  fuel-oil,  lb 

Gross  efficiency,  per  cent 

Net  efficiency,  per  cent 


120  I 
134  9 
0   32 


708,090 
788.843 


13   354 
12   946 


70  05 

1,7   91 


I    23-4  20 

24 

Hor.  Tub 

7 

11,550 
Best 


94.5 
109  4 
0   21 


30 

45 

37 

84 

174  9 

48i, 

183 

37 

80 

193.8 

368 

161  5 

1  OU 

0.67 

1  (18 

1  0575 

18.500 
8  037 
59,070 
7,350 

18.600 

7  978 

103,666 

12.994 

737.788 

730.410 

22,320 

1,424,388 

1,414,892 

58,820 

1,356.072 
1.496,248 


14   43 
13   83 


75   08 
72    15 


20.344 

162.736 

18.564 

2,285,091 

2,180,783 

3  77 

14  042 

13  40! 

73   40 

70  05 


9,200 
Best 


124.4 

139.07 

0   14 

0  54 
19.6 

42 

74 

180  7 

486 

180   3 

1  00 
I   075 

18,320 

8  00 

28.403 

3.550  4 

340,144 

336,743 

9,220 

327,723 
361,999 

3   28 
352,087 


12.745 
12.396 


67   51 
65.66 


3,22/20 

12 

Hor.  Tub 

7 

11,550 

Best 


101.7 
116.6 
0.18 
0  32 
36 

38 
67 
201.1 
464 
172.3 
0.45 
1. 051 

18,370 

8  00 

49,883 

6,235.4 

707.286 

704.103 

33.919 

670,218 
740,012 

5  34 
704,398 


14.835 
14.12 


78.36 
74  59 


9,785  8 

78.286 

18.352 

1.102.011 

1.056.485 

4    13 

14   077 

13   495 

74   44 

71    36 


10,1-2/20 


9,200 
/  I  Hanunel 
1  3  Best 

124.0 

138.77 

0   17 

0,41 

40 

56 

74 

182.1 

533 

182 

0.60 

1.0738 

18,350 

7  984 

68,623 

8,595 

843,036 

837,978 

21,412 

816,366 
899,821 

4.07 
876,829 


13   113 
12.777 


69.35 
67.56 


10/8-9/20 

24 

Hor.  Tub 

6 

9,900 

Hammc! 


108.9 
123.7 
0.13 


18,34j 

146,643 

18,361 

2,025,276 

1,938.100 

4  29 

13  811 

13  216 

72.997 

69.85 


ing  two  boiler  plants.  One  of  the  plants  contained  four 
Babcock  &  Wilcox  water-tube  boilers,  each  having  9,200 
sq.ft.  of  heating  surface.  The  second  plant  had  seven 
horizontal-tubular  boilers  72  in.  x  20  ft.  with  70  tubes, 
4  in.  X  20  ft.  each.  These  boilers  had  1,650  sq.ft.  of 
heating  surface  each. 

The  men  ordinarily  in  charge  of  the  boilers  were  left 
in  charge  during  the  tests,  and  the  observing  engineers 
were  not  permitted  to  change  conditions  in  any  way. 
The  results,  then,  are  as  nearly  as  possible  represent- 
ative of  every-day  practice. 

On  the  tests  the  fuel  oil  was  weighed,  while  the 
feed  water  was  measured  in  large  calibrated  tanks  pro- 
vided with  overflows.  All  pipes  not  in  use  were  blanked 
off.     The  test  data  were  kept  in  duplicate  by  the  engi- 


The  percentage  of  the  steam  generated  which  was  used 
to  operate  the  fuel-oil  system  was  4.04. 

No  higher  efficiencies  are  ordinarily  obtained  with 
fuel  oil  than  prevail  in  coal-fired  plants.  The  use  of 
oil  increases  the  boiler  and  setting  repairs  and  there- 
fore interferes  with  the  mill  operation  to  a  greater 
extent  than  would  coal. 


The  majority  of  Diesel  engines  have  a  compression 
pre.ssure  ranging  from  450  to  500  lb.  With  the  ordinary 
fuel  oil  ranging  from  26  deg.  Baume  upward,  -450  lb. 
is  ample  to  ignite  the  fuel.  With  a  heavier  oil  which 
has  been  topped — that  is,  has  had  the  lighter  oils  dis- 
tilled off — a  higher  compression  may  be  necessary  to 
ignite  the  fuel  charge. 
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Krononiic  Value  of  Coal  —  IT.      ('aloridc  Value  and 
KiTalive  Plaiil  l^^oiioiiiv  willi  Coal  as  Fuel 


By  B.  S.  murphy 

Supi'i'lDti'iulciit  of  rower,  IliKlson  &    .M.-iiiliMttuii    Knllrond 


The  value  of  a  coal  depends  not  upon  its  total 
B.t.v.  content,  but  upon  the  available  heat  above 
a  viiuinuim.  This  minimum  is  determined  by 
the  characteristics  of  each  plant. 

THE  only  rea.son  for  using  coal  under  a  steam 
boiler  is  to  convert  heat  into  useful  work,  so  it  is 
of  the  utmost  importance  that  there  is  heat  avail- 
able, and,  as  a  jreneral  rule,  the  more  heat  the  better 
the  erticiency  in  this  transformation.  Broadly  speaking, 
the  heat  element  in  coal  is  the  carbon,  and  we  can  expect 
to  get  but  little  more  heat  from  a  pound  of  coal  than 
from  a  pound  of  carbon,  or,  say,  14,500  B.t.u.  A  pound 
of  fuel  contains  a  varying  amount  of  impurities,  depend- 
ing on  the  kind  of  coal,  location,  method  of  mining 
and  treatment;  and  as  the  major  portion  of  the  impur- 
ities are  incombustible,  the  greater  the  quantity  in  one 
pound  of  coal  the  less  the  carbon,  and  consequently  the 
heat  in  the  coal  is  reduced  or  the  calorific  value  is 
lower.  Again,  as  will  be  taken  up  later,  not  only  the 
bulk  of  these  impurities  but  their  characteristics  will 
influence  to  a  great  degree  the  removal  of  the  heat  from 
the  carbon  or  combustible  portion,  for  of  necessity,  if 
the  carbon  for  any  reason  is  not  consumed,  this  uncon- 
sumed  portion  is  of  no  more  value  for  heat  generation 
than  if  it  were  an  incombustible;  so  any  impurity  that 
will  prevent  the  combustion  of  this  carbon  will  reduce 
the  effective  heat  value  in  the  boiler  furnace. 

Laboratory  Tests  of  Coal 

It  is  of  primary  importance  to  make  laboratory  tests 
for  the  heat  content,  but  this  does  not  tell  us  how 
the  fuel  will  behave  under  actual  furnace  conditions. 
For  instance,  in  an  anthracite  stoker  plant  that  or- 
dinarily uses  No.  3  buckwheat  as  its  regular  fuel,  the 
supply  became  low  due  to  rail  congestion,  and  in  order 
to  tide  over,  a  few  cars  of  No.  1  buckwheat  were 
borrowed.  The  regular  No.  3  at  that  time  was  running 
about  10,800  B.t.u.  to  possibly  10,900  B.t.u.  on  a  wet 
basis  and  was  not  considered  very  good  fuel.  The 
borrowed  No.  1  was  considered  by  the  owner  as  an 
excellent  coal  for  his  purpose — being  used  under  marine 
boilers  in  river  vessels — and  had  a  calorific  value  of 
about  12,000  B.t.u.  On  account  of  the  emergency  no 
special  preparation  could  be  made,  nor  was  it  really 
thought  of. 

The  boilers  of  this  station  had  to  be  operated  at 
over  200  per  cent  rating  during  the  peak  hour  to  meet 
the  demand,  and  of  necessity  this  required  very  high 
furnace  temperatures.  The  coal  started  going  to  the 
grates  at  about  the  beginning  of  the  peak,  first  in  a 
few  boilers  and,  as  it  was  being  elevated  all  the  while, 
soon  to  all  of  them.  The  stoker  operators  lowered  their 
grates  somewhat  to  thin  out  the  fuel  bed  and  shut  off 
a  little  on  their  air,  but  soon  the  whole  surface  of  the 
grates  was  one  large  fused  mass  of  coke  and  ashes. 


•For  first  article  see  Power,  Dec.  7,  1920. 


More  wind  was  applied,  gates  shut  down  still  more  and 
hand  slicing  attempted,  but  it  was  of  no  use.  The 
steam  continued  to  fall,  and  it  was  finally  necessary  to 
push  this  clinker  off  the  grates  with  levelers  and  build 
up  new  fires  by  hand  with  soft  coal  and  some  No.  3 
before  conditions  were  restored  to  normal.  The  fire- 
room  crew  claimed  that  the  coal  had  no  heat,  but  on 
the  contrary,  it  actually  contained  more  than  they  were 
used  to,  with  the  result  that  the  temperature  was  so 
high  under  the  forced  conditions  that  the  ash  melted 
and  fused.  Still  this  particular  coal,  as  normally  used 
with  hand-firing  and  with  normal  rating,  would  have 
been  considered  excellent.  All  this  has  been  discussed 
to  attempt  to  show  that  while  the  determination  of 
the  heat  content  by  laboratory  means  is  necessary  and 
that  it  is  safe  to  insist  on  high  calorific-value  coal,  this 
is  not  the  only  criterion. 

Effective  Heat  Range 

In  the  discussion  of  the  heating  value  of  coals  it 
is  usual  to  compare  the  heat  contents  of  the  coals 
directly.  This  is  most  fallacious  and  should  be  guarded 
against.  It  is  common  to  hear  in  a  discussion  of  the 
bituminous-coal  situation  that  the  coal  has  fallen  off 
from  14,000  B.t.u.  to  1-3,500  B.t.u.,  or  3.6  per  cent;  but 
when  it  is  attempted  to  harmonize  this  3.6  per  cent 
loss  in  calorific  value  with  an  increase  in  coal  con- 
sumption of  from  2.5  lb.  to  2.8  lb.  per  kw.,  something 
is  found  to  be  amiss.  Now  any  such  argument  as 
the  foregoing  is  manifestly  wrong,  for,  taking  the 
extreme  conditions,  coal  of  5,000  B.t.u.  couid  not  be 
used  to  make  steam  in  a  power  station,  as  there  would 
not  be  grate  area  enough  to  burn  a  sufficient  quantity 
to  give  the  heat  desired,  though  this  would  only  be  a 
loss  of  64  per  cent  from  14,000  B.t.u.  coal.  On  the 
face  of  it  we  might  consider  that  if,  in  place  of  oper- 
ating our  boilers  at  200  per  cent,  we  could  tide  over 
with  such  a  coal  by  possibly  getting  90  to  100  per 
cent  rating  from  them,  though  from  an  operating 
standpoint  we  know  that  this  is  physically  impossible. 
Therefore  we  must  compare  coals  by  their  calorific 
values,  not  directly,  but  by  the  variation  through  the 
effective  range. 

It  follows  that  in  any  discussion  on  the  relative 
calorific  value  of  a  coal  for  a  particular  installation  we 
must  first  determine  the  effective  range,  or  the  high 
and  low  limits  of  heat  content.  This  will  be  for 
the  high  limit  the  best  coal  that  we  can  expect  to 
purchase  irrespective  of  the  price,  and  for  the  low  limit 
the  poorest  coal  that  can  be  used  to  get  the  desired 
rating  from  the  boiler  plant,  again  irrespective  of  the 
price.  The  high  limit  must  not  be  influenced  by  the 
price  per  ton,  for  it  may  or  may  not  be  economical  to 
use  the  more  costly  coal.  The  low  limit  is  more  com- 
plex; here  the  location  of  the  plant  and  existing  equip- 
ment in  the  case  of  an  old  plant,  or  the  location  and 
the  extra  first  cost  of  the  new  one,  will  be  the  guides. 

In  most  small  industrial  plants  of,  say,  1..000  b.hp. 
enough  boiler  capacity  is  usually  installed  so  that  it  is 
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far  from  customary  to  work  the  units  to  their  limit.  In 
such  a  case  it  may  be  possible  to  have  a  rather  wide 
effective  range  by  not  forcing  the  boilers  to  a  high  rating. 
But  in  modern  central  stations  the  boilers  are  usually 
expected  to  be,  and  the  number  installed  is  such  that 
they  must  be,  operated  at  about  their  ultimate  capacity, 
with  very  few  spare  units,  under  normal  conditions. 
A  very  low  limit  would,  then,  be  out  of  the  question 
on  account  of  lack  of  grate  surface  to  burn  the  addi- 
tional quantity   of  coal   required. 

Again,  for  new  installations,  the  location  would  play 
a  very  important  part  in  this  determination.  If  the 
station  is  to  be  located  where  eventually  all  stations 
will  be,  that  is,  close  to  the  fuel  supply,  it  would  be 
good  practice  to  install  enough  additional  boilers  to 
use  the  poorer  but  much  cheaper  coal.  But  if  the  sta- 
tion is  in  the  city,  where  floor  space  is  extremely  valu- 
able and  where  at  least  one-half  of  the  first  cost  of 
the  fuel  is  freight,  then  from  both  a  standpoint  of 
capital  invested  and  of  operating  fuel  costs,  the  effective 
range  will  not  be  as  great.  It,  therefore,  simmers 
down  to  the  fact  that  every  plant  must  have  its  own 
effective  range.  For  existing  bituminous  electric  plants 
in  the  East  this  high  limit  will  be  about  14,000  B.t.u. 
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CALORIFIC  VALUE  VS.  RELATIVE  PLANT  ECONOMY 

as  received  and  the  low  limit  11,000  B.t.u.,  while  for 
stoker-operated  anthracite  stations  the  effective  range 
may  be  considered  as  extending  from  9,000  to  12,000 
B.t.u.,  giving  about  3,000  B.t.u.  range  for  each.  With 
smaller,  hand-operated  plants  using  hard  coal,  this  low 
limit  is  much  too  low,  for  as  a  rule  sufficient  draft 
equipment  is  not  available  and  it  is  extremely  difficult 
to  procure  firemen  who  can  or  will  use  this  poorer  fuel. 

Calorific  Value  of  Coal 

From  a  large  anthracite  station  the  results  of  some 
six  years  were  taken  and  plotted  by  months  for  the 
pounds  of  coal  per  kilowatt-hour  against  the  calorific 
value  of  the  coal  as  fired,  and  though  this  station  had, 
fortunately,  never  to  use  the  low  limit  of  9,000,  a  pro- 
longation of  the  curve  showed  that  this  tentative  figure 
was  essentially  correct.  Also,  plotting  the  ash  or  im- 
purities in  this  same  manner  against  the  calorific  value 
showed  again  that  the  low  limit  was  about  9,000  B.t.u. 
In  the  figure  this  curve  has  been  given.  The  "Calorific 
Value — Economy"  curve  is  an  average  of  the  actual  re- 
sults as  found,  and  this  extends  to  10,600  B.t.u.,  or  the 
lowest  monthly  average  that  was  found,  though  indi- 
vidual coals  run  considerably  lower.  The  balance,  or  the 
dash  line,  is  the  prolongation  at  the  same  inclination, 
and  this  reaches  zero  at  9,200  B.t.u. 


By  the  relative  plant  economy  is  meant  the  working 
efficiency  of  the  fuel  under  discussion  when  compared 
with  a  coal  giving  standard  performance.  The  curves 
are  drawn  showing  the  relation  of  the  calorific  value 
of  a  coal  and  its  relative  plant  economy  in  terms  of  the 
deficiency  in  the  plant  economy  when  compared  with 
standard  performance.  This  deficiency,  in  other  words, 
repre.sents  the  additional  fuel  that  must  be  fired  to 
secure  evaporation  equal  to  standard-performance  coal. 

For  example,  if  the  station  is  such  that  with  12,000 
B.t.u.  coal,  or  100  per  cent  standard  performance,  a 
kilowatt-hour  of  output  can  be  produced  for  3  lb.  of 
coal,  then  with  another  coal  containing  10,600  B.t.u. 
we  will  find  50  per  cent  deficiency,  or  one  and  one-half 
times  more  coal  will  have  to  be  burned  to  produce  the 
kilowatt-hour  of  output;  or,  as  assumed,  3  times  1.5 
equals  4.5  lb.  per  kilowatt-hour.  Now  if  the  total-heat- 
content  method  was  used  to  compare  these  two  coals, 
there  would  only  be  an  apparent  loss  of  12  per  cent, 
or  this  coal  would  have  88  per  cent  efficiency  in  heat 
value,  which  will  be  equivalent  to  a  permissible  increase 
of  from  3  lb.  to  3.36  lb.  per  kilowatt-hour;  but  exper- 
ience will  soon  show  the  fallacy  of  such  a  calculation. 

This  curve  is  extremely  valuable  with  varying  grades 
of  coal,  as  it  acts  as  a  check  not  only  on  the  whole 
boiler  room,  but  also  on  the  whole  power  station,  for 
it  is  essentially  correct  in  its  upper  end  at  least.  Below 
10,000  B.t.u.  it  really  should  be  modified  to  meet  con- 
ditions in  each  plant,  for  lack  of  heat  and  high  ash 
would  be  too  much  for  most  boiler  plants  to  overcome; 
but  above  this  it  may  be  used  in  safety  for  any  ordinary 
installation.  For  each  station,  however,  another  curve 
should  be  made  so  as  to  plot  the  actual  consumption  per 
kilowatt-hour  against  the  calorific  value  based  on  the 
station's  record  of  performance. 

Calorific  Value  and  Ash  Content 

The  other  two  lines  on  the  graph  give  the  relation 
between  the  calorific  value  and  the  ash  content  as  deter- 
mined by  analysis.  The  line  marked  "J.C.P.S."  has 
been  determined  by  records  extending  over  six  years 
at  the  Jersey  City  power  station  of  the  Hudson  & 
Mianhattan  Railroad  Co.  This  has  been  plotted  for  the 
range  of  coal  encountered  there,  or  from  12,000  B.t.u. 
to  10,600  B.t.u.  by  months.  This  shows  how  rapidly 
the  calorific  value  falls  off  with  the  greater  ash  con- 
tent; the  dash-line  projection  of  this  curve  goes  to 
9,800  B.t.u.  for  29  per  cent  of  ash.  They  recently  had 
an  individual  analysis  that  gave  9,396  B.t.u.  as  received, 
and  this  coal  contained  30.7  per  cent  of  ash  by  analysis, 
showing  that  the  assumption,  arrived  at  first  inde- 
pendently and  then  by  prolongation  of  a  curve  plotted 
from  known  values,  was  not  far  out. 

The  line  marked  "U.S.B.  of  M."  has  been  plotted 
from  data  given  in  the  United  States  Bureau  of  Mines' 
technical  paper  No.  220  in  1919.  In  this  paper  the 
graph  was  plotted  on  a  dry  basis,  but  to  make  it  com- 
parable with  the  other  data  we  have  converted  it  to  coal 
as  received  by  taking  an  average  moisture  content  of 
7.25  per  cent,  which  is  about  a  mean  value  for  mois- 
ture in  No.  3  buckwheat  coal.  The  curve  from  the 
Jersey  City  power  station  was  plotted  somewhat  before 
the  Bureau  of  Mines'  data  was  published,  and  apparently 
these  results  show  a  somewhat  more  rapid  loss  in 
calorific  value  than  the  former,  but  lie  very  close  to 
one  another.  It  is  also  very  nearly  parallel  and  close 
to  the  "Calorific  Value — Economy"  curve,  hence  the  ash 
content  bears  a  marked  relation  to  the  unit  of  output. 


93b 


V  ()  W  K  K 


Vol.  52,  No.  24 


Dirrcl-CiirrcMil  Motors — Tiilri'polc  Machines 


Hy   I!.   A.   HRIGGS 


Diittorting  of  the  fiild  from  (he  main  poles  in 
caused  by  the  cross-ma<inetizing  effect  of  the 
armature  poles,  and  as  a  result  the  neutral 
points  are  shifted  and  sparking  at  the  brushes 
results.  This  effect  can  be  prci'cnted  by  the  use 
of  interpoles,  and  connection  diagrams  are  given 
for  scries-,  shunt-  and  covipound-interpole  ma- 
chines. 


IN  ALL  direct-current  machines  the  armature  i.s  an 
electromagnet  with  its  north  and  south  poles  just 
as  the  field  poles  are.  Theoretically,  the  armature 
poles  should  be  locateo  midway  between  the  polepieces, 
but  owing  to  the  reaction  between  the  two  sets  of  poles 


1   TO    4.      FLUX   DISTRIBUTIOX   IX   DIRECT- 
CURRENT  MACHINES 


the  armature's  neutral  is  caused  to  rhift  against  the 
direction  of  rotation  in  a  motor  and  with  tha  direction 
of  rotation  in  a  generator.  This  shifting  of  t/.e 
armature's  neutral  is  one  of  the  causes  of  sparking 
at  the  brushes  in  the  simple  types  of  direct-current 
machines  and  will  be  made  clear  in  the  following  dis- 
cussion: 

In  Fig.  1  is  shown  a  schematic  diagram  of  a  direct- 
current  machine  having  a  ring-wound  armature.  If 
current  is  sent  through  the  field  coils,  a  magnetic  field 
will  be  set  up  which  will  be  uniformly  distributed  as 
in  the  figure.  Leaving  the  field  poles  dead  and  passing 
current  through  the  armature  only  w-ith  the  brushes  set 
midway  between  the  polepieces,  will  cause  magnetic 
poles  to  be  produced  in  the  armature  midway  between 
the  main  poles,  as  indicated  in  Fig.  2.  The  lines  of 
force  will  be  distributed  similarly  to  that  showm  in  the 


figure.  The  armature  poles  are  really  the  resultant  of 
two  north  and  the  two  .south  poles.  In  following  the 
direction  of  the  current  through  the  two  halves  of  the 
;\rmature  winding  an  N  and  u  iS'  pole  are  produced  in 
the  upper  half  of  the  armature,  likewise  in  the  lower 
half.  The  .V  poles  are  produced  on  the  right-hand  side 
and  the  S  poles  on  the  left.  This  brings  t>vo  like 
poles  together  at  each  brush;  these  poles  repel  each 
other,  with  the  result  that  the  lines  of  force  tend  to 
distribute  ;'s   in   the   figure. 

Comparing  Fig.  1  with  Fig.  2,  it  will  be  .seen  that  the 
magnetic  field  set  up  by  the  armature  is  at  right  angles 
to  that  of  the  field  poles.  When  current  flows  through 
the  armature  and  field  coils  at  the  same  time,  as  in 
Fig.  3,  the  N  pole  of  the  armature  will  repel  that  of 
the  field  poles  and  attract  the  S  pole.  Likewise  the  S 
pole  of  the  armature  will  repel  the  main  S  pole  and 
attract  the  N  pole,  with  the  result  that,  instead  of 
the  lines  of  force  being  uniformly  distributed  as  in  Fig. 
1,  the  field  will  be  distorted  as  in  Fig.  3;  that  is,  the 
lines  of  force  are  pushed  away  from  one  pole  tip  over 
onto  the  other.  This  action  will  vary  with  the  load  on 
the  machine.  If  the  load  is  small,  the  current  in  the 
armature  is  at  a  low  value,  the  field  poles  of  the  arma- 
ture will  be  weak  and  have  very  little  effect  upon  the 
main  poles,  consequently  the  line  of  force  from  the 


FIG.  5.     FIELD  FRAME  WITH  INTERPOLE  FOR  EACH 
MAIN   POLE 


latter  v/ill  be  nearly  uniformly  distributed,  as  in  Fig.  1. 
However,  as  Iho  load  comes  on,  the  magnetic  field  of 
the  armature  v/i!l  increase  and  its  effect  to  distort  the 
lines  of  force  from  the  main  poles  will  be  increased. 
Therefore,  v.-ith  a  varying  load  on  the  motor  the  dis- 
tribution of  the  field  frcm  the  main  poles  will  be  chang- 
ing. With  the  flux  uniformly  distributed,  as  in  Fig.  1, 
the  correct  position  of  the  brushes  would  be  as  indicated 
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in  the  figure,  or  what  is  known  as  the  neutral  point. 
When  the  motor  is  loaded  as  in  Fig.  3,  the  neutral  point 
has  shifted  to  some  position  such  as  indicated  by  ab 
due  to  the  distorting  effect  of  the  armature  poles.  Con- 
sequently, the  correct  position  of  the  brushes  is  not  as 
shown  in  the  figure,  but  on  the  line  ab.  From  this  it 
is  seen  that  on  the  simple  type  of  direct-current  motor 
the  neutral  point  shifts  with  the  load,  and  this  is  one 
of  the  reasons  for  sparking  at  the  brushes  with  chang- 
ing loads  on  the  machine. 

To  prevent  this  shifting  of  the  neutral  point  or  to 
at  least  hold  a  magnetic  field  at  this  position  where  the 
brushes  are  located,  to  assist  in  commutating  an  addi- 
tional set  of  poles  is  frequently  used  in  modern  direct- 
current  machines.  These  consist  of  a  small  pole  called 
an  interpole  or  commutating  pole,  located  in  between 
the  main  poles  with  a  low-resistance  winding  connected 
in  series  with  the  armature  as  in  Fig.  4.  These  poles 
are  magnetized  the  same  polarity  as  the  armature  poles, 
as  indicated,  and  if  of  the  same  strength  they  will 
neutralize  the  effect  of  the  armature  poles  and  the 
neutral  will  remain  in  a  fixed  position.  Since  they  are 
connected  in  series  with  the  armature,  the  strength  of 
their  magnetic  fields  will  vary  as  those  of  the  armature. 
At  light  loads  the  current  in  the  armature  and  interpole 
windings  will  be  small,  consequently  the  field  poles  of 
each  will  be  weak.  As  the  load  increases,  the  current 
through  the  armature  and  interpole  windings  increases, 
likewise  the  strength  of  the  field  poles  of  both;  conse- 
quently, if  the  interpoles  are  properly  designed,  they 
will  neutralize  the  effect  of  the  armature  pole  at  all 
loads  from  no  load  to  full  load,  making  it  possible  to 


FIELD   FRAME   WITH    INTERPOLE   FOR   EACH 
PAIR  OF  MAIN   POLES 


obtain  sparkless  commutation  throughout  the  whole  load 
range  of  the  motor  with  the  brushes  in  a  fixed  position. 
An  interpole  for  each  main  pole  in  the  motor  may  be 
used,  as  in  Fig.  5,  B  being  the  main  poles  and  A  the 
interpoles.  However,  to  reduce  the  cost  of  construction, 
sometimes  only  one  interpole  is  used  for  each  pair  of 
main  poles.  Fig.  6.  In  this  case  it  is  essential  that  the 
interpoles   be   so   located   that   they   are   all   the   same 


polarity;  that  is,  in  Fig.  6  they  would  either  be  two 
north  poles  or  two  south  poles.  But  the  best  practice 
is  to  use  an  interpole  for  each  main  pole,  and  this  fs 
adhered  to  in  a  large  percentage  of  cases,  especially  on 
medium-sized  and  large  motors. 

Interpoles  are  used  on  all  three  types  of  direct-cur- 


FIG.  7.   CONNECTIONS  FOR  SERIES-INTERPOLE  MOTOR 
TO  STARTING  BOX 


FIG.  8.   CONNECTIONS  FOR  SHUNT-INTERPOLE  MOTOR 
TO  STARTING  BOX 


Jt- 


CONNECTIONS    FOR   COMPOUND-INTERPOLE 
MOTOR  TO  STARTING  BOX 


nt  machines — series,  shunt  and  compound — although 
as  far  as  the  external  connections  are  concerned,  the 
addition  of  the  interpoles  to  the  machine  does  not  in 
any  way  complicate  the  connections  over  those  for  the 
simple  types  without  interpoles.  In  Fig.  7  are  shown 
the  connections  for  a  four-pole  series  motor  with  inter- 
poles, to  be  started  from  a  manual-type  starting  box. 
These  are  the  same  as  for  the  simple  type  of  machine. 
On  the  shunt-interpole  type  only  four  leads  are  brought 
outside  the  motor  and  the  connections  to  a  manual-type 
starter  are  made  as  in  Fig.  8.  If  it  was  desired  to  re- 
verse the  motor,  the  connection  at  the  armature  termin- 
als would  be  interchanged,  which  would  reverse  the 
direction  of  the  current  through  the  armature  and  the 
interpole  windings.     This   is  exactly  as  it  should  be. 
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since  if  the  direction  of  the  current  throuRh  the  arma- 
ture is  revcr!<od,  the  polarity  i.s  rover.sod,  and  if  the 
interpolo.s  are  to  remain  the  same  polarity  a.s  the  arma- 
ture, the  current  throutrh  thi.s  windinjf  must  al.so  be 
reversed. 

In  the  compound-wound  interpole  machine  the  inter- 
pole  winding  is  connected  in  the  circuit  between  the 
armature  and  series  winding.  The  connections  to  a 
manual-type  starter  are  jriven  in  Fig.  9.  It  will  be 
.seen  that,  externally,  these  are  the  same  as  for  a  com- 
pound machine  without  intcrpoles.  To  reverse  the 
direction  of  rotation  of  the  motor,  all  that  is  necessary 
is  to  interchange  the  conections  on  the  interpole  and 
armature  terminals  outside  the  machine.  This  will  re- 
verse the  direction  of  the  current  through  the  armature 
and  interpole  windings  as  in  the  shunt  machine.  From 
the  foregoing  it  is  evident  that  the  connections  of  inter- 
pole machines  to  their  starting  device  are  the  same  as 
for  those  without  interpoles. 

{The  next  article  ivill  disctiss  the  compensated  type  of 
direct-current  machines.) 

The  Pressure  Injection  and  the  Air 
Injection  Oil  Engines 

By  Hermann  Shultz 

It  is  indeed  surprising,  in  view  of  the  wonderful 
strides  that  have  been  taken  in  Europe  in  the  develop- 
ment of  the  Diesel  motor,  to  discover  the  amount  of 
experimenting  being  given  to  the  principle  of  pressure 
injection  in  England  and  America.  In  using  the  term 
pressure  injections,  the  waiter  intends  it  to  cover  all 
designs  of  the  internal-combustion  oil  motor  where  the 
oil  is  introduced  into  the  working  cylinder  without  the 
employment  of  injection  air  and  with  the  aid  of  a  pump. 
As  has  been  stated,  it  is  surprising,  in  fact  rather 
bewildering,  to  see  the  attempts  made  to  secure  Diesel- 
motor  efficiency  with  pressure  injection.  In  truth  one 
is  compelled  to  speculate  more  or  less  if  the  designers 
of  these  latter  types  of  motors  really  understood  the 
process  of  combustion  occurring  in  the  cylinder  of  the 
gas  motor,  or  rather,  oil  engine.  Surely  if  the  proc- 
esses of  vaporization  or  gasification,  ignition  and  com- 
bustion were  fully  appreciated,  hope  that  the  pressure 
injection  or,  as  the  Americans  term  it,  solid  injection 
would  show  an  economy  anyways  near  the  Diesel  motor 
would  vanish. 

It  is  no  great  achievement  to  design  a  pump  that  will 
force  the  oil  fuels  into  the  engine  cyhnder;  nor,  even 
if  introduced  most  inefficiently,  will  the  oil  drops  refuse 
to  burn — although  uneconomically.  But  to  expect  that 
this  combustion  is  other  than  inefficient  is  too  much. 
Fuel  Introduction 

In  considering  any  method  of  introducing  the  fuel 
oils  into  the  engine,  due  .Ttudy  must  be  made  of  the 
processes  going  on  during  the  spraying,  and  after  the 
introduction  has  been  accomplished.  The  fuel,  whether 
it  is  paraffin,  tar  oil  or  one  of  the  many  oils  that  lie 
between  these  two  in  complexity  of  compound,  must  be 
introduced  into  the  cylinder,  next  it  must  be  gasified, 
then  ignited,  and  finally  complete  combustion  must  take 
place. 

With  the  usual  injection  of  the  Diesel  motor  the  oil 
is  broken  up  into  drops  averaging  too  m"^-  (0.00039  in.) 
in  diameter.  These  minute  particles  must  be  gasified 
and  mixed  with  the  correct  amount  of  air  to  secure 
combustion.      If   these   particles   could   remain    in   the 


cylinder  indefinitely,  complete  pasifiration  and  union 
with  the  oxygon  would  take  place,  retrjirdloHH  of  .size  of 
particles.  The  time  interval  of  combustion  is  small. 
The  length  of  time  re(|uired  for  gasification  and  com- 
i)Ustion  depends,  then,  on  the  degree  of  separation  that 
takes  place  during  injection.  If  the  drops  are  large, 
the  gasification  is  but  partly  accomplished  by  the  time 
self  ignition  in  some  parts  of  the  gas  vapors  begins. 
The  result  is  that  the  gasification  is  not  complete  when 
(he  normal  period  of  combustion  ends;  the  natural 
result  is  that  the  combustion  continues  along  the  entire 
power  stroke — in  fact,  usually  continues  in  the  exhaust 
lines. 

Fuel  Atomization 

In  the  design  of  the  Diesel  motor  spray-valve  modifica- 
tions in  the  shape  of  the  atomizing  discs,  etc.,  affect  to 
a  considerable  extent  the  degree  of  fineness  into  which 
the  oil  is  broken  in  entering  the  cylinder.  It  should  be 
understood  that  the  breaking  up  does  not  occur  in  the 
fuel  valve.  Here  the  air  and  oil  are  mixed,  but  the  oil 
cannot  be  said  to  be  separated  into  small  particles  until 
it  enters  the  cylinder.  The  force  of  the  blast  air  as  it 
expands  from  70  to  30  atmospheres  effectually  breaks  up 
the  oil  into  very  minute  particles.  The  inrush  of  the 
injection  air  gives  rise  to  a  turbulence  of  the  air  com- 
pres.sed  in  the  combustion  chamber;  this  whortling 
mixes  the  oil  particles  with  the  air,  affording  a  very 
complete  union.  The  air  blast  performs  a  greater 
.'•ervice  in  the  combustion  chamber  than  in  the  spray 
valve.  The  amount  of  fuel  injected  into  the  cylinder  has 
no  effect  on  the  process  of  combustion  since  the  air 
blast  effectually  breaks  up  and  mixes  the  low  load 
charge  as  well  as  it  does  the  full  load  charge. 

Turning  now  to  the  pressure  injection  such  as  the 
Vickers,  this  engine  uses  an  exceedingly  heavy  pump 
pressure  to  inject  the  oil  into  the  cylinder.  To  maintain 
a  rate  of  oil  inti'oduction  equal  to  the  Diesel  motors, 
the  opening  in  the  flame  plate  must  be  made  small — at 
about  a  ratio  of  25  to  1,  since  no  injection  air  is  present 
to  increase  the  volume.  The  smallness  of  this  opening 
necessitates  a  high  pump  pressure  of  about  12,000  to 
16,000  lb.  per  sq.in.  It  is  difficult  to  keep  up  equipment 
with  such  pressures. 

Cylinder  Pressures 

The  plan  is  to  use  the  high  velocity  of  the  oil  to  break 
it  up.  If  this  was  possibly  to  do  effectually,  it  would 
follow  that  the  larger  the  cylinder  the  better  would  be 
the  mixing.  To  the  contrary,  it  has  been  the  practice 
of  these  builders  to  keep  the  cylinder  dimensions  fairly 
small.  A  more  important  feature  of  the  action  of  this  Jj 
type  of  injection  is  the  high  maximum  pressures  occur-  T 
ring  at  the  moment  of  fuel  admission.  Frequently,  the 
indicator  cards  show  pressures  several  atmospheres 
higher  than  is  usual  in  Diesel  motors.  Again,  with  heavy 
introductions  of  fuel,  such  as  at  full  load,  the  pressure- 
injection  engine  smokes  badly.  During  the  war  this 
was  the  chief  criticism  against  the  design.  This  feature 
is  to  be  expected  from  a  consideration  of  the  events 
occurring  in  the  cylinder.  The  spray  of  oil  as  it  leaves 
the  fuel  valve  cannot  come  into  contact  with  the  entire 
air  charge  in  the  cylinder.  The  direction  of  the  spray- 
must  be  toward  a  rather  localized  area.  There  is  no 
expansive  force  to  cause  diffusion  other  than  what  might 
be  termed  the  non-cohesiveness  of  the  liquid.  On  lov/ 
loads,  then,  most  of  the  oil  is  fairly  well  broken  up  and 
gasified.     On  heavy  loads  only  the  outer  portions  are 
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broken  up,  while  the  interior  is  fairly  solid.  This  por- 
tion gasifies,  but  in  so  doing  also  goes  through  a 
chemical  process,  so-called  "cracking,"  depositing  some 
of  the  heavy  hydrocarbons,  since  the  gasification  is  slow 
and  is  not  completed  when  ignition  of  the  outer  oil  vapor 
starts.  At  the  high  temperature  of  combustion  "crack- 
ing" always  takes  place.  The  engine  then  smokes  on 
full  load.  That  this  inefficiency  with  heavy  fuel  charges 
is  due  to  insufficient  mixing  of  oil  and  air  is  proved  by 
the  clearness  of  the  exhaust  on  light  loads  and  the 
fairly  sustained  fuel  consumption  per  brake  horsepower 
on  low  loads  notwithstanding  the  mechanical  loss 
is  constant. 

The  Vickers  engine  has  a  needle  valve  as  is  common 
with  the  true  Diesel.  The  only  elimination  is  the 
absence  of  the  air  compressor.  The  complication  of 
the  fuel-pumping  mechanism  more  than  oflFsets  the 
advantage  of  the  elimination  of  the  compressor.  In 
fact,  it  can  hardly  be  denied  that  the  engine  is  made 
more  complex. 

A  number  of  engine  builders  have  taken  up  the  pres- 
sure injection  without  the  use  of  a  controlled  fuel  valve. 
This  is,  of  course,  but  an  improvement  of  the  hot-ball 
engines  such  as  the  Bolinders  and  Petter,  which  have 
had  pump  fuel-injection  systems  from  the  first.  That 
the  pump  method  is  fairly  good  for  small  engines  cannot 
be  denied  if  low  efficiency  is  not  objectionable.  Some 
builders,  notably  Crossley  &  Co.,  realize  the  danger  of 
defective  mixing,  so  attempt  to  elongate  the  combustion 
chamber  to  give  a  greater  spread  to  the  oil  jet.  To 
obtain  part  of  the  turbulence  achieved  by  the  Diesel  air 
blast,  this  concern  makes  the  piston  end  cone  shape, 
expecting  the  air  rushing  up  along  the  cone  to  give  a 
turbulence  effect. 

American  Designs 

Certain  of  the  American  engine  builders  have  adopted 
the  pump  system,  using  two  jets  of  oil.  The  design  con- 
templates air  turbulence  being  secured  by  the  inter- 
ference of  the  two  sprays.  On  full  load  the  body  of  the 
fuel  gasifies  slowly  and  "after-burning"  occurs.  On  low 
loads  the  fuel  mixture  is  better;  so  much  so  that  if  the 
air  suction  is  not  throttled  to  reduce  the  air  charge  and 
to  retain  some  of  the  burnt  gases  from  the  previous 
explosions,  violent  preignition  takes  place.  The  early 
timing  of  the  fuel  admission,  about  40  deg.  early,  often 
causes  excessive  pressures.  It  is  by  no  means  uncom- 
mon to  observe  pressures  above  50  atmospheres.  The 
excellent  efl[iciencies  shown  by  some  of  these  engines 
on  test  are  undoubtedly  secured  with  a  maximum  explo- 
sive pressure  well  above  800  lb.  In  fact,  it  has  been 
stated  by  at  least  one  engine  builder  that  the  greatest 
difliculty  was  experienced  in  keeping  the  pressure  within 
limits. 

The  action  of  a  pump  is  by  no  means  as  rapid  as  a 
needle  valve.  The  cessation  of  the  oil  spray  into  the 
cylinder  is  necessarily  slow,  and  the  lines  may  continue 
to  leak. 

The  high  pressures  that  occur  preclude  any  lightening 
of  the  weight  of  the  engine.  Indeed  the  engine  should 
be  heavier.  The  air  compressor  is,  of  course,  eliminated, 
but  the  pressures  on  the  fuel  pumps  are  so  high  that 
serious  trouble  will  surely  occur. 

To  an  impartial  person  the  conclusion  is  obvious.  For 
small  powers,  probably  75  hp.  per  cylinder,  the  pressure 
injection,  or  the  solid  injection,  as  Americans  call  it, 
offers  certain  advantages  where  fuel  consumption  is  not 
of   primary    importance.      In   large   units    the    results 


obtained  do  not  warrant  claims  of  superiority  over  or 
even  equality  with  the  Diesel.  Too  many  foreign  firms, 
especially  American  and  English,  attempt  to  effect  sales 
by  building  engines  with  radical  features  or  unusual 
mechanism.  No  stress  is  made  on  the  superiority  of 
workmanship,  to  which  feature  the  success  of  German 
Diesel  builders  is  largely  due. 

Refrigeration  Troubles 

By  Roland  L.  Tullis 

A  sudden  drop  of  the  suction  or  condenser  pressure 
of  an  ammonia  compression  system  is  indicative  of  some 
sort  of  trouble,  and  the  cause  should  be  searched  for  im- 
mediately. If  the  plant  is  equipped  with  double-pipe 
brine  coolers,  the  trouble  may  be  caused  by  the  brine- 
circulating  pump  losing  its  suction;  or  if  the  brine  is 
circulated  by  a  motor-driven  pump,  it  may  have  blown 
a  fuse  and  stopped.  S'toppage  of  brine  circulation  in  the 
coils  naturally  lowers  the  rate  of  ammonia  vaporization, 
and  the  suction  and  condenser  pressure  will  drop  im- 
mediately. If  the  brine  circulation  is  stopped  for  any 
length  of  time,  the  coils  are  liable  to  freeze  up,  the 
suction-  and  discharge-gas  temperature  will  drop  and 
the  suction  line  will  be  likely  to  frost  back  more 
than  usual. 

An  experienced  operating  engineer,  by  watching  his 
gages  and  suction  and  discharge  temperature,  can  tell 
pretty  nearly  whether  the  plant  is  operating  properly 
or  not.  Good  brine  circulation  through  the  coils  is 
essential  to  economical  operation. 

The  writer  was  once  employed  in  a  refrigeration  plant 
which  contained  a  number  of  double-pipe  brine-cool- 
ing coils.  One  day  one  of  the  shift  engineers  rushed  up 
to  the  chief  and  explained  that  the  system  was  short  of 
ammonia.  The  receiver  was  empty,  temperatures  were 
going  up  and  the  suction  and  condenser  pressures  grad- 
ually diminishing.  The  chief  glanced  at  the  gages,  ex- 
amined the  receiver  (which  sure  enough  was  empty) 
and  shook  his  head.  There  had  been  plenty  of  ammonia 
a  few  hours  previously,  but  somehow  it  had  mysteriously 
disappeared.  Then  he  happened  to  remember  that  early 
that  morning  they  had  cut  one  large  brine  cooler  out  of 
service.  He  remembered  having  ordered  one  of  the 
helpers  to  close  the  stop  valve  and  expansion  valve 
on  the  coil. 

Upon  examination  it  was  found  that  the  stop  valve 
was  closed  tight,  but  the  expansion  valve  was  only  partly 
closed.  In  consequence  practically  the  entire  ammonia 
charge  had  leaked  into  the  coil,  where  it  was  trapped. 
In  such  a  case  care  must  be  exercised  in  opening  the 
stop  valve,  as  a  slug  of  liquid  may  be  thrown  back  into 
the  compressor  suction. 

I  know  of  a  case  where  the  operating  engineer  was  at- 
tempting to  pump  the  liquid  out  of  an  ice-cream  hard- 
ening room.  He  had  forgotten  about  the  expansion 
valves  being  open,  and  the  room  temperature  had 
dropped  to  between  15  and  20  deg.  below  zero.  Then, 
when  he  shut  off  the  expansion  valves  and  attempted 
to  pump  the  liquid  out,  the  suction  pressure  naturally 
decreased  and  the  temperature  continued  to  drop.  The 
more  he  pumped  the  lower  the  pressure  dropped,  and  the 
temperature  went  down  correspondingly;  the  liquid  re- 
fused to  vaporize  on  account  of  the  low  temperature.  The 
engineer  was  having  a  time  to  get  the  liquid  out  of  the 
coils  and  back  into  the  receiver,  where  it  belonged.  Fi- 
nally, he  hit  upon  a  bright  idea,  but  it  proved  disastrous; 
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}io  opened  the  jrnte  valvr  on  an  auxiliary  lin«'  whith  <i>n- 
nrctcd  with  the  .miction  of  two  laivo  compre.sHor.s.  This 
threw  a  22-lb.  Imik-pri-.s.'^ure  from  the  hijf  machincH 
down  into  the  hardening  rooms.  This  hrouRht  the  li(|uid 
nut  in  a  hurry.  re.HultiriK  in  loosening  the  heads  on  two 
compres.sors  and  nearly  knocking  them  olT  the  foun- 
dation. 

After  all  this  is  said  and  done,  handling  ammonia 
liquid  or  gas  is  .somewhat  of  a  tricky  proposition.  It 
requires  experience,  study  and  good  judgment  to  handle 
it  successfully. 

TIh*  Proh'clioii  of  Motor  Wiiicliiipjs 

I?Y  Gordon.  Fox 

In  his  article  "Treatment  of  Direct  Current  Motors 
for  Mining  Conditions,"  which  appeared  in  the  Oct. 
12  issue  of  Power,  Mr.  Arnold  mentions  the  import- 
ance of  keeping  armatures  and  field  coils  well  varn- 
ished. This  cannot  be  too  well  emphasized.  The 
cotton  and  other  insulations  commonly  used  in  the 
make-up  of  coils  serve  largely  as  mechanical  separ- 
ators and  as  a  medium  for  absorbing  the  varnish. 
The  varnish  acts  as  an  insulator,  a  heat  conductor, 
a  binder  and  a  protecting  medium. 

There  are  many  qualities  of  varnish.  So  called 
"air-drying"  varnish  is  most  easily  applied,  but  is 
less  elastic  and  tends  to  crack  and  chip  in  time. 
Elasticity  is  important  in  maintaining  a  continuous 
covering  without  cracks  and  crevices  in  which  dirt 
and  moisture  may  lodge.  Baking  varnishes  have 
greater  elasticity  and  are  more  effective.     Clear  bak- 
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FIG.   1.      IXSULATING  COMPOUND   DIPPING  TANK 

ing  varnish  is  the  best,  but  is  slow-drying  and  hardest 
to  apply.  The  slower-drying  the  varnish  the  better 
the    ultimate    job. 

The  dipping  tank  shown  by  Mr.  Arnold  has  many 
commendable  features.  Another  type  of  tank  used 
for  dipping  armatures  and  all  kinds  of  coils  is  shown 
in  Fig.  1.  By  adjusting  the  stop  pins  in  the  sloping 
upper  edge,  any  size  armature  may  be  allowed  to 
be  submerged  at  the  coils,  yet  the  commutator  and 
chaft  are  kept  clean.     A  paper  is  wrapped  about  the 


commutator  to  keep  off  any  drip.  The  armature  is 
rotated  slowly  to  submerge  all  the  coils  in  the  vjir- 
nish.  It  is  then  rolled  up  the  incline  and  allowed 
to  drain  while  resting  on  the  upper  horizontal  portion. 
A  movable  cross-member  having  a  similar  incline  may 
be  inserted  for  use  with  armatures  having  short 
shafts.     A  separate  coil-drying  rack  can  be  moved  in 
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FIG.  2.     OVEN  FOR  BAKING  COILS  AND  ARMATURES 

front  of  the  tank  so  as  to  drain  into  it.  Covers  are 
provided  to  prevent  excessive  evaporation  of  the  var- 
nish in  the  tank.  This  equipment  has  proved  very 
satisfactory  in  service. 

A  small,  brick  drying  oven  is  shown  in  Fig.  2.  This 
is  arranged  to  house  a  small  car,  which  is  rolled  in 
after  loading  outside.  The  car  is  arranged  to  carry 
two  large  armatures,  and  a  removable  rack  for  coils 
may  be  attached  to  it.  The  oven  is  heated  by  grid 
resistors,  several  connections  being  afforded  to  govern 
the  temperature.  Openings  are  left  at  the  bottom  of 
the  oven  behind  the  grids  for  entry  of  air.  The  heated 
air  passes  out  a  small  stack.  A  pipe  inserted  in  the 
arch  carries  a  thermometer  for  indicating  the  oven 
temperature.  The  doors  are  made  up  of  angle  frame 
covered  with  sheet  steel  on  both  sides,  the  space  be- 
ing filled  with  loose  asbestos.  The  whole  arrangement 
has  worked  out  very  well. 

Dirt  and  moisture  cause  a  very  considerable  pro- 
portion of  motor  failures.  While  varnish  affords  a 
measure  of  protection,  dirt  and  moisture  should  be 
excluded  from  motors  so  far  as  possible.  Totally 
inclosed  motors  such  as  mill-type  and  mine-type  ma- 
chines are  more  expensive  in  first  cost,  but  their 
better  service  will  usually  justify  the  investment 
where  unfavorable  conditions  must  be  met.  Open- 
type  motors  .should  be  provided  with  solid  inclosing 
covers  on  the  upper  openings  when  located  in  dirty 
places.  A  little  more  heating  is  usually  much  less 
harmful  than  dirt.  It  must  be  realized  that  when 
coils  are  covered  with  dirt  and  ventilating  slots  are 
plugged,  radiation  of  heat  is  not  very  effective. 


It  seldom  pays  to  experiment  with  different  engine 
oils.  After  a  suitable  lubricating  oil  is  secured,  con- 
tinue to  use  it.  All  reputable  refineries  make  Diesel 
lubricating  oils  that  can  be  safely  used.  Some  refineries 
have  had  much  experience  in  the  oil-engine  field  and 
can  supply  oil  suitable  for  each  particular  make  of 
engine. 
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Refrigeration  Study  Course — XIX 
Applications  of  Refrigeration 

By  H.  J.  MACINTIRE 

Professor  of  Refrigeration,  University  of  Illinois,  Urbana,  111. 


SOME  thirty  years  ago  mechanical  refrigeration  was 
used  mainly  in  the  brewery  industry,  but  of 
late  years  the  great  advance,  first  of  ice  making, 
and  then  of  cold  storage  (including  the  packing-house 
industry)  had  relegated 
the  brewing  total  tonnage 
— even  before  the  advent 
of  adverse  legislation — to 
secondary  importance. 
However,  there  is  now 
hardly  any  branch  of  en- 
gineering that  is  develop- 
ing with  the  speed  of 
refrigeration  in  variety 
of  application  and  in  the 
amount  of  sales.  The 
chemical  industries  are 
paying  more  and  more 
heed  to  the  latent  possi- 
bilities of  mechanical  cool- 
ing in  their  processes,  as 
are  also  the  engineers  in 
almost  every  branch  of 
work.  The  steal  mill  uses 
refrigeration  in  temper- 
ing and  hardening,  the  oil 
refinery  in  separating  out 
the  paraffin,  the  oil  and 
natural  gas  men  utilize  re- 
frigeration to  some  extent 

in  separating  out  the  gasoline.  The  chemical  industry, 
the  baker,  the  candy  maker  and  the  miner  use  refrigera- 
tion to  secure  standard  conditions — a  cold  water,  cold  air 
or  a  cold  strata  of  earth.  As  an  example  of  the  extremity 
to  which  the  industry  is  carried,  it  may  be  mentioned 


Milk  Inkt  from  Aisteunzer 


FIG.    1.      THE  BAUDALOT   COOLER 


eration,  one  will  be  surprised  at  their  similarity.  As 
just  noted,  it  is  nearly  always  the  matter  of  the  cooling 
of  a  fluid,  liquid  or  a  gas,  which  in  turn  does  the  work 
desired  of  it.     However,  there  are  a  few  other  special 

applications  which,  be- 
cause of  their  general  use, 
are  worthy  of  special 
mention.  A  few  of  these 
will  be  taken  up  in  turn. 

The  milk  industry  is  an 
important  one.  It  is  a 
daily  necessity,  a  food 
that  cannot  be  dispensed 
with.  In  consequence  of 
the  distance  from  the 
source  of  supply  the  city 
milk  trade  is  subject  to  a 
delay  so  that  by  the  time 
it  is  ready  to  be  served 
the  milk  may  be  36  to  48 
hours  old.  The  result  is 
that  raw  milk  is  fre- 
quently badly  contami- 
nated with  bacilli  of 
intestinal  or  lung  variety, 
especially  if  the  tempera- 
ture of  the  milk  is  allowed 
to  remain  even  for  a  short 
time  at  a  temperature  60 
or  more  deg.  F.  So  to 
reduce  the  danger  from  disease  the  pasteurizing  process 
has  been  perfected.  This  consists  of  either  bringing  up 
the  milk  temperature  to  140  to  150  deg.  F.  and  holding 
at  that  temperature  for  thirty  minutes  rthe  preferred 
method)    or  of  raising  the  temperature  to   160  to   165 


.  CoU  Water 
Inlef 

^Bn'ne  or  Ice 

'  Wafer  Discharge 


THE  PASTEURIZED  MILK  GOES  DIRECTLY  TO  THE     RAW  MILK  COOLER 


that  the  Haber  process  for  fixation  of  atmospheric 
nitrogon  is  to  form  ammonia  in  a  mixture  of  hydrogen 
and  nitrogen  by  means  of  a  special  catalyst,  and  then  to 
freeze  the  mixture  to  — 20  deg.  F.  or  lower  until  the 
ammonia  is  liquefied  and  separation  may  be  secured  by 
means  of  gravity  and  a  modified  trap.  In  making  an 
analysis  of  the  different  kinds  of  applications  of  refrig- 


deg.  F.  and  maintaining  this  temperature  for  only 
one-half  to  one  minute.  After  the  pasteurizing  process 
the  temperature  should  be  reduced  to  35  to  45  deg.  F. 
as  quickly  as  it  is  practical.  This  cooling  may  be 
accomplished  in  either  of  two  ways — first,  by  means 
of  a  regenerative  apparatus,  and  second,  by  means  of 
the  old-style  Baudalot  cooler. 
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Asauminjr  that  tin-  milk  leaves  the  pasteuri/.cr  at 
about  140  ilcjr.  v.,  it  would  be  sent  to  the  reKciu'iator  as 
shown  in  one  (lesijru  by  Fi}?.  1.  The  rcRoncnitor  is  n 
.••ort  of  countcrllow  exthaiiKfr.  The  raw  milk  is  rela- 
tively cold  and  must  be  heated  to  140  dep.  F.,  and  the 
pasteurized  milk  is  at  MO  dep.  F.  and  must  be  cooled. 
By  usintr  a  counter-eurrent  device,  both  of  these  may  be 
accomplished  easily  and  cheaply.  The  last  portion  of  the 
work  of  cooliiiiT  is  by  niean.s  of  brine,  reduced  in  tem- 
perature by  means  that  are  usual  in  mechanical  refrig- 
eration. 

The  .second  method  is  to  pipe  the  pasteurized  milk 
directly  into  the  cooler.  This  cooler  is  usually  made  of 
block  tin  (for  cleanliness)  and  is  arranged  so  that  the 
milk  Hows  on  the  outside,  beinj?  cooled  first  with  water 
and  then  by  brine.  The  refrigerating  problem  is  a 
simple  one,  requiring  brine  of  about  20  to  25  deg.  F. 
The  most  inniortrnt  point  is  that  the  milk  cooling  after 
pasteurizing  makes  a  heavy  load,  usually  for  a  .short 
part  of  the  day  only.  It  usually  works  out  best  to  have 
a  brine-storage  tank  of  sufficient  size  to  carry  a  large 
part  of  the  load.  In  so  doing  the  compressor  may 
operate  over  a  longer  period  of  the  day,  and  the  machine 
may  be  a  small  one.  The  amount  of  refrigeration  stored 
in  the  brine  depends  on  the  temperature  rise  of  the 
brine.  A.ssuming  this  to  be  20  deg.  F.,  the  brine 
storage  necessary  to  cool  1,000  gal.  of  milk  from  80 
to  40  deg.  F.  would  be 

1000     X     8.58     X     40     X     0.9    =    vol.     X     62.5     X 

weight  of    ^ 
cubic  foot 


number    ^      \b  per      ^     lenip 
gallons  gallon  range 


specific 
heat 


1.2     X     0.7    -f     20     =     294  cu.ft. 

specific    y,      temp 
heat  range 

Ice  Cream  Making 

In  ice  making  there  is  i-equired  frequently  from  1.4 
to  1.7  tons  of  refrigeration  for  24  hours  to  produce  a 
ton  of  ice.  In  other  words,  much  more  refrigeration 
has  to  be  put  into  the  manufacture  of  ice  than  it  is 
possible  to  secure  in  cooling  effect  by  the  melting  of  the 
ice  after  it  is  made.  The  reason  is  that  in  ice  making 
the  water  has  to  be  cooled  first  to  32  deg.  F.,  then 
frozen,  and  finally  the  ice  cooled  down  to  somewhere 
near  the  brine  temperature.  All  this  require  (assum- 
ing 70  deg.  water) 

32  —  14 

(70  —  32)  -f  144  -[-  ^ =  191  B.t.u.  per  lb.  of  ice. 

To  this  should  be  added  the  losses  by  radiation,  con- 
duction, etc.,  and  the  meltage  and  other  losses  in  remov- 
ing the  ice  from  the  cans  and  storing  the  cake  in  the 
storage  rooms.  The  total  input  in  heat  units  per 
pound  net  of  ice  is  therefore  from  210  to  230  B.t.u., 
from  which  only  about  144  B.t.u.  is  usually  available  for 
refrigerating  purposes.  In  ice  making,  therefore,  it  is 
necessary  to  cool  the  water,  freeze  the  ice  and  finally 
cool  the  ice. 

Ice-cream  making  is  about  the  same  kind  of  refrig- 
erating work.  About  the  only  difference  between  ice 
making  and  ice-cream  making  is  in  the  details  of  the 
operation.  Ice  cream,  of  course,  is  not  frozen  in  a  mold 
like  can  ice,  but  a?  a  rather  soft  mush,  after  which  it  is 
placed  in  a  container  and  allowed  to  cool  to  a  solid  con- 
dition in  the  hardening  room.  The  refrigeration  prob- 
lem in  ice-cream  making  is  in  the  cooling  of  the  cream, 
freezing  into  a  plastic  condition,  and  finally  the  harden- 
ing process,  which  is  much  like  the  cooling  of  can  ice 
down  to  the  temperature  of  the  brine  in  the  ice  tank. 


Calculations  for  the  duty  re(iuired  arc  not  as  TKisitive 
as  in  ice  making,  becau.sc  the  latent  heat  of  fusion  of 
the  mixture  of  cream  and  the  specific  heat  before  and 
after  freezing  arc  not  constant  for  all  kinds  of  ice 
cream  or  ices.  In  general  the  mixture  is  usually  placed 
in  the  freezer  at  about  50  deg.  F.  and  the  whipping  of 
the  cream  is  at  about  20  deg.  During  the  process  o( 
freezing  the  cream  "swells"  an  amount  from  50  to  100 
per  cent,  although  the  amount  is  usually  about  80  per 
cent.  Using  the  latent  heat  of  ice  cream  as  84  B.t.u. 
and  the  specific  heat  l)efore  and  after  freezing  as  0.68 
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FIG.   3.     DOUBLE-PIPE  PASTEURIZER  AND  COOLER 

Follow   course    of   water   and    brine   through   the   coils 

A,  B,  C,  D,  E,  F  and  G. 


and  0.38  respectively,  the  refrigeration  necessary  to 
make  100  gal.  of  cream  from  a  mixture  at  50  deg.  F. 
and  cream  at  0  deg.  F.  would  be: 


100 


X  8\  X  1.2  =  556  Ih.  (weight  of  cream  to 
be  frozen') 


(556     X     0.68     X     50 


26)     -f     (556     X     84)     -|- 


OVeight    X      specific      X 
heat 


temp   range     )       -|-        (weight     X  latent  heat 
of  fusion 


(556      X      0.38     X     26     —     0)      =     61,271     B.t.u. 

(weight      X  specifi<-  heat  X  temp   range     i 

If,  for  example,  this  work  was  to  be  done  in  one  hour, 
there  would  be  required  61,260  -f-  12,000  =  5.1  tons 
capacity.  Of  course  there  are  the  usual  leakage  losses  to 
be  taken  into  account  as  well  as  the  ice  for  icing  the  de- 
liveries and  other  incidentals  still  to  be  considered. 


Mechanical  efficiency  is  a  term  intended  to  express  the 
ratio  of  indicated  hor.sepower  to  that  available  for 
doing  work.  Brake  horsepower  divided  by  indicated 
horsepower  gives  the  mechanical  efficiency.  For  four- 
stroke-cycle  Diesel  engines  the  mechanical  efficiency  may 
be  as  high  as  80  per  cent  or  as  low  as  70  per  cent  of 
the  indicated  power.  For  two-stroke-cycle  engines  the 
mechanical  eflSciency  is  sometimes  as  high  as  80  per 
cent  of  the  indicated  power. 


iWeight  of  cream  depends  on  the  swell  and  the  specific  gravity 
of  the  mixture. 
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How  to  Cut  Belts  Square 

Although  many  articles  relating  to  belt  lacing,  etc., 
nave  been  published  in  Power,  the  instructions 
prepared  by  F.  D.  Rich  for  the  Crescent  Belt  Fastener 
Co.  contain  some  interesting  information,  which  is 
published  in  part  herewith. 

Cutting  the  ends  of  a  belt  to  put  it  into  service  seems 
such  a  simple  thing  that  often  the  belt  man  does  not 
give  it  the  consideration  necessary  to  insure  the  best 
results,  and  much  of  the  difficulty  with  otherwise  good 
belts  is  due  to  their  not  being  cut  and  joined  accurately. 
When  one  knows  how,  it  is  as  easy  to  make  a  belt  joint 
that  will  run  the  same  as  an  endless  one  as  it  is  to  do 
it  by  careless  rule-of-thumb  methods.  When  a  belt 
runs  "wabbly"  or  races  back  and  forth  across  the 
pulleys,  it  is  not  giving  its  best  service  nor  can  it  have 
its  longest  life.  If  its  ends  are  cut  square  and  it  is 
joined  with  care,  it  can  be  made  to  run  as  straight  as 
an  arrow  if  the  pulleys  are  lined  up  true. 

Don't  guess  at  cutting  your  belt  ends.  Use  a  square 
always,  and  use  it  with  care.  If  you  do  not  use  a 
square,  one  or  both  ends  will  be  cut  unevenly  or  irregu- 
larly, which  prevents  smooth  running.  Even  the  use 
of  a  straightedge  does  not  assure  the  perfect  results 
obtained  by  using  a  square,  for  the  slip  of  a  fraction 
of  an  inch  will  bring  the  belt  ends  together  at  an 
angle,  as  shown  in  Fig.  1. 

This  results  in  the  belt  "shimmying"  on  the  pulleys, 
which  is  bad  for  the  belt  and  impairs  its  service,  for 
as  it  moves  from  side  to  side  the  line  of  direct  pull 
AB  moves  from  one  side  of  the  belt  to  the  other, 
imposing  shifting  and  irregular  strains,  which  no  belt 
can  stand  indefinitely. 

There  is  only  one  way  to  assure  correct  results.  That 
is  to  use  a  belt  square  and  to  keep  it  in  place  until 
you  have  cut  all  the  way  through  the  belt.  Don't  just 
scratch  the  surface  and  then  hack  through.  Cutting 
to  the  square  assures  an  even  cut  all  the  way  through 
the  belt  and  all  the  way  across.  It  means  that  the 
ends  can  be  brought  together  in  a  tight,  butt,  evenly 
running,  flush  joint. 

For  belts  up  to  15  or  18  in.  wide  an  ordinary  square 
may  be  used.  Press  it  firmly  against  the  edge  of  the 
belt  and,  when  cutting,  hold  the  knife  vertically,  as 
shown  by  Fig.  2. 

Be  sure  your  knife  is  sharp.  Wet  its  point  occa- 
sionally, as  it  cuts  more  easily  when  the  blade  is  wet. 

When  a  number  of  belts  have  to  be  cut,  a  good  stunt 
is  to  drive  two  nails  in  a  large  block  of  wood,  and 
against  these  set  the  edge  of  the  belt  and  the  edge  of 
the  square,  as  shown  in  Fig.  3.  This  prevents  either 
the  belt  or  the  square  from  slipping.  Some  men  tack 
a  slip  of  leather  or  a  piece  of  old  belt  on  the  end  of 
the  block  to  protect  the  point  of  the  knife  as  it  comes 
through  the   belt. 

Wide  belts  are  harder  to  square  correctly,  and  the 
difficulty  is  often  increased  by  slight  variations  in  the 
width,  which  throws  the  square  out.  To  avoid  this 
and  assure  perfect  results,  the  following  method  has 
proved  the  best. 

At  any  point  near  where  you  are  going  to  cut  the 
belt,  measure  across  and  find  the  center,  as  at  AA,  Fig. 
4.  At  any  distance  back  of  this,  say  two  or  three  feet, 
find  the  center  again,  as  at  BB.  Between  these  two 
center  points  draw  a  clean,  sharp  line.  This  marks  the 
center  axis  of  the  belt.  Then,  as  shown  by  Fig.  5, 
using  the  square  against  the  center  line,  trim  off  the 


end  of  the  belt,  holding  the  square  firmly  in  position 
while  you  cut  all  the  way  through.  Two  small  nails 
driven  in  on  the  center  line  will  keep  the  square  from 
slipping. 

For  cutting  the  other  end  of  the  belt  find  the  center 
line  as  just  described.  Then,  at  any  point  on  this 
line  other  than  where  your  belt  clamps  will  come,  take 
a  point  C,  as  in  Fig.  5,  and  using  the  square  as 
illustrated,  draw  a  line  DCE  at  right  angles  to  the  axis 
and  all  the  way  across  from  edge  to  edge.  It  is  some- 
times easier  to  draw  this  line  by  marking  the  points 
D  and  E  and  then  placing  a  straightedge  through  the 
points  D,  C  and  E  (see  Fig.  6).  Be  sure  that  the 
straightedge  is  straight,  not  warped.    This  line  DCE  will 


FIGS.    1  TO  6.     DETAILS  FOR  CUTTING  BELTS  SQUARE 

Fig-.  1 — A  belt  Joined  this  way  cannot  run  true.  Fig.  2 — Hold 
square  tightly  against  the  edge  and  cut  all  the  way  through  the 
belt.  Fig.  ;> — Simple  ".stunt"  makes  square  cutting  easy  ami 
positive.  Fig.  4 — Finding  the  center  by  measuring  in  from  the 
edges  of  the  belt.  Fig.  5 — Using  square  from  the  center  line. 
Fig.  6 — ^On  wide  belts  use  a  straightedge  when  a  large  square 
is  not  at  hand. 


constitute  a  "base  line"  to  measure  from  after  the  belt 
is  in  the  clamps.     Do  not  cut  on  this   line. 

You  can  determine  exactly  where  you  want  to  cut 
after  the  clamps  have  been  put  on  and  the  belt  brought 
into  position.  Then  measure  forward  from  the  line  DE 
an  equal  distance  on  each  side  of  the  belt  to  the  cutting 
point.  You  can  use  calipers  and  measure  over  the  belt 
clamp  or  run  your  ruler  through  the  edges  of  the  clamp. 
As  a  matter  of  convenience  always  cut  one  end  of  the 
belt  square  and  get  it  ready  for  making  the  joint  before 
putting  the  belt  into  the  clamp.  Regardless  of  whatever 
method  of  joint  is  used,  the  belt  should  always  be  cut 
square,  so  that  it  may  exert  a  straight-line  pull. 


946 


POWER 


Vol.  52,  No.  24 


Willis  Lawrence 


Tln'  I\Iaii   \S  lu>   l>*  Rospoiisihlc   for  Gonenilioii   of  the  Power  That  Drives 
Most  of  New  York's  Transil    racililies 


RrSTIING  along  af  forty  miles  an  hour  on  the  sub- 
way trains  of  Iho  Interborouuli  Hapid  Transit 
-Co.,  one's  thoujrhts  quite  easily  turn  to  the  source 
of  all  this  power — to  the  Kreat  machines  that  produce  it 
and  the  men  that  guide  and  control  it.  That  is  Willis 
Lawrence's  jol) — the  operation  and  maintenance  of  all 
the  power  houses  in  the  Interborough  system  of  sub- 
way and  elevated  lines  and  the  four  New  York  Railway 
power  stations,  which  drive  the  surface  cars.  Like 
most  men  who  have  de- 
veloped the  ability  to 
"get  things  done,"  his 
beginning  in  life  was 
comparatively  humble, 
though  he  is  a  descend- 
ant of  Revolutionary 
and  Puritan  forbears. 
He  was  born  in  18G8  at 
the  old  Lawrence  home 
in  Cold  Springs,  N.  Y. 
He  went  through  the 
public  schools  with  the 
intention  of  later  at- 
tending Cornell,  but  a 
desire  for  practical  ex- 
perience, coupled  with 
limited  finances,  caused 
him,  instead,  to  go  to 
work  on  neighboring 
farms.  After  the  young 
man  had  been  at  this 
work  for  five  years  his 
opportunity  came,  and 
he  was  not  slow  in 
grasping  it.  Learning 
that  a  large  stone- 
crushing  plant  was  to 
be  built  at  Storm  King, 
two  miles  from  his  na- 
tive village,  he  went  to 
the  contractors  and  be- 
gan his  engineering 
career  by  taking  a  job 
with  them  as  a  laborer. 
His  natural  mechanical 
ability  was  recognized 
here,  and  he  was  made 

oiler,  machinist,  engineer  and  finally  foreman  of  repairs. 
Later,  he  refused  the  position  of  chief  engineer  and 
went  to  Weehawken,  N.  J.,  in  1890,  to  assist  in  the  con- 
struction of  another  large  crusher  plant,  of  which  he 
became  chief  engineer  when  it  was  completed.  In 
1894,  the  ice  making  field  seeming  to  offer  big  pos- 
sibilities, Mr.  Lawrence  went  with  the  New  York  Ice 
Co.,  which  was  at  that  time  remodeling  one  of  its  ice 
stations  at  East  One  Hundred  Sixteenth  Strest.  Here 
he  was  appointed  assistant  engineer,  and  when  the 
plant  went  into  operation  in  the  early  summer,  he  was 
made  chief  engineer.  Late  in  1898  he  was  transferred 
to  the  East  Eighteenth  Street  plant  to  remodel  it  and 
take  charge  as  soon  as  it  was  in  operation.    He  remained 


WILLIS   LAWRENCE 


in  this  position  until  January,  1902,  when  he  began 
his  career  in  the  railway  power  hou.ses.  At  this  time, 
it  will  be  remembered,  important  developments  were 
being  made  in  the  design  of  power  houses.  Edwin 
Reynolds  had  some  time  before  been  hurriedly  called 
upon  by  the  Interborough  Rapid  Transit  ('o.  to  design 
for  it  the  engines  which  will  forever  remain  famous, 
not  only  as  the  Manhattan  type,  but  as  those  which,  like 
the  giant  redwoods  of  California,  were  the  last  of  their 

kind.  Here,  in  this  new 

,        field,  in  a  plant  where 

all  the  great  advances 
I  in  the  power-house  art 
were  being  for  the 
first  time  applied,  Mr. 
Lawrence  was  employ- 
ed as  a  machinist  and 
assistant  operating  en- 
gineer. One  gets  an 
idea  of  how  he  must 
have  fitted  into  the 
.scheme  of  things  from 
the  fact  that,  after  but 
a  year  on  this  job,  he 
was  made  first  assis- 
tant mechanical  engi- 
neer. In  May,  1904,  he 
was  made  mechanical 
engineer;  three  years 
later  he  was  given  the 
position  of  mechanical 
engineer  of  both  the 
Manhattan  power 
houses  and  the  subway 
power  house,  and  in 
March,  1912,  he  became 
mechanical  engineer  of 
the  Manhattan  and 
Subway  Division  and 
the  New  York  R.R. 
power  stations.  The 
latter  consisted  of  the 
Ninety-Sixth  Street 
and  the  Houston  Street 
and  Lexington  Avenue 
power  houses.  It  is  a 
tribute  to  the  man's 
ability  that  back  in  1914  when  these  great  12,000-hp. 
Manhattan-type  reciprocating  engines,  after  18  years 
of  hard  operation,  were  to  be  discarded  and  replaced 
by  turbines,  they  were  found  to  be  in  really  better 
mechanical  condition  than  a  year  after  they  were  in- 
stalled. 

While  economical  performance  is  largely  a  matter 
of  design,  it  must  be  remembered  that  attention  to 
operation  and  to  maintenance  plays  its  part.  This  work 
was  up  to  Lawrence,  and  his  success  in  handling 
it  is  perhaps  best  attested  by  the  fact  that  for 
economical  performance  the  combined  reciprocating- 
engine  low-pressure  units'  at  the  Fifty-Ninth  Street 
power  house  long  stood  unequaled. 
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A  Western  Achievement 

/\T  THIS  time,  when  so  much  attention  is  being 
l\.  centered  upon  the  development  of  our  water  powers, 
the  leading  article  in  this  issue,  "Kerckhoff  Power 
Development — a  Western  Achievement,"  is  of  particular 
interest.  Although  in  size  this  undertaking  does  not 
rank  with  many  others  made  in  various  part  of  the 
country,  when  measured  in  the  period  required  to  com- 
plete the  work  and  the  difficulties  encountered,  it  is 
easily-  entitled  to  a  place  alongside  our  foremost  hydro- 
electric engineering  achievements.  It  is  one  thing  to 
build  a  plant  in  a  region  accessible  by  railway  and  good 
highways  and  an  entirely  different  undertaking  in  a 
rugged  mountainous  countrj'  seventeen  miles  from  the 
nearest  railroad  and  requiring  the  construction  and 
maintenance  of  highways  for  the  transportation  of  all 
materials  and  equipment.  In  the  East  we  have  become 
accustomed  to  thinking  of  hydro-electric  plants  being 
built  where  there  is  an  actual  waterfall.  On  the  Pacific, 
although  falls  do  exist,  many  of  the  sites  for  such  plants 
are  only  rapids  in  the  river.  A  dam  is  built  near  the 
head  of  the  rapids  and  an  open  ditch  or  tunnel  run  from 
above  the  dam  to  a  point  down  the  river  where  the 
most  economical  head  is  obtained.  The  Kerckhoff  power 
plant  is  one  of  these  developments,  and  required  the 
construction  of  not  only  a  dam,  but  also  a  tunnel 
eighteen  feet  square  and  over  three  miles  long,  cut  in 
solid  granite. 

Although  the  generators  and  turbines  to  a  large 
degree  conform  to  what  may  be  considered  standard 
practice,  the  waterwheel-driven  exciters  without  a 
governor  and  mounting  a  compound-wound  generator 
on  the  exciter  shaft  to  supply  current  for  operating  oil 
switches,  et  cetera,  are  a  departure  from  the  standard. 
It  is  well  knowTi  that  the  load  on  an  exciter  is  practically 
constant,  and  as  a  result  the  wear  on  the  governor  parts 
is  only  within  a  very  small  part  of  the  load  range,  and 
if  the  governor  is  called  upon  to  meet  an  emergency,  it 
is  very  likely  to  fail.  An  attempt  in  the  Kerckhoff 
plant  has  been  made  to  overcome  this  by  putting  the 
exciter's  waterwheels  directly  under  the  control  of  the 
operator  and  by  designing  the  exciters  so  that  they  will 
have  a  tendency  to  load  up  the  waterwheel  at  excessive 
speeds.  Making  the  source  of  control  current  indepen- 
dent of  the  exciter,  although  driven  by  the  same  turbine, 
allows  the  selection  of  the  most  efficient  voltage  for 
excitation  and  also  for  the  control  circuits.  It  also 
insures  current  being  available  to  operate  switches, 
et  cetera,  in  an  emergency  where  the  exciter  may  fail. 

One  feature  that  stands  out  very  prominently  in 
making  the  efficiency  tests  on  this  plant  is  the  vast 
amount  of  preparation  necessaiy.  When  it  is  considered 
that  at  the  present  time  machines  of  three  times  the 
capacity  of  the  Kerckhoff  machines  are  under  construc- 
tion, to  operate  under  a  somewhat  lower  head,  it  is 
evident  there  is  a  pressing  need  for  some  simpler  means 
of  making  tests  on  hydraulic  turbines.  Fortunatelj%  a 
device  is  already  far  enough  along  in  its  development  to 
indicate  that  in  the  near  future  the  testing  of  hydraulic 
turbines  will  be  a  comparatively  simple  operation. 


An  interesting  feature  in  connection  with  the  study 
of  the  topography  of  the  country  in  which  this  power 
site  is  located  was  the  use  of  an  airplane.  This  was 
the  first  time  an  airplane  had  been  used  for  such  work, 
and  it  was  so  successful  that  it  is  now  being  employed  in 
reconnaissance  survey  work  in  other  power  projects. 
Apparently,  in  the  not  distant  future,  such  surveys  will 
be  considered  an  important  part  of  hydraulic  develop- 
ments, especially  in  mountainous  districts  that  are  diffi- 
cult of  access. 

What  is  the  Present 
Equivalent  of  $2,500  in  1848? 

THE  salaries  of  the  examiners  in  the  United  States 
Patent  Office  were  fixed  in  1848  at  $2,500  per  year. 
At  that  time  this  was  a  good  salary.  It  was  as  much 
as  a  member  of  Congress  or  a  United  States  District 
Judge  got,  and  one-half  as  much  as  was  paid  to  the 
Chief  Justice  of  the  Supreme  Court.  Today  the  justice 
receives  $15,000,  the  Congressman  $7,500,  but  the  pit- 
tance of  the  examiner  has  been  increased  in  all  these 
years  only  some  ten  per  cent,  while  in  relative  value 
and  purchasing  power  it  has  been  more  than  cut  in  two. 

This  is  the  amount  paid  to  the  primary  examiners. 
It  has  to  be  worked  up  to,  and  is  the  highest  attainable 
unless  one  gets  to  be  Commissioner  or  one  of  the  half 
dozen  higher  officers.  The  lower  lights  among  the  ex- 
aminers get  less,  and  yet  to  be  eligible  they  must  be 
graduates  of  technical  schools  or  have  an  equivalent  edu- 
cation. Their  duties  lead  to  a  knowledge  of  patent  law 
and  a  comprehensive  acquaintance  with  the  details  of 
the  arts  or  classes  of  inventions  upon  which  they  special- 
ize, which  makes  them  valuable  to  industry,  and  twenty- 
five  per  cent  of  them  resign  every  year  to  accept  more 
remunerative  positions  outside.  The  present  force  is 
inadequate,  and  the  salary  offered  does  not  attract  and 
hold  the  kind  of  men  that  should  be  trusted  with  the 
important  issues  which  a  patent  examiner  decides,  for 
in  most  cases  he  is  the  deciding  authority.  The  result 
is  delay  and  inefficiency,  which  cost  the  industries  of 
the  nation  much  more  than  the  appropriation  for  ade- 
quate and  efficient  service  would  amount  to. 

In  his  perplexity  the  Commissioner  of  Patents  has 
appealed  to  the  engineer,  and  the  National  Research 
Council,  Engineering  Council  and  numerous  other  engi- 
neering, scientific  and  industrial  organizations  have 
urged  their  members,  as  we  urge  our  readers,  to  write 
their  Congressmen  and  Senators,  especially  Senator 
George  W.  Norris,  chairman  of  the  Joint  Patent  Com- 
mittee, soliciting  their  favorable  consideration  of  the 
increase  in  salaries  and  staff  proposed  in  the  Nolan  Pat- 
ent Office  Bill  H.  R.  No.  11,984  without  reduction  or 
riders.  The  present  income  derived  by  the  Patent  office 
from  applications  for  patents  meets  all  the  expenses  of 
the  office,  and  the  increase  in  salaries  will  not  come  from 
the  taxpayers,  but  is  provided  for  by  an  increase  in  the 
fees  for  patents.  This  gives  an  added  reason  why  the 
Government  should  be  anxious  to  give  inventors  the 
best  service  possible. 
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vVhat  Is  Wroiiphf  Pipe? 

OM'l  would  niitiiialiy  j^iippo.'tn  tluil  when  ho  specified 
"wrouKht-iron  pipe"  he  would  jiret,  or  at  lea.st  be 
entitled  to,  pipe  made  of  wrouKht  iron.  Steel  pipe  is 
commonly  known  and  billed,  however,  aa  "wroupht  pipe," 
and  jobber."*  and  contractors  are  prone  to  in.stall  .steel 
pipe  in.Mtead  of  the  more  expen.sive  wrouprht-iron 
material  when  the  latter  i.s  specified,  and  are  able  to 
get  away  with  it  in  court  on  the  plea  that  "wrouKht-iron 
pipe"  is  a  trade  term  meaning  either  wrought-iron  or 
steel  pipe  aa  distinguished  from  ca.st-iron  pipe. 

In  order  that  there  may  be  on  record  an  authoritative 
utterance  upon  this  subject,  the  Executive  Committee 
and  Advisory  Board  of  the  National  Pipe  and  Supplies 
Association  has  forcibly  called  attention  to  the  distinc- 
tion made  by  the  American  Society  for  Testing 
Materials  in  the  following  resolution: 

Whereas,  The  distributors  of  pipe  for  many  years  used 
terms  to  designate  the  various  types  and  makes  of  pipe  that 
have  not  been  duly  descriptive  of  same;  and 

Whereas,  It  is  the  desire  of  this  association  to  co-operate 
in  every  way  with  the  manufacturers  in  the  development  of 
trade  practices  and  customs  of  accepted  merit,  and  which 
will  be  fair  and  intelligible  to  the  manufacturer,  distributor 
and  public  alike; 

It  Is  Hereby  Resolved,  By  the  officers  and  members  of  the 
Executive  Committee  and  Advisory  Board  of  the  National 
Pipe  and  Supplies  Association  in  their  fall  meeting,  held 
in  New  York  City  on  Thursday,  Nov.  11,  that  it  is  their 
judgment  that  the  terms  employed  by  the  American  Society 
tor  Testing  Materials  in  differentiating  between  Iron  and 
Steel  Pipe — namely:  (a)  Welded  Wrought-Iron  Pipe;  (b) 
Welded  Steel  Pipe — should  be  accepted  and  adhered  to  by 
the  distributors  of  both  iron  and  steel  pipe,  this  being  in 
the  interest  of  the  manufacturers  of  the  pipe,  those  who 
distribute  it  and  those  who  use  it,  each  being  entitled  to 
know  clearly  and  without  doubt  the  make  and  quality  of 
the  pipe  involved  in  the  transaction. 

This  means,  if  it  means  anything,  that  welded  pipe 
is  pipe  that  is  welded  no  matter  what  it  is  made  of; 
that  welded  steel  pipe  is  pipe  that  is  made  by  welding 
steel;  that  welded  wrought-iron  pipe  is  pipe  that  is 
made  of  wrought  iron  by  the  welding  proce?s  and  that 
"wrought-iron  pipe"  is  pipe  that  is  made  of  wrought 
iron  whatever  the  process  of  manufacture. 

Safety^ Valve  Outlets 

A  FURTHER  thought— brought  out  of  one  of  our 
readers,  too  modest  to  advance  it  himself,  by  our 
recent  editorial  on  "Safety  Valve  Outlets." 

He  says  that  in  the  good  old  days  in  New  England, 
previous  to  the  war,  all  real  boiler  makers  placed  on 
each  end  of  the  boiler  a  good-sized  steam  outlet,  fitted 
with  a  forged  steel  nozzle.  Each  nozzle  was  large 
enough  to  discharge  all  the  steam  the  boiler  could  make. 
One  of  them  was  coiinected  to  the  steam  main,  and  the 
safety  valve  was  mounted  upon  the  other.  When  two 
valves  were  required,  a  Y-base  connection  was  used.  The 
steam  could  be  taken  off  front  or  back  according  to  con- 
ditions or  the  user's  fancy. 

If  such  construction  were  required  it  would  obviate 
dif!iculties  like  those  which  arose  in  Ohio  and  which 
called  out  the  editorial  in  question.  In  that  case  a 
boiler  maker  fitted  a  seventy-two-inch  boiler  with  a 
reinforcement  pad  for  a  two  and  one-half-inch  safety 
valve  and  a  tapped  hole  for  another  one  and  one-half 
inches  in  diameter  and  got  away  with  it  because  there 
are  specially  high-lift  safety  valves  made  in  those  di- 
ameters that  will  discharge  five  pounds  of  steam  per 


hour  for  each  square  foot  of  heating  surface  that  the 
boiler  contained.  The  Ohio  Board  of  Boiler  Rulca  has 
since  adopted  the  following: 

Safety  valves  of  high  relieving  capucitics  which  meet  the 
requirements  of  the  IHIK  edition  of  the  American  Society 
of  Mechanical  KtiKi'ieers'  Boiler  (^ode  may  be  used  on  fire- 
tube  boilers,  provided  the  bases  of  such  valves,  either 
screwed  or  fliinged,  are  cast  ns  an  integral  part  of  the 
valve  body  and  the  bases  are  made  to  correspond  to  the 
sizes  required  for  the  intermediate  lifts  and  corresponding 
relieving  capacities  given  in  Tabic  15,  appendix,  1918  edi- 
tion of  the  A.  S.  M.  E.  Boiler  Code. 

The  A.  S.  M.  E.  Code  will  have  to  be  revi.sed  to  pre- 
clude a  boiler  maker  from  providing  a  safety  valve  open- 
ing large  enough  only  for  a  maximum-lift  valve.  Such 
an  opening  i.s  a  .standing  invitation  for  the  mounting  of 
an  inadequate  safety  valve,  for  the  ordinary  man  would 
put  on  an  ordinary  valve  of  the  size  that  the  opening 
called  for.  Only  the  specialist  or  the  inspector  \yould 
know  that  a  high-lift  valve  was  the  only  one  that  would 
do,  and  that  the  owner  was  committed  to  the  u.se  of 
that  type  when  he  bought  the  boiler. 

Neither  the  A.  S.  M.  E.  committee  nor  the  Ohio  Board 
of  Boiler  Rules  would  be  warranted  in  prescribing  that 
all  boilers  should  be  provided  with  the  two  similar 
nozzles  fore  and  aft  suggested  by  cur  commentator,  but 
purchasers  can  specify  them  and  it  is  a  good  thing  to  do. 
If  the  boiler  maker  objects  because  more  than  one 
safety  valve  is  required,  tell  him  that  you  will  use  a 
yoke  or  Y  connection. 

High  Capacities  in  the 
Average  Plant 

IN  THE  power  plant  high  capacity  has  been  considered 
desirable,  as  supposedly  it  gees  hand  in  hand  with 
economy  and  brings  a  greater  return  on  the  investment. 
In  the  ordinary  plant  capacities  of  from  twenty-five  to 
forty  per  cent  over  rating  have  shown  encouraging 
results.  Central  stations  are  in  the  habit  of  running 
up  to  two  hundred  per  cent  of  rating  and  above,  and 
this  has  led  engineers  in  industrial  establishments  to 
follow  the  same  practice,  which  in  numerous  cases  has 
resulted  to  their  disadvantage. 

High  capacity  necessarily  means  high-class  operation, 
and  this  is  not  always  possible  in  the  average  plant. 
When  operating  at  much  over  rating,  it  is  necessary  to 
be  assured  of  the  cleanest  of  feed  water,  such  as  is 
obtained  in  surface  condensing  installations,  the  use  of 
raw  water  under  these  conditions  often  being  disastrous 
from  the  standpoint  of  boiler  maintenance.  Draft  and 
other  conditions  affecting  the  furnace  must  necessarily 
be  the  most  favorable.  As  a  matter  of  fact,  the  ordi- 
nary industrial  plant  is  not  yet  ready  for  the  capacities 
obtained  in  central-station  practice.  It  is  better  to 
operate  such  a  plant  at  a  conservative  rating,  decreas- 
ing the  amount  of  attendance  required,  repairs  and  de- 
preciation. High-speed  duty  is  something  that  mus^ 
be  accompanied  by  high-speed  operating  conditions,  and 
these  are  net  generally  found  in  manufacturing  plants. 

In  such  plants  better  over-all  results  will  obtain   if 
the  following  four  points  are  kept  in  mind:   First,  keep     J 
the  wheels  turning  under  all  conditions;   second,  keep     I 
the  economy  at  a  reasonable  figure ;  third,  keep  the  main- 
tenance low;  fourth,  keep  the  men  contented  to  stay 
on  the  job.  j 

It  is  queer  how  the  admitted  ex-profiteering  on  the     ■ 
part  of  a  verj-  few  quite  exceptionally  naughty  coal  men 
makes  the  price  of  coal  so  universally  high. 
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Why  Does  a  Leaky  Compressor 
Valve  Get  Hot? 

Replying  to  Donald  McFee's  question  in  the  Nov.  16 
issue,  page  795,  "Why  Does  a  Leaky  Compressor  Get 
Hot?"  heating  of  the  valve  is  caused  by  the  friction 
produced  by  air  blowing  or  wiredrawing  past  the  valve. 
Dr.  Steinmetz  states  that  the  same  thing  happens  when 
high-pressure  steam  is  throttled  by  using  an  ordinary 
hand  valve.  This  will  also  occur  in  the  water  end  of 
a  pump  working  on  high  pressure. 

At  one  plant  we  operated  a  vertical  triplex  pump  that 
was  fitted  with  brass  check  valve  and  bushings.  When 
the  check  valve  began  to  leak,  the  pump  barrel  would 
become  quite  hot.  G.  M.  Matthews. 

Dover,  N.  J. 

Is  Hydrogen  Gas  Somelimes  the  Primary 
Cause  of  Boiler  Explosions  ? 

In  discussing  a  recent  water-tube  boiler  explosion 
with  a  well-known  boiler  inspector,  the  conversation 
developed  the  information  that,  to  all  appearances,  tho 
boiler  was  in  perfect  condition  and  v.  as  working  at 
probably  less  than  50  per  cent  of  rating,  abo  that  the 
recording  gage  showed  but  140  lb.  pressure  at  the  time 
of  the  explosion,  while  the  working  pressure  allowed  by 
insurance  and  state  inspectors  was  175  T).  The  water 
was  at  about  two  gages,  and  all  gages  and  water  column 
were  in  good  order. 

One  of  the  drums  ruptured  through  the  longitudinal 
seam  between  the  rivet  holes,  tearing  the  sheet  for 
about  six  feet.  Several  rivets  were  sheared  in  the 
flange  of  the  front  head.  Chemical  and  physical  anal- 
ysis of  the  steel  in  the  ruptured  sheet  showed  it  to  be 
standard.  The  boiler  had  been  in  service  about  eight 
years.  After  an  investigation,  the  insurance  and  state 
boiler  board  found  no  reasonable  cause  for  the  accident. 

During  thirty-six  years'  experience  I  have  read  of 
many  so-called  mysterious  boiler  failures.  About 
twenty-four  years  ago  I  had  chargs  of  three  water-tube 
boilers,  equipped  with  shaking  and  dumping  grates  and 
a  damper  regulator.  As  we  were  burning  a  mixture  of 
buckwheat  and  run-of-mine  coal,  the  main  damper  could 
be  almost  closed  without  smoke  leaking  thi'ough  the 
setting.  In  cleaning  fires,  it  was  customary  to  wing 
over  and  dump  the  ash  and  clinker  into  the  ashpits  and 
clean  them  immediately  after  cleaning  fires. 

On  one  occasion,  just  after  cleaning  fires,  I  was  wet- 
ting down  the  ashpit,  which  contained  a  considerable 
quantity  of  red-hot  clinkers,  and  just  as  the  water 
struck  a  large  red-hot  clinker  near  the  back  of  the  pit. 


a  violent  explosion  occurred  in  the  furnace,  blowing  both 
firedoors  open,  throwing  fire  out  onto  the  floor  and 
blowing  me  about  twenty  feet  back  against  a  large  brick 
pillar,  behind  which  I  scrambled  as  quickly  as  possible, 
thinking  that  a  tube  had  burst.  I  was  somewhat 
burned,  but  not  seriously.  Beyond  the  fire  and  ashes 
that  had  been  blown  out  on  the  floor  in  front  of  the 
boiler,  everything  was  normal. 

After  studying  the  matter,  we  concluded  that  the 
explosion  was  caused  by  hydrogen  gas,  as  follows: 
There  was  probably  a  small  hole  in  the  fire  near  the 
back  end,  and  directly  under  this  hole  was  a  red-hot 
clinker.  When  the  water  struck  this  clinker,  the  result- 
ing steam  was  drawn  through  the  hole  into  the  furnace 
and,  combining  with  the  gas  from  the  fresh  charge  of 
coal,  formed  an  explosive  mixture.  If  the  damper  had 
not  been  nearly  closed,  the  draft  would  have  taken 
enough  excess  air  through  the  hole  in  the  fire  to  have 
made  the  gas  and  air  mixture  non-explosive. 

I  can  readily  imagine  a  similar  set  of  conditions  where 
the  explosion  might  be  violent  enough  to  cause  an 
initial  rupture  of  some  part  of  the  boiler  which,  through 
the  sudden  release  of  water  under  steaming  temperature 
and  pressure,  might  result  in  a  serious  explosion.  For 
instance,  a  tube  might  develop  a  slight  leak  that  would 
.spray  just  enough  water  into  the  furnace  to  be  instantly 
superheated  and,  if  combined  with  the  proper  volume 
cf  gas,  to  make  an  explosive  mixture  which  would  in- 
stantly le  ignited  with  results  that  no  one  could  foretell. 

The  fact  that  no  defects  could  be  found  in  any  part 
of  the  metal  or  accessories  of  the  boiler  under  discus- 
sion leads  me  to  believe  that  possibly  a  hydrogen-gas 
explosion  caused  the  initial  i-upture.  I  have  read  a 
number  of  accounts  of  boiler  explosions  in  which  state- 
ments were  made  that  two  reports  were  heard  in  quick 
succession,  which  would  seem  to  indicate  that  some  such 
action  had  taken  place. 

I  am  offering  this  as  a  possible  solution  of  such  cases 
where  there  seems  to  be  no  good  reason  for  an 
apparently  strong,  well-designed  boiler  to  explode. 

Cleveland,  Ohio.  C.  A.  Green. 

[Water  cr  steam  could  be  projected  onto  a  furnace  fire, 
resulting  in  the  formation  of  enough  water  gas  to  dis- 
lodge a  boiler  from  its  setting  and  thereby  produce  a 
rupture  with  the  same  result  as  the  explosive  effect  of 
a  rupture  from  internal  pressure.  The  "explosion" 
while  wetting  down  clinker^  and  blowing  the  fire  out 
of  the  firedocr  may  have  been  due  to  the  formation  of 
water  gas  or  only  to  the  formation  of  steam.  The 
writer's  notion  that  hydrogen  was  formed  is  probably 
wrong.  Hydrogen  cannot  be  disengaged  from  water  or 
fteam  at  ordinary  furnace  temperatures. — Editor.] 
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III  roply  to  the  artiili'.  "Socki-tiiiK  Hoist iiitr  Roju's," 
(111  pagi'  174  of  rower,  Sept.  21,  1920;  ovor  I'lfloen  years 
ago  we  used  open-eiui  wire  rone  socket.s,  which  were 
(lis'.arded  in  favor  of  what 
we  toiisidor  a  better  method 
of  attaching:  ropes  to  caRCs 
and  skij)s.  I  am  inciosiiit!: 
a  photograph  showing  the 
method  we  have  adopted 
instead.  This  is  1 1-in.  rope 
attached  to  a  hirge  double- 
deck  cage,  the  average  load 
amounting  to  about  17,000 
lb.  We  double  our  11-in. 
wire  ropes  back  five  feet 
around  a  thimble  and  force 
eight  1-in.  cold  shuts 
around  this  piece  with  a 
heavy  sledge.  One  -  inch 
ropes  are  bent  back  4  ft. 
and  five  J-in.  cold  shuts  are 
used.  This  outlasts  the 
rope  itself,  whereas  the 
open-end  socket  requires 
continual  watching  and  re- 
newing, and  water  worked 
in  around  the  rope  and 
rusting  took  place.  When 
the  cage  or  skip  reached  the 
bottom,  should  there  be  any 
slack  in  the  cable,  there 
was  a  sharp  bend  at  the 
top  of  the  socket,  and  as  a 
consequence  the  wires  were 
broken  in  the  babbitt. 
Sometimes  a  number  of 
wires  were  broken  without  being  noticed  and  the  rope 
reached  a  dangerous  condition  before  being  resocketed. 
Norway,  Mich.  Thomas  Pascoe. 

Why  Exempt  Oil-Country  Boilers? 

In  the  issue  of  Nov.  2  I  read  an  editorial  on  "Why 
Exempt  Oil-Country  Boilers?"  The  boilers  used  in  the 
oil  fields  should  be  subject  to  inspection,  and  the  valves, 
fittings,  construction  and  installation  should  be  made  to 
conform  to  the  A.  S.  M.  E.  Code  the  same  as  any 
boilers  that  are  used  for  factory  or  other  purposes. 

Many  of  these  oil-field  boilers  are  operated  by  men 
who  do  not  have  the  slightest  idea  of  the  destructive 
power  stored  in  them.  Such  boilers  are  just  as  danger- 
ous as  any  others,  and  while  we  are  practicing  and 
preaching  "Safety  First"  to  protect  the  employee  and 
the  employer,  let  us  also  take  into  consideration  these 
boilers.  Following  are  a  few  instances  that  have  come 
to  my  notice: 

I  have  found  that  staybolts  had  been  removed  and 
gas-pipe  plugs  screwed  in  their  place.  Safety  valves  of 
the  lever  type  have  been  so  loaded  with  weights  that 
I  doubt  if  they  would  blow  off  at  250  lb.  in.stead  of 
100  as  the  safe  pressure.  I  have  found  pipe  plugs 
screwed  into  the  safety-valve  outlet,  also  into  the  blow- 
off  pipe,  so  that  the  boilers  could  not  be  blowm  off 
regularly.  There  were  also  boilers  with  no  water  glass 
and  with  gage  cocks  not  in  the  best  of  working  order. 
Holes   had   developed   in   the   sheets   below   the   grates, 


METHOD  OF  ATTACHING 
CABLES  TO  CAGE 


and  wooden  plugs  have  been  found  driven  in  them  to 
make  them  tight. 

In  one  instance  the  front  flue  Hheet  below  the  tubeH 
was  found  to  be  almost  a.s  thin  as  tissue  paper  and  the 
handhole  plate  did  not  have  over  an  i-in.  bearing  sur- 
face. Tubes  were  pulling  out  of  the  front  tube  Hheet, 
and  the  fusible  plug  had  melted  owing  to  low  water, 
and  a  solid   plug  had  l)een   inserted   in   its  stead. 

Under  such  conditions  is  it  any  wonder  that  boilers 
explode?  Why  then  should  the  oil-country  boiler  be 
exempt  if  human  lives  are  to  be  protected? 

Olean,  N.  Y.  Charles  W.  Carter,  Jr. 

Oil-Enj^ine  CrankHliaft  Repair 

A  repair  job  that  may  be  of  general  interest  was 
completed  recently  at  the  municipal  power  plant  in 
Clayton,  N.  M.  The  crankshaft  of  a  180-hp.  single- 
cylinder  oil  engine  developed  the  two  cracks  indicated  in 
Fig.  1. 

The  expense  of  a  new  shaft  weighing  over  four  tons, 
and  slow  delivery,  influenced  the  decision  to  weld  the 
old  shaft.  With  an  acetylene  torch  a  cut  was  made 
where  the  cracks  were  visible  until  it  was  certain  that 
the  bottom  of  the  cracks  had  been  reached,  the  cut 
varying  from  li  to  4  in.  deep.  These  cracks  were  then 
filled  in  with  an  electric  arc  weld,  using  steel  electrodes 
of  as  near  the  same  kind  of  metal  as  the  shaft  as  could 
be  obtained. 

Then  two  pieces  of  round  shafting  5«  in.  in  diameter 
were  cut  about  30  in.  long  and  one  placed  on  either  side 


CRANKSHAFT    REPAIR 

of  the  throw  of  the  crank,  as  shown  in  Fig.  2,  well 
overlapping  the  old  cracks.  These  were  built  up  with 
an  electric  arc  weld  until  they  appeared  as  integral 
parts  of  the  shaft.  After  the  job  was  completed,  the 
engine  was  placed  in  operation  about  Aug.  1  and  has 
been  running  from  18  to  24  hours  a  day  for  three 
months  with  no  sign  of  any  defects.  The  work  was  done 
without  the  labor  of  removing  the  shaft  from  the 
bearings,  which  is  a  great  saving  in  this  kind 
of  repair  work.  J-  H.  Bender. 

Clavton,  N.  M. 
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Steel  Foundalions  for  30,000-Kw.  Hori- 
zontal Turbo-Generators 

My  attention  has  been  called  to  an  article  by  J.  R. 
James  in  the  Oct.  26  issue,  page  646,  in  the  synopsis  of 
which  the  statement  is  made  that  the  use  of  steel  foun- 
dations for  large  units  has  been  initiated  at  Detroit. 

This  is  not  the  case.  This  company  has  been  using 
steel  foundations  exclusively  for  turbines  for  the  last 
ten  years  and  has  had  in  operation  for  two  years  a 
30,000-kw.  unit  on  a  steel  foundation  in  the  Riverside 
Station  of  the  Minneapolis  General  Electric  Co.  A 
second  turbine  of  the  same  size  is  on  order  for  this 
plant,  which  will  also  be  put  on  a  similar  steel  founda- 
tion. 

Some  three  or  four  years  ago  the  Twin  City  Rapid 
Transit  Co.  put  a  20,000  or  25,000-kw.  unit  on  a  steel 
foundation  after  seeing  a  15,000-kw.  turbine  operating 
in  the  Riverside  Station  on  a  steel  foundation. 

Chicago,   111.  H.   Boyd  Boydon, 

Mechanical  Engineer, 
Byllesby  Engineering  &  Management  Corporation. 

[The  word  "initiated"  was  inadvertently  used  by  the 
editor,  who  wrote  the  synopsis  of  Mr,  James'  article. 
Poicer  had  previously  published  several  articles  in  which 
steel  foundations  for  turbo-generators  were  featured. — 
Editor.] 

Removing  Broken  Wedge  Bolts 

On  page  632  of  the  Oct.  19  issue  Mr.  Baker  illus- 
trates his  method  of  removing  broken  wedge  bolts. 
1  believe  that  his  way  is  the  approved  method  of  making 


a  big  factor,  it  saves  patience  and  perhaps  much  cussing 
to  drill  a  I-in.  hole  in  the  stud  (as  a  help  in  locating 
center  at  a  later  time)  when  the  stud  is  being  entered 
the  first  time. 

This  d-in.  hole  will  act  as  a  lead,  and  as  the  studs 


FIG.    i.      HATCHET-HEAD   WEDGE  AND   BOLT 

wedge  bolus.  The  slotted  ends  certainly  save  time  in  re- 
moving them  when  broken.  With  the  hatchet-head  con- 
nection, where  but  one  bolt  and  hole  are  used  (Fig.  1),  I 
have  a  special  chisel  and  cut  a  slot  in  the  broken  bolt, 
then  unscrew  as  Mr.  Baker  suggests. 

Where  bucket  air  pumps  are  used,  it  is  a  source  of 
annoyance  to  be  forced  to  drill  out  the  broken  studs 
used  in  coupling  the  bucket  rod  to  the  bucket,  as  shown 
in   Fig.  2.     With  a  small  space  to  work   in   and  time 


FIG.   2.     HOLESyTBJLUar^tfN  THE   STUDS   HELP 
INlBEESinVI^G   THEM 


invariably  break  off  flush  with  the  bucket  and  cannot 
always  be  backed  out,  the  job  of  drilling  is  simplified 
and  the  time  required  is  actually  cut  in  two. 

New  York  City.  C.  W.  Peters. 

Preventing  Steam  in  Compressor 
Water  Jacket 

John  T.  Sharp,  on  page  796  of  the  Nov.  16  issue, 
calls  attention  to  a  trouble  he  had  with  an  air  com- 
presscr.  Although  he  corrected  it  in  a  common-sense 
way,  it  might  be  proper  to  offer  a  supplementarj' 
explanatory  remark. 

It  will  be  remembeied  that  at  the  highest  point  of 
the  water  jacket  of  his  compressor  there  was  a  J-in. 
pet  cock  that  was  intended  to  be  opened  occasionally 
to  release  steam,  and  as  the  opening  was  neglected, 
the  pet  cock  was  removed  and  an  open  connection  made 
to  the  main  overflow. 

It  does  not  seem  to  be  best  to  let  the  storj*  end 
there,  because  as  it  stands  it  suggests  that  the  water 
in  the  water  jacket  gets  hot,  whereas  it  never  gets 
hot  at  all.  On  any  modern  compressor  with  normal 
jacket-water  circulation  the  water  at  the  overflow  should 
net  be  even  blood-warm. 

On  the  compressor  under  discussion  the  water  was 
piped  into  the  head-jacket  at  one  end  of  the  cylinder 
near  the  bottom,  circulated  through  the  cylinder  jacket, 
and  was  then  discharged  from  the  other  head-jacket 
near  the  top,  flawing  into  the  overflow  funnel  from  the 
open  end  of  the  pipe. 

It  happened  that  there  was,  at  the  top  of  the  cylinder, 
a  small  portion  of  the  water  jacket  above  the  overflow 
outlet,  and  here  the  water  would  remain  more  or  less 
stagnant  and  would  at  times  get  quite  hot,  occasionally 
reaching  the  boiler  point,  and  as  a  means  of  relief  the 
pet  cock  was  used.  The  compressors  of  this  type  are 
now  sent  out  by  the  makers  with  a  little  overflow 
pipe  similar  to  that  provided  by  Mr.  Sharp. 

New  York  City.  Frank   Richards. 
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FIG.    1.      CHART     FOR     POUNDS     OF     AIR     REQUIRED     PER 
BOILER   HORSEPOAVER.   BOILER  AND  FURNACE   EFFI- 
CIENCY   AND    PER    CENT    EXCESS    AIR    BEING    GIVEN 


no  hydrogen,  oxygen  or  sulphur  were  present.  These 
elements  have  a  very  decided  effect  on  the  result. 

I  have  had  to  calculate  the  air  requirements  for  a  wide 
range  of  solid  fuels — Arkansas  anthracite,  Pennsyl- 
vania bituminous,  Indiana  and  Illinois  coals,  Western 
lignites  and  hogged  wood.  For  this  reason,  about  a 
year  ago,  I  determined  the  quantity  of  air  theoretically 
% 

AIR   REQUIRED   FOR  DIFFERENT  FIELS 

.\ir  Theoretically  Required 

per  Lb.  per  lO.OOOB.t.u 

of  Coal  Generated 

Illinois  bituminous,  poor  quality .                          7  0  7  6 

Illinois  bituminous,  good  quality 9  4  7  55 

Anthracite,  average 10  2  7  65 

Semi-bituminous.  Pocahontas i  I    2  7   5 

I.icjuid  fuel ,.,..         1424  704 

required  for  thirty-five  different  coals,  etc.  This  was 
done  because  comparatively  little  information  was  avail- 
able in  handy  form  and  it  was  necessary  at  times  to 
have  the  information  in  such  shape  that  it  could  be 
quickly  used.  This  was  not  original  work,  but  simply 
the  gathering  together  of  scattered  information  and 
the  calculation  for  data  to  connect  one  thing  with 
another. 

The  kind  or  grade  of  the  fuel  has  much  more  effect  on 
the  quantity  of  air  (theoretical)  required  than  on  the 
quantity  required  per  boiler  horsepower  per  hour.  The 
figures  in  the  table  are  taken  from  a  small  book,  "Finding 
and  Stopping  Waste  in  Modern  Boiler  Rooms,"  pub- 
lished by  the  Harrison  Safety  Boiler  Works. 


(Jii  the  Hame  pnsre  is  a  (urvp  plotted  with  available 
hydrogen  per  ])ouiid  of  conil)ustiblc  as  abscissas  and 
pounds  of  air  per  Hl.OOO  H.t.u.  Kenerated.  I  found  in 
my  checking,  by  calculating  for  thirty-five  widely  vary- 
ing fuels,  that  the  deviation  from  an  average  of  7.0 
lb.  of  air  per  10,000  H.l.u.  generated  was  less  than 
23  per  cent  in  all  ca.ses  but  one. 

As  the  air  requirement  per  10,000  B.t.u.  was  not  a.s 
convenient  as  the  air  per  boiler  horsepower  per  hour, 
the  corresponding  value,  theoretical,  of  2.'5.45  was 
determined.  This  figure  is  for  a  100  per  cent  efficient 
Ijoiler  and  furnace,  getting  perfect  combu.stion  with  the 
theoretical  air  supply.  The  accompanying  chart,  Fig.  1, 
was  then  made,  by  means  of  which,  a.ssuming  a  given 
txce.ss  air  supply  and  a  probable  efficiency,  the  air 
necessary  could  be  read  at  a  glance. 

For  example,  assuming  100  per  cent  excess  air  and 
60  per  cent  efficiency,  it  is  seen  nearly  85  lb.  of  air  per 
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FIG.    2.      CHART    SHOWING    CUBIC    FEET    OF    AIR    PER 
POUND    AT   VARIOUS    TEMPERATURES 


boiler  horsepower  per  hour  will  need  to  be  furnished. 
If  this  is  for  a  300-hp.  boiler,  the  values  are  25,500  lb. 
per  hour,  or  425  lb.  per  minute. 

The  other  chart.  Fig.  2,  is  for  quick  conversion,  at 
standard  barometer,  of  pounds  to  cubic  feet.  The  con- 
version for  the  example  given  at,  say,  75  deg.  F.  in  one 
pound  equals  13.5  cu.ft.  Then  the  amount  of  air  per 
boiler  horsepower  per  hour  times  13.5  equals  344,250 
cu.ft.  per  hour,  or  5,737.5  cu.ft.  per  minute,  but  consid- 
ering the  rough  assumptions,  350,000  and  5,800  cu.ft. 
would  be  used. 

The  difference  between  the  volume  of  air  supplied  at 
.'^tack  temperature  and  the  volume  of  the  actual  flue 
gases  passing  up  the  stack  is  so  small  that  the  second 
chart  can  be  used  to  arrive  at  flue-gas  volume. 

Chicago,  111.  0.  R.  McBride. 
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POWER 


953 


,^,  INQUIRIES  ffl 
»^  OF  GENERAL 
INTEREST 


Very  High  Vacuum  Uneconomical  for  Condensing  Engine 

— Why  is  it  not  economical  to  maintain  higher  than  26  to  27 
in.  vacuum  for  a  reciprocating  condensing  engine?     J.N. 

A  higher  vacuum  entails  greater  loss  from  cylinder  cool- 
ing, and  usually,  the  additional  engine  power  obtained  does 
not  compensate  the  cost  of  overcoming  greater  air  leakage 
in  connections  between  the  engine  and  condenser  and  the 
cost  of  handling  the  necessary  additional  cooling  water. 


Determining  Constancy  of  Lead — How  can  it  be  known 
whether  a  governor  of  an  engine  varies  the  lead  ? 

C.  D.  F. 

The  constancy  of  lead  would  be  shown  by  comparison  of 
indicator  diagrams  taken  with  different  loads  on  the  engine. 
Or,  block  the  governor  to  different  positions  and  ascertain 
for  each  position  of  the  governor  whether  steam  is  admitted 
at  the  same  point  of  travel  of  the  crosshead,  just  before 
completion  of  an  exhaust  stroke. 


Cast-Iron  Chimney  Caps — Why  are  brick  chimneys  pro- 
vided with  cast-iron  caps?  C.  T. 

Cast-iron  chimney  caps  are  used  as  copings  to  bind  the 
top  courses  of  the  brickwork  together  and  protect  it  from 
the  weather.  For  many  situations  a  more  economical  and 
more  durable  construction  can  be  obtained  by  embedding 
an  iron  ring  in  the  masonry  near  the  top  for  holding  the 
brickwork  together  and  capping  the  chimney  with  terra 
cotta  or  other  refractory  material,  made  up  in  interlocking 
sections,  with  suitable  tile  joints  and  overhang  for  drain- 
age and  drip  of  rain  water. 


Choice  of  Two  Speeds  for  Given  Engine  and  Load — Does 
a  12  X  12-in.  engine  require  more  steam  to  develop  50  hp. 
when  running  300  than  when  running  250  r.p.m.? 

W.  H.  P. 

Under  ordinary  conditions  the  most  economical  point  of 
cutoff  for  non-condensing  engines  is  between  one-fourth  and 
one-third  of  the  stroke.  The  most  economical  speed  for  a 
given  load  mainly  depends  on  the  point  of  cutoff  required 
with  the  given  initial  pressure  to  obtain  the  necessary  mean 
effective  pressure,  which  for  development  of  50  hp.  and  300 
r.p.m.  of  a  12  X  12-in.  engine  would  be  24.3  lb.  m.e.p.  and  for 
250  r.p.m.  would  be  29.1  lb.  m.e.p.  Hence  whether  300  or 
250  r.p.m.  would  be  more  economical  for  development  of  50 
hp.  would  depend  on  the  initial  pressure.  The  lower  speed 
would  be  more  economical  for  initial  pressures  in  excess  of 
about  50  lb.  gage. 


Use  of  Receiver  on  Compound   Engines — Why  is  not  a 

receiver  employed  for  tandem-compound  engines  as  well  as 
for  cross-compound  engines?  R.  N.  G. 

On  a  tandem-compound  engine,  as  the  high-  and  low- 
pi'essure  pistons  are  on  the  same  piston  rod,  an  exhaust 
stroke  in  the  high-pressure  cylinder  is  simultaneous  with  a 
power  stroke  in  the  low-pressure  cylinder  and  the  clearance 
space  of  the  passages  from  one  cylinder  to  the  other 
usually  affords  sufficient  temporally  storape  space  to  act  as 
a  receiver  for  steam  that  may  not  be  admitted  after  cutoff 
in  the  low-pressure  cylinder.  In  a  cross-compound  enu-ine, 
for  greater  uniformity  of  rotation,  the  separate  cranks  of 
the  high-pressure  and  the  low-pressure  cylinders  usually  are 


set  90  deg.  apart,  and  exhaust  of  the  high-pressure  cylinder 
is  released  approximately  during  one-half  of  a  power  stroke 
and  one-half  of  an  exhaust  stroke  of  the  piston  in  the  low- 
pressure  cylinder,  making  it  necessary  to  provide  a  receiver 
for  storage  of  the  high-pressure  exhaust  to  prevent  undue 
back  pressure  on  the  high-pressure  piston  and  afford  better 
distribution  of  steam  to  the  low-pressure  cylinder. 


Lap  of  Steam  Valves  of  Double  Eccentric  Corliss — How 

much  lap  have  the  steam  valves  on  a  double  eccentric,  long- 
range  cutoff  Corliss  engine  when  the  viTistplate  is  in  its 
central  position?  L.  T. 

For  cutoff  to  occur  later  than  one-half  stroke,  in  place  of 
the  steam  valves  lapping  over  the  edges  of  the  ports  they 
need  to  have  negative  lap;  that  is,  when  the  v^nristplate  is 
central,  the  valves  would  be  partly  open,  the  amount  depend- 
ing on  the  maximum  length  of  cutoff  and  desired  lead.  The 
cutoff  gear  must  act  before  the  wristplate  has  been  swung 
over  to  the  farthest  point  of  its  travel  to  one  side  or  the  other 
of  its  central  position,  and  as  such  displacement  occurs  for 
90  deg.  rotation  of  the  eccentric,  or  approximately  for  one- 
half  stroke  of  the  piston,  it  follows  that  for  a  longer  period 
of  admission  the  valves  must  be  set  so  they  begin  to  open 
before  the  wristplate  comes  up  to  its  central  position,  and 
this  results  in  considerable  opening,  or  negative  lap,  when 
the  wristplate  reaches  the  central  position.  To  correct  the 
lead,  the  eccentric  must  be  set  back  of  its  90-deg.  position 
with  respect  to  the  crank. 


Reversing  Polarity — Two  direct-current  compound  inter- 
pole  400-kw.  generators,  carrying  a  motor  load,  reversed 
their  shunt-field  polarity  three  times  within  four  months.  The 
generators  and  motors  were  free  from  grounds  when  these 
reversals  took  place.  In  nearly  every  instance  the  trouble 
occurred  during  a  period  of  unusually  low  voltage,  caused  by 
low  steam  pressure.  At  times  only  one  generator  was 
reversed;  again  both  were  affected.  What  is  the  solution  of 
the  trouble?  D.  F.  Z. 

Reversal  of  polarity  may  be  due  to  either  of  two  causes. 
If  a  generator,  driving  a  motor  load  that  has  considerable 
inertia,  slows  down,  the  motors  will  not  decrease  in  speed 
at  the  same  instant  that  the  generator  does,  but  for  a 
short  period  may  maintain  a  speed  where  their  counter- 
electromotive  force  will  be  higher  than  the  voltage  of  the 
generator,  and  will  supply  a  current  back  to  the  generator  in 
a  reverse  direction  to  the  original  load  current.  This 
cuiTent  will  flow  through  the  series-field  winding  in  a 
reverse  direction  and  reverse  the  polarity  of  the  generator, 
and  probably  this  was  the  cause  of  the  trouble.  There  i3 
also  the  possibility  that  one  machine  operated  at  a  lower 
speed,  on  low  steam  pressure,  than  the  other,  and  as  a 
result  one  machine  developed  considerably  higher  voltage 
than  the  other.  The  machine  of  the  higher  voltage  would 
motorize  the  unit  operating  at  the  lower  emf.,  and  this  would 
result  in  reverse  polarity  of  the  motorized  machine. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Interprelalions  of  iho  A.S.M.E.  Boiler  Code 


TIIH  KOLLOWIXCi  an.swer.s  to  requests  for  inter- 
pretations of  tho  Boiler  Code  have  been  prepared 
by  the  Hoiier  Code  Committee  and  approved  by 
the  Council  of  the  American  Society  of  Mechanical  En- 
gineers. The  formal  inquiry  and  reply  are  given  to- 
gether with  explanatory  references  to  the  code  and  illus- 
trations where  necessary  for  a  better  understanding  of 
the  interpretations  as  issued. 

Case  No.  259  (Reopened) — Inquiry:  Is  it  allowable 
under  the  requirements  of  the  A.  S.  M.  E.  Boiler  Code  to  fit 
a  high-pressure  steam  boiler  with  a  blowoff  connection 
larger  than  2i  in.  in  case  it  is  to  be  used  initially  for  low- 
pressure  steam  or  hot-water  heating,  or  will  it  be  necessary 
under  the  reiiuirements  of  Par.  308  to  apply  two  or  more 
2J-in.  blowoff  connections  for  the  return  connections  to  the 
boiler? 

Par.  308  provides  that  tlic  niininium  size  of  pipe  and  flttings 
for  the  bottom  blowoft"  shall  be  1  in.  and  the  maximum  size  shall 
bo  2i  in.  I'ar.  308  is  in  Part  I.  Section  I  of  the  Code,  which 
refers  to  "New  Installations  of  Power  iJoilera."  The  limitation 
of  the  maximum  size  of  blowoff  connection  to  2i  in.  is  to  prevent 
excessive  reactive  stresses  in  the  piping  due  to  opening  a  large  line 
at  high  pressures.  Section  II  of  Part  I  of  the  Code,  referring  to 
"Heating  Poilors."  makes  no  mention  of  a  maximum  size  for 
blowoff  connections. 

Reply:  It  is  the  opinion  of  the  committee  that  a  boiler 
could  be  initially  fitted  with  a  blowoff  connection  larger  than 
2i  in.  size  when  intended  for  use  as  a  steam  or  hot-water 
heating  boiler,  and  when  converted  to  a  steam  boiler,  if  to 
operate  at  over  15  lb.  pressure,  but  not  exceeding  100  lb. 
pressure,  a  reducing  fitting  could  be  used  at  the  opening  to 
reduce  to  the  pipe  size  required  for  the  blowoff  connections 
by  Par.  308. 

Case  No.  285  (Reopened) — Inquiry:  Is  it  permissible 
under  the  rules  of  the  Boiler  Code  to  use  standard  extra- 
heavy  cast-iron  flanges  and  fittings  on  pipe  connections  be- 
tween boilers  and  attached-type  superheaters,  and  on  the 
ends  of  superheater-inlet  headers  for  pressures  up  to  250 
lb.  per  sq.in.  It  is  pointed  out  that  neither  the  inlet-pipe 
connections  nor  the  superheater-inlet  flanges  would  be  sub- 
jected to  other  than  saturated  steam  temperatures. 

Reply:  It  is  the  opinion  of  the  committee  that  the  flanges 
and  fittings  referred  to  may  be  made  of  cast  iron,  provided 
the  temperature  of  the  steam  does  not  exceed  450  deg.  F. 
as  specified  in  Par.  12. 

Par.  12  provides  that  cast  iron  shall  not  be  used  for  nozzles 
or  flanges  attached  directly  to  the  boiler  for  any  pressure  or  tem- 
perature, nor  for  boiler  and  superheater  mountings  such  as  con- 
necting pipes,  fittings,  valves  and  their  bonnets,  for  steam  tem- 
peratures of  over  450  deg.  F. 

The  destructive  effect  of  high  temperature  steam  on  cast  iron 
is  assumed  to  be  negligible  below  450  deg.  F.  The  temperature 
of  saturated  steam  at  250  lb.  per  sq.in.  gage  is  about  406  deg.  F. 


'='afch  Bo/fs 


A   PROPOSED   METHOD    OF    CONNECTING 
\\'ROUGHT-STEEL  HEADERS 


Case  No.  305 — Inquiry:  Is  it  permissible,  under  the  re- 
quirements of  the  Boiler  Code,  to  connect  sections  of 
wrought-steel  headers,  one  of  which  is  shrunk  or  forced  over 
the  end  of  the  other,  making  a  close  fit  and  secured  by 
means  of  bolts  of  ample  cross-sectional  area,  the  joint  being 
calked  or  autogenously  welded  to  insure  tightness,  the  de- 
sign of  the  joint  to  be  such  that  it  will  be  of  ample  strength. 


CASE  307.     METHOD  OF  LOCATING 

BOILER    SUPPORTING   LUGS 

ON   BR.A.CKETS 


neglecting  the  holding  power  due  to  shrinking  or  forcing  one 
section  over  the  otiier  and  the  holding  power  of  the  auto- 
genous welding? 

It  is  provld.-il  In  Par.  186  of  the  CckIc  that  nutOKenouH  welding 
may  be  uioil  in  bollerH  In  coiten  where  the  strain  In  carried  by 
other  conHtruction  wlihh  conforniH  to  the  requlremenUi  of  tin; 
('(Hie,  and  where  Ih'-  Hafety  of  the  iitru<ture  Ih  not  dependent  upon 
the  Htrength  of  tin-  wild.  The  accompanying  illuHtratlon  HhowM 
one  type  of  conHtruction   to  which   lliiH  cane   might   apply. 

Reply:  It  is  the  opinion  of  the  committee  that  while  the 
construction  described  is  not  a  desirable  one,  it  is  not  pro- 
hibited by  the  Code. 

Case  No.  .'{07  (Reopened) — Inquiry:  Is  it  permissible  to 
so  locate  the  sup- 
porting lugs  on  hori-  ^.  .g 
zontal  return-tubular 
boilers  where  more 
than  four • lugs  are 
required  and  under 
Par.  323  of  the  Code, 
must  be  set  in  pairs, 
that  those  in  each 
pair  come  close  to- 
gether, or  must  the 
horizontal  distance 
between  the  center 
lines  of  rivets  at- 
taching the  adjacent 
lugs  to  the  shell  be 
at  least  equal  to  the 
vertical    spacing    of 

rivets  that  is  required  for  lug  attachments  in  Par.  323,  as 
shown  in  the  accompanying  illustration  ? 

Par.  323  provides  for  the  support  of  horizontal  return-tubular 
boilers  b.v  .steel  lugs  and  that  not  more  than  two  of  the  rivets 
attaching  tlie  lugs  to  the  shell  shall  come  on  the  same  longitu- 
dinal line  on  eacii  lug.  This  latter  requirement  is  to  avoid  exces- 
sive weakening  of  the  shell  by  rivet  holes.  This  paragraph  fur- 
ther provides  that  if  more  than  four  lugs  are  used,  they  must 
be  set  in  four  pairs.  The  question  then  arises  as  to  the  effect 
on  the  strength  of  the  shell  due  to  the  four  rivet  holes  for  the 
two  lugs  of  a  pair,  if  these  lugs  are  set  close  together. 

Reply:     There  is  no  requirement  in  the  Code  specifying 

the  distance  apart  of  the  lugs  forming  pairs  as  required  by 

the  last  sentence  of  Par.  323.    It  is  the  intent  of  the  Boiler 

Code  that  the  distance  between  the  lugs  should  be  such  as 

to  give  at  least  J  in.  between  the  edges  of  the  lugs  and  not 

more  than  2  in.    The  load  should  be  equalized  between  the 

two  lugs. 

A  maximum  distance  between  the  lugs  of  a  pair  is  necessary 
to  provide  against  unequal  distribution  of  the  load  between  the 
lugs. 

Case  No.  310 — Inquiry:  (a)  Can  a  type  of  boiler  other 
than  the  horizontal  return-tubular  type  have  lap  joints 
where  the  courses  are  over  12  ft.  long? 

(b)  With  butt  and  double-strap  construction  on  longi- 
tudinal joints  for  boilers  other  than  of  the  horizontal  return- 
tubular  type,  is  it  required  that  the  tension-test  specimens 
be  cut  from  the  shell  plate  as  provided  in  Par.  190? 

Par.  190  provides  that  in  horizontal  return-tubular  boilers  with 
lap  joints  no  course  shall  be  over  12  ft.  long.  It  further  provides 
that  with  butt  and  double-.strap  construction  longitudinal  joints 
of  any  length  may  be  used,  provided  the  tension-test  specimens 
are  so  cut  from  the  shell  platej  that  their  lengthwise  direction  is 
parallel  to  the  circumferential  seams  of  the  boiler,  and  the  tests 
meet  the  standards  prescribed  in  the  specifications  for  boiler-plate 
steel. 

Reply:  (a)  The  restriction  in  length  of  lap  joints  to  12 
ft.  in  Par.  190  of  the  Boiler  Code  applies  specifically  to 
boilers  of  the  horizontal  return-tubular  type,  but  there  is 
nothing  in  the  rule  which  prohibits  the  construction  of 
shells  and  drums  of  lengths  exceeding  12  ft.  for  other  types 
of  boilers. 

(b)  Inasmuch  as  the  first  sentence  of  Par.  190  applies 
specifically  to  horizontal  return-tubular  boilers,  as  pointed 
out  in  reply  (a),  it  is  the  opinion  of  the  committee  that  this 
prohibition  does  not  cover  other  types  of  boilers. 

Case  No.  314 — Inquiry:  Is  it  the  opinion  of  the  Boiler 
Code  Committee  that  a  lap  joint  reinforced  with  a  cover 
plate  should  be  considered  as  an  ordinary  lap  joint  and  the 
requirements  for  factors  of  safety  given  in  Pars.  379  and 
380  applied  accordingly? 
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Pars.  379  and  380  are  in  Part  II  of  the  Code  which  applies  to 
"Existing  Installations."  It  is  provided  that  the  factor  of  safety 
shall  be  at  least  4  for  boilers  in  service  one  year  after,  and  at 
least  4.5  five  years  after,  these  rules  become  effective.  The  factor 
of  safety  referred  to  is  that  in  the  formula : 

Maximum  allowable  working  pressure  =  — ~-      „„ — 

where 

TS   =   Ultimate  tensile  strength  of  shell  plates,  lb.  per  sq.in.  ; 
t   =    Thickness  of  shell  plate,  in  weakest  course,  in.  ; 
E   =   Efficiency  of  the  longitudinal  joint  as  determined  by  Par. 

181  of  these  rules  : 
R   =:   Inside  radius  of  weakest  course,  in.  ; 
FS   =   Factor   of  .safety. 

Par.  380  pi-ovides  that  the  age  limit  of  a  horizontal  mturn- 
tubular  boiler,  liaving  a  longitudinal  lap  joint,  shall  be  20  ycais, 
except  that  no  lap-joint  boiler  shall  be  discontinued  from  siTvi<i! 
solely  on  account  of  age  until  five  years  after  these  rules  bi-comi- 
effective. 

Reply:  It  is  the  opinion  of  the  committee  that  a  lap  joint, 
even  though  reinforced  by  a  cover  plate,  should  be  treated 
exactly  the  same  as  the  simple  form  of  lap  joint,  so  that 
the  factors  of  safety  proposed  in  Pars.  379  and  380  for  lap 
joints  would  be  applicable. 


/■P/pe  Peened  Out  Here; 


PROPOSED    METHOD    OF    MAKING    PlinO 
CONNECTIONS   TO   BOILERS 


Case  No.  315 — Inquiry:  Is  it  to  be  understood  that  the 
requirements  of  Par.  323  of  the  Boiler  Code,  relative  to  the 
location  of  lugs  and  the  distribution  of  rivets  attaching  them 
to  the  shell,  applies  to  the  small  sizes  of  boilers  referred  to 
in  Par.  324? 

Par.  324  provides  that  horizontal  return-tubular  boilers  between 
.54  in.  and  78  in.  in  diameter  shall  be  supported  by  the  outside 
suspension  type  of  setting,  or  at  four  points  by  not  less  than  eight 
steel  or  cast-iron  biackets  set  in  pairs.  A  hoi  izontal  return- 
tubular  boiler  up  to  and  including  54  in.  in  diameter  shall  be 
supported  by  the  outside  suspension  type  of  setting,  or  by  not 
less  than  two  cast-iron  or  steel  brackets  on  each  side. 

Reply:  The  requirements  of  Par.  323  of  the  Code  are 
clearly  limited  to  horizontal  return-tubular  boilers  over  78 
in.  in  diameter.  It  will  be  found  that  Par.  325  gives  the 
requirements  for  attaching  the  lugs. 

Par.  325  provides  that  the  lugs  or  brackets  shall  be  properl.v 
fitted  to  the  surfaces  to  which  they  are  attached.  The  shearing 
and  crushing  stresses  on  tlie  rivets  attaching  the  lugs  shall  not 
exceed  8  per  cent  of  the  following  strength : 

Ciushing   strength    of    steel    plate,    95,000    lb.    per   sq.in.    of    cross- 
sectional  area. 
Shearing  strength  lb.  per  sq.in.  of  cross-sectional  area  of  the  rivet 
shank : 

Iron   rivets   in   single   shear 38,000 

Steel   rivets   in   single   shear 44,000 

Values  for  double  shear  to  be  twice  those  for  single  shear. 

Case  No.  316 — Inquiry:  Is  it  permissible,  under  the  re- 
quirements of  the  Boiler  Code,  for  a  boiler  manufacturer 
to  stamp  a  boiler  as  A.  S.  M.  E.  Code  Standard,  when  it  is 
fitted  with  a  safety-valve  nozzle  or  connection  that  is  ade- 
quate only  for  safety  valves  operating  at  high  lifts? 

Reply:  The  way  designated  in  the  Code  in  which  the  size 
of  the  safety  valve  or  valves  that  shall  be  used  on  any 
boiler  is  determined  by  their  relieving  capacity,  and  where 
the  safety-valve  opening  corresponds  to  that  required  from 
such  a  valve  or  valves,  the  boiler  is  constructed  in  accord- 
ance with  the  A.  S.  M.  E.  Code  in  this  respect  and  may  be 
so  stamped.  The  committee  suggests,  however,  that  where 
boilers  are  sold  for  a  given  operating  pressure  without 
knowledge  of  the  type  of  safety  valves  that  will  be  used, 
the  safety-valve  openings  be  proportioned  for  the  intermedi- 
ate lifts  and  corresponding  relieving  capacities  given  in 
Table  15  of  the  Code. 


Table  13  of  the  Code  gives  the  discharge  capacities  of  spring- 
loaded  safety  valves  with  45-deg.  bevel  seats  for  various  si^es, 
ranging  from  1  in.  to  4  J  in.  in  diameter  at  various  pressures 
ranging  from  15  to  300  lb.  per  sq.in.  gage.  In  each  case  values 
are  given  for  three  lifts  called  "Minimum,"  "Intermediate"  .and 
"Maximum."  The  discharge  capacities  are  given  in  terms  of  the 
heat  value  of  the  fuel  buined  per  hour  and  also  in  terms  of  the 
pounds   of  steam  generated  per  hour. 

Case  No.  317 — Inquiry:  If  it  is  permissible,  as  indicated 
in  Case  No.  298,  to  fit  a  steam-outlet  nozzle  with  a  wrought- 
steel  flange  screwed  to  the  outer  end  of  the  end  neck  to 
which  the  flange  is  threaded  and  peened  over  into  a  beveled 
part  cut  away  from  the  flange,  why  should  not  this  con- 
struction be  acceptable  for  the  attachment  of  the  flange  at 
the  other  end  of  the  nozzle  for  attachment  to  the  boiler 
shell? 

The  accompanying  illustration  .shows  the  construction  permitted 
under  the  interpretation  of  Case  No.  298.  This  applied,  however 
only  to  the  flange  at  the  top  of  the  nozzle.  The  present  inquiry 
asks  permission  to  use  the  same  coni;truction  at  the  bottom  of  the 
nozzle  as  indicated   in  the   illustration. 

Reply:  It  is  the  opinion  of  the  committee  that  this  con- 
struction does  not  conform  to  the  requirement  of  the  last 
sentence  in  Par.  268. 

The  last  sentence  in  Par.  268  provides  that  when  the  allowable 
working  pressure  exceeds  100  lb.  per  sq.in.,  a  connection  riveted 
to  the  boiler  to  receive  a  flanged  fitting  shall  be  used  for  all  Ijipe 
openings  over  3-in.  pipe  size. 


Water-Power  Permits  Applied  For 

Application  for  license  or  preliminary  permit  for  water- 
power  projects  were  filed  with  the  Federal  Power  Commis- 
sion during  the  week  ended  Nov.  27  as  follows  (the  name 
and  address  of  the  applicant,  the  site  of  the  project,  and 
the  proposed  use  are  shown):  San  Joaquin  Light  and 
Power  Corporation,  Fresno,  Cal.,  San  Joaquin  River,  pub- 
lic utility;  Utica  Mining  Co.,  1128  Merchants  Exchange 
Bldg.,  San  Francisco,  Stanislaus  River,  mining;  Nevada- 
California  Power  Co.,  First  National  Bank  Bldg.,  San 
Francisco,  Warren  Slate  and  Leevining  Creek,  Mono  County, 
Cal.,  public  utility;  City  of  Los  Angeles,  Department  of 
Public  Service,  Kings  River,  Fresno  County,  Cal.,  public 
utility;  Western  States  Gas  and  Electric  Co.,  Stockton,  Cal., 
Trinity  and  Humbolt  Counties,  public  utility;  Flathead 
Valley  Electric  Co.,  Old  National  Bank  Bldg.,  Spokane,  Flat- 
head River,  Flathead  County,  Mont.,  public  utility;  Catawba 
Valley  Light  and  Power  Co.,  Morganton,  N.  C,  Wilson 
Creek,  Caldwell  County,  N.  C,  public  utility;  San  Joaquin 
Light  and  Power  Corporation,  Fresno,  Cal.,  Kings  River, 
Fresno  County,  Cal.,  public  utility;  Frank  B.  Pattee,  Sam- 
uel Bernhard  and  J.  T.  Ross,  Call  Bldg.,  San  Francisco, 
Stanislaus  River,  Calaveras  County,  Cal.,  use  not  stated; 
Home  Colony  (an  association  of  citizens)  Cody,  Wyo., 
Kitty  Creek,  Park  County,  Wyo.,  community  use;  Southern 
California  Edison  Co.,  Edison  Bldg.,  Los  Angeles,  San  Joa- 
quin River,  Madera,  and  Fresno  Counties,  Cal.,  public  utility. 


Ten  Ways  to  Kill  an  Association 

1.  Don't  come  to  the  meetings. 

2.  But  if  you  do  come,  come  late. 

3.  If  the  weather  doesn't  suit  you,  don't  think  of  coming. 

4.  If  you  don't  attend  a  meeting,  find  fault  with  the  work 
of  the  officers  and  other  members. 

5.  Never  accept  an  office,  as  it  is  easier  to  criticize  than 
to  do  things. 

6.  Nevertheless,  get  sore  if  you  are  not  appointed  on 
a  committee,  but  if  you  are,  do  not  attend  the  committee 
meetings. 

7.  If  asked  by  the  chairman  to  give  your  opinion  regard- 
ing some  important  matter,  tell  him  you  have  nothing  to 
say.  After  the  meeting  tell  everyone  how  things  ought  to 
be  done. 

8.  Do  nothing  more  than  is  absolutely  necessary,  but 
when  other  members  roll  up  their  sleeves  and  willingly, 
unselfishly  use  their  ability  to  help  matters  along,  howl  that 
the  association  is  run  by  a  clique. 

9.  Hold  back  your  dues  as  long  as  possible,  or  don't 
pay  at  all. 

10.  Don't  bother  about  getting  new  members.  "Let 
George  do  it!" — Michigan  Architect  and  Engineer. 
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Uhc  and  Ins|H>(*lioii  of  Klcxibh* 
Slrcl  Cabh's 

At  the  regular  lucr.thly  nu'itinK.  Philndi-lphin  Section, 
Association  of  Iron  ami  Steel  Elt'ctrical  En^'inet-rs,  "Instruc- 
tions in  the  Care,  Use  and  Insi)ection  of  Flexible  Steel 
Cables"  was  the  subject  di.scussed  by  Dr.  11.  C.  Boynton  and 
W.  Voijrtlander.  Dr.  Boynton,  usinjr  lantern  slides,  de- 
scribed the  process  involved  in  the  manufacture  of  wire 
rope  at  the  plant  of  John  A.  Roeblinpr's  Sons  Co.  The 
speaker  characterized  the  present  as  being  pre-eminently 
the  age  of  metallic  alloys.  Hinh-Krade  wire  and  wire  rope 
are  made  from  carbon  steel  having  a  tensile  strength  of 
from  220,000  to  :{00,000  lb.  per  sq.in.  This  hish  tensile 
strength  is  obtained  by  heat  treatment,  and  90  per  cent  of 
the  steel  used  in  wire  rope  is  made  by  the  open-hearth 
process. 

W.  Voigtlander  discussed  the  subject  of  proper  installa- 
tion and  maintenance  of  wire  rope  for  hoisting  purposes. 
He  said  that  it  had  been  conclusively  demonstrated  by  re- 
peated tests  that  the  most  efficient  wire-rope  attachment  is 
made  by  a  straight  wire  brush  held  in  the  conical  basket 
of  the  socket  by  means  of  spelter  (pure  zinc).  It  was 
brought  out  in  the  discussion  that  no  cable  clip  or  clamp 
has  ever  been  designed  that  will  give  the  full  strength  to 
the  cable.  As  to  the  lubrication  of  steel  cables  this  varies 
from  an  application  every  day  where  conditions  are  severe, 
such  as  where  acid  fumes  are  present,  to  every  two  weeks  or 
longer  under  ordinary  conditions.  The  best  method  of  lu- 
bricating a  rope  is  first  to  heat  it;  but  this  can  be  done  only 
by  removing  the  rope  from  the  sheaves.  As  a  compromise 
the  use  of  a  fairly  thick  lubricant  is  recommended,  applied 
hot  if  possible,  using  a  shallow  container  and  allowing  the 
cable  to  nan  in  the  oil.  In  the  installation  of  cable  care 
must  be  exercised  so  as  not  to  cause  a  kink  in  the  rope,  or 
this  section  will  greatly  reduce  its  life.  The  kinked  portion 
will  stand  only  approximately  75  per  cent  strain  that  the 
straight  rope  is  capable  of  withstanding.  Wire  rope  will 
safely  stand  a  temperature  of  400  deg.  F.  without  affecting 
its  tensile  strength.  At  temperatures  above  400  deg.  F. 
its  strength  may  be  seriously  reduced. 

Abrasion  is  very  seldom  the  chief  cause  for  rejection  of 
wire  ropes.  In  almost  all  cases  the  wires  of  the  individual 
strands  break  or  the  rope  is  damaged  fi'om  outside  causes, 
to  the  extent  that  it  requires  replacing. 

Canada's  Use  of  "White  Coal" 

Canada's  per  capita  development  of  water  power  is  now 
said  to  be  higher  than  that  of  any  other  country  except 
Norway.  The  figures  are  0.54  hp.  per  capita  for  Norway 
and  0.26  hp.  for  Canada;  the  United  States  is  far  behind, 
with  0.07  hp.    As  for  the  total  amount  of  developed  and 


undeveloped  waliT  power,  however,  without  regard  to  pop- 
ulation, the  United  .States  comes  first  with  .'{0,000,000  hp. 
and  Canada  second  with  19,000,000  hp.  These  figures  and 
the  accompanying  chart  were  prepared  by  the  Canadian 
Commission  of  Conservation  for  the  Bankers  Trust  Com- 
pany of  New  York. 

The  chart  reproduced  hero  repesents  graphically  the  fig- 
ures given  in  the  Uible.  It  shows  the  total  capacity  of  cen- 
tral-station plants  in  various  areas  of  Canada,  each  of  which 
includes    five    degrees    of   longitude.     For   comparison    the 

HORSLPOWER  or  Til  REE  TYPES  01'  CENTRAL    ELECTRIC   STA- 
TIONS, A.ND  THE  TOTAL  AVAILABLE  WATER  POWER, 
IN  EACH  DIHTHICT 


Total 

Horsepower  of  Contra)  Electric  Ktation* 

of  L'lied 

Moridion 

Internal 

and  UnuMxl 

Dialhul 

Hydraulic 

Steaui 

CombuBtioD 

Water  Power 

60-  65 

1,406 

23,502 

777 

620.800 

65-  70 

13,346 

13,131 

1.298 

942,200 

70-  75 

596.463 

36,325 

253 

3.690,000 

75-  80 

686,561 

57,934 

228 

4,820, 0<J0 

80-  85 

112,183 

8,135 

2,117 

l.660,(K« 

85-  90 

36.000 

0 

0 

25O,0(M) 

90-  95 

11,800 

250 

6 

l.227.0(M) 

95-100 

78.550 

23,169 

0 

l,743/)fHJ 

100-105 

0 

9,979 

3.101 

228, '/M) 

105-110 

0 

17,278 

1,531 

83,000 

110-115 

31.980 

50,835 

1.332 

406,000 

115-120 

48.634 

5,603 

1.525 

841.000 

120-125 

182,620 

32,010 

755 

1,185.000 

125-Ala.* 

37,075 
1,836,618 

10,051 

0 

1.135,000 

ToUb 

288,202 

12.923 

18,832.000 

•  This  district  extends  from  long.  125°  to  the  boundary  between  Canada  and 
Alaska. 

total  of  available  and  developed  water  power  in  each  area 
is  also  shown.  It  should  be  noted  that  the  figures  of  total 
water  power  are  the  estimated  amounts  of  24-hour  low- 
water  power,  and  that  these  amounts  can  be  much  increased, 
according  to  the  amount  of  artificial  storage  available,  the 
economic  head  that  may  be  developed  and  the  nature  of  the 
industry  using  the  power. 

It  is  interesting  to  note  that  although  Canada  has  been 
most  industrious  in  utilizing  her  "white  coal,"  the  amount 
in  use  is  only  a  small  portion  of  the  total  which  may  be 
developed  in  the  future;  it  is,  nevertheless,  proportionately 
far  greater  than  oui'  own  development  of  water  power. 
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William  T.  Price 

It  is  with  deep  regret  that  Power  informs  its  readers  of 
the  death  of  William  T.  Price,  chief  engineer  of  the  oil- 
engine department,  Ingersoll-Rand  Co.,  at  his  home  in 
Easton,  Pa.,  Nov.  7,  1920. 

Mr.  Price  was  born  at  Montreal,  Canada,  Sept.  28,  1883. 
After  attending  the  Toronto  Technical  School  for  a  few 
years,  he  entered  the  employ  of  the  Constructor's  Plant 
Manufacturing  Co.,  of  Buffalo,  where  he  soon  became  chief 
engineer.  He  was  then  engaged  by  the  Lackawanna  Steel 
Co.,  where  he  realized  that  further  technical  education  was 

necessary,  so  entered 
in  1903  Cornell  Uni- 
versity, where  he 
completed  the  course 
in  mechanical  engi- 
neering, graduating 
in  1906. 

After  a  short 
service  with  the 
Wheeling  Mould  and 
Foundry  Co.  he  was 
engaged  by  the  De 
La  Vergne  Machine 
Co.,  first  as  sales 
engineer  and  subse- 
quently as  chief  en- 
gineer and  manager 
of  the  oil-engine  de- 
partment. 

Leaving  this  com- 
pany in  1917,  he 
founded  the  Price 
Engine  Corporation 
and  brought  out  the 
design  of  a  solid- 
injection  oil  engine 
bearing  his  name. 
The  engine  operates  at  a  low  compression  without  the  aid 
of  hot  surfaces  and  attains  the  efficiency  of  the  Diesel.  Its 
manufacture  was  undertaken  by  the  Rathburn-Jones  Co. 
The  Ingersoll-Rand  Co.  also  engaged  in  the  manufacture 
of  the  Price  engine,  and  Mr.  Price  was,  at  the  time  of  his 
death,  chief  engineer  of  the  latter  concern. 

Mr.  Price  was  a  member  of  the  American  Society  of 
Mechanical  Engineers,  and  of  the  Engineers  Club  of  New 
York  City.  He  was  an  outstanding  figure  in  engineering 
circles,  being  one  of  the  very  few  American  engineers  that 
broke  loose  from  European  influences  in  engine  design. 
Besides  his  mechanical  ability,  he  possessed  unusually  keen 
business  foresight.  He  was  the  exceptional  inventor  with 
sufficient  business  acumen  to  reap  the  benefits  of  his  labor. 
It  was  also  Mr.  Price's  good  fortune  to  be  blessed  to  a 
high  degree  with  the  faculty  of  making  friends.  This  was 
partly  due  to  his  youth  and  enthusiasm  and  partly  to 
his  consideration  for  the  feelings  of  those  with  whom  he 
came  in  contact.  The  humblest  shop  apprentice  or  cub 
salesman  was  accorded  the  same  courteous  treatment  as  the 
highest  company  official.  It  is  little  wonder  that  his 
acquaintanceship  alone  limited  his  circle  of  friends. 
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A  preliminary  statement  of  the  general  results  of  the 
census  of  Pennsylvania  anthracite  operations  for  1919  has 
been  issued  by  Director  Sam  L.  Rogers  of  the  Bureau  of  the 
Census,  Department  of  Commerce.  The  summary  shows  a 
decrease  in  the  number  of  breakers  and  also  in  the  number 
of  wage  earners  employed.  The  number  of  wage  earners 
decreased  from  169,174  in  1909,  to  147,069  in  1919,  or  13  per 
cent.  Wages  paid  show  an  increase  from  $92,169,906  in 
1909  to  $210,202,511  in  1919.  For  operating  cost  a  decided 
increase  is  shown.  The  quantity  of  coal  produced  shows 
an  increase  over  that  for  1909  of  but  6,302,000  tons,  or  8.8 
per  cent,  while  the  value  of  the  coal  produced  increased 
from  $145,881,000  to  $364,243,000. 


Don't  blame  your  coal  dealer  if  your  coal  refuses  to  bum. 
His  slate  is  clean. — N.  Y.  Life. 


Pulverized  Anthracite  and  Recovery 
of  River  Coal 

Use  of  pulverized  anthracite  and  the  recovery  and  use  of 
river  coal  were  the  subjects  discussed  at  a  meeting  of  the 
Engineers'  Club,  Philadelphia,  Friday  evening  Dec.  3. 
Joseph  A.  Stienmetz,  past  president  of  the  club,  presided 
and  called  upon  Dr.  George  Ashler,  Pennsylvania  State 
Geologist,  to  tell  of  the  resources  of  river  coal,  which  is 
found  in  the  rivers  and  their  tributaries  in  the  anthracite 
regions.  It  is  washed  into  the  rivers  by  the  discharge  from 
the  washers  at  the  mines  and  is  carried  long  distances  down 
the  river,  especially  during  high-water  periods,  and  de- 
posited on  the  river  bottom.  In  many  cases  the  tributaries 
of  the  river  have  become  practically  filled  with  this  class  of 
coal,  even  to  the  extent  of  causing  these  streams  to  overflow 
their  banks  and  spread  out  over  the  adjoining  lowland. 
Much  of  this  coal  is  of  grades  known  as  rice  and  barley, 
although  large  quantities  are  little  more  than  dust.  For 
a  number  of  years  this  coal  has  been  reclaimed  on  a  small 
scale,  but  within  the  past  four  or  five  years  its  reclamation 
has  reached  large  proportions,  amounting  to  2,000,000  tons 
in  1919.  One  of  the  largest  sources  of  this  coal  is  the  Sus- 
quehanna River  around  Harrisburg,  where  about  750,000 
tons  is  recovered  annually.  Practically  all  coal  used  in 
Harrisburg  for  industrial  power  purposes  and  by  the  power 
companies  is  pumped  from  the  river.  During  recent  years 
large  quantities  have  been  taken  from  the  tributaries  of  the 
river,  and  this  is  the  source  of  the  best  coal. 

Dr.  Ashler  was  of  the  opinion  that  at  the  present  rate 
of  mining  there  was  river  coal  enough  in  sight,  without  any 
more  coming  into  the  rivers,  to  last  four  or  five  and  possi- 
bly ten  years.  This  will  be  added  to  as  the  dumps  at  the 
mines  are  worked  over  so  that  there  may  be  a  possible 
25,000,000  tons;  therefore  it  is  only  a  mere  incident  in  the 
power  problem. 

Mb.  Edwards  Takes  Exception  to 
Dr.  Ashler's  Estimate 

J.  P.  Edwards,  who  was  the  second  speaker,  took  ex- 
ception to  Dr.  Ashler's  estimate  for  the  total  available 
tonnage  of  river  coal.  From  Mr.  Edwards'  experience  he 
estimated  that  river  coal  of  the  rice  and  barley  grades  was 
being  deposited  at  the  rate  of  8,000,000  tons  a  year.  He 
told  of  one  of  his  reclamation  stations  on  a  river  tributary 
where  the  coal  was  deposited  ten  feet  deep.  Here  a  crane 
was  installed  on  the  bank  to  operate  a  U-cu.yd.  clamshell 
bucket.  It  has  only  a  25-ft.  digging  radius,  but  in  three 
years  has  removed  140,000  tons  of  coal  from  this  space — 
the  coal  coming  in  practically  as  fast  as  it  is  removed.  It 
was  Mr.  Edwards'  opinion  that  the  supply  of  river  coal 
was  practically  self-perpetuating  and  that  the  possibilities 
had  only  been  scratched.  River  coal  is  of  much  better 
grade  than  many  of  the  sources  of  supply  and  can  be 
obtained  at  less  than  half  the  cost  of  bituminous  coal.  A 
test  made  on  river  coal  shows  it  to  have  a  heat  value  as 
high  as  14,000  B.t.u.,  although  in  general  it  will  run  around 
11,000  to  12,250  B.t.u.,  with  an  ash  content  of  13  per  cent. 
If  care  is  not  taken  in  preparing  the  coal,  the  ash  content 
may  run  as  high  as  15  to  18  per  cent. 

G.  R.  Delamater  agreed  with  Mr.  Edwards  that  the  supply 
of  river  coal  was  going  to  last  much  longer  than  most 
people  think,  although  he  was  of  the  opinion  that  the  supply 
of  larger  sizes  was  decreasing.  He  emphasized  the  neces- 
sity of  equipping  boilers  to  burr  the  smaller  size  of  coal 
or  even  coal  dust.  He  said  he  had  seen  river  coal  burn  with 
only  a  10  per  cent  ash  content  and  that  14  per  cent  should 
be  an  average.  In  some  cases  the  ash  content  was  as  high 
as  25  to  30  per  cent,  but  this  was  only  a  question  of  remov- 
ing the  sand  from  the  coal. 

R.  M.  Vail,  in  discussing  the  difl'erent  type  of  machines 
for  pulverizing  coal,  expressed  the  opinion  that  anthracite, 
on  account  of  its  high  abrasive  qualities,  could  be  most 
economically  pulverized  in  some  sort  of  a  tube  mill  using 
balls  for  grinding.  Success  in  grinding  anthracite  would 
be  found  in  taking  advantage  of  its  brittleness  and  avoid- 
ing its  abrasiveness,  said  Mr.  Vail. 
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In  discussinp:  tho  burninpr  of  powdorod  nnthrncilo,  J.  K. 
Wyllio  told  of  ohtiiiiiiiiK  ovor  400  per  cent  rntiiiK  from 
boilirs  and  of  optralmn  them  lor  days  at  IJOO  per  ri-nt 
ratinjr.  Ho  told  of  obtnininjr  19  pt-r  cent  CO,,  but  this  was 
found  very  hard  on  the  furnace,  and  he  was  of  the  opinion 
that  14  per  cent  CO  was  about  rijrht  for  economical  opera- 
tion. He  said  that  in  burning  powdered  anthracite  it  was 
necessary  that  ilO  per  cent  of  the  coal  ko  through  a  200- 
nicsh  screen,  and  each  powdered-anthracite  proposition  has 
to  be  treated  se|)arateiy. 

Rkhjikts  trom  Culm  Coal 

J.  n.  Kennedy  discussed  the  making  and  use  of  briquets 
from  culm  coal.  He  said  that  a  successful  briquet  must 
be  waterproof;  must  be  hard,  not  brittle;  and  must  stand 
up  in  the  fire  while  burninfr.  Mr.  Kennedy  told  of  briquets 
beinjr  manufactured  that  contained  92  per  cent  culm  and  8 
per  cent  binder.  This  binder  contained  12  parts  water,  2 
parts  asphaltum  and  1  part  starch.  Briquets,  said  the 
speaker,  have  been  made  for  the  past  fifty  years  in  Europe, 
but  those  used  in  Europe  could  not  be  sold  in  this  country. 
One  of  the  difficulties  in  burning  briquets  has  been  the  use 
of  too  much  draft.  On  account  of  the  uniformity  of  the 
size  of  this  fuel,  it  is  necessary  to  cut  down  the  draft  con- 
siderably below  that  required  for  burning  common  grades 
of  coal.  The  briquets  that  Mr.  Kennedy  described  could 
be  sold  at  the  present  times  for  $8  per  ton  f.o.b.  factory. 

W.  \V.  Pettybone  told  of  the  experience  of  the  Bethlehem 
Steel  Co.  at  Lebanon,  Pa.,  in  burning  pulverized  coal.  Four 
520-hp.  boilers  are  in  operation,  burning  pulverized  bitu- 
minous coal.  A  pulverizer  used  on  bituminous  coal  for  a 
number  of  years,  was  tried  on  anthracite,  and  after  ten 
days'  operation  it  was  necessary  to  rebuild  it.  Nevertheless, 
Mr.  Pettybone  was  convinced  that  pulverized  anthracite 
could  be  burned  successfully.  It  was  found  that  a  change 
could  be  easily  made  from  burning  pulverized  bituminous  to 
pulverized  anthracite  and  vice  versa.  When  burning  grades 
of  coal  ranging  from  11,000  to  13,000  B.t.u.,  over-all  boiler 
efficiencies  were  obtained  ranging  from  82  to  87  per  cent, 
with  a  monthly  efficiency  averaging  a  little  better  than  80 
per  cent.  No  trouble  has  been  experienced  w-hen  operating 
the  boilers  at  200  per  cent  rating;  above  200  per  cent  diffi- 
culty is  liable  to  be  encountered  with  the  brickwork.  Al- 
though it  is  possible  to  obtain  17  per  cent  CO.,  it  has  been 
found  that  the  highest  efficiencies  are  developed  with  10  to 
11  per  cent. 

H.  D.  Savage  expressed  the  opinion  that  there  is  no 
greater  difficulty  in  burning  anthracite  at  high  boiler  rat- 
ing than  in  burning  bituminous,  but  it  cannot  be  burned  so 
successfully  for  low  and  intermittent  ratings. 

"Turbine"  Boiler  Furnace 

If  the  air  flow  into  a  furnace  is  uniform  and  the  fuel  is 
spread  evenly  over  the  grate,  combustion  will  also  be 
uniform  and  even  throughout  the  whole  area  of  the  fire.  In 
an  ordinary  boiler  furnace  these  conditions  are  not  neces- 
sarily fulfilled,  resulting  in  an  excessive  air  flow  through  the 
grate,  which  is  a  particularly  active  source  of  loss.  By 
the  use  of  the  furnace  herewith  described,  it  is  claimed, 
says  the  London  Electrical  Revieiv,  that  a  considerable 
reduction  in  the  amount  of  excess  air  can  be  made,  the  air 
can  be  thoroughly  diffused  over  the  whole  area  of  the  grate, 
and  it  can  be  brought  everywhere  into  intimate  contact  with 
the  fuel. 

The  furnace  under  consideration  takes  its  name  from  the 
analogy  which  its  form  in  longitudinal  section  bears  to  the 
jet  and  blades  of  an  impulse  steam  turbine,  the  intention 
being  that  the  air  shall  pass  up  betweer.  the  fire  bars  at 
an  equal  rate  over  the  whole  surface  of  the  grate... 

As  showTi  in  the  illustration  several  troughs  (the  number 
varies  with  the  width  of  the  furnace)  rounded  at  the  bottom 
and  measuring  about  5  in.  across  their  mouths  are  disposed 
longitudinally  in  the  furnace.  Each  trough  is  separate 
from  the  rest  and  lies,  unbolted,  in  contact  with  its  neigh- 
bors, being  hooked  at  either  end  over  ridges  on  the  dead 
and  bridge  plates  A  and  B.  but  otherwise  unsupported. 
Angle-sectioned  extension  pieces  C  are  bolted  to  the  two 
outer  troughs  so  as  to  fill  the  gaps  between  them  and  the 
furnace  walls. 


Within  the  mouths  of  the  trouRh.s  arc  placed  fire-bai 
members  //  so  that  each  trough  has,  say,  three  or  four 
dozen  of  these  si-|)arate  fire-bar  castingM,  which  are  sup- 
ported on  the  edges  of  the  troughs.  P]ach  casting  is  pro- 
vided with  a  fdot  in  front  and  with  a  flat  web  behind  which 
fits  into  the  slot  of  the  succeeding  casting.  It  will  be  ap- 
preciated, then,  that  the  fire-bar  castings  can  be  rapi<lly  slid 
into  position,  the  whole  being  locked  together  by  the  inser- 
tion of  the  last  member  //. 

The  top  surface  of  the  grate  thus  formed  is,  however,  not 
continuous;  between  each  pair  of  castings  a  1-in.  wide  slot 
is  left  for  the  passage  of  air  from  the  trough  below,  the 
width  of  the  slot  being  preserved  even  when  the  castings 
are  tightly  pressed  together.  The  rear  face  of  the  blade  of 
each  casting  lies  at  an  angle  of  45  deg.  to  the  general  top 


"TURBINE"  FURNACE  APPLIED  TO  A  WATER-TUBE 
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surface  of  the  grate;  the  forward  face  of  the  succeeding 
casting  makes  an  angle  of  60  deg.  with  the  same  plane, 
and  the  i-in.  slot  between  the  pair  is  thus  continued  below 
in  the  form  of  an  inclined  tapered  passage.  It  is  this  form 
of  air  passage,  it  is  claimed,  which  enables  the  finest  fuels 
(even  in  a  powdered  form)  to  be  burned,  because  the  in- 
clined surfaces  tend  to  prevent  the  fuel  falling  through  the 
slots  between  the  fire-bar  members.  As  shown  at  E,  the 
bottom  edges  of  the  sloping  blades  are  formed  to  a  radius 
so  that  with  the  curved  bottom  of  the  trough  they  make 
an  approximately  circular  passage  for  the  air  flowing  along 
the  trough.  The  area  of  this  passage,  owing  to  the  inclined 
trough  bottom,  the  trough  being  shallower  toward  the  back 
than  at  the  front,  decreases  from  back  to  front  in  such  a 
way  that,  as  air  escapes  through  the  successive  slots  into 
the  fire,  the  velocity  of  the  remainder  in  the  trough  remains 
constant. 

Air  is  drawn  into  the  troughs  by  means  of  a  separate 
steam  jet  F,  for  each  trough,  which  is  placed  at  the  mouth 
of  an  injector  pipe  G.  For  the  first  portion  of  their  length 
the  injector  pipes  contract  in  diameter,  for  the  center  por- 
tion they  are  parallel,  and  for  the  remaining  portion  they 
expand  to  suit  the  radius  of  trough  bottom,  as  shown  at  B. 

All  the  steam  jets  are  connected  to  a  single  source  of 
steam;  the  nozzles  have  a  large  coefficient  of  expansion, 
and  their  form  is  such  that  the  jet  of  steam  splays  out  and 
fills  the  bore  of  the  injector  pipe.  Superheated  steam  is 
used  for  the  jets.  The  supply  is  taken  from  the  top  of  the 
boiler  and  led  by  a  system  of  piping  through  a  reducing 
valve  and  pressure  gage  for  some  distance  into  the  side 
flue  before  passing  to  the  jets.  This  form  of  superheater 
is  very  simple  and  easy  to  install,  it  being  necessary  to 
remove  a  single  brick  only  from  the  boiler  setting.  The 
employment  of  superheated  steam,  it  is  claimed,  increases 
the  efficiency  of  the  injector  jets,  because  for  equal  weights 
the  volume  delivered  is  greater  if  superheated.  Further, 
the  use  of  a  number  of  small  jets  also  leads  to  economy, 
for  the  amount  of  steam  used  is  proportional  to  the  square 
of  the  jet  diameter.  The  air  pressure  prevailing  in  the 
troughs  depends  on  the  pressure  of  the  steam  delivered 
to  the  jets.  Therefore,  the  air  pressure  below  the  fire  bars 
can  be  regulated  over  a  considerable  range,  so  that  a  wide 
variety  of  fuel  can  be  burned  in  a  furnace  at  diff'erent  , 
times.  The  ash  and  clinker  are  removed  by  raking  them 
out  over  the  dead  plate  A.  Very  little  dust  falls  through  | 
the  bars  into  the  troughs;  what  does  is  removed  by  a  long- 
handled  scoop.  "Turbine"  furnaces  can  be  readily  fitted  to 
any  type  of  boiler. 
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The  Constitution  and  Properties  of  Boiler  Tubes 

BY  ALBERT  E.  WHITE 
Consulting  Metallurgical  Engineer,  Professor  of  Chemical  Engineering,  University  of   Michigan 


DURING  the  winters  of  1913-14  and  1914-15  the  neces- 
sity of  frequent  boiler-tube  replacements  in  the  Park 
Place  heating  plant  of  the  Detroit  Edison  Company 
resulted  in  considerable  difficulty  in  maintaining  continuity 
of  boiler  operation.  This  trouble,  brought  to  a  climax  by 
the  failure  of  a  tube  in  No.  7  boiler  in  June,  1915,  led  to 
investigations  to  determine  the  causes  of,  and  suggest 
remedies  for,  boiler-tube  deterioration.  Investigations  were 
started  along  three  lines:  (a)  Water  softening,  (b)  rear- 
rangement of  baffling,  and  (c)  considerations  relating  to 
the  composition  and  constitution  of  boiler  tubes. 

In  practically  all  tubes  removed  a  thin  calcium  sulphate 
scale  was  found.  The  feed  water  contained  very  little  of 
this  salt,  but  owing  to  extended  periods  of  overload  and  to 
the  fact  that  98  per  cent  of  the  feed  was  raw  water  from 
the  city  mains  water  softening  was  deemed  necessary. 
After  considerable  research  it  was  decided  to  treat  all  the 
water  with  soda  ash  in  live-steam  purifiers.  This  treatment 
has  been  successful,  the  flocculent  sodium  carbonate  and 
soluble  sodium  sulphate  being  taken  care  of  by  frequent 
boiler  blowofFs. 

The  fact  that  the  front  tubes  were  particularly  prone  to 
develop  defects  led  to  the  study  of  baffling  conditions.  Orig- 
inally the  front  baffles  were  between  the  first  and  second 
rows  of  tubes  (the  boilers  were  of  the  Stirling  type).  To 
distribute  the  effect  of  radiant  heat  the  baffles  were  placed 
between  the  second  and  third  tube  rows.  This  resulted  in 
materially  lowering  tube  replacements  without  decreasing 
fuel  economy  or  increasing  smoke  nuisance. 

In  investigating  the  constitution  of  the  tubes  a  number 
of  samples  were  examined  metallographically.  The  photo- 
micrographs indicated  generally  that  the  constituents  were 
evenly  dispersed,  although  there  was  evidence  of  phosphor- 
ous segregation  and  in  many  cases  cavities  or  segregations 
were  evident. 

As  a  result  of  his  studies  the  author  lists  the  principal 
causes  of  tube  failure  in  general  (excluding  that  due  to  scale 


FIG.  1.  PHOTOMICROGRAPH  OF  DEFORMED  STEEL 
BEFORE  BEING  HEATED 


formation)  as  follows:  (a)  Tube  brittleness  due  to  absorp- 
tion of  hydrogen,  usually  attributable  to  faulty  feed  water 
treatment;  (b)  blowholes  and  imperfections  in  the  metal, 
attributable  to  steel-mill  conditions;  (c)  recrystallization  of 
the  metal. 

The  matter  of  recrystallization  merits  much  consideration. 
This  will  occur  if  steel  with  a  low  carbon  content,  which 

♦Abstract  of  a  paper  presented  at  the  annual  meeting  of  the 
American  Society  of  Mechanical  Engineers,  in  New  York  City, 
December,  1920. 


has  previously  been  mechanically  deformed  at  a  temper- 
ature below  the  critical,  is  later  heated  for  a  sufficient  time 
to  any  temperature  below  that  at  the  critical.  The  common 
composition  for  boiler  tubes  is  such  that  this  type  of  metal 
is  especially  susceptible  to  this  phenomenon.  In  modem 
mill  practice  tubes  are  straightened  and  often  actually 
brought  to  final  size  below  the  critical  temperature.  Tubes 
are    often   bent   during   fabrication   and    erection   and   are 


FIG.  2.     PHOTOMICROGRAPH  OF  DEFORMED  STEEL  AFTER 
HEATING  AT  650  DEG.   C.   FOR  15  HOURS 


universally  rolled  into  the  tube  sheet  when  cold.  Methods 
of  cleaning  tubes  often  produce  local  deformation  by  re- 
peated hammer  blows.  Finally,  the  time  and  temperature 
conditions  required  for  recrystallization  are  present. 

The  growth  of  crystals  occurs  more  rapidly  the  higher 
the  temperature  to  which  the  metal  is  heated.  Experiments 
for  a  certain  set  of  conditions  led  to  the  following  formula: 

r  =  8  X  S" 
where  T  =  time  in  minutes  for  a  certain  crystal  growth; 
n  =  (675  —  t)   -H  25;  and  t  =  temperature  in  degrees  cen- 
tigrade.    These  experiments  covered  a  range  of  550  deg.  C 
(1,022  deg.  F.)  to  675  deg.  C  (1,247  deg.  F.). 

Fig.  1  is  a  photomicrograph  of  a  tube  specimen  which 
has  been  deformed,  and  Fig.  2  shows  a  similar  specimen 
after  being  heated  at  650  deg.  C.  (1,202  deg.  F.)  for  15 
hours.  The  increased  size  of  the  grains  in  Fig.  2  shows 
clearly  the  crystal  growth. 

To  determine  the  physical  properties  due  to  crystal 
growth  tension  and  fatigue  tests  were  made  on  (a)  metal 
"as  received,"  (b)  metal  annealed  for  10  minutes  at  950 
deg.  C.  (1,742  deg.  F.)  and  then  cooled  in  the  furnace,  and 
(c)  on  "coarse-grained"  metal  produced  by  stressing  the 
specimens  beyond  the  elastic  limit  and  then  annealing  for 
three  hours  at  800  deg.  C.  (1,472  deg.  F.). 

The  physical  properties  of  the  "as  received"  specimens 
showed  satisfactory  metal.  The  average  tensile-strength 
and  elastic-limit  values  of  the  "coarse-grain"  samples  were 
27.2  and  58.9  per  cent  respectively,  lower  than  those  of 
the  "as  received"  samples.  In  the  fatigue  tests  the  "coarse- 
grain"  metal  was  16.2  per  cent  poorer  than  the  "as  received" 
samples  and  48.70  per  cent  poorer  than  the  "annealed 
metal." 

In  view  of  this  the  question  arises  as  to  the  possibility  o^ 
improving  the  constitution  of  the  metal  by  using  a  com- 
position that  is  as  easy  to  produce,  as  easy  to  install,  as 
resistant  to  the  absorption  of  hydrogen,  stronger,  as  free  or 
freer  from  blowholes,  and  above  all,  less  subject  to  recry- 
stallization. It  is  suggested  that  these  conditions  might  be 
met  by  steel  with  a  carbon  content  of  0.30  to  0.35  per  cent 
better  than  by  steel  with  0.08  to  0.18  per  cent  carbon. 
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The  higher-carbon  tubes  will  not  be  appreciably  more 
difficult  to  make  or  install,  and  there  is  nothing  to  indicate 
that  they  will  absorb  hydrogen  more  readily.  It  should  be 
possible  to  make  them  as  free  from  blowholes  and  they  will 
be  at  least  40  per  cent  stronger  in  respect  to  tensile  strength 
and  elastic  limit  with  no  detrimental  decrease  in  elongation 
or  reduction. 

To  secure  evidence  of  the  effect  of  the  carbon  content  on 
recrystallization,  tests  were  made  on  five  specimens,  rang- 

T.XBLE   I.     EFFECT  OF  CARBON   CONTENT    ON   GRAIN   GROWTH 
WHEN  DEFORMED  STEEL  IS  HEATED  BELOW  ITS 
CRITICAL  TEMPERATURE 


Carbon  Content, 
per  Cent 
0  006 
0  103 
0  203 
0  251 
0.315 
(a)  Grains  too  small  to  count. 


Number  of  Ferrite  Grains  per  Sq.In. 


Undeformed 
3  9 
25.4 
63.4 
26.3 
(a) 


Deformed 
1.9 
13  4 
23.0 
16.0 
(a) 


Photomicrographs  from  both  the  undeformed 


and  deformed  areas  show  no  appreciable  difference  in  grain  size. 

ing  from  0.006  to  0.315  per  cent  carbon.  Each  sample  was 
annealed  and  then  impressed  with  a  5  mm.  ball  under  a  load 
of  3,000  deg.     The  samples  were  afterward  heated  for  four 


To  compare  these  theoretical  results  with  those  under 
service  conditions  tubes  averaging  around  0.30  per  cent 
carbon  were  installed  in  the  front  rows  of  four  of  the  750- 
hp.  Stirling  boilers  at  the  Park  Place  heating  plant  in 
Detroit,  while  four  other  boilers  were  equipped  with  front- 
row  tubes  ranging  between  0.08  and  0.18  per  cent  carbon. 
The  results  of  this  test  are  given  in  Table  II  and  speak  for 
themselves. 

The  author  does  not  criticize  present  boiler-tube  manu- 
facturing practices,  which,  all  things  considered,  are  on  a 
high  quality  plane.  He  does,  however,  wish  to  present  cer- 
tain facts  and  to  question  whether  tubes  with  a  carbon 
content  of  0.30  to  0.35  per  cent  would  not  insure  longer 
tube  life  and  safer  boiler  operation  than  tubes  having  0.08 
to  0.18  per  cent  carbon. 

Production  of  Electric  Power  in  the 
United  States 

As  shown  by  the  accompanying  chart,  the  average  daily 
production  of  electricity  in  kilowatt-hours  by  public-utility 
plants   in   the   United   States  for  the  first   nine  months  of 
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AVERAGE  DAILY  PRODUCTION  OF  ELECTRICITY  BY  PUBLIC   UTILITY  PLANTS  IN  THE  UNITED   STATES 
OBTAINED   BY   DIVIDING   THE  TOTAL   FOR  THE   MONTH  BY  THE  NUMBER  OF  DAYS 

IN  THE  MONTH 


hours  at  675  deg.  C.  (1,247  deg.  F.)  and  then  examined  to 
compare  the  average  grain  size  in  the  undeformed  portion 
and  in  that  part  of  the  deformed  portion  showing  the 
maximum  grain  size. 

TABLE  II.    SERVICE   TEST  ON  MEDIUM,  HIGH-  AND  LOW-CARBON 

BOILER  TUBES  AT  PARK  PLACE  HEATING  PLANT, 

DETROIT,  MICM. 


Iligh-Carhon  Tubes  in  Fn 

nl  Rw 

Boiler 

R'' placement  - 

Number 

Number 

Date 

Number 

Date 

3 

29 

June  19, 

1916 

27 
15 

July    27, 
Summer, 

1918 
1920 

6 

29 

May     9, 

1916 

13 

5 
1 

Sept.  11, 
July    15, 
Summer, 

1917 
1919 
1920 

7 

29 

June   19, 

1917 

8 

29 

June     9, 

1917 

Totals.. 

..    116 

L'lw-CaTb  n 

Tuhcs  in 

Fron 

61 

1 

29 

Sept.  23, 

1916 

27 

5 

July    12. 
Summer, 

1918 
1920 

2 

29 

Sept   18. 

1916 

10 
27 

7 

Sept.  28, 
July    11, 
Summer, 

1917 
1920 
1920 

4 

29 

June   14. 

191t> 

18 

5 
13 

5 

Jan.      6, 
July    27, 
June   17, 
Summer, 

1917 
1918 
1919 
1920 

5 

10 

June     5, 

1916 

19 

Aug.     3, 

1917 

10 

Aug.     3, 

1917 

Totals, 

116 

127 

The  results  in  Table  I  and  the  micrographs  in  Fig.  3  in- 
dicate a  perceptible  grain  growth  for  the  carbon  range 
from  0.006  to  0.251  per  cent,  while  no  visible  change  appears 
with  0.315  per  cent  carbon. 


1920  was  as  follows:  January,  124,700,000;  February,  119,- 
800,000;  March,  120,700,000;  April,  119,100,000;  May,  115,- 
600,000;  June,  118,800,000;  July,  117,000,000;  August, 
119,700,000;  and  September,  120,200,000.  The  proportion  of 
each  monthly  total  produced  by  water  power  was,  respec- 
tively, 33,  33,  38,  41,  42,  40,  38,  37  and  37  per  cent.  The 
total  output  of  electricity  in  this  time  was  28,341,000,000 
kw.-hr. ;  this  was  15.5  per  cent  greater  than  the  output  for 
the  corresponding  period  of  1919.  The  amount  of  fuels  con- 
sumed by  these  public-utility  companies  in  this  nine  months' 
period  of  1920  was:  Coal,  27.7  million  short  tons;  fuel  oil, 
9.9  million  barrels;  gas,  18.2  billion  cubic  feet. 

These  figures  are  based  on  returns  received  by  the  Geolog- 
ical Survey  from  about  3,000  power  plants  of  100-kw. 
capacity  or  more,  engaged  in  public  service,  including  cen- 
tral stations,  electric  railways  and  certain  other  plants 
which  contribute  to  the  public  supply.  The  capacity  of 
plants  submitting  reports  of  their  operations  is  about  94  per 
cent  of  the  capacity  of  all  plants  listed;  consequently  the 
figures  may  be  regarded  as  conclusive. 


Applications  covering  7,726,651  hp.  had  been  submitted 
to  the  Federal  Power  Commission  at  the  close  of  business 
Nov.  20.  This  greatly  exceeds  the  most  optimistic  estimate 
made  prior  to  the  passage  of  the  Water-Power  Act.  That 
estimate  will  be  exceeded  by  400,000  hp.  if  the  treaty  is 
modified  so  as  to  permit  the  diversion  of  20,000  sec. -ft. 
additional  from  the  Niagara  River.  The  projects  on  navig- 
able streams  involve  4,790,350  hp.  and  those  on  public  lands 
and  reservations  2,936^b01  hp. 
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ViUtc,    Ituplrx    I'nullow    ruiiiiiliiB    Kiisliir    Wntrr 
Worth Inffton  Pumii  &   Miuhlnrry  Corp..   Ni-w   Vork  City 
'Towrr."  Nov.   9,   l".t20 


Till.")  pump  vnlvo  con- 
BlBtx  of  a  «oft  -  rulibiT 
valvo  Hoat  rdnforci'd  by  a 
coppor  rlriK.  Thp  mi-tal 
vnlvo  if)  maili>  s.-iuccr- 
shape.  with  u  sprint;  prr.sa- 
iirc  on  oni'  siilc  working 
nRUinHt  tlip  walor  press- 
ure on  tlip  other.  Thi- 
(llscharged  water  not  only 
e.siaiies  past  the  outer 
ocIko  but  also  finds  a 
passapreway    throuRli    the   openlnp   between    the   outer   and   o-nter 

f>ortions  of  the  valve.  The  valve  seat  Is  tapered,  and  the  water 
s  dlsi-harKed  jiasl  the  valve  at  an  easy  angle,  which  reduces  the 
friction. 


Hoist,  TrIrNropir,  .Vfili 

Gillis  &  Googhegan,  537  West   Broadway,  New  York  City 
"Power,"   1920 


Several  types  of  telescopic  hoists  arc  made. 
"Tyi>e  D"  beiPK  desisned  for  handling  ashcans 
from  basements  and  unloading  into  wagon.s. 
This  hoist  is  electrically  oiierated.  and  the 
upper  part  of  its  telescope  is  below  the  grade 
when  not  in  use.  It  will  raise  a  load  of  300  lb. 
at  a  Sliced  of  60  ft.  per  min.  and  is  designed 
to  raise  loads  of  6  or  7  ft.  above  grade,  and 
as  much  as  3  ft.  away  from  the  hoislway,  thus 
permitting  of  dumping  into  an  ash  cart.  Tlie 
steel  cable  used  is  non-rotating,  which  elim- 
inates twisting.  The  machine  is  equipped  with 
an  automatic  stop  and  gravity  lowering  device. 


Valvi*,  Norliiim  Rolullnic   I'ump 

Norboin   lOiiKlneerlnt;   Co.,    Darby.    I'a. 
"I'ower,"   1920 


ThiB  valve  conalsta  of 
a  llRht  and  Btrong  alloy 
body  and  a  Miieclal  Boft- 
metal  face  where  It  comes 
In  contfK'l  with  the  valve 
se.-it.  ThlH  llnInK  will  not 
break  and  Is  not  affected 
by  oil.  cold  or  hot,  acids 
or  alkali  water.  The  un- 
der Hurface  of  the  valvo 
Is  cast  with  turbine 
velnH.  which  cause  It  to 
rotJile.  thus  wearing  the 
soft-niutal  lining  evenly.    When  worn  the  lining  can  be  renewed. 


Muitieuer,  riiiio 

Schumacher-Santry  Co.,   141    Mills  St.,   Boston, 
"Power,"   Nov.    23,    1920 


This  gage  consists  of  six  tubes  into  which 
the  liquid  flows  and  which  connects  with 
a  storage  tank  that  is  filled  to  the  zero 
mark  on  the  scale  with  special  gage  oil 
having  a  specific  gravity  of  0.89.  The  six 
tubes  are  placed  so  that  a  careful  com- 
parison of  each  reading  with  any  other 
may  be  obtained.  With  conditions  running 
normally,  the  height  of  the  li(piid  in  the 
various  tubes  form  a  certain  curve.  Any 
variation  in  the  characteristics  of  this  curve 
caused  by  a  too  heavy  fire  on  parts  of  the 
grate  or  by  blowholes  will  immediately  tell 
the  fireman  how  to  adjust  conditions. 


Dynamobile,  Ludluni 

New  York  Engineering  Co.,  2  Rector  St.,  New  York  City 
"Power,"  Oct.   26,  1920 


This  machine  consists  of  a  water- 
tube  marine-type  boiler,  a  steam  turbo- 
generating  unit,  switchboard  boiler- 
feed  pump,  feed-water  heater,  con- 
denser, and  where  the  highest  econ- 
omy is  desired,  a  superheater.  All 
are  set  on  a  steel  frame  mounted  on 
wheels.  The  outfit  can  be  furnished 
for  burning  any  kind  of  fuel.  It  is 
built  in  10-kw.  capacity  up  to  220-kw., 
either  alternating  or  direct  current. 


Indicator,   Hasler   Speed 

C.   H.   Boulin,   82   Duane   St,   New  York   City. 
"Power."   1920 

This  integrating  tach- 
ometer counts  the  speed 
o\er  a  period  of  three 
.seconds  and  then  "integ- 
rates" the  results  to  give 
the  desired  information 
in  terms  of  revolutions 
per  minute  or  yards  per 
minute.  Xo  watch  is 
needed,  as  the  timing  is 
olitained  automatically. 
I  luce  the  contact  is- made 
ith    a    shaft    the  'spindle 

I  the  instrument  runs 
inely  until  a  large  but- 
ton is  pressed  and  re- 
leased. This  makes  di- 
rect   connection    with    the 

mds  on  the  dial.  After 
liming  for  three  seconds 

i.i    hands   remain   in  the 

,is    been    taken   the   hands 

The  instru- 


tlie  sjiindle   is  automatically   i"i 

reading    position.      .After    tlie    rtai.iiii_ 

may  be  brought  back  to  zero  by  pressing  a   button. 

ment  has  a  speed  ranging  from  one  to  10.000  r.p.m. 


L'nion,   Reill.v    Screwed 

Griscom  Russell  Co..  90  West  St.,  New  York  City 
"Power,"  1920 


The  heating  surface  of 
the  Reilly  heater  con- 
sists of  interchangeable 
coils  which  are  attached 
to  the  top  and  bottom 
manifolds  by  screwed 
union  joints.  It  it  is  a 
metal-to-metal  joint  and 
eliminates  any  possibil- 
ity of  leakage  and  also 
facilitates  the  easy  re- 
moval of  the  coils.  This 
construction  obviates  the 
necessity  for  brazing, 
and  every  coil  and  union 
is  standard  and  interchangeable.  This  type  of  joint  makes  a 
tight   connection   and   is   an   assurance   against  breaks. 


Kngine,   "High    Speed"   Steam   Rotary 

High  Speed  Engine  Corporation,  Union  Bldg.,  Newark,  N.  J. 
"Power,"   1920 

This  engine,  of  the  rotary 
type,  has  but  four  working 
parts,  a  shaft  with  a  motor 
mounted  thereon  and  three 
rolling  abutments.  It  has  no 
packing  stufllng  boxes  or  rub- 
bing surfaces,  and  all  parts 
are  carried  on  ball  bearings. 
Steam  is  used  expansively, 
and  as  the  steam  receives  a 
cutoff  from  one  rotor  piston 
the  one  on  the  opposite  side 
receives  a  steam  impulse  be- 
fore the  first  one  is  completed, 
so  there  is  no  idle  point  in 
the  cycle.  The  length  of  the 
stroke  or  the  amount  of 
steam  admitted  can  be  con- 
trolled by  a  ring  valve,  of 
which  there  are  three,  by  a 
central  pinion  to  a  segment. 


Clip,  Tpaste  on  3  x  5-in.  card<s  and  file  as  desired 
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New  Publications 


POWDERED  COAL  AS  A  FUEL.  By  C.  F. 
Herington.  Publishod  by  D.  Van  Nos- 
trand  Co.,  New  York.  Second  edition  ; 
303  pages  ;  124  illustrations.  Price,  $4.50. 
The  author,  who  has  had  a  very  extensive 
experience  in  the  burning  of  pulverized  coal, 
in  this  volume  discusses  the  several  prob- 
lems encountered  and  the  various  pieces  of 
machinery  used  in  powilered-coal  plants. 
The  book  is  well  written  and  covers  the 
field  more  thoroughly  than  do  other  similar 
volumes.  Unfortunately,  the  field  is  so  broad 
that  insuffleient  space  is  given  to  the  several 
applications,  such  as  power  generation,  steel 
furnaces,  and  other  industrial  processes. 
Owing  to  the  increasing  adoption  of  pulver- 
ized-coal  equipment  in  boiler  plants,  the 
power  plant  engineer  is  very  much  inter- 
ested in  this  form  of  fuel.  The  engineer 
will  find  considerable  information  here 
which  applies  to  boiler  use.  The  author 
points  out  one  prevailing  misconception.  He 
states  that  while  a  poor  coal  can  be  burned 
successfully  when  pulverized,  there  is  a 
limit  to  the  quality  that  can  be  used.  Fur- 
thermore, he  states  that  it  is  hardly  possible 
to  use  anthracite  culm,  concerning  which 
much  has  been  written  of  recent  years.  It 
is  unfortunate  that  more  actual  operating 
data  are  not  given  ;  most  of  the  coal  figures 
listed  are  estimates.  In  these  estimates  he 
rather  inclines  to  underestimate  the  labor 
required,  which  considerably  e.xceeds  that 
required  by  a  stoker  fired  or  an  -oil  burning 
boiler  plant.  The  power  engineer  will  find 
the  volume  well  worth  his  while,  since  it 
gives  him  the  best  available  information  on 
pulverized  coal. 


Society  Affairs 


The  Akron  Section  of  the  A.  S.  M.  E 
will  hold  a  meeting  on  Dec.  17,  at  which 
E.  S.  Carman,  the  president-elect  of  the 
society,  will  speak. 

The  American  Society  of  Safety  Engineers 
will  hold  a  joint  meeting  with  the  New 
York  Chapter  of  the  National  Fire  Protec- 
tion Association   at   8   p.m.,   Dec.    17,   in   the 


Engineering  Societies  Building,  New  York 
City.  The  program  will  include  papers, 
moving  pictures  and  general  discussion  of 
the  subject  of  safety  from  fires. 

Tlie  Boston.  Section  of  the  A.  S.  M.  E. 
will  meet  on  Dec.  17.  The  .speakers  will  be 
H  J.  Barrows  and  \V.  S.  Murray,  and  their 
subjects  will  be  "Water  Power  of  New 
England." 

The  PittsbnrRh  Section  of  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers 
will  hear  an  address  on  "Electric  Welding," 
by  Gordon  Hughes,  of  the  Truscon  Steel 
Co.,    Youngstown,    Ohio,    on    Dec.    18. 

The  Buffalo  Section.  A.  S  M.  E.,  will 
meet  at  the  University  Club  on  Dec.  21 
to  hear  a  talk  by  C.  F.  Collins,  of  the 
General  Electric  Co,  on  "Industrial  Appli- 
cations of  Electric  Furnaces.  ' 

The  Engineer's  Society  of  Western  Penm- 
svlvaniii  will  meet  in  the  William  Penn 
Hotel,  Dec.  14.  G.  G.  Bell,  of  the  West 
Penn  Power  Co.,  will  read  a  paper  entitled 
"Steam  vs.  Electric  Driven  Power-House 
Auxiliaries"  ;  the  paper  will  be  illustrated 
by  lantern  slides. 

The  Engineering  Society  gf  Western 
Massachusetts  will  meet  at  8  p.m.,  Dec.  14, 
in  the  Holyoke  High  School.  Holyoke,  Mass. 
There  will  be  presented  a  motion  picture  on 
"The  Story  of  Petroleum,"  which  was  pre- 
pared by  the  Bureau  of  Mine.s.  Prof.  Charles 
M.  Allen,  of  the  Worcester  Polytechnic  In- 
stitute, will  speak  on  "Uses  and  Abuses  of 
Gasoline,   Kerosene,   etc." 


Personals 


raillllllMiniillllllllllllllllllllllllllllltlinilHIIIIIIIMIIIIIIIIIIIIItllll 

Ray  Mayhew  recently  motor  engineer 
with  the  American  Hoist  and  Derrick  Co., 
St.  Paul,  has  taken  a  position  with  the 
Clyde  Iron  Works,   Duluth,   Minn. 

John  B.  Mattliews,  consulting  engineer 
and  surveyor,  San  Francisco,  is  now  de- 
signing the  first  large  turbo-electric  driven 
jiassenger  and  cargo  steamer  to  be  built 
on  the  Western  coast,  and  will  have  entire 
supervision    of    its    construction. 

W.  K.  Webster  has  resigned  his  position 
as  assistant  chief  engineer  for  the  Cambria 
Steel  Co.,  Johnstown,  Pa.,  to  become  general 
engineer  of  the  Semet-Solvay  Co.,  of  Syra- 
cuse, N.  Y. 


Albert  H.  Hopkins  has  resigned  from  the 
presidency  of  the  Engineering  Advertisers' 
Association  of  Chicago,  and  from  the  man- 
agership of  advertising  an<l  sales  promotion 
departments  of  the  C.  P.  Pease  Co  ,  Chicago, 
to  become  Chicago  manager  of  the  J. 
Roland  Kay  Co.,  Chicago,  international  ad- 
vertising agents.  Mr.  Hopkins  has  been 
succeeded  as  president  of  the  Engineering 
Advertisers'  Association  of  Chicago  by  J.  J. 
Arnsfield,  .adv<rtising  manager  of  the  Fair- 
banks,  Morse  &  Co.   of   Chicago. 


Business  Items 


The  Yarnall-Waring  Co.,  of  Philadelphia, 
Pa.,  has  placed  upon  the  market  in  this 
country,  the  Lea  coal  meter  for  use  with 
chain-grate  stokers.  This  instrument  was 
first  handled  by  the  Lea  Recorder  Co.,  Ltd., 
Manchester,  England,  and  was  described 
fully  in  the  Sept.  16,  1919,  issue  of  Power. 

The  Metal  and  Tliernut  Corporation,  New 
York  City,  has  opened  a  branch  office  at 
141  Milk  St.,  Boston,  under  the  direction 
of  the  New  England  district  manager,  Rob- 
ert L.  Browne.  Inquiries  will  be  answered 
from  this  branch  office,  but  orders  should 
continue  to  be  addressed  to  the  general 
office  at  120   Broadway,  New  York  City. 


Trade  Catalogs 


Tlie  Cooper  Hewitt  Electric  Co.  has  ready 
for  distribution  two  bulletins:  No.  86, 
"Cooper-Hewitt  Quartz  Lamp  Laboratory 
Outfit,"  and  No.  102,  a  technical  bulletin 
on  the  Cooper-Hewitt  Quartz  Lamp  and 
Ultra-Violet  Light.  The  latter  contains 
scientific  data  and  a  short  bibliography 
which  should  be  useful  in  a  study  of  this 
form  of  lighting. 

The  Elliott  Co.,  manufacturer  of  power 
accessories,  Jeanatte,  Pa.,  has  received 
ifrom  the  printers  a  new  catalog  "C"  of 
forty-eight  7  x  lO-in.  pages.  This  catalog 
contains  descriptions  and  pictures  on  the 
company's  line  of  jet  and  .=;uiface  con- 
densers, together  with  a  good  deal  of  use- 
ful, practical  information  on  condensers  in 
general. 


COAL  PRICES 


Current  mine  quotations,  with  interesting  com- 
parisons, are  given  in  the  following  tabulation; 

Nov.       ,^iig.  5  Dec.  2  Dec.  9 
1919*        1920      1920     1920 

Pittsburgh  steam $2.30     $10  00  $5  00  $4.00 

Pittaburgh    screened 

gas     2  30       12  00     5  50     4  75 

Hocking 2  50         9  00     4  50     4  25 

Franklin,Ill 2  35         6  50     5  00     5  00 

Indiana  4th  vein 2  35         7   50     4  00     4  00 

EasternOhio,  No.  8..      2  35       10  50     5  00     4  50 

Fairmont 2  50       13  50     4  75     4  25 

Kanawha 2  60       14  00     4  75     4  50 

S.E.Kentucky 3  00       10  50     5  25     5  25 

Western  Kentucky. .        2  35         5  25     4  25     4  25 

Clearfield   2  95       12  00     5  00     4  75 

Cambria  and  Somerset     2  95        13.50     6  00     6.00 

NewKiver 2  70  1     ,400     525     525 

Pocahontas i.ii  j 

*  Government  prices. 

Tidewater  dumpings  in  the  week  of  Nov.  27  were 
1,034,000  tons,  a  decrease  from  the  preceding  week  of 
107,000  tons,  according  to  the  Geological  Survey, 
The  decline  was  due  largely  to  the  falling  off  of 
exports,  which  amounted  to  399,000  net  tons,  as 
»gainst  532,000  tons  for  the  week  before.  Foreign 
shipments  were  less  than  60  per  cent  of  those  during 
the  record  week  of  Oct.  17,  when  exports  were  at  the 
rate  of  over  2,900,000  tons  per  month. 


New  Construction 


PROPOSED    WORK 

Mass.,  Boston — The  Chamber  of  Com- 
merce, 177  Milk  St.,  is  receiving  sketches 
for  a  12  story,  inn  x  181  x  184  ft.  office 
building  at  Federal.  Franklin  and  Congress 
Sts.  About  $6,500,001).  Archt.  and  Engr. 
not  selected. 

Mass.,  Boston — The  City  Hospital,  Dr.  J. 
Dowling.  Supt..  plans  to  build  a  3  story, 
60  X  12.5  ft.  hotel  on  East  Concord  St. 
About  $350,000.  Maginnis  &  Walsh,  100 
Boylston  St.,  Archts. 

Mass.,  Dorchester  (Boston  P.  O.) — The 
Sohoolhouse  Dept,  City  Hall  Annex,  Boston, 


had  plans  prepared  for  a  3  story  junior  high 
school  including  a  steam  heating  plant  on 
Roger  Wolcott  St..  here.  About  $400,000. 
H.  H.  Atwood,  61  Alban  St..  Boston,  Archt. 

Mass..  Pittsfleld — The  Pittsfield  Electric 
Co.,  92  Renne  Ave.,  plans  to  build  an  addi- 
tion to  power  plant.  Between  $100,000  and 
$125,000. 

Mass..  Woods  Hole — The  Dept.  of  Com- 
merce. Bureau  of  Fisheries.  Washington.  D. 
C.,  will  receive  bids  until  Dec.  28  for  the 
construction  of  a  boiler  and  storage  house 
at  the   fisheries   station   here. 

R.  I.,  Pawtucket — The  Hope  Webbing  Co.. 
1005  Main  St.,  plans  to  build  a  5  story,  80 
X  198  ft.  addition  to  factory  and  a  1  s.tory, 
20  X  30  ft.  boiler  house.  About  $300,000. 
Perry  &  Whipple.  R.  I.  Hospital  Trust 
Hldg.,   Engrs. 

Conn..  New  Britain — The  School  Comn.. 
P  N.  Gaffney.  Chn.,  plans  to  build  a  state 
normal  school.  About  $1,000,000.  Guilbert 
&  Betelle,  665  Broad  St.,  Newark,  N.  J.. 
Archts. 

Conn.,  New  Britain — The  State  School 
Board,  State  Capitol,  Hartford,  wants 
sketches  for  .a  state  normal  school  and 
dormitory,  here.     About  $900,000. 

Conn.,  Putnam  —  The  Nightingale-Morse 
Mills  plans  to  build  a  wheel  pit,  install 
water  wheels  and  are  also  in  the  market 
for  machinery.  Lockwood-Greene  &  Co., 
60  Federal  St.,  Boston,  Mass.,  Archts.  and 
Engrs. 

N.  Y.,  Brooklyn — The  Bureau  of  Yards 
and  Docks,  Navy  Dept.,  Washington,  D.  C, 
plans  to  install  a  refrigerating  system  for 
Building  "F,"  here. 

N.  \..  Cadyville — The  International  Paper 
Co.,  30  Broad  St..  New  York  City,  is  having 
jilans  prepared  for  a  hydro-electric  plant  on 
the  Saranac  River,  here.  About  $250,000. 
A.  H.  White,  c/o  company,  Engr. 

N.  Y...  New  York — The  United  Electric 
Light  &  Power  Co..  130  East  15th  St..  will 
soon  receive  bids  for  a  transformer  station 
on  West  97th  St.     About  $150,000. 

N.  Y.,  Rochester — Tatlock  Bros..  183  Tre- 
mont  Si.,  are  in  the  market  for  one  50-hp. 
marine  boiler. 


N.  J.,  Madison — The  Bd.  Educ.  is  having 
plans  prepared  for  a  high  school.  About 
$300,000  Guilbert  &  Betelle,  665  Broad 
St.,  Newark.  Archts. 

N.  J.,  Maurer — The  Barber  Asphalt  Pav- 
ing Co.,  Land  Title  Bldg.,  Philadelphia,  Pa., 
will  receive  bids  until  Dec.  20  for  ma- 
chinery and  manufacturing  buildings  and  a 
power  house.  here.  About  $1,000,000. 
Lockwood-Green  &  Co.,  101  Park  Ave.,  New 
York  City,  Archts.  and  Engrs.  Noted 
Nov.    23. 

N.  J.,  Ridgewood — The  Continental  Paper 
Box  Co..  122  Washington  St.,  Brooklyn, 
N.  Y..  win  soon  award  the  contract  for  a 
2  story,  100  x  500  ft.  factory  including  a 
steam  heating  system  at  Grand  and  Hall 
Sts..  here.  About  $250,000.  W.  B.  Wills, 
Inc..  1181  Myrtle  Ave.,  Brooklyn,  N.  Y., 
Archt.   and    Engr. 

Md..  Baltimore  —  Louis  Hurwitz,  248 
Equitable  Bldg.,  plans  to  build  an  8  story, 
45  X  200  ft.  office  building  at  219  Courtland 
St.  About  $500,000.  J.  Preund,  1307  St. 
Paul  St.,  Archt. 

Md..  Baltimore  —  The  City  Council  had 
plans  prep.ared  and  will  soon  receive  bids 
for  a  3  story,  125  x  150  ft.  school  at  33rd 
St.  and  Hillen  Rd.,  including  a  steam  heat- 
ing plant.  About  $350,000.  C.  N.  Friz, 
2010  Lexington  Bldg..  Archt..  C.  L.  Reeder, 
Park  Ave.  and  Saratoga  St.,  Engr. 

D.  C.  Washington — The  Treasury  Dept.. 
Supervising  Architect's  Office,  will  receive 
bids  until  Dec.  23  for  a  boiler  house  and 
extending  outside  light  and  power  feeders 
at  the  United  States  Public  Health  Service 
Hospital  No.  32,   2650  AVisconsin  Ave. 

S.  C,  Charleston — The  Bureau  of  Yards 
and  Docks.  Navy  Deiit.,  Washington,  D.  C. 
will  receive  bids  until  Deo.  29  for  boiler 
plant  improvements  here.     Noted  Sept.   7. 

Gn.,  Savannah — The  Georgia  Ice  Co.  will 
soon  award  the  contract  for  a  2  story.  60  x 
150  ft.  addition  to  ice  plant.  One  hundred 
ton  ice  making  machinery  will  be  installed 
in  same.  About  $35,000.  A.  M.  Dixon, 
P.    O.    Box    1352,    MgT. 

Fla..  Palatka — The  United  Sugar  Corp.. 
1512  Walnut  St..  Philadelphia.  Pa.,  is  re- 
ceiving bids  for  a  sugar  refinery  including 
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rj  liullilInK^.  »l>ur  truck,  etc.,  hero.  About 
il.onii.onii.  a.  I'.  AmlcriKin.  o/o  iibovr  ml- 
drctui,  KiiKr. 

Kv..  I.oulnvlMr  Tin-  Kwiild  Iron  Co..  32< 
Norili  t'luv  SI     iiliiiiH  lo  i-nlar|{r  lis  prcMont 

|>limt.        Aliciut     |;l. 1100.0(1(1. 

Kv,  I.oul»vlll«>  ""'u-  Nalloiml  Tanily  To., 
82y  South  Klo.v.l  St..  plaiiH  to  luilUI  an  iidill- 
llon  to  prcm-nt  phmt.     About  »l.(JOO.noo. 

O..  rhirlnntt«l--Thc  Cincinnati  Ona  & 
Electric  I'o..  IH  Wi-at  6th  St..  la  conaldor- 
Ing  iilans  for  the  In.Htalliiilon  of  a  fourth 
KencriitliiK  "nit.     C.   D.  Jonca.   Pros. 

O.,  rinclnnuti — H.  TI.-lcllnKsfold.  Apt. 
H06  Union  Trust  UMk.  has  obtaln.d 
option  on  sitp  at  McMillan  and  Manlose 
Avca.  for  a  145  x  .100  ft.  Ihoatcr.  About 
$500,000. 

O.,  Clevclnnil — UaUoth-Kollor  Co..  c/o  II. 
Larongre.  10405  ParkKuto  Ave.  N.  10:.  pur- 
chased a  site  at  the  southwost  corner  of 
West  2nd  SL  and  St.  Clair  Ave.  for  a  12 
story.  146  x  166  ft.  commercial  building. 
About   J  1.500, 000.     Archt.   not  selected. 

C.  t'levcliind— R.  F.  Keith,  c/o  Rapp  & 
Rapp.  I'.io  North  State  St.,  Chicago.  111.. 
Is  having  plans  prepared  for  a  21  story,  132 
X  300  ft.  theater  and  otflce  building  Includ- 
ing a  high  pressure  steam  plant.  About 
$3,500,000. 

O..  Colombus — The  N'orlhern  Ohio  Trac- 
tion &  Light  Company.  Akron,  plans  to 
build  an  electric  power  plant  along  the 
Muskingum  River.  70  miles  from  here,  to 
generate  an  initial  capacity  of  100.000  k\v. 
Total  est.  cost,  $15,000,000. 

O,  YounBstown — Strauss-Hirshberg  Co., 
West  Federal  St.,  plans  to  build  a  6  story, 
300  X  300  ft.  store  building.  About 
$2,000,000. 

Mich..  Battle  Creek — The  Bd.  Educ.  will 
receive  bids  about  Jan.  1  for  a  3  story,  75  x 
400  ft.  vocational  school  including  a  steam 
heating  svstem.  About  $400,000.  J.  D. 
Chubb.  109  North  Dearborn  St..  Chicago. 
111.,   Archt. 

Mich.  Detroit — The  Fellowcraft  Club,  c/o 
F  E  Holmes.  Washington  Blvd.,  purchased 
site  on  Second  Blvd.  and  will  have  plans 
prepared  for  an  8  story,  150  x  207  ft.  club 
house  including  a  steam  heating  system. 
About  $2,000,000.  Architect's  name  with- 
held. 

Mich..  Detroit — The  Detroit  Federation  of 
Labor,  c/o  F.  X.  Martel,  77  East  Adams 
St.  plans  to  build  a  10  story  temple  and 
otiice  building  including  a  steam  heating 
plant  on  East  High  St.  About  $300,000. 
Archt.    not   selected. 

Mich..  Detroit — The  League  of  Catholic 
Women.  47  Watson  St..  plans  to  build  a  4 
story  1211  x  140  ft.  memorial  clubhouse  on 
Parsons  St.  About  $500,000.  Steam  heat- 
ing equipment  will  be  installed  in  same. 
Archt.  not  selected. 

Mich..  Port  Huron — C.  Kern  &  Co.  plans 
to  build  a  2  story  electrically  operated  ice 
plant     About   $100,000. 

Ind.  Crown  Point — J.  N.  Coleman,  Archt.. 
6257  St  Lawrence  .\ve..  Chicago.  111.,  will 
receive  bids  about  Jan.  1  for  several  build- 
ings including  a  50  x  50  ft.  power  plant  for 
The  Crown  Point  Hospital,  here.  About 
$350,000. 

Ind..  Terre  Hante — The  Union  Hospital. 
7th  and  8th  Avenues,  is  having  plans  pre- 
pared for  a  6  story,  44  x  200  ft.  hospital 
including  steam  heating  plant.  About  $300.- 
000.  Johnson,  Miller  &  Miller,  105  South 
7th  St.,  Archts. 

Ind.,  Valparaiso — The  Pioneer  Truck  Co. 
is  having  plans  prepared  for  a  2  story. 
300  X  600  ft.  fartorv  including  a  steam 
heating  system.  About  $500,000,  Ronneberg. 
Pierce  &  Hauber.  10  South  La  Salle  St. 
Chicago,  111.,  Archts. 

Wis..  Kenosha — The  Kenosha  Ice  Cream 
Co..  493  Elizabeth  St.  is  having  plans  pre- 
pared for  a  2  story.  46  x  75  ft  ice  cream 
factorv  on  Grand  Ave.  Refrigerating  equip- 
ment will  be  installed  in  same.  C.  Augus- 
tine, Archt 

Wis.,  Kenosha — The  Sheridan  Hotel  Co.. 
c/o  W.  AV.  Ahlschager,  Archt,  65  East 
Huron  St..  Chicago.  111.,  will  receive  bids 
until  about  March  1  for  a  10  story.  95  x 
132  ft  hotel  here,  including  a  steam  heatmg 
system.     About   $1,500,000. 

Wis.,  Milwaukee  —  The  Wisconsin  Bed 
Spring  Co..  J.  A  Mett.  968  Oakland  Ave., 
plans  to  build  a  1  or  2  story  factory. 
Electric  motors  will  be  installed  m  same. 
Archt   not  selected. 

Wis.,  Watertown — The  Badger  Concrete 
Mixer    Co..     221     Grand    Ave.,     Milwaukee, 


pliina  to  build  ii  1  alory,  80  x  300  ft.  fnc- 
tory,  here.  lOU-clrlc  powi-r  motorH  will  b« 
ItiHliillcd    In   niirne.      Archt    not   Holected. 

WU..  Wiiuwotonn — Th<'  N.  W.  Chemical 
Co.  Stale  Si  .  IM  hiivhiK  idiina  prcpiiri'il  for 
iin  iilr  wiixliing  Hyati-ni  IncludhiK  iilr  cciin- 
proaaor,  ci-nlrlfiiKal  piinip.  inechanlciil  fun, 
rtc.  About  $K.(ioo.  <"  lllnger  &  Son,  Unl- 
veralty  Hldg.,  Mllwauki-r,  lOngra. 

lowu,  Crdiir  Itnpliln  -Linn  County  plans 
an  olcrllon  Per.  27  lo  vote  on  $1,300,000 
bonds  for  a  :i  nlory.  128  x  20S  ft.  cnurl 
hmi.se  anil  Jail  Including  n  ateam  hrwillng 
system.     J.    W.    Hoyer.    Urbnna.    111.,    Archt 

Minn.,  Munkuto — The  Bd.  FMuc,  c/o  K 
F.  Seerlng.  Secy.,  la  conalderlng  a  hon<l 
Issue  for  a  2  or  3  alory  Junior  high  school 
including  a  steam  heating  syatem.  About 
$300,000. 

Minn..  Mlnne«|>oll»— The  Minneapolis  Li- 
brary Board.  D.  I).  Dayton,  Secy.,  loth  St. 
and  Hennepin  Ave.,  has  aelecteil  a  site  and 
plans  to  build  a  2  or  3  story  library  includ- 
ing a  steam  heating  system  at  Hennepin 
Ave.  and  Groveland  Terrace,  About  $1,000.- 
000.      Archt.   not  selected. 

Minn..  RM«h  City — J.  D.  Markham  and 
A.  Kelsoy.  Benham,  Wis.,  plan  to  build  a 
power  plant  dam,  and  a  7-mile  inmsmis- 
slon  line  across  the  St.  Croix  River  here. 
About  $2,000,000.  Druar  &  Milinowski.  512 
Globe   Bldg..   St.    Paul,    Engrs. 

S.  D.,  Oldham — The  city  has  voted  $25,- 

000  bonds  for  improvements  to  the  electric 
light    system. 

Mo..  Kansas  City — The  White  Co.,  East 
79th  St  and  St.  Clair  Ave..  Cleveland.  Ohio, 
had  plans  prepared  for  a  3  story,  120  x  144 
ft  auto  service  station  including  a  steam 
heating  svstem  at  28th  and  Warwick  Sts., 
h,-re  About  $2.-)0,000.  Watson  Engr.  Co., 
Hippodrome   Bldg.,  Cleveland,   Ohio,  Engrs. 

Mo.,  St.  touis — The  Jefferson  Hotel  Co.. 
T  Hays.  Mgr..  12th  and  Locust  Sts.,  will 
receive  bids  until  Jan.  15  for  a  12  story, 
50  X  200  ft  hotel.  About  $1,200,000.  T.  P. 
Barnett.  Arcade    Bldg.,   Archt. 

Mo.,  Springfield — The  Shrine  Temple  Bd. 
of  Trustees,  C.  G.  Mark,  Secy..  Landus 
Bldg.  will  receive  bids  until  March  1  for 
a  ternple  including  steam  heating  system. 
About  $250,000.     Archt  not  selected. 

Ark..  Sprinsdale — The  Welch  Grape  Juice 
Co.  plans  to  build  a  factory.  About  $500,- 
000.     Archt.  not  selected. 

Tex.,  Dallas — The  Oliver  Chilled  Plow 
Wks..  811-13  Elm  St..  is  having  plans  pre- 
pared and  will   n  ceive  bids  soon   after  Jan. 

1  for  a  10  storv.  142  x  200  ft.  ofhce  and 
implement  house.  About  $600,000.  L,-ing 
&  Witchell,  Amer.  Ex.  Nat'l  Bank  Bldg. 
Archts. 

Tex.,  Dallas — The  Dallas  Athletic  Club. 
W  E  Greiner,  Pres..  is  having  plans  re- 
vised and  will  receive  bids  after  Jan.  1  for 
a  10  storv  office  building  including  a  heat- 
ing syste'm.  About  $1,000,000.  Lang  & 
Witchell,  Amer.  Ex.  NafI  Bank  Bldg., 
Archts. 

Tex.,  Denison — The  Chamber  of  Com- 
merce is  receiving  bids  for  a  5  story.  150 
X  150  ft.  hotel  including  a  steam  heating 
system  at  Woodord  and  Burnett  Sts.  About 
$400,000.  E.  E.  Hall,  123  West  Madison 
St.,  Chicago,  III.,  Archt 

Col.,  Denver — The  Medicos  Bldg.  Assn. 
had  preliminary  plans  prepared  for  a  6 
story,  125  x  150  ft  office  building  at  lith 
St  and  Bway.  About  $1,000,000.  W  N. 
Bouman.  914  Central  Savings  Bank  Bldg., 
Archt   and   Engr. 

Idaho.  HaUey  — The  Mascot  Mining  & 
Milling  Co.  plans  to  install  a  700-hp.  hydro- 
electric unit  next  spring.     C.   Peters,   Pres. 

Cal.,  Los  Angeles — The  city,  in  co-opera- 
tion with  the  county  of  Los  Angeles  plans 
to  build  a  385  ft.  high  gravity  dam  to  be 
known  as  the  Pacoima  Dam.  Plans  include 
a  hvdro-electric  plant.  About  $1,500,000. 
J.   W.   Reagan,   Court  House,   Engr. 

Cal.  San  Bernardino — The  city  has  re- 
tained F.  C.  Finkle,  Consulting  Engr.,  I.  W. 
Heilman  Bldg..  Los  Angeles,  to  make  re- 
port and  prepare  plans  for  water  and  power 
development  in  Cajon  Basin.  Plans  include 
the  Mathew's  Lake  project,  development  of 
1  (100  hp  .  storage  of  630  in.  water.  $733,000  ; 
and  the  Vincent  Cienega  project  develop- 
ment of  770  hp..  storage  of  590  in.  water, 
$767,000. 

Cal.,  Santa  .*na — ^The  city  plans  to  build 
a  reservoir  on  Santiago  Creek,  and  a  dam. 
100  ft  high,  to  impound  7,000.000,000  gaL 
of  water.      W    W.   Hoy.   City   Engr. 


On(.,  Ilruntroril  Tli<-  ltd  Kduc  plaiiH  In 
build  a  3  Nliiry  li-chnlcul  Mchool  liichiillng 
II  Hieani  lieatliiK  HyMteiii.  About  $300,000 
Arrhl.    and    ICngr.    not   appointed. 

Ont,,  Toronto — The  city  onKlneer,  R  C 
Uarrla,  hiia  Miibmltled  report  of  eNtlmiitc-H 
r<ir  1921  which  liidudea  tii<-  expenditure  of 
{100. Olio  fur  lh>-  liiNlallallon  of  IioII'TM  and 
grni'ratorH  at  Ihi'  Rlverdule  puiiiplnK  atu- 
tlon  and  $156,000  for  Keneratur  and  altur- 
atlons  nt  the    Highland   Station. 

B.  C,  Runkln — The  Weati-rn  Power  Co 
of  Canada.  198  Wiat  llaBlinKa  Ht,  Van- 
couver, has  received  a  report  aubmittod  by 
Creer  &  Mackenzie.  Kngra.,  837  Weal  Haat- 
Ings  .St.,  Vancouver,  in  regard  to  ralalng 
Ihe  dam  and  InHtalllng  an  additional  unit 
of  about   13,000   hp.  at  Stave  Falls,  here. 

Hank..  Prince  Allirrt— K.  F.  Webb.  City 
Clk..  will  receive  blda  until  Dec.  18  for  one 
horizontal  centrifugal  pump,  1,400  Imj). 
g.|>.m..  50-fl  head,  direct-connected  to  a.c. 
electric  motors  ;  one  i)ump  as  above  without 
electric  motor  (alternative)  ;  one  horizontal 
centrifugal  pump  with  capacity  and  head  aa 
above  dlrect-connect<-d  to  ateam  turbine  : 
one  horizontal  centrifugal  pump,  1,400  Imp. 
g.p.m.,  190.ft.  head,  direct-connected  to  a.c. 
electric  motor  ;  one  horizontal  centrifugal 
pump,  700  Imp.  g.p.m..  190-ft.  head,  direct- 
connected  to  a.c.  motor  ;  one  horizontal  cen- 
trifugal pumi),  1,400  Imp.  g.pm.,  190-ft. 
head,  direct-connected  to  ateam  turbine  ; 
two  vertical  centrifugal  pumps.  500  U.  S. 
g.li.m..  40-ft.  head,  suitable  for  sewage 
pumping,  direct-connected  lo  a.c.  motor. 


CONTRACTS   AWARDED 

N.  v.,  New  York — M.  Gold,  c/o  Gronen- 
berg  Leuchtag.  Archts.  393  5th  Ave.,  will 
build  a  7  story  oflfice  building  including  a 
steam  heating  system  at  127-131  West  33rd 
St  About  $325,000.  Work  will  be  done  by 
day  labor. 

N.  Y.,  New  York — The  Wendell  Estate, 
c/o  B.  H.  &  C.  N.  Winston,  Archts.,  2 
Columbus  Circle,  will  build  a  4  story.  51  x 
116  ft.  office  building  including  a  steam 
heating  system  at  1900-8  B'way.  Work 
will  be  done  by  day  labor  under  super- 
vision of  architect 

N.  Y.,  Sherman  Island  (Glens  Falls  P.  O.) 
—The  International  Paper  Co..  30  Broad 
St.,  New  York  City,  has  awarded  the  con- 
tract for  a  hydro-electric  plant  here,  to  the 
Barclap  Constr.  Co..  84  Pine  St.,  New  York 
City,   at   $5,000,000. 

N.  J.,  New  Brunswick — The  Artie  Ice  Co.. 
56  French  St.,  has  awarded  the  contract  for 
a  3  story,  50  x  100  ft.  storage  plant  to  N. 
A.  Bugbee  Co.,  206  East  Hanover  St,  Tren- 
ton, at  $75,000.  Ice  machinery  will  be  in- 
stalled. 

O..  Cleveland — The  Cleveland  Land  & 
Security  Co.,  Union  Bldg..  will  build  an 
office  building  including  a  steam  heating 
system.  About  $300,000.  Work  will  be 
done  by  day  labor. 

Ind.,  Indianapolis — The  National  City 
Bank.  14-16  East  Washington  St..  has 
awarded  the  contract  for  a  14  story  bank 
and  office  building  including  a  steam  heat- 
ing system  to  the  Hoggson  Bros.,  485  5th 
Ave.,  New  York  City,  at  $1,000,000. 

Wis.,  Jefferson — The  Jefferson  Rubber 
Co.,  c/o  C.  Girton,  will  build  a  1  story. 
80  X  320  ft.  tire  factory  including  a  steam 
heating  system  and  is  in  the  market  for 
one  150-hp.  high  pressure  boiler.  About 
$100,000.     Work  will  be  done  by  day  labor. 

Minn.,  Lester  Prairie  —  The  City  has 
awarded  the  contract  for  a  feed  water 
heater  and  stack,  one  300  g.p.m.  electric 
motor-driven  pump  and  connections,  and 
pipings  to  J.  G.  Robertson,  2542  University 
Ave.,   St   Paul,   at   $1,692. 

Kan..  Baxter  Springs — The  General  Amer- 
ican Oil  Co.,  604  New  1st  Nat'l  Bank  Bldg., 
Tulsa.  Okla..  will  build  by  day  labor,  an 
oil  refinerv  here,  and  will  require  boilers. 
Contract  for  steam  pipes  awarded  to  the 
General  Iron  Wks..  604  New  1st  Nat'l  Bank 
Bldg.,   Tulsa,   Okla. 

Col..  Lafavette — The  Great  Valleys  Sugar 
Co..  800  Central  Savings  Bank  Bldg..  has 
awarded  the  contract  for  a  sugar  factory 
to  Schwartz  Eng.  Co.,  Mack  Bldg.,  at 
$1,000,000. 

N  B  St.  John  —  The  Dept  Pub  Wks., 
Ottawa,  Ont.  has  awarded  the  contract 
for  the  installation  of  a  heating  system  m 
the  Immigration  Building  to  R.  E.  Fitz- 
gerald. St  John,  at  $18,500.     Noted  Sept  7. 
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New  Armour  Plant  at  Kansas  City 

Mo<l<*rn   Iloiirr   Installation,   .^OO-Ton   Ilori/onlal   Ammonia   Compn'HHor  and 

Gonoratinjj;   I  Hits,  uitli   3Iixt<I-Prrsi-iirc  I'lirinr.s  of  tlir   I'^xtraction 

Tvpo  To  Give  an  Approximalt'  KxhauHt  Slcani  Italancc 


AT  KANSAS  CITY.  Kan.,  the  packing  plant  of 
/\  Armour  &  Co.  is  second  only  to  hcadciuarters  at 
J.  \.  Chicago.  It  turns  cut  a  similar  line  of  widely 
diversified  products  ai'.d  during  the  war  was  the  plant 
that  made  the  emergency  rations  for  the  Army.  This 
is  the  condensed  food,  compressed  under  5,000-lb. 
hydraulic  pressure,  that  made  it  possible  for  the  "lost 
battalion"  to  exist.  With  this  additional  demand  the 
capacity  of  the  packing  house  was  taxed  to  the  limit 
and  particularly  the  power  plant,  consisting  of  8,000 
hp.  in  boilers,  Corliss-engine-driven  generating  units 
and  vertical  ammonia  compressors,  engine-driven.  Much 
of  this  equipment  was  old,  and  the  severe  service  put  it 
in  such  condition  that  it  was  expensive  to  operate. 
Continued  trouble  had  been  experienced  with  surface 
condensers,  due  to  unfavorable  water  conditions,  and 
the  generating  capacity  was  so  much  below  require- 
ments that  considerable  current  had  to  be  purchased. 


FIG.  1.     EXTERIOR  VIEW  OF  THE  XEW  POWER-HOUbE 
ADDITION 


Shortly  before  the  armistice,  plans  were  drawn  up 
for  a  new  plant,  anc?  construction  has  progressed  so 
that  the  initial  installation  will  soon  be  in  operation. 
It  is  replacing  the  old  original  plant  known  as  section 
No.  1  of  the  power  plant.  Two  later  sections  will  be 
allowed  to  remain  and  will  be  operated  at  moderate 
capacities    in   conjunction    with    the    new    plant.      The 


latter  is  to  consist  eventually  of  ten  58.3-hp.  water-tube 
boilers,  refrigerating  and  electric-generating  e<iuipment. 
As  an  initial  in.stallation  four  boilers  have  been 
placed  in  service.  They  operate  at  180  lb.  pressure 
and  have  superheaters  with  sufficient  surface  to  super- 
heat the  steam  50  deg.  F.     As  it  is  planned  to  burn 


I 


2S^ 


FIG.    2.      PLAX    OF   THE   XEW    POWER    HOUSE 


Cherokee  slack  or  Illinois  screenings  from  the  Spring- 
field district,  chain-grate  stokers  have  been  selected. 
Each  has  an  active  grate  area  of  135  sq.ft.,  giving  a 
ratio  to  the  steam-making  surface  of  approximately 
1  to  43.  Thus  the  grate  has  ample  proportions  for 
the  inferior  coal  to  be  burned,  and  with  the  bottom 
of  the  front  header  15  ft.  above  the  floor,  large  fur- 
nace volume  has  been  provided.  Approximately,  this 
volume  figures  950  cu.ft.,  which  reduces  to  7  cu.ft. 
per  square  foot  of  grate,  and  w^hen  burning  30  lb.  of 
coal  per  hour  per  square  foot  of  grate,  the  furnace 
volume  becomes  0.23  cu.ft.  per  pound  of  coal  consumed. 
A  suspended  arch  rising  from  the  gate  and  then  hori- 
zontal, in  conjunction  with  a  stoker  sloping  toward  the 
rear,  gives  expanding  volume  for  the  volatile,  and  a 
restricted  throat  between  arch  and  bridge-wall,  with 
expanding  volume  toward  the  tubes,  helps  to  mix  the 
air    and    gases    so    that    proper    combustion    may.  be 
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attained  before  reaching  the  heating  surface.  The 
boiler  is  baffled  for  three  passes,  with  the  front  baffle 
sloping  forward  to  reduce  the  gas  passage  in  confonn- 
ity  with  the  reduction  in  temperature  and  the  corre- 
sponding shrinkage  in  volume  of  the  gases. 

A  radial-brick  stack  resting  on ,  a  concrete  slab  at 
the  roof  and  supported  by  steelwork  serves  the  four 
boilers.  It  rises  235  ft.  above  the  grate  and  is  10  ft. 
in  diameter  at  the  top.  The  location  is  central  and 
symmetrical  breechings  on  either  side  rise  and  merge 


and  seven  square  feet  of  grate  area.  On  the  basis 
of  100  sq.ft.  of  steam-making  surface,  2.3  sq.ft.  of 
grate,  0.404  sq.ft.  of  breeching  and  0.337  sq.ft.  of  stack 
have  been  installed. 

Coal  for  the  plant  is  dumped  from  railway  cars  into 
a  track  hopper,  and  by  means  of  an.  apron  conveyor 
is  transferred  to  a  continuous  bucket  carrier  which 
delivers  to  the  overhead  bunker.  The  latter,  which  was 
designed  by  company  engineers,  is  of  parabolic  cross- 
section,  with  individual  sections  for  each  boiler,  and 


FIG.   .■!.     CROSS-SECTION  THROUGH  ARMOUR  KANSAS  CITY    POWER  HOUSE 


into  a  common  flue  discharging  into  the  base  of  the 
stack.  The  breeching  is  circular  and  of  cross-section 
tapering  from  3  ft.  diameter  to  7  ft.  9  in.  An  easy 
turn  at  the  stack  and  uptakes  sloping  with  the  run 
give  a  breeching  offering  minimum  resistance  to  the 
flow  of  gases.  The  construction  is  of  steel,  lined  with 
vitrobestos.  Temperatures  at  the  uptake  are  below  500 
deg.  F.,  a  test  at  175  per  cent  of  rating  showing  a 
gas  temperature  at  the  outlet  of  480  deg. 

From  data  previously  given  one  square  foot  of  stack 
area  serves,  in  round  numbers,  thirty  boiler-horsepower 


has  a  capacity  of  400  tons,  a  thirty-six  hours'  supply 
for  the  boilers.  Provision  has  been  made  for  a  coal 
crusher,  but  as  yet  it  has  not  been  installed,  as  the 
intention  is  to  burn  screenings  and  fine  coal  that  does 
not  need  crushing.  The  capacity  o2  the  conveying 
equipment  is  rated  at  50  tons  per  hour.  From  the 
bunker  the  coal  gravitates  through  chutes  into  a  travel- 
ing weigh  larry  and  is  then  passed  on  to  the  stoker 
hoppers.  Underneath  the  chain  grate  a  fine-coal  hopper 
has  been  provided,  which  delivers  directly  to  the  con- 
tinuous bucket  conveyor,  and  at  the  rear  ash  hoppers 
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dischnrKinpT  directly  into  railway  cars.  This  was  pos- 
aiblo  as  the  bascmont  lloor  line  is  practically  at  jrrado 
level. 

Any  one  of  three  .separate  and  distinct  lines  may  be 
used  to  feed  the  boilers.  Two  of  these  lines  are  .served 
by  turbine-driven  centrifugal  pumps  and  the  third  by 
injectors.  The  oriKinal  source  of  supply  is  the  city 
mains.  The  water  is  first  passed  over  ammonia  con- 
densers on  the  turbine-room  roof,  where  during  the 
colder  months  its  temperature  is  raised  to  appro.x- 
imately  90  deg.  It  then  gravitates  to  the  jet  con- 
densers .serving  the  turbo-generator  units,  and  is 
delivered  at  a  temperature  of  approximately  110  deg. 
F.  to  a  large  hotwell  by  the  removal  pump  of  the  jet 
condenser. 

By  meaiis  of  turbo-driven  service  pumps  a  part 
of  this  water  is  transferred  to  an  open  metering 
heater  rated  at  1,400  hp.  and  having  sufficient  capacity 
to  serve  the  entire  plant  when  completed  as  originally 
planned.      The    water    is   taken    from    the    heater    by 


lower  than  the  out.sido  edge  of  the  board  below  it. 
Near  the  outer  edge  of  each  board  is  a  grooved  recess 
to  catch  the  spray  and  turn  it  bjuk.  Under  the  louver 
construction  is  a  r>\-in.  baflle  having  the  double  function 
of  keeping  back  the  spray  and  of  directing  a  current 
of  air  along  the  jets  from  the  nozzles. 

During  the  colder  months  this  waler  gravitates  over 
the  ammonia  condenser,  through  the  jet  conden.sers  and 
is  returned  to  the  hotwell  to  be  used  as  previously 
described.  In  summer  it  is  impossible  to  cool  city 
water  below  100  deg.  F.  Consequently,  deep-well  water 
having  a  temperature  of  65  deg.  is  pas.sed  over  the 
ammonia  condenser  and  is  discharged  to  the  sewer. 
City  water  from  the  spray  pond  is  passed  through  the 
jet  condensers  and  on  to  the  hotwell  as  before.  A  cold 
well  fed  from  the  city  mains  under  float  control  main- 
tains the  plant  service  and  supplies  makeup  as  needed 
for  the  hotwell. 

As  an  addition  to  the  refrigerating  capacity  a  500- 
ton    horizontal    cross-compound    compressor    has    been 


FIG.   4.     VIEW  OF  NEW  SIX-HUNDRED-TON  ICE  MACillXE 


turbine-driven  boiler-feed  pumps  and  discharged  to  the 
boilers  under  the  control  of  feed-water  regulators. 

Water  from  the  hotwell  is  delivered  also  to  a  spray 
pond  located  on  the  roof  over  the  ammonia  condenser. 
The  sprays,  twenty-four  in  number,  will  be  used  nor- 
mally to  cool  2,200  g.p.m.  within  three  to  five  degrees 
of  atmospheric  temperature,  although  they  have  capac- 
ity to  handle  2,800  g.p.m.,  and  this  in  a  floor  space 
measuring  74  x  30  ft.  From  Fig.  3  it  will  be  seen 
that  the  nozzles  are  arranged  twelve  on  either  side  of 
the  pond  and  spray  toward  the  center.  They  are  sup- 
plied by  headers  reducing  from  8  to  4  in.  in  diameter 
as  they  progress  toward  the  far  end  of  the  pond.  The 
centers  of  the  headers  are  wthin  7  in.  of  the  concrete 
spray  deck,  but  the  nozzles  rise  to  a  height  of  4  ft. 
above  the  floor  and  are  set  at  an  angle  of  55  deg. 
with  the  horizontal. 

To  keep  the  spray  within  bounds,  the  louvers  are 
set  at  a  greater  angle  than  usual  and  comparatively 
close,   the  inside  edge  of  any  board  being   one    inch 


installed  in  the  new  plant.  The  steam  piping  has  been 
arranged  so  that  in  the  event  of  either  ammonia  cyl- 
inder becoming  incapacitated,  the  other  side  of  the 
machine  can  be  operated  at  reduced  capacity;  for 
example,  the  low-pressure  side  can  be  supplied  with 
steam  through  a  reducing  valve  at  60  lb.  pressure.  The 
condenser  ser\-ing  the  unit  just  referred  to  is  of  the 
atmospheric  type.  It  contains  60  stands,  24  pipes  high 
of  2-in.   pipe,   20   ft.    long. 

As  in  every  other  packing  house,  there  is  a  great 
demand  for  steam  in  the  various  manufacturing 
processes  and  large  quantities  of  hot  water  are  required. 
It  is  economical  to  utilize  exhaust  steam  from  which 
mechanical  energy  has  been  derived,  and  it  requires 
careful  planning  to  balance  the  supply  against  the 
demand.  To  give  some  flexibility  in  this  regard,  mixed- 
pressure  bleeder  turbines  drive  the  generating  units, 
of  which  there  are  two,  one  rated  at  2,000  kw.  and  the 
other  at  1,000  kw.  Both  machines  are  served  by  jet 
condensers. 
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At  the  works  they  are  beginning  to  change  over  a 
portion  of  the  motor  load  to  alternating  current,  and 
until  this  change  is  completely  effected  a  temporary 
750-kw.  rotary  converter  set  vi^ill  be  operated  in  con- 
junction vi'ith  the  new  2,000-kw.  alternator  that  is  now 
in  operation.  The  new  distribution  system  is  designed 
for  operating  at  8,300  volts  with  transformers  at  the 
respective  stations  to  convert  to  440  volts  three-phase 
60  cycles  for  power  and  110  volts  single-phase  for 
lighting.  The  present  power  current  is  550  volts  d.c. 
and  the  present  lighting  is  1,100  volts  a.c.  The  old 
550-volt  d.c.  generators  will  be  retained  for  emergency 
purposes  and  will  work  in  conjunction  with  the  rotary 
converter,  which  is  designed  for  reverse  operation  when 


to  make  up  the  deficiency,  and  when  the  pressure  in 
this  line  exceeds  5  lb.,  the  flow  is  into  the  turbines,  SO 
that  power  that  would  otherwise  be  wasted  may  be 
recovered  from  the  exhaust  steam.  All  this  takes  place 
automatically,  so  that  within  the  limits  of  the  turbines 
there  is  no  difficulty  whatever  in  maintaining  an  exhaust 
balance. 

From  the  turbines  the  steam  is  exhausted  to  jet  con- 
densers, and  the  heat  in  the  mixture  of  condensation 
and  cooling  water  is  conserved  by  pumping  the  con- 
denser discharge  to  the  hotwell.  To  effect  the  balance 
desired,  it  will  be  evident  that  at  times  the  generating 
units  will  operate  as  extraction  turbines,  sometimes  as 
condensing  units  and  at  other  times  as  low-pressure 


BREECHING   FOR   THE   NEW   BOILER   HOUSE   OF   THE  ARMOUR  COMPANY 


required;  that  is,  from  dii-ect  current  to  alternating 
current,  to  take  care  of  the  new  installation  of  alternat- 
ing-current motors. 

Cooi.ng  air  for  the  generators  is  washed,  an  air 
washer  being  provided  with  each  unit.  Outdoor  air 
enters  the  intakes  and  the  discharge  is  to  the  base- 
ment. Two  35-kw.  turbine-driven  exciters  have  been 
installed,  although  one  machine  will  supply  sufficient 
excitation  for  the  two  units. 

It  will  be  noticed  that  practically  all  of  the  aux- 
iliaries in  the  plant  are  turbine-driven,  and  as  they 
operate  non-condensing,  there  is  considerable  exhaust 
steam  available.  While  the  500-ton  ammonia  compressor 
is  equipped  with  a  jet  condenser,  it  discharges  normally 
in  conjunction  with  the  auxiliaries  mentioned  into  a 
common  exhaust  main  24  in.  in  diameter,  making  the 
entire  circuit  of  the  plant  and  supplying  all  require- 
ments for  low-pressure  steam.  In  this  exhaust  line 
a  pressure  of  5  lb.  gage  is  maintained.  If  this  pres- 
sure tends  to  drop,  steam  is  bled  from  the  turbines 


turbines,  or  as  combination  units  using  both  high-  and 
low-pressure  steam.  It  will  be  realized  that  supplying 
the  feed-water  heater  with  sufficient  exhaust  steam 
for  its  requirements  is  one  of  the  functions  of  the 
exhaust  line. 

Complete  utilization  of  exhaust  steam  in  this  way 
makes  for  efficiency,  and  in  this  regard  a  packing 
house,  with  its  large  steam  requirements,  possesses 
a  decided  advantage  over  the  average  industrial  plant. 
The  new  plant  is  now  in  operation,  and  from  all  indica- 
tions is  showing  marked  economy  in  the  generation  and 
use  of  steam.  All  engineering  was  done  by  the  motive- 
power  department  of  Armour  &  Co.,  of  which  A. 
McKenzie  is  superintendent. 


The  Diesel  engineer  should  study  his  engine  and  the 
method  and  theorj^  of  operation  as  closely  as  does  the 
steam  engineer.  Considering  the  length  of  service  neces- 
sary as  an  oiler  or  helper,  Diesel  engineering  offers  far 
more  opportunity  than  does  steam  engineering. 
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Speed  Control  of  Direct-Current  Motors 
in  Ventilation  Service 

By  WILLIAM  H.  EASTON 

Indiislriiil  KiiKiiu'iT,  \Vc»tlnKliousi;  Electrjc  and     ManufacturlnB  Company 


The  pitrposc  of  this  article,  which  nupplements 
one  bn  the  author  on  "Motont  for  Driving  Ven- 
tilatiug  Fans"  ( Poirer.  Man  11.  1920).  is  to  dis- 
cuss the  various  types  of  speed  control  for  direct- 
current  motors  in  ventilating  service  and  indicate 
a  method  for  determining  the  most  economical 
type  of  control  for  a  given  installation. 


methods  of  controlling  the 
speed  of  a  direct-current 
motor  are  based  on  the  funda- 
mental formula  of  the  motor, 
which  can  be  written: 

E  ==e  +  IR 

which  E  is  the  applied 
electromotive  force;  e,  the 
counter-electromotive  force 
generated  by  the  motor;  /, 
the  current  passing  through 
the  armature;  and  R,  the  re- 
sistance of  the  armature  cir-  . 
cuit.  In  other  vi^ords,  a  part 
of  the  energy  received  by  the  motor  is  absorbed  as 
losses  due  to  the  resistance  of  the  armature  circuit, 
while  the  greater  part  of  the  remainder  is  balanced  by 
the  energy  generated  by  the  motor,  which  of  course 
acts  as  a  generator  when  it  is  in  operation.  The  motor 
maintains  this  relation  of  forces  automatically,  chang- 
ing its  speed  to  correspond  with  any  changes  in  the 
other  factors. 

Speed  Adjustment  by  Armature  Control 
It  is  evident  that  if  the  losses  in  the  armature  cir- 
cuit are  increased  by  increasing  its  resistance,  the 
counter-electromotive  force  needed  to  form  a  balance 
will  decrease  and  the  motor  will  slow  dowTi.  This  is 
the  principle  of  armature  control,  which  is  carried  out 
in  practice  by  connecting,  in  series  with  the  armature 
circuit,  resistance  that  can  be  varied  by  turning  a 
regulating  handle. 

The  method  is,  however,  inherently  wasteful,  and  in 
appfications  w^here  the  load  remains  constant  at  all 
speeds,  as  with  printing-press  drive,  the  energy  lost 
in  resistance  at  low  speeds  may  considerably  exceed 
that  used  for  actual  work.  But  with  a  centrifugal 
fan  the  load  falls  off  very  rapidly  as  the  speed  de- 
creases (varying,  in  fact,  as  the  2.5th  power  of  the 
speed),  so  that  the  energy  losses  at  low  speed  with 
this  method  of  control  are  much  less  than  those  with 
a  con.stant-load  drive.  The  maximum  loss  occurs  at  a 
speed  reduction  of  57  per  cent  and  amounts  to  about 
19  per  cent  of  the  motor's  full-load  input,  and  though 
this  loss  is  fairly  large,  it  is  not  prohibitive  for  many 
applications. 

Armature  control  is  essentially  a  method  of  speed 
reduction.     If  the  speed  of  a  motor  is  to  be  varied 


over  a  range  of  from  200  to  400  r.p.m.  by  this  method, 
a  machine  with  a  normal  speed  of  400  r.p.m.  is  selected 
and  the  controller  arranged  for  a  50  per  cent  speed 
reduction. 

Speed  Adjustment  by  Field  Control 

Since  the  counter-electromotive  force  generated  by 
a  motor  is  determined  by  the  speed  of  its  armature 
and  the  strength  of  its  field,  a  decrease  in  the  strength 
of  the  field  necessitates  an  increase  in  the  speed  of  the 
armature  to  maintain  the  balance  indicated  by  the 
motor  formula.  By  connecting  an  adjustable  resistor 
in  series  with  the  field  circuit  of  a  motor  the  speed  can 
therefore  be  varied  at  will  within  the  limits  imposed 
by  the  motor's  design.  This  gives  a  method  of  speed 
regulation  known  as  field  control. 

The  operating  efficiency  of  this  method  is  high,  for 
under  all  conditions  the  amount  of  energy  lost  in  the 
field  resistor  is  a  negligible  quantity.  But  on  the  other 
hand,  the  first  cost  of  a  motor  to  be  operated  over 
t.  given  speed  range  by  field  control  will  be  greater 
than  that  of  a  motor  of  the  same  horsepower  to  be 
operated  over  the  same  range  by  armature  control. 
This  is  accounted  for  by  the  fact  that  the  fields  of  the 
former  must  be  larger  than  those  of  the  latter  in 
order  to  produce  the  necessary  horsepower  when  the 
field  current  is  weakened  to  produce  maximum  speeds. 
Motors  to  give  a  wide  range  of  speeds  by  field  control 
must,  in  fact,  be  specially  designed  for  this  purpose. 
The  standard  ranges  are  1  to  2,  1  to  3  and  1  to  4. 

Field  control  is  regarded  as  a  method  of  increasing 
the  speed  of  a  motor.  Hence,  when  a  speed  range  of 
from  200  to  400  r.p.m.  by  field  control  is  required,  a 
motor  with  a  normal  speed  of  200  r.p.m.  and  a  controller 
giving  a  100  per  cent  increase  in  speed  are  selected. 
Care  must,  of  course,  be  taken  to  select  a  motor  capable 
of  producing  the  horsepower  desired  at  its  maximum 
speed. 

Combined  Field  and  Armature  Control 

The  objection  to  armature  control  is,  therefore,  its 
wastefulness  at  low  speeds,  while  the  objection  to  field 
control  is  the  higher  first  cost  of  a  motor  to  operate  at 
increased  speeds.  In  order  to  provide  a  compromise 
between  these  objections,  controllers  can  be  arranged 
so  that  part  of  the  speed  range  is  effected  by  field 
control  and  part  by  armature  control.  Thus,  to  obtain 
a  speed  range  of  from  200  to  400  r.p.m.,  a  motor  with 
a  normal  speed  of  300  r.p.m.  can  be  used,  with  a  con- 
troller that  will  provide  the  300  to  400  r.p.m.  range 
by  field  control  and  the  300  to  200  r.p.m.  range  by 
armature  control.  With  this  method  the  first  cost 
of  the  motor  will  be  less  than  with  straight  field  con- 
trol, and  the  energy  losses  less  than  with  straight 
armature  control. 

The  following  conclusions  are  obvious  from  the  fore- 
going discussion : 

1.  If  the  motor  operates  at  its  maximum  speed  prac- 
tically  all   of   the   time,   with   only   occasional   periods 
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of  operation  at  slightly  reduced  speeds,  armature  con- 
trol should  be  selected. 

2.  If  the  motor  operates  mainly  at  low  speeds  but  is 
occasionally  operated  at  much  higher  speeds,  field  con- 
trol should  be  selected. 

3.  If  the  motor's  speed  is  being  constantly  varied 
over  a  wide  range,  combined  field-and-armature  control 
v/ill  probably  prove  the  most  economical  method. 

But  in  order  to  determine  accurately  the  most 
economical  method  for  a  given  application  that  does  not 
clearly  fall  into  either  of  the  first  two  classes,  it  is 
necessary  to  calculate  the  cost  of  the  power  consumed 
by  motors  under  each  of  the  three  methods  of  control 
for  a  period  of,  say,  a  year  and  compare  these  costs 
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with  the  interest  and  depreciation  costs  of  the  motors 
and  controllers. 

The  calculation  of  the  current  consumed  can  be  facili- 
tated by  reference  to  the  accompanying  curves,  which 
show  the  percentages  of  full-load  power  taken  by  a 
motor  when  driving  a  centrifugal  fan  at  various 
speeds  under  each  of  the  three  methods  of  control. 
Assume  the  following  simple  e.xample: 

A  motor  of  25  hp.  normal  rating,  at  maximum  speed, 
is  required  to  drive  a  ventilating  fan  365  days  a  year, 
12  hr.  at  400  r.p.m.  and  12  hr.  at  200  r.p.m.  each  day. 
The  installation  is  expected  to  be  operated  at  least  ten 
years;  cost  of  current  is  one  cent  per  kilowatt-hour;  and 
the  motor  manufacturer  quotes  price  on  motors  and  con- 
trollers as  follows:  For  armature  control,  $990;  for 
armature-and-field    control,    $1,130;    for   field    control. 


$1,300.  Which  method  of  control  will  be  the  most 
economical  in  the  long  run? 

The  first  step  is  to  calculate  the  cost  of  the  current 
consumed.      The   full-load    power   consumption    of    the 

motor  will  be   57-^ —  =21.6  kilowatts,  where  0.746 

00.0 

is  the  factor  to  change  25  hp.  into  kilowatts  and  86.5 
is  the  per  cent  efficiency  of  the  motor  according  to  the 
manufacturer.  As  there  are  8,760  hours  in  a  year,  the 
motor  will  operate  4,380  hours  at  full  speed  and  the 
same  number  at  reduced  speed. 

By  all  three  methods  of  control  the  amount  of  power 
consumed  at  maximum  speed  will  be  the  same;  namely, 
21.6  X  4,380  =  94,608  kw.-hr.  But  as  shown  by  curve 
A,  the  current  consumed  during  the  50  per  cent  re- 
duced-speed period  will,  under  armature  control,  be 
39  per  cent  of  this,  or  94,608  X  0.39  =  36,897  kw.-hr. ; 
at  reduced  speed  curve  B  shows  that  the  current  under 
field-and-armature  control  will  be  28  per  cent,  or  94,608 
X  0.28  =  26,490  kw.-hr.;  and  as  shown  by  curve  C 
the  current  with  field  control  will  be  17  per  cent,  or 
94,608  X  0.17  =  16,083  kw.-hr.  Then  the  total  kilo- 
watt-hour use  for  armature  control  is  94,608  -|-  36,897 
=  131,505;  for  field  and  armature  control,  94,608  -f 
26,490  =  121,090 ;  and  for  field  control,  94,608  +  16,- 
083  =  110,691.  Therefore  the  total  cost  of  power  per 
annum  at  one  cent  per  kilowatt-hour  will  be:  With  arma- 
ture control,  $1,315;  with  field-and-armature  control, 
$1,211;  with  field  control,  $1,107. 

Most  Economical  Type  of  Control 

By  comparing  the  cost  of  a  motor  for  armature  con- 
trol with  that  of  a  motor  for  field  control,  it  is  found 
that  although  $310  first  cost  will  be  saved  by  using 
armature  control,  a  saving  of  $208  a  year  will  be  ef- 
fected in  power  costs  by  using  field  control ;  and  by 
comparing  combined  field-and-armature  control  with 
field  control,  a  saving  of  first  cost  of  $170  is  found 
in  favor  of  the  former  and  a  saving  of  $104  per  year 
in  favor  of  the  latter. 

Hence  in  both  cases  the  difference  in  first  cost  would 
be  saved  in  less  than  two  years  by  using  field  control, 
so  that  for  this  installation  this  method  is  evidently  the 
most  economical.  And  if  the  cost  of  current  were  more 
than  one  cent  per  kilowatt-hour  the  advantage  in  favor 
of  field  control  would  be  proportionately  greater. 

The  curves  given  were  drawn  for  a  certain  motor 
of  10-kw.  input,  therefore  will  not  of  course  apply  with 
complete  accuracy  to  motors  of  other  types  and  sizes; 
but  the  error  for  the  average  standard  ventilating  motor 
of  good  characteristic  should  not  be  so  large  as  to  pre- 
vent the  use  of  these  curves  for  ordinary  purposes, 
especially  since  the  number  of  hours  during  which  the 
fan  will  operate  at  various  speeds  is  usually  difficult 
to  determine  exactly.  For  very  accurate  work  the 
motor  manufacturer  should  be  requested  to  make  the 
foregoing  calculation,  using  the  actual  performance 
data  and  prices  of  the  motors  under  consideration. 


To  keep  in  touch  with  the  operation  of  the  plant  and 
to  determine  if  it  is  working  at  the  highest  efficiency, 
it  is  necessary  that  a  correct  log  be  kept  of  all  depart- 
ments. This  log  of  itself  has  no  value  unless  it  is  care- 
fully analyzed  from  day  to  day  to  determine  whether  the 
plant  did  maintain  the  highest  efficiency  on  each  par- 
ticular day  under  the  conditions  at  which  it  was 
.lecessary  to  operate. 
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The  IVopcr  Seleclioii  of  Fuel  for  ihe  Oil  Engine^ 


By  ALLEN  F.  BREWER 


ENGINEERS,  powpr-plant  mnnapcr.'?  and  purcha.s- 
iiiK  ajront.s,  today,  who  have  to  do  with  the  selec- 
Ition  of  oil  fuel  for  iiiternal-c-omhustion,  heavy-oil 
engines  are  met  with  the  ever-prevalent  (luestion :  How 
is  it  possible  to  choose  an  oil  most  adaptable  to  the 
engines  and  at  the  same  time  most  economical? 
Gradually,  we  are  beginning  to  realize  that  fuel-oil 
specifications  and  builders'  recommendations  are  but  a 
means  to  an  end,  based  on  the  more  or  less  ideal  con- 
ditions of  the  testing  floor.  Any  worth-while  te.st  is 
made  under  somewhat  more  exacting  conditions  and 
requirements  than  are  expected  for  normal  operation  of 
the  apparatus,  yet  it  is  impossible  for  the  testing 
engineer  to  obtain  all  the  abnormal  factors  that  may  be 
met  with  after  the  engine  has  been  actually  delivered 
and  put  into  operation  by  the  owners.  These  may  be. 
altitude,  climate,  intielligence  of  labor,  fuel  oil  storage 
and  heating  facilities,  etc. 

It  is  evident  that  to  follow  blindly  a  set  of  builder's 
recommendations  or  a  hard-and-fast  fuel-oil  specifica- 
tion may  frequently  result  in  the  purchaser  being 
severely  handicapped  when  it  actually  comes  to  burning 
the  oil  hfe  has  selected.  Let  it  not  be  understood  for  a 
moment  that  the  engine  builder's  fuel  recommendation 
or  the  oil  manufacturer's  fuel  specification  should  be 
disregarded  in  any  way.  By  no  means.  On  the  other 
hand,  they  should  be  given  as  great  consideration  as 
ever,  but  with  ample  thought  as  to  the  conditions  under 
which  the  engine  must  operate. 

The  Basis  of  Purchase 

The  day  of  purchasing  fuel  oil  by  the  barrel  or  B.t.u. 
content  alone  is  fast  passing  into  history.  More  and 
more  must  economy  of  operation  be  considered,  as  well 
as  economy  in  fuel.  So,  the  selection  of  the  fuel  must  be  • 
more  carefully  made,  because  the  results  derived  from 
any  oil  engine  will  hinge  to  a  large  extent  on  the  grade 
of  fuel.  We  would  not  purchase  any  other  commodity  in  ■ 
half  as  haphazard  a  manner  as  many  engineers  -have  ■ 
bought  their  fuel  cil  heretofore.  Whatever  the  article, 
it  is  the  inherent  impulse  of  the  intelligent  man  to  look 
carefully  into  quality,  physical  properties,  durability 
and  ability  to  do  the  work  required  according  to  actual 
conditions  of  use.  In  other  words,  we  buy  for  wear  or 
service.  So  must  the  selection  of  fuel  oil  for  the  Diesel 
or  semi-Diesel  engine  be  made  hereafter  if  we  are  to 
most  effectively  consume  oil. 

The  heavy-oil  engine  is  perhaps  the  most  sensitive 
piece  of  apparatus  today,  wherein  a  petroleum  product 
is  used.  The  efficiency  derived  will  depend  most  acutely 
on  climate,  altitude,  conditions  of  operation  and  the 
intelligence  of  the  operator.  For  example,  an  engine 
that  would  show  excellent  efficiency  in  New  York  when 
tended  by  an  expert  engineer,  might  perhaps  fail  utterly 
on  the  same  fuel  oil  if  in  operation  in  a  mine  in  the 
Andes  Mountains,  where  the  labor  employed  is  of  the 
ignorant  native  type. 

The  prime  object  in  operating  any  power-generating 
equipment,  such  as  the  Diesel  engine,  is  to  attain  the 
utmost  economy  under  the  prevailing  conditions  of 
operation.  The  chief  demand  of  economy  is  that  suit- 
able   fuel,    to    burn    under    these    conditions,    may    be 


()l)lained  whenever  and  wherever  required  and  in  the 
quantity  required,  at  the  cheapest  price  per  barrel.  The 
chief  requisite  for  efficiency  is  that  the  engine  can  be 
properly  made  to  burn  this  fuel  by  the  labor  at  hand 
and  under  the  peculiar  conditions  that  may  be  pre.sent. 
Wherever  possible,  an  effort  .should  l>e  made  to  u.se 
the  heaviest  fuel  thus  available,  since  the  heavier  the 
oil  the  greater  heating  value  it  will  have  per  barrel  and 
the  cheaper  it  will  be. 

PlTYSICAI,    AND    CHEMICAL    PROPERTIES 

Whatever  the  grade  of  fuel  oil  to  be  burned  in  a  Diesel 
engine,  there  are  certain  physical  and  chemical  proper- 
ties or  characteristics,  as  already  referred  to,  which 
mu.st  be  given  due  consideration  by  the  purchaser  in 
making  his  decision  as  to  a  fuel  best  adapted  to  meet 
his  operating  conditions.  General  properties  that  should 
prevail,  \yhatever  the  oil,  are:  That  it  should  be  free 
from  incombustible  solids  such  as  dirt,  grit,  etc. ;  that  it 
should  not  contain  more  than  one  per  cent  water;  that 
it  should  be  sufficiently  mobile  at  operating  tempera- 
tures as  not  to  require  excessive  preheating. 

The  more  varying  physical  and  chemical  characteris- 
tics are  classified  here,  and  briefly  discussed,  in  order 
of  their  importance. 

1.  Range  of  Roiling  Points — Of  all  characteristics 
perhaps  the  most  important  guide  to  the  purchaser  is 
the  range  of  boiling  point,  since  it  indicates  the  degree 
of  vaporization  possible,  the  burning  power  of  the  oil 
and  the  extent  to  which  it  will  gasify.  The  greater  the 
proportion  of  distillate  between  400  and  750  deg.  F.,  the 
better  will  be  the  properties  mentioned.  A  statement  of 
range  of  boiling  points  set  forth  in  10  per  cent  fractions 
of  distillation  is  therefore  of  utmost  importance  to  the 
purchaser  and  should  be  furnished  by  the  oil 
manufacturer.     • 

2.  Water  Content — This  is  detrimental  for  three 
vital  reasons :  There  is  danger  of  water  slugs  carrying 
over  to  the  fuel  valves  causing  faulty  firing;  the  danger 
of  chemical  action  with  sulphur  in  the  oil,  to  cause 
ultimate  corrosion  within  the  engine  by  formation  of 
sulphurous-acid  gas;  the  fact  that  water  lowers  heating 
value  and  entails  fuel  consumption  for  its  evaporation. 
Water  content  in  Diesel  or  Semi-Diesel  engine  fuel  oil 
should  not  exceed  0.3  to  0.5  per  cent  normally;  or  1 
per  cent  at  an  outside  maximum. 

3.  Ash  Content — Ash  to  any  extent  in  a  fuel  oil  will 
cause  abrasion  of  cylinders  (necessitating  frequent 
cleaning  of  the  engine)  and  excessive  wear.  No  such 
oil  should  contain  above  0.01  per  cent  of  ash  as  deter- 
mined by  actual  evaporation  test. 

Sediment  Content — In  general,  sediment  content  will 
have  the  same  effects  that  high  ash  content  would ;  that 
is,  abrasion,  excessive  wear,  etc.  As  a  rule  sediment  or 
dirt  will  contain  a  large  percentage  of  silicates,  which 
will  tend  to  become  incorporated  with  the  lubricating  oil 
and  cause  abrasion  and  scoring.  It  is  commonly  agreed 
that  there  shall  be  practically  no  such  foreign  matter  in 
a  Diesel  fuel  oil;  it  can  be  removed  by  proper  straining, 
and  this  should  be  done  always,  prior  to  use  in  the 
engine.  The  opportunities  for  entry  of  dirt  during 
handling,  transit,  etc.,  are  great,  hence  as  a  safeguard 
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never  draw  an  oil  below  one  foot  from  the  bottom  of 
the  storage  tank,  and  sample  and  tesijfrequently. 

5.  Sulphur  Content — The  ultimate  effects  that  high 
sulphur  content  in  a  Diesel  fuel  oil  may  have  on  the 
engine  has  been  the  subject  of  varied  discussion  recently. 
The  common  belief  is  that  sulphur  in  the  presence  of 
water  vapor  will  oxidize  and  react  to  form  sulphurous 
acid.  To  what  extent  this  may  occur  will,  of  course, 
depend  on  the  amount  of  water  in  the  oil.  With  a  low 
water-content  oil  sulphur  as  high  as  3  to  4  per  cent 
should  have  no  detrimental  effects  as  regards  corrosion. 
The  reaction  prevalent  between  sulphur  and  the  lubricat- 
ing oil  is,  however,  of  considerable  importance,  what- 
ever the  percentage  of  the  former,  owing  to  the  fact 
that  a  gummy  substance  will  result,  reducing  the  lubri- 
cating properties  of  the  lubricating  oil  and  necessitating 
frequent  cleaning  of  the  engine.  It  is  generally  assumed 
that  a  fuel  oil  for  Diesel-engine  use  should  contain  less 
than  3  per  cent  sulphur  in  order  to  be  satisfactory  from 
the  foregoing  points  of  view. 

6.  Coke  Content — The  coke  content  is  of  particular 
interest  because  it  involves  the  presence  of  a  practically 
non-combustible  solid  in  the  oil,  and  ultimately  in  the 
engine.  Using  an  oil  of  high  coke  content,  only  the 
petroleum  hydrocarbons  will  be  effectively  burned,  the 
coke  residue  remaining  in  the  cylinders  to  a  major 
extent,  adhering  to  valves,  seats  and  liners,  fouling  the 
valves,  scoring  the  wearing  surfaces,  counteracting  the 
effects  of  the  lubricating  oil  and  increasing  the  need  for 
cleaning  and  repair.  In  a  Diesel-engine  fuel  oil  5  per 
cent  coke  is  generally  considered  as  the  maximum  work- 
ing limit,  although  the  less  the  coke  content  the  less,  of 
course,  will  be  the  detrimental  effects. 

7.  Acidity — Acidity,  in  general,  should  be  entire!-- 
absent  in  any  engine  fuel  oil.  The  objectionable  feature 
is,  of  course,  that  excessive  corrosion  would  result. 

8.  Flash  Point — The  flash  point  is  of  most  importance 
to  the  consumer  as  a  guide  to  the  safe  storage  properties 
in  the  oil,  it  being  the  temperature  at  which  the  latter 
will  give  off  vapors  to  form  an  inflammable  gaseous 
mixture  with  air.  The  higher  the  flash  point  the  lower 
the  content  of  excessively  volatile  constituents.  A  flash 
temperature  of  150  deg.  F.,  by  closed  cup  test,  prac- 
tically assures  a  sufficiently  low  content  of  high  volatiles 
to  allow  of  free  handling  and  safe  storage;  it  is  generally 
taken  as  the  minimum  flash  temperature  in  the  trade 
today. 

9.  Viscosity — Viscosity,  or  more  plainly,  the  relative 
fluidity  of  the  oil  as  compared  to  a  water  standard 
usually  is  of  particular  interest  to  the  purchaser  where 
he  may  encounter  difficulties  in  floW'  due  to  excessive 
cold  weather  or  sudden  temperature  drops,  coupled  with 
lack  of  heating  facilities  in  storage  tanks,  excessive 
length  of  piping  to  be  pumped  through,  or  insufficient 
pump  capacity.  The  oil,  by  actual  test,  should  prove 
itself  of  sufficient  mobility  to  flow  properly  at  the  lowest 
atmospheric  temperatures  under  which  it  is  to  be 
pumped  to  and  burned  in  the  engine.  Owing  to  the 
fact  that  viscosity  decreases  with  temperature,  it  is 
also  a  general  guide  to  the  consumer  as  to  the  extent 
that  he  must  preheat  the  oil  in  question  in  order  to 
insure  proper  and  continuous  flow. 

10.  Gravity — Although  a  fuel  oil  is  generally  spoken 
of  in  terms  of  its  Baume  gravity,  the  latter  is  not  a 
particular  guide  as  to  the  fuel  properties  of  the  oil.  It 
is,  however,  of  interest  to  the  consumer  as  a  general 
indication  of  the  relative  fluidity  of  an  oil  at  60  deg.  F.; 
that  is,  the  lower  the  gravity  the  greater  will  be  the 


viscosity,  and  hence  th^  resistance  to  flow.  Gravity  is 
also  a  guide  as  to  the  calorific  value;  that  is,  the  lower 
the  gravity  and  the  heavier  the  oil,  the  more  heat  units 
will  it  contain  per  unit  volume. 

11.  Calorific  Value — The  calorific  value  is  of  little 
importance  to  the  purchaser  as  an  indication  of  the 
.suitability  of  the  fuel  oil   in  question  for  his  engine. 
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Of  course,  the  higher  the  heat  content  in  British 
thermal  units  or  calories,  the  more  desirable  the  oil 
from  an  economical  point  of  view.  On  the  other  hand, 
other  more  important  properties  should  never  be 
sacrificed  to  obtain  a  fuel  of  highest  calorific  value.  In 
general,  there  is  little  variation  between  18,000  and 
19,000  B.t.u.  per  lb.  for  any  fuel  oil  on  the  market  today. 
Having  at  hand,  and  considered,  the  physical  and 
chemical  properties  of  the  fuel  oils  available,  the  next 
step  is  to  review  conditions  under  which  the  oil  most 
favored  is  to  be  burned.  Assuming  all  the  chemical 
properties  to  be  satisfactory,  viscosity  essentially  is  the 
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Ruidinfr  physical  factor,  inasmuch  as  the  proMom  of 
(low  will  Ik?  mo.'^t  pertinent  in  nearly  every  ca.se.  Pre- 
vailinjr  temperature,  dependent  on  both  altitude  and 
locality,  mu.st  he  the  first  consideration,  alori),'  with 
the  location  of  storage  tanks,  lenprth  of  oil  transmission 
pipe  therefrom  to  the  engine,  the  manner  of  iayiiiK  or 
buryinp  such  pipe,  extent  of  frost,  etc.  It  i.s  perfectly 
tvident  that  in  the  tropics  a  far  heavier-pfravity  oil  will 
dow  freely  through  the  pipe  line  under  average  tempera- 
tures than  would  be  the  ca.'^e  in  more  fripid  localities. 

Preheatinp  facilities  in  the  storage  tank  is  the  next 
point  of  importance.  Preheating  will  be  a  practical 
necessity  in  a  cold  climate  to  effectively  burn  an  oil 
below  about  30  deg.  Baume  gravity.  In  the  absence  of 
such  heating  coils  the  maximum  low  atmo.spheric  tem- 
perature should  always  be  ascertained  before  the  fuel 
oil  is  linally  .selected.  If  neces.sary,  cold  and  pour  tests 
should  be  run  to  note  the  extent  of  mobility  of  such  an 
oil.  An  otherwise  suitable  oil,  able  to  meet  builder's 
recommendations,  may  frequently  have  to  be  rejected 
for  a  lighter,  more  expensive  oil,  solely  for  the  reason 
that  it  will  not  flow  freely  from  the  storage  tank  to  the 
engine  under  prevailing  maximum  low  temperatures. 
Whether  to  take  a  chance  on  the  heavier  oil  depends  on 
the  seriousness  of  impromptu  shutdowns.  If  they  are 
not  of  material  account,  the  heavier,  cheaper  oil  may 
well  be  used. 

The  question  of  elevation  of  the  storage  tank  in 
respect  to  the  engine  and  the  capacity  of  the  pump 
available  is  the  third  important  factor.  The  heavier  the 
oil,  particularly  if  flow  is  against  a  material  head,  the 
creater  must  be  the  capacity  of  the  pump.  It  is  quite 
evident  that  it  would  be  folly  to  purchase  an  oil  of  so 
'ow  a  gravity  as  to  put  a  constant   overload  on  the 


transmission  pump  or  so  heavy  as  not  to  flow  to  the 
engine  in  sulFicient  (juanlity  to  meet  consumption.  Such 
an  oil  might  amply  meet  recommendations,  yet  the 
logical  cour.se  would  be  to  purchase  a  lighter  oil  which 
would  not  involve  the  possible  difliculties  mentioned. 

To  burn  a  fuel  oil  of  normally  low  gravity  in  the 
Diesel  or  .semi-Die.sel  engine  successfully  will  necessitate 
a  certain  degree  of  intelligence  on  the  part  of  the  operat- 
ing engineer.  Both  in  operating  or  repairing  he  must 
"use  his  head."  So,  we  have  the  final  important  operat- 
ing factor  to  consider  l^efore  the  oil  is  purcha.sed.  The 
lighter  the  fuel,  the  less  danger  will  there  be  of  sudden 
shutdowns  or  need  for  adjustment  due  to  clogging 
of  the  fuel  valve,  cylinder  deposits,  carbonization,  or 
imperfect  flow  of  the  oil. 

In  brief,  then,  to  select  a  fuel  oil  for  any  Diesel  or 
semi-Diesel  engine  plant  in  the  most  efficient  and 
economical  manner,  we  must  consider: 

1.  The  engine  builder's  recommendations. 

2.  The  oil  manufacturer's  specifications  of  physical 
and  chemical  properties  for  the  fuel  oils  available  at  the 
particular  place  and  time  when  needed. 

3.  The  peculiar  conditions  under  which  operation  is 
normally  carried  on,  including  temperature,  labor,  pump- 
ing facilities,  storage,  and  facilities  for  fuel  trans- 
mission. 

4.  The  extent  to  which  an  oil  described  under  para- 
graph 2  and  recommended  under  paragraph  1  above, 
will  meet  conditions  existing  under  paragraph  3. 

5.  In  making  the  selection,  the  purchaser  should  not 
ignore  the  heavy  fuel  oils  which  are  offered  on  the 
Atlantic  Seaboard  at  a  price  much  below  the  distillates. 
Although  the  dirt  and  coke  contents  are  objectionable, 
many  engines  have  used  12  deg.  Baume  Mexican  oil. 


Economic  Value  of  Coal— III.     Falling  OflF 

in  Heat  Content 


By  B.  S.  murphy 


A  comparison  of  the  relative  value  of  anthracite 
and  bituminous  coal  based  on  the  effective  heat 
content  in  each  shows  that  anthracite  not  only 
costs  less  but  is  actually  worth  more. 


THE  calorific  value  of  all  coals  has  fallen  to  a 
marked  extent  during  the  last  few  years,  and  this 
loss  has  been  more  pronounced,  if  anything,  for 
anthracite.  To  show  this  falling  off  in  the  quality  of 
the  anthracite  as  received  from  1911  to  1920  at  one 
station,  the  table  herewith  has  been  prepared.  All  this 
coal  was  purchased  from  the  same  contractor,  and 
though  it  did  not  all  come  from  the  same  colliery,  over 
95  per  cent  originated  in  the  same  region.  From  1911 
to  1917  up  to  30  per  cent  to  possibly  40  per  cent  w-as  No. 
1  buckwheat,  the  rest  being  No.  3  with  a  small  amount 
of  No.  4,  and  this  represents  the  purchase  and  con- 
sumption of  some  1,200,000  tons  of  coal. 

The  maximum  and  minimum  do  not  represent  isolated 
samples,  but  are  the  maximum  or  minimum  months  for 
the  period  considered.  To  show  just  w^hat  a  falling  off 
as  shown  means,  we  will  assume  a  station  where  the 
100  per  cent  performance  with  12,000  B.t.u.  coal  was 


3  lb.  per  kilowatt-hour.  We  will  also  assume  that  the 
average  calorific  value  of  the  coal  supplied  to  this  sta- 
tion from  1911  to  date  was  the  same  as  given  in  the 
table.  Now  referring  to  Fig.  1  we  will  first  draw  the 
standard  performance  curve  assumed  that  for  12,000 

CALORIFIC  VALUE  OF  AN'THRACITE  COAL  AS   FIRED 

Year  Maximum  Average  Minimuni 

1911  11.753  11,523             11.250 

1912  11.630  11,428             11.050 

1913  12,025  11,741              11,420 

1914  12.060  11,912             11,560 

1915  11,900  11,712             11,470 

1916  11,830  11,563             11.150 

1917  11,350  11,170             10,850 

1918  11.257  11,070             10,780 

1919  11,249  11.044              10,844 
1920*            11,105  10,847             10,504 

*  January  to  June,  inclusive. 

B.t.u.  coal  the  station  will  turn  out  a  kilowatt-hour  for 
3  lb.  of  fuel,  or  the  first  point  will  be  12,000  B.t.u. 
against  3  lb.  For  the  other  point  on  this  straight 
line  take  10,500  B.t.u.  and  referring  to  the  curves  show- 
ing calorific  value  vs.  relative  plant  economy  in  the 
second  article  of  this  series  (Dec.  14  issue),  we  find  this 
is  57.5  deficient,  or  makes  57.5  -\-  100  =  157.5  per  cent 
of  coal,  or  1.575  X  3  =  4.725  lb.  Plotting  this  and 
connecting  the  two  points  by  a  straight  line,  we  have 
the  standard  performance  curve  for  this  particular  sta- 
tion that  we  have  assumed.    Then  plotting  the  average 
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calorific  value  of  the  coal  as  fired  against  the  year,  from 
the  table,  we  have  the  actual  B.t.u.  curve.  From  this 
curve,  in  conjunction  with  the  curve  for  standard  per- 
formance, we  find  what  the  standard  consumption  would 
be  and  plot  this  against  the  year.  Of  course,  in  reality, 
this  curve  should  not  give  the  actual  results,  as  it  is 
standard  practice  and  not  actual  practice,  and  the  plus 
or  minus  variations  would  give  the  actual  station 
performance. 

We  will  now  assume,  as  before,  that  the  station  out- 
put was  6,000,000  kw.-hr.  per  month,  or  72,000,000  per 
year,  and  we  will  figure  the  standard  coal  that  may  be 


Consumption  Lb.   per  Kw.-hr 
To  be  usee*  with  B.t.u. for  Stcinc^cjrd 

Performoincs 
3.0     3.2    3i4    3.6     3.8    4.0    4.2    4.4    4.6  4.8 
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FIG.  1.     EFFECT  OP  PRICE  PER  TON  ON  r.\I,ORIFI< 
VAUTE  OF  ANTHR.vriTR 


used  per  year  for  electric  generation  by  multiplying 
the  output  of  the  station  by  the  unit  consumption,  whicli 
we  have  already  arrived  at  from  the  calorific  value  and 
the  percentage  deficiency  of  the  coal  corresponding. 
This  has  been  plotted  at  the  top  of  the  graph  and  shows 
an  allowable  increase  of  40,300  tons  for  the  year  1920 
over  the  year  1914.  This  is  one  phase;  more  coal  made 
necessary  by  the  lack  of  heat  necessitating  a  greater 
money  outlay,  but  at  the  same  time  the  price  of  this 
inferior  coal  per  ton  has  also  gone  up  greatly,  so  that 
we  not  only  use  a  greater  quantity,  but  pay  more  for 
what  we  do  use. 

In  Fig.  2  has  been  plotted  the  relative  price  of  anthra- 
cite received  at  one  station  from  1911  to  1920,  including 
the  latest  freight  rate  in  1920.  Based  on  this  current 
rate  as  100  per  cent  it  shows  that  in  1911  the  price 
per  ton  was  but  34  per  cent  of  that  now.  Returning 
to  our  hypothetical  station  again  and  assuming  that 
the  anthracite  No.  3  now  co.sts  $5  per  2,240  lb.  at 
the  boiler  room  and  using  these  .same  relative  values, 
we  would  have  the  price  per  ton  for  each  year;  this  has 
been  plotted  on  Fig.  1  and  .shows  an  increa.se  of  from 
$1.G9   in   1911   to  the  $5  of   1920. 


We  wili  now  compute  what  the  coal  cost  was  per  year 
on  these  prices  and  plot  the.se  values  in  Fig.  1,  giving 
us  the  yearly  station  co.st  for  fuel.  It  will  be  noticed 
that  from  1911  to  1916  there  was  not  a  very  great 
difference  in  the  total  cost,  but  that  since  1916  it  has 
increased  very  rapidly.  We  will  now  attempt  to  approx- 
imate what  has  been  the  total  additional  money  spent 
directly  chargeable  to  the  falling  oflf  in  calorific  value 
of  the  coal,  allowing  the  price  per  ton  to  vary  as  already 
given.  To  do  this,  we  will  average  the  calorific  value 
for  the  first  five  years;  that  is,  from  1911  to  1915 
inclusive.  This  was  11,663  B.t.u.,  which  is  equivalent 
to  3.37  lb.  per  kw.-hr.  Then  with  this  consumption 
we  should  burn  for  our  72,000  kw.-hr.  of  output  per 
annum  108,300  tons.  Then  taking  the  price  per  ton  for 
each  year  by  this  total  tonnage,  we  have  the  cost  per 
year  if  the  coal  had  averaged  the  same  for  the  whole 
period  as  for  the  first  five  years.  The  space  between 
these  curves   has   been  cross-hatched   to   represent   the 
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additional  money  .spent  owing  to  the  falling  off  in 
calorific  value.  This  totals  for  the  ten  years  $411,000 
directly  chargeable  to  lack  of  heat  in  the  coal,  or  12.2 
per  cent  of  all  the  money  spent  for  fuel. 

In  Fig.  2  has  been  plotted  the  relative  cost  per  ton 
for  No.  3  anthracite  for  a  particular  station,  but  from 
the  foregoing  analysis  of  the  fuel  cost  of  power  we 
can  easily  .see  that,  though  the  price  per  ton  governs 
the  actual  money  that  has  to  be  expended,  it  tells  but 
little  of  the  relative  value  of  the  particular  fuel  to 
the  plant. 

For  a  proper  comparison  we  must  use  a  figure  based 
on  the  expected  or  standard  performance  of  the  coal 
itself  or,  expressing  it  another  way,  how  much  useful 
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heat  ui>  may  buy  for  a  dollar.  This  term  may  ho  called 
the  "relative  cost  of  coal,"  or  the  coat  per  1,000  B.t.u. 
in  cents,  of  the  heat  in  the  coal  above  the  low  limit  of 
its  usefulness,  or  for  an  anthracite  above  9,000  B.t.u. 
This  may  be  expressed  as 

Relative  cost  ^^  price  of  coal  per  2,2i0  lb.,  in  cents 
-.-  2,2i0  f  {B.t.u.  per  lb.  of  coal  as 
fired  —  9.000)   ~  1,000], 

On  Fig.  2  we  will  now  transfer  the  "price  of  coal 
per  ton"  curve  from  Fig.  1  for  the  hypothetical  station 
under  discussion,  calculating  this  price  from  an  a.ssumed 
present-day  price  of  $5  from  the  relative  cost  curve  for 
an  existing  station.  From  this  curve  we  will  take  the 
price  per  ton,  and  from  the  calorific-value  curve  on  Fig. 
1  the  heat  in  the  coal  as  fired,  and  with  these  figures 
in  the  aforementioned  formula  calculate  and  plot  the 
relative  cost  of  the  coal,  or  the  cost  per  1,000  B.t.u.  for 
the  useful  range,   in  cents. 

We  will  now  figure  for  bituminous  coal  on  the  same 
assumption  as  before  that  in  1920  we  had  to  pay  $9 
for  2,240  lb.  Using  actual  figures  for  a  large  soft-coal 
central  station,  we  have  plotted  on  Fig.  2  the  relative 
prices,  as  compared  to  $9  for  a  base  price,  in  per  cent; 
this  curve  is  a  dotted  line,  using  the  dotted  lines  for 
the  B  coal  values  and  the  solid  lines  for  the  A  coal. 
It  will  be  noticed  that  the  price  variation  follows  along 
parallel  with  that  for  anthracite  and  also  that  the 
increase  during  the  war,  1918,  was  not  quite  so  rapid. 
We  will  now  compute  from  these  relative  percentage 
figures  what  this  soft  coal  would  have  cost  with  the  pres- 
ent price  of  $9  as  a  base.  The  next  step  will  be  the 
derivation  of  the  relative  cost  for  this  bituminous  coal 
in  a  manner  similar  to  before  and  to  plot  this  as  a 
direct  comparison  with  the  cost  of  the  anthracite.  To 
do  this  we  will  take  for  the  low  limit  11,000  B.t.u.  and 
still  keeping  a  range  of  3,000  B.t.u.,  have  14,000  B.t.u. 
for  the  upper  limit.     The  formula  would  then  become: 

Relative  cost,  or  cost  per  1,000  B.t.u.  above  11,000 

B.t.u.  =  cost  per  2,2i0  lb.,  in  cents  -^  2,2^0 

[{B.t.u.  per  lb.  of  coal  as  fired  —  11,000) 

^  1,000] 

Substituting  the  values  in  this  formula  of  the  calorific 

values  for  the  several  years  and  the  price  per  ton,  we 

have   a   curve  that  from   1911   to    1917   is   essentially 

parallel  with  that  for  anthracite,  but  from  that  time  on 

it  varies  somewhat.     A  noticeable  feature  is  that  the 

anthracite  not  only  costs  less  per  ton,  but  is  actually 

worth  more,  or  we  do  not  have  to  pay  as  much  for 

1,000  useful  heat  units. 


It  is  never  advisable  to  use  thin  free-flowing  automo- 
bile oil  on  a  semi-Diesel.  The  latter  engine  requires  an 
oil  with  a  heavier  body.  It  is  usually  good  practice  to 
purchase  the  oil  recommended  by  the  engine  manufac- 
turer. To  detect  a  leaky  injection  nozzle,  remove  it  from 
the  cylinder  and  reconnect  it  to  the  fuel  pump.  Give  the 
pump  handle  a  few  quick  jerks.  If  the  check  valve  in 
the  nozzle  is  in  good  shape,  the  blast  of  oil  will  be  cut  off 
cleanly  without  any  dribble.  The  atomizer  tip  often  fills 
with  carbon.  An  extra  one  can  be  used  while  the  old  one 
is  being  soaked  in  lye  water.  A  darning  needle  will  be 
of  help  in  cleaning  the  oil  passage.  If  the  fuel  pump  has 
ball-check  valves  which  leak,  a  few  light  blows  on  a 
hardwood  stick  or  a  brass  pin  placed  against  the  ball 
will  renew  the  seat.  Certain  oils  carrying  much  sulphur 
will  attack  the  balls,  giving  them  a  rough  surface.  Such 
balls  will  leak  and  should  be  replaced. 


Soiin'    Ic<'-Tarik    DrfectH 

By  (;ii,«krt  Cox   Shxujt.s 

Upon  visiting  an  ice  plant  under  construction  re- 
cently, the  writer  did  not  expect  to  find  an  estab- 
li.shment  built  exactly  in  accordance  with  the  latest 
requirements  for  efficiency,  but  an  installation  as  near 
to  that  standard  as  the  unsettled  conditions  of 
present-day  commerce  would  permit.  The  factories 
cannot  .secure  the  material,  the  railroads  cannot  deliver, 
and  with  the  present  labor  conditions  it  is  not  possible 
to  a.s.semble  as  formerly,  even  after  the  material  is  at 
fhe  factor^'.  For  these  rea.sons  we  do  not  build  in  these 
times  as  we  know,  but  we  build  as  we  can. 

Of  course  these  troublesome  conditions  bring  on  un- 
favorable results,  and  many  defects  are  brought  out. 
Many  of  these  defects  are  but  exaggerations  of  faults 
in  construction  that  have  caused  trouble  ever  since  ice 
plants  have  been  built.  There  is  an  advantage  in  the 
present-day  makeshift  constructions.  The  old  faults 
have  been  shown  in  their  enlargement.  Ridicule  is  the 
most  cutting  weapon  of  logic,  and  there  is  nothing  that 
makes  a  fault  more  ridiculous  than  the  placing  of  that 
fault  before  us  in  an  enlarged  form.  The  old-time 
plants  had  their  defects,  but  we  did  not  see  them.  The 
new  plants,  built  from  the  commercial  debris  of  a  score 
of  wars,  and  from  the  social  unrest  of  a  world's  readjust- 
ment, necessarily  have  those  faults  so  enlarged  that  we 
do  see  them. 

Composite  Construction  of  Plant 

In  the  plant  visited,  the  construction  was  a  real  com- 
posite outcome  of  present-day  conditions.  The  builders, 
nevertheless,  skillfully  built  to  completion,  putting  in 
substitutes  where  possible,  omitting  here  a  non-essential 
and  leaving  a  space  there  for  a  later  installation,  por- 
traying in  the  whole  the  craftiness  of  a  resourceful 
designer.  However,  there  were  things  that  could  have 
been  done  to  avoid  some  of  the  trouble  that  is  sure  to 
come. 

Coils  for  the  brine  tank  could  not  be  obtained.  The 
engineer,  therefore,  was  forced  to  do  without  coils.  A 
shell  cooler  was  substituted.  They  could  not  secure  oak 
can  covers,  so  they  substituted  with  soft  wood. 
Throughout  the  entire  tank  construction  the  engineer 
was  forced  to  follow  his  own  resources.  As  a  result,  the 
tank  is  a  makeshift,  to  say  the  best,  and  the  chief  is 
going  to  have  his  hands  full  from  the  day  he  harvests 
his  first  ice.  The  first  trouble  he  will  find  will  be  in  the 
brine  level  as  compared  vdth  the  level  of  the  cans.  The 
builders  have  nailed  cleats  in  the  framework  for  each 
can.  Upon  these  cleats  it  is  intended  the  cans  shall  rest 
to  prevent  them  from  sinking  too  low  in  the  brine.  The 
brine  is  supposed  to  stand  immediately  below  the  cleats, 
which  were  all  placed  at  the  same  level.  This  arrange- 
ment would  lead  one  to  believe  that  they  expected  the 
brine  to  maintain  a  common  level.  Here  is  where  the 
trouble  will  arise.  The  brine  cannot  stand  at  a  common 
level  throughout  the  tank. 

To  extract  heat  from  the  water  requires  brine  circula- 
tion and  to  move  the  brine  there  must  be  a  greater  head 
at  some  part  of  the  tank,  such  as  is  imposed  by  the 
agitator.  At  this  point  the  brine  will  pile  up  and  run 
down  hill.  The  ice  cans  will  stand  low  in  the  brine 
immediately  before  the  agitator  and  high  above  the 
brine  level  at  the  other  end  of  the  tank.  Besides,  a 
shell  cooler  had  been  placed  near  the  agitator,  and  the 
cans  at  this  point  will  be  in  the  coldest  brine  in  the  tank. 
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Over  at  the  other  end  of  the  circulation  the  cans  will 
be  suspended  out  of  the  brine  several  inches  right  where 
the  brine  is  the  warmest  and  where  every  square  inch 
of  radiation  should  be  brought  into  play. 

Upon  mentioning  this  defect  to  the  owner,  he  made 
the  remarkable  statement  that  the  brine  would  not  pile 
up  if  it  was  forced  fast  enough.  An  examination  of  the 
tank  showed  the  brine  rushing  out  of  the  tubes  of  the 
cooler  against  the  first  cans  it  came  in  contact  with, 
doubling  back,  lapping  around  the  cans  and  going  ahead 
a  few  inches,  to  be  dammed  up  again  and  escaping  only 
by  falling  forward  to  a  lower  level.  It  was  apparent  that 
the  brine  must  stand  so  high  before  the  agitator  that 
the  cans  will  lift  the  covers  off  of  the  framework  before 
the  cans  at  the  lower  end  of  the  tank  wall  be  deep  enough 
to  freeze  in  proper  time.  Knocking  the  cleats  off  of  the 
deck  frames  and  arranging  the  frames  so  as  to  adjust 
the  cans  to  the  lowering  of  the  brine  level  will  eliminate 
part  of  the  trouble,  but  even  then  only  a  part. 

Little  Chance  for  Success  with  Shell  Coolee 

There  is  little  possibility  for  success  with  the  shell 
cooler  in  ice  making  in  this  plant.  An  improvement 
might  be  made  by  placing  the  cooler  outside  of  the  tank 
and  connecting  the  chilled  brine  line  to  several  openings 
located  in  the  bottom  of  the  tank.  The  brine  might  be 
made  to  overflow  into  troughs  located  along  the  sides 
and  perhaps  down  the  center.  In  this  manner  the  brine 
would  not  have  a  long  travel  before  it  again  reaches  the 
shell  cooler  and  is  rechilled,  and  the  efficiency  would 
approach  more  nearly  that  of  the  coil  system  so  gen- 
erally used.  At  least  the  level  in  such  a  tank  would  be 
uniform.  Heat  would  not  be  passed  from  one  ice  can 
to  another,  and  the  tipping  of  cans  due  to  agitation 
would  not  result. 

If  the  unequal  distribution  of  chilled  brine  were  all 
of  the  trouble  to  be  encountered,  it  could  be  eliminated 
later  by  installing  brine  coils.  But  there  are  other 
defects.  The  tank  was  built  on  a  cinder  foundation  well 
packed  and  covered  with  a  layer  of  concrete.  But  the 
cinders  may  become  soaked  at  any  time.  Accidents  may 
happen  to  the  sewer,  catch  basin  or  water  trap,  so  that 
the  cinder  bed  below  the  tank  will  be  flooded  with  water. 
If  this  happens  a  few  times,  or  even  if  the  rainy  season 
raises  the  water  level  through  the  sand  below,  it  will 
mean  the  loss  of  thousands  of  dollars. 

Ice  will  form  in  the  cinders,  and  the  nearer  to  the 
center  of  the  tank  the  thicker  will  be  the  ice.  This 
means  expansion  from  below,  and  the  tank  will  bulge  in 
the  middle,  lifting  the  cans  out  of  the  brine  and  causing 
a  loss  of  efficiency. 

Such  a  defect  is  common  in  tank  construction.  When 
a  tank  is  placed  on  the  second  floor  it  can  never  occur 
and  should  not  take  place  on  any  floor.  That  it  is 
entirely  too  common  is  demonstrated  by  the  fact  that  of 
seven  tanks  that  were  inspected  three  were  bulged  in 
the  center. 

Defective  Construction  Due  to  Lack  of  Foresight 

Such  construction  is  the  result  of  a  lack  of  foresight, 
if  not  a  lack  of  experience.  It  is  unnecessary  to  build 
on  such  a  foundation.  The  tank  should  be  insulated 
from  moisture  at  the  bottom  the  same  as  at  the  sides. 
No  one  would  think  of  allowing  water  to  stand  about 
the  walls  of  a  tank  to  freeze  even  if  there  were  a  thick- 
ness of  five  inches  of  nonpariel  cork  board  to  hold  off 
the  moisture  and  to  prevent  the  transmission  of  heat. 
There  is  no  need  either  to  allow  water  to  approach  the 


frost  line  from  below  the  tank.  Lay  a  cinder  founda- 
tion for  the  tank  with  a  concrete  surface  and  place  on 
this  foundation  concrete  piers  at  least  ten  inches  high 
and  close  enough  to  sustain  the  weight  of  the  tank.  On 
these  piers  lay  a  board  floor  and  on  the  floor  place  the 
cork  board.  Build  the  tank  on  this  foundation  and  drain 
the  entire  floor  to  the  sewer  through  a  water  trap  situ- 
ated beyond  the  frost  zone.  With  this  construction  the 
tank  will  never  bow  in  the  middle.  If  objection  is  made 
to  the  cost  of  construction,  it  would  be  well  to  begin 
figuring  on  the  ultimate  cost  of  reconstruction. 

B.  &  O.  Protected  Seat  Valve 

In  the  protected  seat  valve  manufactured  by  the  Pro- 
tected Seat  Valve  Co.,  Peoples  Bank  Bldg.,  Pittsburgh, 
Pa.,  the  seat  is  protected  from  the  flow  of  liquid  or 
gases  before  the  valve  disk  seats.  This  is  accomplished 
by  sleeves  that  telescope  when  the  valve  is  being  closed, 


SECTION  THROUGH   PROTECTED   SEAT  VALVE 

thus  reducing  the  velocity  of  the  fluid  to  a  minimum. 
The  seats  are  self-cleaned  by  this  low  velocity  before 
they  make  direct  contact.  When  opening,  the  valve  disk 
is  raised  above  the  zone  of  circulation  before  the  tele- 
scoping sleeves  disengage.  If  the  sleeves  are  slightly 
disengaged  the  high  velocity  of  liquid  or  gases  cannot 
mar  the  seat. 

The  distance  between  the  ground  seats  is  several  times 
greater  than  the  area  of  the  opening  when  the  sleeves 
are  slightly  disengaged.  The  valve  is  adaptable  for  use 
with  muddy  water,  etc.  The  seat  and  disk  are  easily 
removed,  but  the  disk  construction  is  such  that  it  cannot 
become  loose  from  the  stem.  Pressure  may  be  applied 
from  either  side  of  the  seat,  but  it  is  recommended  that 
it  be  applied  from  the  top. 
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The  Devrlopinnil  of  Low  Level 
Miilli-Jel  Condensers 

By  C.  k.  MAY"  AND  N.  E.  TAYLOR* 


THE  multi-jet  condenser  was  f\rnt  described  in 
Poicr  in  the  i.ssue  of  Sept.  14,  1900.  Since  that 
time  notable  stride.^;  have  been  made  in  the  devel- 
opment oC  turbine  and  condenser  practice.  The  con- 
denser described    in    1909   is   illustrated   on   this  page, 

Fig.  1,  and  the  fun- 
damental principles 
remain  the  same  in 
the  condenser  built 
today.  Until  re- 
cently the  general 
impression  has  been 
that  multi-jet  con- 
densers were  suit- 
able only  for  small 
installations  and 
moderate  vacuums. 
The  facts  are  that 
modern  multi-jel 
condensers  are  suit- 
able for  all  sizes  of 
turbines  up  to  units 
of  10,000-kw.  capac- 
ity or  even  more, 
and  in  commercial 
operation  are  main- 
taining vacuums  of 
28  to  29  in.  referred 
to  a  30-in.  barometer. 
The  low-level  multi- 
jet  condenser  was 
designed  and  devel- 
oped by  Koerting. 
His  original  idea 
was  the  elimination 
of  an  inefficient  hot- 
water  removal  pump 
operating  under  con- 
ditions correspond- 
ing to  a  suction  lift 
of  30  feet.  In  its 
earliest  form  h  i  s 
condenser  had  neither  a  removal  nor  an  injection  pump. 
Water  was  projected  across  the  condensing  chamber  in 
a  single  jet  by  the  force  of  atmospheric  pressure  against 
the  vacuum  within.  This  was  called  the  ejector.  An 
injection  pump  was  added  to  overcome  friction  losses, 
but  the  result  was  still  relatively  inefficient.  This  con- 
denser, called  the  "Eductor,"  has  been  in  general  use  in 
England,  on  the  Continent  and  in  this  country,  but  only 
in  smaller  installations  where  efficiency  could  be  sacri- 
ficed to  simplicity  and  low  original  cost. 

The  next  step  was  to  increase  the  number  of  jets  in 
"rder  to  obtain  greater  efficiency  of  contact  between 
steam  and  water.  This  condenser,  Fig.  1,  was  built  in 
small  sizes  only.  Gradually  details  of  construction  were 
changed.  The  early  condenser  had  the  water  inlet  at 
the  top  and  a  central,  torpedo-shaped  body  dividing  the 


FIG.    1.       OKIGIN.VL    DK.SIGN    OF 
MULTI-JET    COXDEXSER 


water  as  shown.  This  latter  has  been  eliminated  and 
the  water  brought  in  at  the  side,  with  the  steam  inlet 
either  at  the  top  or  at  the  side  of  the  condenser  to  suit 
either  bottom  or  side  outlet  turbines.  In  the  earlier 
installations  a  standpipe  was  used  to  steady  the  injec- 
tion pressure.  This  was  an  inheritance  from  reciprocat- 
ing pumps  and  is,  of  course,  unnece.s.sary  when  cen- 
trifugal injection  pumps  are  used,  as  is  the  case  in 
these  days. 

The  final  result  is  the  low-level  multi-jet  condenser 
of  today.  This  machine  while  retaining  its  inherent 
simplicity  has  been  so  developed  that  the  power  required 
to  produce  a  high  vacuum  compares  more  than  favor- 
ably with  low-level  condensers  operated  with  separate 
air-  and  water-removal  pumps. 

During  the  war  a  number  of  these  condensers  were 
installed  with  turbo  blowers,  and  the  performance  rec- 


•Engineers  with   IngeisoU-Rand  Co. 


FIG.   2.     SHOWING  MULTI-JET  CONDENSING  PLANT   WITH 
INJECTION  PUMP ;  CONDENSER  IN  CROSS-SfiCTlON 


ords  that  are  given  in  detail  herewith  demonstrate  that 
this  type  of  condenser  is  not  only  simple  and  reliable  in 
operation,  but  is  an  economical  jet  condenser  for  high- 
vacuum  work. 

Fig.  2  shows  a  sectional  view  of  the  modern  low-level 
multi-jet  condenser.  Water  is  projected  through  the 
condenser  in  multiple  jets  resembling  small  fire  streams, 
which  meet  in  a  venturi-shaped  diffuse!',  where  their 
kinetic  energy  is  converted  into  pressure,  which  ejects 
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water,  condensed  steam  and  non-condensible  to  the  at- 
mosphere. Although  this  type  of  condenser  requires 
more  water  than  well-designed  low-level  jet  condensers 
of  the  usual  type  or  counter-current  barometric  con- 
densers, no  air  pump  or  water-removal  pump  is  needed 
to  maintain  vacuums  of  28  to  29  inches. 

Where  the  actual  quantity  of  water  required  is  the 
prime  criterion  the  low-level  multi-jet  condenser  is 
never  used.  But  the  quantity  of  water  is  usually  im- 
portant only  as  it  affects  the  total  power  consumption. 
When  this  is  the  case  the  high  efficiency  of  the  standard 
injection  pump  working  with  cold  water  and  the  saving 
in  power  due  to  the  elimination  of  an  air  pump  result 
in  a  relatively  low  total  power  requirement  for  the  low- 
level  multi-jet  type. 

Fig.  3  illustrates  the  condenser  installation  at  the 
plant  of  the  Alan  Wood  Iron  and  Steel  Co.,  Swedeland. 
Pa.  The  condensers,  of  approximately  3,000  kw.  size, 
are  serving  two  turbine-driven  blowers.  The  entire 
equipment  consists  of  the  condensers  and  two  centrif- 
ugal pumps  of  14,000  g.p.m.  total  capacity. 

The  readings  tabulated  herewith,  taken  on  the  two 
units  when  in  commercial  operation,  show  the  perform- 
ance of  the  condensers  at  different  times  of  the  year. 

"The  chart.  Fig.  4,  shows  the  relation  between  vacuum 
and  water  temperatures,  plotted  from  winter,  spring 
and  summer  readings. 

At  this  plant  casts  are  made  every  four  hours,  and  at 
these  periods  a  low  air  delivery  is  obtained  by  closing 
a  hand-operated  throttle  valve  which  slows  down  the 
turbine.  This  is  practically  a  no-load  condition  and 
results  in  a  vacuum  throughout  the  entire  turbine  cas- 
ing, back  to  the  high-pressure  end  and  including  the 
shaft  packing.  Excessive  air  leakage  occurs  because 
the  steam  pressure  on  the  seal  is  adjusted  for  full  load. 


INJECTION    PUMP    INSTALL^ATION    AT    PLANT    OK 
ALAN  WOOD  IRON  AND  STEEL  COMPANY 


This  has  been  verified  in  similar  plants  where  the  tur- 
bine is  served  by  other  tjTies  of  condensers  with  recipro- 
cating vacuum  pump;;.  The  chart,  Fig.  6,  shows  the 
surprising  stability  of  the  low  level  multi-jet  condensers 
when  subjected  to  this  air  leakage.  The  vacuum  drops 
to  about  15  in.,  where  it  is  maintained,  and  as  soon  as 
normal  full-load  operation  is  resumed  the  vacuum  is 
instantly  restored.  This  is  possible  because  the  injec- 
tion of  water  into  this  type  of  condenser  is  independent 


of  the  vacuum,  a  feature  that  adds  greatly  to  the  relia- 
bility of  the  condenser. 

In  this  connection  it  may  be  added  that  factory  tests 
have  recently  been  made  on  large  units  to  determine 
exact  air  leakage  capacity.  Air  was  admitted  by  .stand- 
ard nozzles  such  as  are  used  for  testing  vacuum  pumps, 
pnd    it   was    found    that    there    is    a    straight-line    law 


Water  Temperature  Degrees  Fahr 


FIG.    4.      CHART    SHOWING    RELATION    BETWEEN    VACUUM 
AND   WATER   TEMPERATURE 


between  vacuum  and  amount  of  air  admitted.  This 
fall  in  vacuum  with  air  leakage  seems  to  be  slower  than 
that  which  occurs  in  low-level  jet  condensers  with  inde- 
pendent vacuum  pumps  of  either  water-jet  or  steam-jet 
type. 

At  the  Alan  Wood  plant  the  condensers  are  spring- 
supported  and  are  bolted  directly  to  the  turbine  exhaust 
nozzle.  This  construction  eliminates  the  expansion  joint 
in  this  installation.  The  spring  supports  are  simple  and 
are  shown  in  detail  in  Fig.  2. 

The  discharge  of  the  two  condensers  is  piped  to  a 
single  well  about   thirty   feet  distant,    instead  of  the 

PERFORMANCE  OK  TWO  LOW-LEVEL  MULTI-JET  CONDENSERS 
AT  PLANT  OF  ALAN  WOOD  IRON  &  STEEL  CO 


Injection 

Water 

Unit 

Run 

Date 

Vacuum 

Barometer 

Temperature 

G.P.M 

No.  1 

1 

1-26- 

-70 

29 

77 

30 

75 

35 

7,000 

2 

1-27- 

-70 

29 

30 

30 

25 

38 

7,000 

3 

1-27- 

ZO 

29 

30 

30 

25 

38 

6.730 

4 

5-29- 

30 

28 

40 

30 

30 

68 

7,000 
approx. 

5 

8-26- 

-20 

27 

78 

30 

00 

79 

7  000 
approx 

6 

1-27- 

-70 

79 

75 

30 

34 

37 

6.770 

No.  2 

7 

1-27 

-70 

79 

15 

30 

26 

37.5 

6,550 

8 

1-27- 

-70 

29 

15 

30 

26 

38 

6,440 

9 

5-29- 

-20 

29 

35 

30 

30 

68 

7,000 

approx 

more  common  arrangement  of  an  independent  well 
directly  under  each  condenser.  A  sliding  joint  at  the 
bottom  of  the  tail  pipe  takes  care  of  the  vertical  motion 
due  to  expansion  and  contraction.  This  movement  is 
very  slight  and  might  even  be  taken  up  by  the  flexibility 
of  a  long-sweep  elbow  and  short  pipe  section. 

Fig.  2  shows  the  more  common  hotwell.  It  is  divided, 
into  two  chambers  by  a  wall  forming  a  weir.  The  bot- 
tom of  the  tail  pipe  is  cut  at  an  angle  of  45  deg.  with 
the  top  of  this  opening  on  a  level  with  the  bottom  of 
the  weir.  In  ca.se  of  pump  failure  the  maximum  quan- 
tity of  water  that  can  flow  back  into  the  condenser  is 
comewhat  less  than  the  volume  above  the  level  of  the 
bottom  of  the  weir,  because  some  of  this  water  will 
flow  away.     This  volume  is  less  than  that  of  the  con- 
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(ionscr  l)ody,  therefore  water  cannot  be  drawn  into  the 
turbine  even  thoujrh  the  variium  breaker  shniild  fail  to 
operate.  The  vacuum  breaker  consi.st.s  of  a  copper  float 
which,  in  ca.se  the  water  .should  ri.sc  in  the  conden.ser 
body,  opens  a  pilot  valve  and  thus  balances  the  main 
valve.  The  continued  pressure  of  the  lloat  opens  the 
main  valve,  admits  air  to  the  top  of  the  condenser  and 
breaks  the  vacuum. 

Fig.  5  shows  a  laijre  condenser  for  a  5,000-kw.  tur- 
l)ine  on  test  at  the  factorv.  The  factory  teat  consists  in 
punipintr  the  rated  quantity  of  water  at  rated  pressure 
through  the  condenser  when  blanked  ofT;  that  is,  with- 


FIG.  5.     CONDENyEH  FOR  3,000-KW.  TURBINE  ON  TEST 
.\T  FACTORY 


out  .steam  load.  Under  this  condition  it  must  show  a 
vacuum  within  0.1  in.  of  that  corresponding  to  the 
water  temperature.  For  example,  if  the  water  is  at 
70  deg.,  which  corresponds  to  a  vacuum  of  29.26  in.,  the 
condenser  must  show  at  least  29.16  in.  vacuum.  This 
test,  together  with  the  factory  test  of  the  water  pump, 
insures  the  performance  of  the  complete  condensing 
plant  when  put  in  service. 

Multi-jet  condenser  installations  of  still  larger  capacity 
are  nearing  completion.  For  example,  two  large-sized 
condensers  are  being  installed  as  a  twin  arrangement 
to  serve  a  7,500-kw.  turbine  in  a  large  central  station. 
These  twin  condensers  are  served  by  separate  injection 
pumps,  a  feature  that  adds  greatly  to  the  reliability  and 


flexibility  of  the  inHtallation  as  a  whole.  For  partial 
loads  or  for  cold-water  operation  in  the  winter  time 
cne  of  the  pumps  and  one  of  the  condensers  may  )>e  shut 
down.  Under  these  conditions  the  injection  valve  and 
the  valve  on  the  discharge  of  the  condenser  are  closed. 
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The  single  unit  can  carry  full  load  at  good  vacuum  o 
partial  load  at  high  vacuum. 

The  kindness  of  Mr.  Black  and  the  engineers  of  the 
Alan  Wood  Iron  and  Steel  Co.  in  permitting  access  to 
their  plant  at  different  times,  and  for  photographs,  test 
data  and  charts,  is  hereby  acknowledged. 

Some  Diesel-Engine  Pointers 

If  a  crankpin  bearing  runs  warm  and  scores  the  pin, 
a  light  coating  of  white  lead  placed  on  the  pin  when 
reassembling  will  usually  smoothen  up  the  bearing  and 
prevent  further  heating. 

The  piston  rings  should  be  cleaned  every  six  months. 
If  the  top  rings  are  gummed  fast,  strong  lye  will 
loosen  them ;  kerosene  and  a  brass  scraper  will  do  the 
work  if  the  ring  is  not  too  tight. 

If  a  piston  ring  is  broken,  usually  there  is  a  click  as 
the  piston  reaches  the  ends  of  the  stroke. 

In  rebabbitting  a  bearing  clean  out  all  the  old  metal. 
The  housing  should  then  be  tinned.  The  mandrel  should 
be  smaller  than  the  shaft  to  allow  boring  to  size.  Don't 
peen  the  babbitt. 

When  a  piston  head  .shows  fire-cracks,  it  can  be 
repaired  by  welding  providing  the  burned  portion  along 
the  edges  of  the  fracture  does  not  extend  any  great  dis- 
tance into  the  iron.  Sewing  slight  fractures  is  by  far 
the  easiest  process. 

In  replacing  a  piston,  a  heavy  cord  wrapped  about  the 
piston  ring  will  compress  it  so  that  the  piston  will  enter 
the  cylinder  very  easily. 

In  removing  piston  rings  for  cleaning,  do  not  put  any 
great  stress  on  the  ring  or  it  may  snap  into  pieces. 

It  is  always  advisable  to  round  off  the  upper  edge  of 
a  piston  ring.  The  lower  edge  should  be  square  but  not 
sharp. 
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FIG.  1. 


W.  R.  COMBUSTION 
INDICATOR 


W.  R.  Combustion  Indicator 

The  instrument  shown  in  Fig.  1  is  a  continuous  flue- 
gas  analyzer  which  indicates  CO,  percentages  by  means 
of  the  application  of  a  principle  that  has  resulted  in  a 

practical,  serviceable 
and  accurate  CO,  or 
combustion  indicator. 
There  are  no  liquid 
chemical  s  o  1  u  tions 
used  in  its  operation 
— dry  reagent  cart- 
ridges are  supplied  by 
the  manufacturer,  the 
Chadburn  (Ship) 
Telegraph  Co.  of 
America,  Inc.,  Troy, 
N.  Y.,  for  this  pur- 
pose. Fig.  2  shows 
the  construction  of 
the  indicator.  The 
chemical  absorbent  in 
the  form  of  a  dry 
cartridge  is  placed 
within  a  porous  vessel 
concentric  with  and 
within  a  metal  cylin- 
der. The  upper  end 
of  the  porous  ves- 
sel is  closed  by  means 
of  a  suitable  cover 
after  the  cartridge  is 
inserted.  The  top  end 
of  a  gage  glass  con- 
nects with  the  inside 
of  the  porous  vessel,  and  the  bottom  end  of  this  glass 
connects  within  a  small  tank  the  sole  function  of  which 
is  to  contain  colored  water  to  supply  the  gage  glass. 
This  colored  water  is  subject  to  the  pressure  of  the  flue 
gas  streaming  into  the  instrument  and  surrounding  the 
outer  surface  of  the  porous  vessel.  This  pressure  re- 
mains practically  constant.  The  variable  pressure  oc- 
curs within  the  porous  vessel  This  is  due  to  the  affinity 
of  the  dry  chemical  composition  of  the  cartridge  for  the 
CO,  content  of  the  flue  gas  which  diffuses  through  the 
walls  of  the  porous  vessel  and  is  absorbed  by  the  dry 
cartridge,  but  in  this  action  the  pressure  within  the 
porous  vessel  becomes  lighter,  therefore  the  colored 
liquid  within  the  gage  glass  rises  accordingly.  It  has 
been  found  that  a  definite  percentage  of  CO.  in  the  flue 
gas  passing  over  the  porous  vessel  causes  a  definite  rise 
of  the  colored  liquid  within  the  gage  glass;  therefore  the 
water-column  indicator  is  calibrated  accordingly  and 
attached  to  the  gage  glass  so  that  direct  readings  of 
CO,  percentages  are  easily  seen. 

The  instrument  should  be  placed  in  the  boiler  room, 
preferably  near  the  boiler  with  which  it  is  connected. 
A  special  aluminum  preliminary  filter  is  provided  for  the 
cleaning  of  the  flue  gas  before  it  reaches  the  instru- 
ment. As  a  general  rule  this  filter  is  placed  as  near  as 
possible  to  the  point  where  the  flue-gas  samples  are 
drawn  off;  the  gas  samples,  after  passing  the  filter,  flow 
continuously  through  a  pipe  line  to  the  instrument  itself. 
This  continuous  flow  of  gas  to  the  instrument  is  main- 
tained by  means  of  a  suitable  steam  aspirator,  the 
steam  consumption  for  this  operation  being  negligible; 
but  where  the  main  flue  or  chimney  has  a  minimum 
draft   equal   to    5    in.   water   column,   a   simple   venturi 


arrangement  is  supplied.  This  is  connected  to  a  suction- 
pipe  line,  the  other  end  of  which  connects  with  the 
regulating  tap  on  the  side  of  the  in.strument  and  thus 
provides  continuous  aspiration  without  the  use  of  steam 
or  other  agent. 

The  field  of  usefulness  for  the  instrument  is  wide, 
as  it  is  suitable  to  indicate  combustion  efficiency  obtain- 
ing in  coal-,  oil-  or  gas-fired  furnaces.  In  its  application 
to  the  Scotch  marine  type  of  boiler  it  has  been  proposed 
to  provide  a  control  for  each  separate  oil  burner  of  the 
boiler  so  that  each  separate  burner  may  be  independently 
adjusted  with  regard  to  its  oil  and  air  supply  to  give 
maximum  efficiency.  When  the  individual  burners  are 
each  so  adjusted  to  give  a  high  reading,  then  samples  of 
the  combined  flow  of  the  products  of  combustion  from  all 
the  burners  pass  through  the  instrument,  thus  indicat- 


The  W.R.  Syphon 
-Balancing  Pipe 
.  -Tank 


SHOWING    DETAILS   OF  THK   INDICATOR 
CONNECTIONS 


ing  the  average  percentage  of  CO,  produced  by  all  the 
burners  in  action.  In  practice  this  is  effected  in  a  very 
simple  way  by  means  of  a  special  multiple-way  valve 
control. 


In  starting  a  semi-Diesel  engine,  the  torch  should  be 
forced  to  cause  the  ignition  plug  to  be  heated  in  the 
shortest  possible  time.  Slow  heating  causes  the  entire 
cylinder  to  become  hot.  Since  no  cooling  water  is  flow- 
ing, the  cylinder-head  gasket  is  often  ruined  by  this. 
The  proper  temperature  of  the  ignition  device, 
whether  it  be  a  bulb  or  plate  or  pin,  depends  on  the 
compression  pressure  carried.  In  engines  having  a 
pressure  of  70  to  90  lb.,  the  bulb  must  be  cherry-red. 
Higher  pressures  require  lower  temperatures;  in  en- 
gines of  160  to  200  lb.  compression,  the  bulb  or  plate 
need  never  be  other  than  black  in  color.  Never  flood 
the  cylinder  walls  with  lubricating  oil.  Use  no  more 
than  will  show  a  stain  on  a  cigarette  paper. 
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Maiiiloiiaiire  ol  Hydraulic  Elevators 


By  ROLAND  L.  TULLIS 


INSUFFICIENT  air  in  the  accumulator  of  a  hydraulic 
elevator  will  invariably  cause  trouble.  It  will  de- 
crease the  speed  of  the  car  owing  to  the  fact  that  the 
air  is  compressible  and  acts  as  a  reservoir  of  reserve 
power.  When  the  elevator  cage  .starts  on  its  upward 
flight,  it  draws  water  from  the  accumulator  tank  faster 
than  the  elevator  pump  can  supply  it.  If  there  is  suffi- 
cient air  in  the  accumulator,  it  will  expand  and  tend  to 
smooth  out  any  sudden  fluctuations  in  pressure  caused 
by  the  sudden  stopping  and  starting  of  the  car.  Remove 
all  the  air  from  the  accumulator  and  the  elevator  will 
travel  very  .slowly  and  will  lose  its  buoyancy  and  ease  of 
handling.  There  is  also  danger  of  serious  trouble  in 
the  form  of  water  hammer  caused  by  sudden  closing 
or  reversing  of  the  control  valve. 

A  Case  of  Trouble  from  Insufficient  Air 

I  have  in  mind  a  case  of  elevator  trouble  in  a  six- 
story  factory  building.  The  machine  was  of  the  upright 
plunger  type,  used  for  both  freight  and  passenger 
service.  As  is  usual  with  freight  elevators,  the  control 
valve  is  operated  by  a  hand  cable  which  passes  through 
the  car  floor  and  extends  the  length  of  the  hatchway  or 
shaft.  Through  negligence  all  the  air  had  been  allowed 
to  escape  gradually  from  the  accumulator  until  it  was 
practically  void  of  air.  There  was  no  regular  operator 
in  charge  of  the  machine,  and  the  laborers  employed  in 
the  plant  who  had  occasion  to  use  the  elevator  knew 
nothing  about  handling  it  and  cared  less.  If  they 
happened  to  be  going  up  and  suddenly  decided  that  they 
had  gone  one  floor  too  high,  they  would  give  a  sudden 
jerk  on  the  cable  and  reverse  the  control  valve.  Sud- 
denly reversing  an  elevator  while  in  motion  is  something 
to  be  avoided  at  all  times,  still  many  operators  do  this 
every  day.  In  the  plant  of  which  I  am  speaking,  this 
was  done  when  the  accumulator  was  void  of  air,  and 
water  hammer  ripped  the  elevator  supply  line  apart 
and  seriously  strained  the  head  on  the  accumulator, 
causing  it  to  leak  at  the  seams.  To  repair  the  damage 
cost  about  five  hundred  dollars.  Thereafter  the  engi- 
neer was  careful  to  keep  the  proper  amount  of  air  in 
the  pressure  tank. 

An  overabundance  of  air  in  an  hydraulic-elevator  sys- 
tem is  as  bad  as  an  insufficiency.  If  air  gets  in  the 
elevator  cylinder,  there  is  the  liability  of  the  car  exceed- 
ing the  speed  limit  coming  dowm.  The  governor  may 
release  and  set  the  safety  under  the  car  and  when  the 
car  eventually  comes  to  a  stop,  the  passengers  may  be 
badly  shaken. 

Packing  an  Elevator 

Packing  an  elevator  plunger  or  piston  should  be  care- 
fully and  conscientiously  done.  The  material  used  should 
be  a  good  grade  of  hydraulic  packing  cut  to  the  proper 
length  and  should  fit  the  gland  perfectly.  Usually,  there 
will  be  but  a  slight  expansion  of  the  packing  under  the 
cold-water  pressure;  consequently,  very  little  allowance 
need  be  made  for  the  expansion  of  the  packing.  How- 
ever, if  the  plunger  is  packed  too  tight,  there  will  be 
excessive  friction  and  more  power  will  be  required  to 
run  the  car.  There  will  be  more  wear  on  the  packing 
and  plunger,  and  the  speed  of  the  car  will  be  diminished. 
On  the  other  hand,  if  the  packing  is  too  loose  or  im- 


properly fitted,  it  will  leak  find  the  car  will  have  a 
tendency  to  creep  or  sink  while  standing  at  the  floors; 
al.so,  the  operator  will  experience  difficulty  in  keeping 
the  cage  level  with  the  floor  while  the  passengers  are 
entering  or  leaving  the  car.  This  may  cause  a  serious 
accident  and  a  consequent  damage  suit  against  the 
company  operating  the  elevator. 

Creeping  Should  Be  Carefully  Guarded  Against 

Creeping  of  the  elevator  cage  in  either  direction  while 
the  operating  lever  is  in  its  central  position  is  a  serious 
condition  and  should  be  carefully  guarded  again.st.  If 
the  cage  refu.sea  to  .stand  at  the  floors  while  the  pas- 
sengers are  entering  or  leaving  the  car,  the  operator 
will  be  compelled  to  shift  the  control  lever  slightly  to 
raise  or  lower  to  hold  the  cage  level  with  the  floor.  A 
slight  slip  of  the  lever  by  a  nervous  or  inexperienced 
operator  and  the  car  will  suddenly  start  up  or  down. 
If  someone  happens  to  be  stepping  in  or  out  at  this 
moment,  it  means  trouble,  and  many  serious  accidents 
can  be  attributed  to  this  cause.  If  space  permitted,  a 
number  of  cases  where  passengers  have  been  seriously 
injured  and  killed  in  this  manner  could  be  cited. 

Creeping  of  an  elevator  may  be  due  to  a  number  of 
different  causes.  Badly  leaking  plunger  packing  will 
cause  the  trouble;  the  pilot  valve  may  leak  and  allow 
sufficient  pressure  to  pass  and  move  the  control  valve, 
which  in  turn  will  allow  suflScient  pressure  in  the 
cylinder  to  move  the  car;  lever  or  pilot-valve  control 
gear  under  the  car  may  have  slipped.  If  the  pilot  valve 
is  set  properly  and  there  is  no  leakage,  the  car  will  stand 
still  with  the  lever  in  the  central  position.  The  pilot 
valve  may  be  leaking ;  these  are  usually  all-metal  valves 
machined  to  fit  the  casing.  The  only  remedy  is  a  new 
valve.  Cup  leathers  on  control  valves  may  leak  and  allow 
pressure  to  pass,  and  move  the  car.  Usually,  it  will  be 
found  that  the  cup  leathers  are  worn  until  there  is  a 
small  hole  in  the  lip  of  the  leather.  If  the  leakage  is 
bad,  it  can  be  heard  by  placing  the  ear  to  the  valve 
casing  when  the  lever  is  in  a  central  position.  Small 
pieces  of  packing  from  the  elevator  cylinder  may  clog 
the  small  port-holes  that  lead  from  the  pilot  valve  to 
the  control  valve.  These  small  pieces  will  cause  the  pilot 
valve  to  stick ;  then  when  the  operator  pulls  on  the  lever, 
he  is  liable  to  twist  the  gears  under  the  car,  causing 
no  end  of  trouble.  This  can  be  remedied  by  placing  a 
suitable  strainer  in  the  line  that  connects  the  pilot  with 
the  main  valve. 

Care  of  Elevator  Cables 

The  elevator  cables  are  a  vital  factor  in  the  safe 
operation  of  the  car.  They  should  be  carefully  watched 
and  periodically  inspected.  In  most  large  cities  there 
are  qualified  city  inspectors  who  periodically  examine 
the  elevator  and  cables  and  pass  on  their  condition. 
Cables  may  be  tested  for  broken  wires  or  strands  by 
holding  a  soft  piece  of  pine  wood  against  the  cable  while 
it  is  in  motion.  If  any  wares  are  broken,  they  will  snag 
the  wood.  Cables  should  be  protected  from  moisture 
and  properly  lubricated  by  the  use  of  a  suitable  cable 
compound.  Moisture  and  consequent  rust  will  destroy 
a  new  cable  in  a  short  time.  Hydraulic-elevator  cables 
are  more  likely  to  be  subjected  to  moisture  than  those 
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of  electric  machines,  owing  to  lt;aky  packing,  etc.,  and 
the  use  of  water  as  a  motive  power.  All  lifting  cables 
should  be  equipped  with  equalizers,  so  that  their 
length  may  be  adjusted  and  the  proper  proportion  of 
the  load  carried  by  each  one. 

Treatment  of  Elevator  Water 

Water  used  in  the  hydraulic-elevator  systems  should 
be  given  more  consideration  than  it  usually  receives. 
There  is  no  doubt  that  much  trouble  and  expense  could 
be  avoided  by  the  proper  treatment  of  elevator  water, 
taking  into  consideration  the  unnecessary  wear  on  cylin- 
der, valves  and  packing  by  the  presence  of  fine  grit  and 
impurities  held  in  suspension  in  the  water;  also  there 
are  the  pump  cylinders,  plunger  packing  and  valves 
which  handle  this  water  continuously.  The  presence  of 
a  small  amount  of  fine  grit  or  other  impurities  in  the 
water  will  greatly  increase  the  wear  and  tear  on  the 
machine. 

.  There  is  a  question  whether  it  would  be  advisable  to 
use  chemically  pure  or  distilled  water  for  this  service, 
as  it  is  a  well-known  fact  that  water  that  has  been 
distilled  has  a  corrosive  action  upon  iron  or  steel.  There- 
fore such  water  is  liable  to  attack  the  metal  parts  of 
the  elevator  machinery  and  fittings  with  which  it  comes 
in  contact. 

Use  of  Soaps  or  Compounds 

However,  there  could  be  no  objection,  and  it  would 
undoubtedly  be  beneficial,  to  use  water  that  has  been 
properly  treated  in  some  sort  of  water  softener  for  this 
service.  If  the  water  is  treated  properly,  all  trace  of 
grit  and  scale-forming  and  hardening  properties  will  be 
removed.  The  same  idea  will  hold  true  in  the  treatment 
of  boiler-feed  water.  In  the  treatment  of  water  for 
power-plant  purposes  it  is  not  the  first  consideration 
to  get  a  chemically  pure  water,  but  to  get  a  non-pitting, 
non-corroding  and  non-foaming  water. 

In  plants  where  it  is  impossible  to  obtain  properly 
treated  soft  water  for  elevator  service,  it  is  advisable 
to  use  some  form  of  elevator  soaps  or  compound  which  is 
especially  prepared  for  this  purpose.  The  compound 
consists  of  a  combination  of  fat  and  alkali.  The  fatty 
portion  of  the  compound  acts  as  an  emulsion  and  when 
circulated  through  the  system  imparts  considerable 
lubricating  value  to  the  cylinder,  plunger  and  packing. 
If  sufficient  quantity  of  the  compound  is  used,  most  of 
the  mineral  impurities  in  the  water  will  be  precipitated 
to  the  bottom  of  the  surge  tank,  where  they  can  be  re- 
moved at  an  opportune  time,  or  by  the  use  of  a  drain 
pipe  at  the  bottom  of  the  tank. 

No  More  Coal 

Power  is  ever  r°ady  and  willing  to  help  along  a 
good  cause,  and  if  in  so  doing  it  can  at  the  same  time 
aid  its  readers  in  obtaining  a  fortune,  so  much  the 
better.  Hence,  at  the  risk  of  incurring  the  bitter 
enmity  of  our  less  benevolent  and  enterprising  con- 
temporaries we  hasten  to  divulge  the  result  of  an 
investigation  undertaken  at  the  suggestion  of  a  corre- 
spondent who  sends  us  a  clipping  from  the  advertising 
columns  of  a  New  York  evening  paper,  headed  "No 
More  Coal." 

It  seems  almost  incredible  that  under  the  very  shadow 
— well,  anyhow,  within  shooting  distance — of  the  Engi- 
neers' Building  there  should  exist  a  machine  which, 
according  to  the  inventor,  "harnesses  gravitation   100 


per  cent,"  but  such  is  the  astounding  fact,  and  more- 
over, stock  may  now  be  purchased  at  ten  cents  a  .share, 
par  value  $100,  in  the  Perpetual  Motion,  Power,  Heat 
and  Light  Co.,  capitalized  at  $25,000,000.  "Blue  Sky 
Law  your  protection." 

We  are  not  quite  sure  as  to  the  merits  of  the  "Blue 
Sky  Law,"  and  the  Legal  Editor  is  on  a  vacation;  but 
as  according  to  the  inventor's  statement,  "there  are 
already  a  hundred  and  twenty  stockholders,"  the  injunc- 
tion, "Investigate  at  once — act  quick  before  this  stock 
is  sold,"  seems  quite  in  order. 

Fig.  1  shows  the  working  (?)  model  of  the  "gravita- 
tionpower"  machine  in  all  its  startling  simplicity,  and 
Fig.  2  (which  looks  like  the  larva  of  a  Jersey  mosquito, 
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FIG.  1.  THE  INVENTOR  AND  THE  MACHINE 

but  isn't)  represents  the  "innards,"  which  swing,  oscil- 
late or  gyrate  on  a  "frictionless  bearing"  and  thus 
"revolutionize  the  power  of  the  world." 

The  inventor  states  frankly  that  the  present  and  first 
(1-hp.)  machine  is  not  quite  perfect,  and  as  "gravita- 
tion" is  obliged  to  struggle  along  with  water  as  an 
operating  medium  instead  of  mercury  or  molten  lead 
in  a  vacuum,  the  "perpetual  motion"  feature  is  not 
yet  quite  obvious  to  a 
casual  observer,  but  as 
only  fifteen  hundred  dol- 
lars' worth  of  mercury 
(which  "runs  rivers  in 
Russia")  is  required,  this 
should  be  forthcoming  at 
an  early  date,  when  "with 
a  few  slight  changes"  we'll 
see — well,  just  watch  the 
quotations  on  public  serv- 
ice securities,  that's  all! 
Furthermore,  when  you 
stop  to  think  that  "a  ma- 
chine 10  times  as  big  as 
the  present  one  will  have 

279  times  the  power,  100  times  as  big,  144,591  times, 
etc." — Oh,  well,  what's  the  use?  And  no  wonder  the 
inventor  says,  "I  urge,  request  and  demand  an  investi- 
gation and  an  inspection  of  my  machine  by  the  United 
States  Senate,  and  all  or  any  Engineer,  for  the  benefit 
of  the  People." 


.     DIAGRAM  OF  WORK- 
ING   (?)    PARTS 
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Edwin  S.  Carman 

Neiv  President  of  the  American  Society  of  Mechanical  Engineers 


The  selection  of  E.  S.  Carman  as  president 
of  the  A.  S.  M.  E.  was  a  natural  one,  for  jSlr. 
Carman  may  be  reg^arded  as  a  typical  engineer. 
He  was  born  in  Prairie  Depot.  Ohio,  in  1878. 
When  in  high  school  he  commenced  his  engi- 
neering studies  through  special  instruction  at 
the  Central  Manual  Training  School  at  Cleve- 
land,  Ohio. 

His  practical  experience  began  in  the  shops 
of  the  Sun  Oil  Co.,  of  Toledo,  where  he  re- 
mained for  four  years.  At  the  end  of  that 
time  he  took  a  position  with  the  'American 
Machine  and  Manufacturing  Co.,  of  Cleveland. 
and  in  two  years  was  made  chief  engineer. 
His  work  here  included  the  designing  of  elec- 
tric traveling  and  forge-shop  cranes  and 
hoists,  billet  rotators,  wire-fence  machinery 
and  general  rolling-mill  equipment.  Upon  the 
consolidation  in  1908  of  this  company  and  the 
Johnston  &  Jennings  Co.,  of  Cleveland,  he  be- 
came the  chief  engineer  and  manager  of  the 
new  engineering  and  machine  department. 

Very  soon  afterward  the  Osborn  Manu- 
facturing Co.,  of  Cleveland,  decided  to  take  up 


the  manufacture  of  foundry  molding-machloes. 
and  handed  over  to  Mr.  Carman  the  task  of 
designing  and  manufacturing  this  line  of  ma- 
chinery. It  was  a  case  of  starting  with  noth- 
ing but  ideas  and  building  up  and  developing  a 
complete  line  of  apparatus,  and  Mr.  Carman's 
success  at  the  job  is  indicated  by  the  fact  that 
in  1913  he  became  chief  engineer,  in  1916 
director  and  secretaiT.  and  in  1917  works  man- 
ager of  the  machine  and  brush  divisions  of  the 
Osborn  company. 

His  experience  in  foundry  work  has  enabled 
him  to  write  a  treatise  on  "Foundry  Molding 
Machines  and  Pattern  Equipment"  and  to  ore- 
pare  a  number  of  papers  on  the  subject  for 
the  A.  S.  M.  E. 

Although  Mr.  Carman  did  not  become  a 
member  of  the  society  until  1917.  he  made  up 
for  lost  time  by  enthusiastic  participation  in 
its  activities,  especially  in  committee  work. 
An  example  of  his  deep  interest  in  engineering 
affairs  is  his  recent  activity  as  a  delegate  to 
the  Washington  Conference  which  formed  the 
Federated  American  Engineering  Societies. 
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Direct-Current  Motors  in 
Ventilating  Service 

^RMATURE  control  of  direct-current  motor  speed  is 
£\,  in  general  considered  uneconomical,  but  this  is  not 
always  true  since  the  characteristics  of  the  load  have 
a  marked  influence.  If  the  load  requires  practically  a 
constant  torque  at  all  speeds,  then  the  current  will 
remain  constant  and  the  losses  due  to  connecting-  resist- 
ance in  series  with  the  armature  are  approximately 
proportional  to  the  decrease  in  speed.  At  half  speed 
fifty  per  cent  of  the  energy  taken  from  the  line  is  lost 
in  the  armature  resistance.  However,  with  a  centrif- 
ugal fan,  where  the  load  varies  approximately  as  the 
cube  of  the  speed,  a  somewhat  different  condition 
exists. 

As  pointed  out  in  the  article,  "Speed  Control  of  Direct 
Current  Motors  in  Ventilating  Service,"  by  W.  H. 
Easton  in  this  issue,  the  maximum  loss  occurs  at  fifty- 
seven  per  cent  speed  reduction  and  is  about  nineteen 
per  cent  of  the  motor's  total  full-load  input.  Although 
this  loss  will  amount  to  considerable  if  the  machine 
operates  for  long  periods  at  this  speed,  nevertheless 
it  is  not  prohibitive  for  many  applications.  When  arma- 
ture control  is  considered  for  smaller  reduction  in  speed 
of  fans,  the  losses  are  materially  reduced  and  conditions 
may  be  such  that  it  is  more  economical  to  install  a 
high-speed  motor,  which,  when  operating  at  normal 
speed,  will  drive  the  fan  at  its  maximum,  and  then 
obtain  lower  speeds  by  armature  control. 

What  percentage  of  the  total  period  of  operation  the 
motor  has  to  operate  at  the  reduced  speed  will  have  a 
marked  influence.  Therefore  the  method  of  working 
out  this  problem  given  by  Mr.  Easton  will  be  of  special 
interest.  In  this  treatment  all  three  methods  of  control 
— armature  control,  field  control  and  combined  armature 
and  field  control — are  considered.  The  application  of 
these  data  will  undoubtedly  prove  useful  in  checking  up 
installations  that  are  in  operation,  as  well  as  in  proposed 
installations. 

A  Warning  Against 

Exaggerated  Propaganda 

"TAISTILLATION  of  Fuel  as  Applied  to  Coal  and 
1^  Lignite"  was  the  subject  of  a  paper  read  by  0.  P. 
Hood,  of  the  United  States  Bureau  of  Mines  at  the 
annual  meeting  of  the  American  Society  of  Mechanical 
Engineers.  In  this  paper  Mr.  Hood  calls  attention  to 
some  of  the  extravagant  hopes  for  a  cheap  fuel  which 
have  arisen  in  the  popular  mind  in  connection  with  coal 
distillation  and  points  out  how  unlikely  is  the  realization 
of  these  hopes.  His  conclusions,  in  brief,  are  that  the 
distillation  of  coal  is  an  expensive  process  which,  while 
it  produces  certain  valuable  products,  cannot,  and  should 
not  be  expected  to,  entirely  replace  the  burning  of  raw 
fuel. 

This  paper  points  out  only  one  example  of  the 
extravagant  enthusiasm  with  which  the  public  welcomes 
any  apparently  new  idea  that  is  presented  in  an  attrac- 


tive form.  Public  interest  in  any  improvement,  espe- 
cially when  in  connection  with  fuel  conservation,  is  an 
extremely  valuable  asset.  The  danger  lies  in  leading  the 
laymen  to  expect  too  much.  When  the  extravagant 
promises  are  not  fulfilled,  the  public  becomes  disgusted 
with  the  whole  thing  and  valuable  developments  are 
delayed  or  sometimes  permanently  stopped. 

The  distillation  of  coal  or  lignite  is  so  valuable  a 
process  that  it  should  not  be  handicapped.  It  is  not  a 
new  idea,  as  Mr.  Hood  shows,  but  its  commercial 
development  is  still  far  from  complete,  and  popular  dis- 
approval brought  about  by  disapointed  hopes  would 
seriously  interfere  with  this  development. 

Another  danger  from  extravagant  popular  expecta- 
tions lies  in  the  direction  of  too  rapid  development  along 
unprofitable  lines.  A  certain  semi-public  institution  at 
one  time  maintained  a  small  and  admittedly  inefficient 
power  plant  to  supply  light,  power  and  heat  to  its 
buildings.  Local  popular  clamor  practically  forced  the 
dismantling  of  the  power  plant  and  the  purchase  of 
power  from  a  near-by  hydro-electric  station.  The 
expected  saving  in  fuel  was  hailed  as  a  great  benefit. 
When  the  first  year  was  up,  however,  the  records  showed 
that  practically  as  much  coal  had  been  burned  for  heat- 
ing as  had  previously  been  needed  for  both  heat  and 
power,  and  the  additional  cost  of  purchased  power  had 
to  be  met. 

The  number  of  similar  examples  that  might  be  quoted 
is  almost  unlimited.  It  should  always  be  remembered 
that  public  opinion  is  an  extremely  powerful  force.  Once 
set  in  motion  along  the  wrong  lines,  it  may  easily  do 
more  harm  than  good,  and  the  use  of  exaggerated  state- 
ments to  arouse  popular  interest  is  likely  to  prove  a 
dangerous  game. 

Practice  in 
Power-Plant  Control 

WE  ALL  have  much  to  learn  from  one  another  and 
we  can  undoubtedly  learn  much  from  European 
countries  in  the  matter  of  power-plant  design,  and  they 
from  us.  In  many  lines,  particularly  in  control  and 
protection,  our  tendencies  seem  to  be  diametrically  op- 
posed to  those  of  French,  Swiss  and  German  practice. 
Whereas  we  are  every  day  tending  toward  more  elab- 
orate protection  and  making  the  operation  of  our  plants 
more  nearly  automatic  and  foolproof,  many  of  the 
newest  plants  in  western  Europe  are  being  laid  out  on 
extremely  simple  lines  and  their  control  and  signal 
wiring  reduced  to  a  few  telephone  lines  and  remote 
control  of  the  simplest  type  for  the  oil  switches.  Re- 
cently, on  the  other  hand,  there  was  put  in  operation  in 
this  country  a  one-hundred-thousand  kilowatt  station 
requiring  only  three  men  per  shift  for  its  operation. 
Although  this  was  a  hydro-electric  station,  it  neverthe- 
less indicated  the  tendency  in  this  country  in  power-plant 
equipment  control. 

In  the  field  of  lightning  protection  the  divergence  is 
still  more  marked.  Few  European  plants  are  equipped 
with   more   than   condensers   and   water-jet   arresters; 
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many  have  only  horn-pnp  arresters;  while  some  plants 
of  ovor  one  thousaml  kilowatts  in  western  ("lorrnany  and 
a  number  of  sulistationa  on  overhead  transmission  sys- 
tems have  no  other  protection  than  ihoke  coils. 

The  ojiinion  of  many  European  engineers,  which  was 
strenRthened  by  our  methods  of  making  war,  .seems  to 
be  that  we  are  an  amazingly  extravagant  people  in  our 
private  life  as  in  our  power  practice;  that,  inasmuch  as 
we  need  tiled  bathrooms  and  hot  and  cold  water  to 
wash  in.  whereas  a  small  basin  and  jug  of  water  fill 
their  needs  eiiually  well,  there  is  no  reason  for  doubting 
that  their  simpler  designs  will  answer  their  purpose  as 
well  as  our  more  elaborate  ones. 

Which  of  the  two  points  of  View  is  correct,  we  are 
neither  of  us  in  a  position  to  decide  separately,  and 
discussion,  co-operation  and  comparison  of  operating 
statistics  will  do  much  to  settle  the  question. 

There  are  several  fundamental  causes  for  the  diver- 
gence of  the  two  practices.  First,  European  plants  are 
almost  universally  of  smaller  capacity  than  ours,  and 
our  experience  has  taught  us  the  di.sastrous  effects  of 
breakdowns  in  large  power  circuits.  Secondly,  dis- 
tributing networks  fed  from  several  interconnected 
plants  are  much  less  frequent,  and  some  of  the  most 
involved  problems  in  protection  arises  from  disturbances 
in  such  systems.  Thirdly,  we  lay  more  stress  on  con- 
tinuity of  service  than  any  European  country,  and  in 
this  respect  obtain  much  better  results.  Fourthly,  the 
greater  scarcity  and  higher  cost  of  skilled  labor  in  this 
country  is  driving  us  more  and  more  toward  automatic 
operation. 

It  is  interesting  to  note  that  several  plants  in  western 
France  clearly  show  American  influence,  whereas  most 
eastern  plants  follow  the  most  rigidly  simple  lines.  No 
doubt  when  power  systems  in  Europe  grow  to  the  same 
proportions,  and  continuity  of  service  is  of  the  same 
importance  as  in  this  country,  they,  too,  will  find  more 
elaborate  systems  of  protection  and  control  an  absolute 
necessity. 

Oil-Engine  Fuel 
Suplply  Adequate 

THE  engineering  public  has  been  warned  of  the 
shortage  that  threatens  the  world  unless  the  con- 
sumption of  petroleum  products  is  decreased.  The 
public  at  large  cannot  be  too  strongly  urged  to  use 
every  precaution  possible  toward  the  lessening  of  the 
consumption  of  all  distillate,  especially  of  gasoline.  The 
demand  for  gasoline  has  caused  the  refiner  to  "cut" 
more  deeply  into  the  crude  in  the  endeavor  to  supply 
the  market.  The  consequence  is  that  the  price  of 
boiler  oil  has  been  increased  both  because  of  this 
reduction  in  supply  and  because  of  the  demand  for  ma- 
rine use  both  in  the  navy  and  the  new  shipping  board 
vessels  where  it  has  a  decided  advantage  over  coal.  Coal 
is  essentially  the  boiler  fuel  for  stationary  practice,  and 
economic  pressure  will  probably  cause  many  plants  now 
using  fuel  oil  to  return  to  coal;  in  fact,  in  certain  sec- 
tions of  the  country  some  power  plants  have  already 
done  so. 

Any  such  problem  of  fuel-oil  shortage  should  not 
and  does  not  affect  the  Diesel  or  semi-Diese!  engine 
plant.  Since  the  thermal  efficiency  of  these  engines  is 
so  much  superior  to  that  of  a  steam  plant,  the  oil- 
engine plant  can  always  secure  a  fuel  supply,  being  able 
to  offer  a  higher  price  than  the  boiler  plant  is  justified 
in  offering.     There  will  always  exist  a  supply  of  gas 


oil  and  fuel  oil,  sJnce  there  is  a  limit  to  the  maximum 
percentage  of  crude  that  can  be  converted  into  light 
distillate,  the  fuel  oil  ranging  from  25  per  cent  to  50 
per  cent,  dependent  ujKjn  the  quality  of  the  crude 
thai    is  u.sed. 

For  .some  time  during  w.e  summer  months  tank  cars 
were  unobtainable,  consequently  it  was  difficult  to  secure 
a  fuel-oil  supply.  The  same  difllkulty  or  greater  ones 
existed  as  to  the  coal  supply.  The  present  prospective 
owners  of  a  Die.sel  or  .semi-Diesel  plant  need  not  worry 
about  the  probabilities  of  a  fuel  shortage.  It  is  claimed 
by  all  who  are  familiar  with  the  situation  that  a  fuel- 
oil  supply  is,  and  will  be  for  generations,  available 
for  the  requirements  of  the  oil  engine,  both  stationary 
and  marine. 

In  comparison  with  the  consumption  of  other  petro- 
leum products  the  pre.sent  demand  for  oil-engine  fuel  is 
small,  not  exceeding  six  million  barrels  a  year.  The 
fuel-oil  output  for  1919  totaled  over  two  billion  gallons, 
a  large  proportion  of  which  was  burned  under  boilers, 
used  in  gas  works  and  in   industrial  processes. 

There  is  no  logical  reason  why  the  oil-engine  owner 
need  ignore  the  heavier  Mexican  topped  oils.  Many 
Diesels  are  using  the  heavy  oil  with  success.  The  slight 
operating  difficulties  can  be  overcome,  and  if  the  domes- 
tic fuel-oil  price  becomes  high  there  should  be  no 
hesitancy  about  purchasing  the  Mexican  oils,  which  are 
considerably  below  the  former  in  price\ 

As  a  further  source  of  supply  it  is  well  to  take 
cognizance  of  the  immense  shale-oil  deposits  in  the  West 
which  in  time  will  undoubtedly  be  placed  under  develop- 
ment. A  conservative  estimate  places  this  oil  supply  at 
seventy-five  billion  barrels,  or  enough  to  supply  the 
United  States  for  one  hundred  years  if  the  rate  of 
consumption  is  maintained  at  the  high  rate  of  1919.  In 
the  distillation  of  coal  there  exists  a  source  of  oil-engine 
.'uel.  In  Europe  at  the  present  time  the  light  coal-tar 
oils  are  successfully  used  in  oil  engines. 

Trend  of  The  Times 

THE  newspapers  recently  reported  a  meeting  "to 
co-ordinate  Americanization  work  of  the  American 
Legion  and  other  patriotic  organizations."  It  was 
decided  at  this  meeting  to  work  for  a  congress  of  dele- 
gates from  patriotic  and  civic  organizations  in  all  parts 
of  the  country. 

The  November  thirtieth  issue  of  Power  told  of  the 
formation  of  the  National  Council  of  State  Boards 
of  Engineering  Examiners  at  Chicago  on  November 
eighth  and  ninth.  This  council  was  formed  to  secure 
co-operation  among  those  who  have  charge  of  the 
licensing  of  civil  engineers  in  the  states  that  have 
license  laws. 

Similarly,  the  boiler  inspectors  of  states  which  have 
\dopted  the  A.  S.  M.  E.  Boiler  Code  are  shortly  to  bring 
into  action  the  National  Board  of  Boiler  Inspectors. 
Although  this  board  is  already  in  existence,  the  first 
meeting  has  not  vet  been  held;  it  is  expected  to  take 
place  before  long  and  to  be  a  big  success. 

Then  thei-'i  is  the  Federated  American  Engineering 
Societies,  which  is  at  last  a  reality.  Although  hampered 
by  a  reactionary  spirit  among  some  engineers,  vigorous 
support  of  other  more  progressive  engineers  under  the 
leadership  of  Herbert  Hoover  promises  a  great  future 
for  the  organization. 

Straws  show  which  way  the  wind  blows,  and  the  get- 
together  spirit  is  assuming  the  nature  of  a  cyclone. 
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Protective  Relays— Reverse-Power  Type 

Having  read  the  article  "Protective  Relays — Reverse- 
Power  Type"  in  the  Nov.  2  issue  of  Power,  written  by 
Victor  H.  Todd,  there  are  several  things  I  would  like 
to  have  the  author  explain. 

The  diagram  in  Fig.  6,  reproduced  here  in  Fig.  1, 
shows  single-pole  relays  without  external  resistance.  I 
am  not  very  familiar  with  the  Westinghouse  type  of 
relay,  but  I  notice  that  this  diagram  shows  the  potential 
coil  of  the  relay  connected  to  potential  transformers 
which  are  connected  to  one  leg  of  the  same  line  from 
which  the  current  coil  is  receiving  its  supply.  Diagram 
Fig.  10,  reproduced  here  in  Fig.  2  shows  a  relay  with 
external  resistance  which  is  similar  in  all  respects  to 
a  type  with  which  I  am  better  acquainted.  The  potential 
element  on  this  relay,  as  represented  in  the  diagram,  is 
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~ircuit  Breaker 


FIG.    1.      CONNECTIOXS    OK    RELAYS    TO    CAUSE    THE 

CURREXT  TO  LEAD  THE  VOLTAGE  ON 

NOX-IXDUCTIVE  LOADS 


connected  to  the  opposite  two  wires  from  which  the  cur- 
rent coil  is  receiving  its  supply. 

Also  at  the  bottom  of  page  691  Mr.  Todd  speaks  of 
using  a  single-phase  indicating  wattmeter  to  locate  the 
proper  connections,  and  he  selected  a  pair  of  voltage 
leads  which  gave  the  highest  reading.  This  may  apply 
to  diagram  Fig.  6,  but  I  fail  to  see  how  it  applies  to 
diagram  Fig.  10,  when  the  power  factor  is  above  87 
per  cent.    In  Fig.  10  the  current  flowing  in  the  potential 


coil  will  be  in  phase  with  the  drop  across  the  resistance, 
which  I  should  think  would  make  it  about  40  deg.  out 
of  phase  from  what  it  would  be  if  the  potential  coil  was 
not  in  series.  This  would  give  the  maximum  torque  of 
the  relay  with  the  line  current  for  that  element  at 
approximately  a  70  per  cent  lagging  power  factor. 

If  we   test   this   element   with   a   single-phase   watt- 
meter using  potentials  across  the  terminals  which  would 


FIG.  2.     CONNECTIOXS  FOR  PROTECTING  A  THREE-PHASE 
CIRCUIT  WHEX  THREE-ELEMENT  RELAY  IS  USED 


include  the  resistance  and  the  potential  coil,  and  the 
power  factor  was  above  87  per  cent,  I  would  expect  that 
the  wires  giving  a  minimum  reading  would  be  the 
proper  connection  for  this  relay.  L.  A.  Fitts. 

Turners  Falls,  Mass. 

[The  foregoing  inquiry  was  submitted  to  Mr.  Todd 
and  the  following  explanation  received. — Editor.] 


To  discuss  the  why  and  wherefore  of  the  connec- 
tions of  reverse-power  relays  under  all  possible  condi- 
tions of  electrical  abnormalities  as  viewed  from  both 
theoretical  and  practical  standpoints  would  require  a 
voluminous  discourse  involving  higher  mathematics  and 
vector  diagrams  far  beyond  the  scope  of  the  present 
discussion.  This,  however,  has  been  attempted  by  the 
engineers    of   several   large   electrical   companies,    whc 
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have  arrived  at  the  followinpr  conclusion,  quoted  from 
the  A.l.K.K.  l'ruct(diu;i.i  of  June  2-1,  1919,  on  "Tran.s- 
mission-Line  Relay  Protection." 

In  order  to  secure  the  operation  of  the  directional 
relays  undei'  had  power-factor  conditions,  the  connec- 
tions are  made  so  that  maximum  torque  is  obtained  with 
laicifinR  power  factor.  This  may  be  accomplished  by 
.several   schemes  of  connections   of  the   potential   and 
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FIG.   3.      CURRENT  AND  VOLTAOE    RELATIOX.    IIO.    1 

current  elements,  which  schemes  may  not  be  inter- 
changeable with  different  t\T)es  of  directional  relays. 

The  difference,  then,  between  Figs.  6  and  10  in  the 
original  article  on  relays  in  the  Nov.  2  issue  (Figs. 
1  and  2  in  Mr.  Fitt's  letter)  is  necessary  to  secure  the 
correct  opei-ation  of  the.  respective  relays.  Consider  the 
vectors  in  Fig.  3;  A,  B  and  C  represent  the  currents 
in  the  three  relays,  Fig.  1,  while  it  is  evident  from 
the  connections  of  Fig.  1  that  the  voltage  vectors  are 
Ar,  By  and  Cv,  showing  that  the  current  in  each  of 
the  relays  leads  its  voltage  by  30  deg.  when  the  line 
power  factor  is  100  per  cent.  But  the  internal  flux  in 
the  potential  magnetic  circuit  lags  90  deg.  behind  the 
voltage  as  represented  by  line  OAy  (flux  angle  AyOB). 
The  internal  flux  produced  by  the  current  is  in  phase 
with  the  current  and  therefore  is  120  deg.  away  from 
the  potential  flux,  angle  AOB.  Now,  should  a  short- 
circuit  cause  the  current  to  lag  to  a  position  approaching 
line  OAs  as  a  limit,  or  90  deg.,  then  there  is  stiU  30  deg. 
(angle  AsOB)  internal  flux  displacement  between  the 
current  and  potential  fluxes. 

In  the  other  arrangement.  Fig.  4,  the  vectors  1,  2  and 
3  represent  the  currents  in  the  relay  elements,  Fig.  2, 
but  it  will  be  noticed  that  the  current  in  any  element 
leads  its  voltage  by  90  deg.  instead  of  30  deg.  But, 
owing  to  a  resistor  being  placed  in  series  with  the 
potential  coil,  the  internal  magnetic  flux  does  not  lag 
90  deg.  behind  the  impressed  voltage,  therefore  its 
direction  is  line  02.  As  before,  there  is  120  deg. 
internal  flux  displacement  between  the  current  and  volt- 
age magnetic  circuits  at  100  per  cent  line  power  factor, 
while  if  the  current  lags  90  deg.  (line  01s),  then  there 
is  30  deg.  flux  displacement  as  before.  There  is,  there- 
fore, no  difference  in  the  internal-flux  displacements  and 
consequently  the  relay  torques,   in  Figs.   1  and  2. 

Why  is  the  preference  then?     The  General  Electric 


Co.  claimfl  that  during  a  heavy  short-circuit  on  one 
phase,  the  voltage  drops  so  low  that  it  will  not  operate 
the  relay  and  therefore  the  connecting  of  the  voltage 
coils  to  a  phase  opposite  the  current  results  in  always 
having  voltage  except  should  all  three  conductors  be 
.short-circuited  simultaneously.  The  Westinghouse  com- 
pany claims  that  there  is  always  at  least  1  per  cent 
of  voltage,  which  is  sufficient  to  operate  a  relay,  and 
that  the  cross-connection  results  in  additional  phase- 
displacment  errors  which  cannot  be  accurately  predeter- 
mined. Actual  practice,  however,  has  demonstrated 
that  both  schemes  are  very  effective  in  their  protection. 
Regarding  the  use  of  a  wattmeter  to  pick  out  the 
proper  lines,  it  is  quite  evident  that  the  same  method 
cannot  be  u.sed  to  pick  out  lines  where  the  current  lags 
30  deg.  and  also  those  where  there  is  a  90-deg.  lag.  The 
method  described,  however,  should  have  referred  specif- 
ically to  the  30-deg.  connection  as  used  by  the  Westing- 
house  company.  Again  referring  to  Fig.  3,  place  the 
current  coil  in  phase  with  OA.  We  have  six  possible 
voltage  connections.  Connection  to  OC^  will  not  give 
any  deflection,  while  connection  to  OBv  or  OAy  will 
give  equal  readings;  so  this  method  will  not  pick  out 
OAy  when  the  line  power  factor  is  100  per  cent.  But 
let  line  OA  lag  a  little;  now  connection  to  line  OAy 
gives  the  greatest  deflection.  This  is  the  case  until 
line   OA    lags    to   position   OW,    which   corresponds   to 
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50  per  cent  line  power  factor,  when  connection  to 
either  OAy  or  OCy  will  give  equal  readings. 

If  it  is  desired  to  use  this  method  for  the  connection 
in  Fig.  2,  then,  according  to  Fig.  4,  if  the  current 
coil  is  in  phase  with  line  01,  and  it  is  desired  to  pick 
out  line  Oly,  as  this  is  at  right  angles  to  01,  we 
would  pick  out  the  line  giving  zero  deflection  when  the 
line  power  factor  is  100  per  cent.  It  will  also  be 
noticed  that  the  current  01  may  lead  30  deg.  or  lag 
30  deg.  and  still  line  Olr  will  give  the  minimum  deflec- 
tion. This  method  in  this  case  is  applicable  when  the  line 
power  factor  falls  between  86.6  per  cent  lead  and  86.6 
per  cent  lag.  VICTOR  H.  TODD. 

Orange,  N.  J. 
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Design  of  Hog-Fuel  Furnace 

The  discussion  that  has  been  going  on  in  the  columns 
of  Power  recently  regarding  burning  hog  fuel  has  sug- 
gested that  a  description  of  the  furnaces  of  the  boiler 
of  my  plant  may  be  of  interest.  The  illustrations  show 
the  setting  of  a  6-ft.  diameter  by  18-ft.  return-tubular 
boiler  equipped  with  a  dutch-oven  furnace  for  burn- 
ing hog  fuel  and  sawdust.  The  walls  of  the  setting  are 
of  the  ordinary  kind,  18  in.  thick,  but  the  front  wall  of 
the  oven  is  24  in.  thick.  The  brickwork  should  be  well 
supported  with  buckstays. 

The  grates  are  in  three  3-ft.  sections,  or  9  ft.  over  all 
and  6  ft.  wide.  They  are  set  4  ft.  from  the  top  of 
the  grate  to  the  highest  point  of  the  curved  arch,  and  the 
ashpit  is  24  in.  deep.  An  18-in.  space  is  allowed  between 
the  top  of  the  bridge  wall  and  the  boiler  shell,  and  the 
boiler  is  set  so  that  the  dry  sheet  is  6  in.  above  the 
concrete  top  of  the  furnace.  The  dry  sheet  extending 
out  over  the  furnace  is  shown  in  Fig.  1.  The  arch 
should  extend  back  far  enough  under  the  dry  sheet  to 
support  the  end  walls  at  the  boiler  setting. 

The  fuel  hole  in  the  top  of  the  furnace  should  be 
placed  6  in.  nearer  the  end  of  the  grate  next  to  the 


dust  or  hog-fuel  fire  for  a  few  days  if  he  is  not  used  to 
it,  but  he  will  soon  get  the  knack  of  it.  On  opening  the 
rear  clean-out  door  and  looking  in,  a  large  flame  will 
be  seen  rolling  over  the  bridge  wail  if  the  fire  is  running 
properly.  A  sawdust  fire  requires  a  good  draft.  The 
ashpit  should  be.  cleaned  out  every,  day,  for  if  the 
ashes  are  allowed  to  pile  up  too  near  the  grates  there 
is  a  danger  of  burning  them.  It  is  a  good  idea  to  have 
a  live-stream  jet  in  the  stack  or  to  pipe  the  exhaust 
from  the  engine  so  that  it  can  be  turned  into  a  stack  in 
order  to  force  the  draft  in  case  the  fire  gets  logy. 
Millsite,  Vt.  G.  L.  Baldwin. 

Pounding  of  Semi-Diesel 

I  have  read  the  several  letters  appearing  in  Power 
offering  suggestions  as  to  methods  of  eliminating  the 
trouble  I  mentioned  in  my  letter  in  the  issue  of  Sept.  28. 
In  my  original  letter,  however,  I  forgot  to  say  that  the 
water  we  used  for  cooling  was  very  bad,  containing  a 
considerable  amount  of  lime.  In  taking  off  the  cylinder 
head,  I  found  the  water  jacket  almost  choked  with 
deposits,  especially  on  the  top  of  the  cylinder.  This 
lime  had  greatly  impaired  the  water  circulation   and 
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boiler  from  the  center  of  the  grate,  as  that  end  of  the 
fire  should  be  the  heaviest.  This  kind  of  setting  will 
give  good  results  with  hog  fuel,  and  it  can  be  used  on 
various  types  of  boilers. 

The  conveyor  should  be  arranged  so  that  in  case 
the  fuel  comes  too  fast  for  the  fire  it  can  be  stored  for 
night  and  Sunday  use  or  deposited  at  one  side  of  the 
fireroom.  In  using  coal  for  fuel  a  large  combu.stion 
space  behind  the  bridge  wall  is  required,  but  with  hog  or 
sawdust  fuel  it  is  not  necessary.  I  have  tried  both 
ways  and  find  that  filling  in  at  the  rear  of  the  bridge  wall 
gives  better  results.  The  fuel  should  be  fed  to  the 
furnace  steadily  as  it  comes  from  the  hog  or  saw  and 
allowed  to  build  up  in  a  conical  pile,  as  shown. 

When  starting  the  fire,  finst  put  a  few  slabs  on  the 
grates  before  admitting  sawdust.  If  the  fires  have  to 
be  forced,  pass  wood  just  through  the  firedoor.  The 
grate  s"hould  not  be  allowed  to  get  plugged  with  sawdust 
next  to  the  door,  as  this  will  prevent  the  air  from 
coming  up  through  the  grates.  Do  not  use  a  poker  or 
hoe  on  the  fire,  as  that  will  put  out  the  fire  around  the 
edges,  but  just  allow  the  sawdust  to  feed  in  from  the 
conveyor  or  carrier  to  the  feed  hole  in  the  top  of  oven. 
A  fireman  will  have  some  difficulty  in  running  a  saw-^ 


caused  the  engine  to  overheat.  Undoubtedly,  the  pound- 
ing was  due  to  lime  deposits ;  the  increased  feed  of 
lubrication  caused  the  engine  to  smoke. 

I  do  not  believe  the  trouble  can  be  attributed  to  the 
engine  itself;  in  fact,  any  engine  would  do  the  same 
under  such  extreme  conditions.  We  are  putting  in  a 
cooling  tower  so  that  soft  water  can  be  used.  This  was 
recommended  by  the  manufacturer's  service  man.  So 
impressed  are  we  with  the  belief  that  the  semi-Diesel 
engine  is  suitable  for  cur  work  and  that  the  cooling 
water  only  was  at  fault  that  we  have  purchased  a  75-hp. 
engine  of  the  .same  make.  A.  C.  Gabler. 

Winside,  Neb.  : 

The  Air  Lift— A  Correction 

The  following  corrections  should  be  noted  in  regard 
to  the  article,  "The  Air  Lift,"  page  818  of  the  Nov. 
23  issue:  Formula  (1)  should  read  fe,,-  —  ft',,-  =  2.3 
(j>^  —  p,).  The  coefficient  of  formula  (3)  should  be 
0.64  instead  of  0.62.  The  factor  212,  in  formula  (5), 
should  be  6.8. 
:   W^lkinsburg,  Pa.  A.  H.  Blaisdell. 


*  J 


yjo 


POWER 


Vol.  52.  No.  25 


Engii 


*'Li 


neers   ijicenHo 


1^1  W8 


In  the  Nov.  G  issue  of  f'otrn;  (JeorRe  T.  Bromley 
criticizes  W.  F.  Lockwood's  article  in  the  issue  of  Oct. 
19  entitled  "Entrineers'  License  Laws."  Mr.  Lockwood 
states  that  he  has  a  Massachusetts  license,  and  I  don't 
think  he  had  any  idea  that  his  meaninp:  would  be  taken 
as  Mr.  Hromley  has  taken  it,  as  he  was  evidently  speak- 
intr  figuratively.  Any  engineer  knows  that  it  is  impos- 
sible for  an  engine  to  pound  so  that  it  can  be  heard  a 
mile  away  and  that  the  valves  would  not  be  neglected 
until  they  got  so  bad  that  the  engine  would  not  run  or 
speed  up  so  as  to  cause  the  flywheel  to  explode. 

I  visit  power  plants  every  day  and  meet  all  kinds  of 
engineers  and  firemen,  good  and  bad,  whether  licensed 
or  not.  Most  engineers  keep  their  engines  and  engine 
rooms  in  good  condition,  but  give  little  thought  to  the 
most  important  part  of  a  power  plant — the  boiler  house 
and  its  equipment. 

Few  engineers  spend  much  time  on  the  boiler-house 
equipment.  In  the  estimation  of  most  engineers  the 
boiler  is  nothing  but  a  kettle  with  a  fire  under  it  for 
the  purpose  of  making  steam  to  run  their  engines,  and 
all  it  requires  is  someone  to  throw  coal  on  the  fire. 
They  go  along  from  day  to  day  without  a  thought  as  to 
what  condition  the  boiler  is  in  or  what  the  consequences 
will  be  should  it  explode. 

In  changing  a  boiler  from  natural  draft  to  forced 
draft  I  asked  the  engineer,  who  has  a  chief's  license, 
if  the  boiler  was  clean  on  the  inside.  He  claimed  that  it 
could  stand  any  amount  of  heat.  One  week  later  it  was 
necessary  to  put  in  a  new  sheet  on  account  of  scale 
which  was  anywhere  from  ^  to  =}  in.  thick.  It  was 
found  later  that  this  engineer  had  never  been  inside  of 
this  boiler.  The  fifty  or  one  hundred  questions  this  man 
had  to  answer  and  the  engine  or  other  apparatus  that 
he  had  to  adjust  before  the  examining  board  when  pro- 
curing his  license  certainly  did  not  make  him  an 
engineer. 

How  many  operating  chief  engineers  go  inside  of  the 
boilers  under  their  charge  to  ascertain  their  condition? 
Veiy  few,  I  think.  Then  how  can  they  know  that  their 
boilers  are  in  a  condition  to  withstand  the  pressure 
carried.  Mr.  Bromley  speaks  of  the  danger  of  an 
engine  pounding  and  the  strain  that  is  put  on  the  frame. 
Can  he  or  anyone  in  the  State  House  at  Boston  figure  a 
more  destructive  force  in  the  pound  of  an  engine  than 
there  is  in  a  steam  boiler  when  it  is  under  pressure? 
I  have  never  heard  of  an  engine  leaving  its  founda- 
tion and  going  up  through  the  roof  or  through  the 
sides  of  a  building,  causing  loss  of  life  and  destruction 
of  property.  I  have  seen  four  cases  where  flywheels 
have  exploded,  and  in  all  but  one  the  damage  was  con- 
fined to  the  engine  room  and  the  loss  of  life  was  one 
man.  When  a  flywheel  explodes,  there  is  generally  a 
warning  given  by  the  engine  speeding  up,  and  sometimes 
the  engine  can  be  stopped,  or  when  equipped  with  auto- 
matic stops  the  accident  can  be  avoided;  but  when  a 
boiler  explodes  it  gives  no  warning,  and  in  many  cases 
there  are  a  number  of  lives  lost  and  a  great  destruction 
of  property. 

1  had  charge  of  a  10,000-hp.  steam  plant  a  few  years 
ago  and  had  several  engineers  under  me  who  were  ali 
licensed  and  first-class  steam  men  who  could  be  trusted 
in  any  part  of  the  plant,  but  I  was  never  afraid  to  take 
off  my  white  collar  and  don  a  pair  of  overalls  and  go 
through  my  boilers  every  time  they  were  washed,  to 
make  sure  that  everything  was  right.     I  never  had  to 


lie  awake  night.s  thinking  that  something  might  happen 
to  them,  or  had  to  answer  to  the  manager  at  the  end 
of  the  month  for  large  fuel  bills.  Besides  my  boilers 
and  auxiliaries,  I  had  twelve  engines  ranging  from  200 
to  900  hp.  I  kept  these  engines  in  the  best  of  condition 
without  neglecting  my  boilers. 

Mr.  Lockwood  says  the  employer  takes  a  chance  when 
he  calls  in  an  efliciency  engineer.  I  am  glad  that  all  the 
engineers  and  employers  are  not  of  the  same  opinion  as 
he.  If  they  were,  a  great  many  power  plants  would  have 
had  to  close  their  doors  in  the  pa.st  year,  and  it  is  the 
eflliciency  engineer  that  teaches  the  operating  forces  the 
efficient  ways  to  operate  their  plants.  It  may  be  that 
Mr.  Lockwood  is  operating  his  plant  at  such  a  high 
efficiency  that  he  does  not  need  expert  advice  from  these 
engineers;  if  so,  he  is  one  of  a  thousand. 

I  hold  a  chief  engineer's  unlimited  license  in  two 
cities,  and  I  am  a  strong  advocate  of  the  licensing  of 
engineers,  but  there  has  never  been  and  never  will  be 
an  examination  or  a  license  that  will  make  a  man  a 
first-class  engineer,  or  that  will  protect  the  public,  the 
employer  or  the  engineer,  C.  J.  MiLLER. 

North  Tonawanda,  N.  Y. 

Hotel  Plant  Experience 

The  hotel  power  plant  of  which  I  am  chief  engineer  is 
the  only  one  I  have  ever  seen  housed  in  a  separate 
building  and  all  above  ground.  It  is  much  more  com- 
fortable than  a  basement  plant.  In  the  engine  room  are 
two  11  X  10-in.  engines  direct-connected  to  110-volt 
direct-current  generators.  These  machines  have  been 
in  use  seven  years  and  still  have  the  original  carbon 
brushes.  Seven  years  for  brush  service  is  surely  a  good 
record. 

The  heater  used  for  heating  service  water  is  thermo- 
statically controlled.  The  city  water  pressure  is  100  lb. 
and  this  is  reduced  to  about  40  lb.  for  the  heaters.  A 
low-pressure  reducing  valve  was  in  this  line,  and  every- 
body, from  manager  down,  wondered  why  it  wouldn't 
reduce;  all  it  did  was  to  slam.  A  high-pressure  valve 
made  everything  right.  We  use  live  steam  for  the  hot- 
water  service  and  carry  no  back  pressure  on  the 
engines,  which  I  believe  saves  coal,  although  there  may 
be  a  question  regarding  this. 

The  heater  carries  less  than  five  pounds  pressure  most 
of  the  time.  The  condensation  from  this  heater  was 
trapped  to  a  bucket  trap,  but  all  it  did  was  to  fill,  and  as 
there  was  no  pressure  to  dump  it,  it  did  not  dump.  I 
removed  the  trap  and  ran  the  line  direct  to  the  house 
return  pump  in  the  boiler  room  which  is  a  trifle  lower 
than  the  engine  room.  In  winter  we  carry  from  three 
to  five  pounds  on  the  heating  system.  This  is  the 
only  time  we  use  exhaust  steam. 

A  ten-ton  can  raw-water  ice  plant  is  electrically 
driven.  Water  from  the  ammonia  condenser  and  com- 
pressor jackets  goes  to  a  boiler-feed  heater.  When  the 
ice  plant  was  shut  down,  we  had  to  leave  this  water 
running  in  order  to  get  boiler  water.  On  the  other  side 
of  the  heater  was  an  old  balanced  float  valve.  No  reduc- 
ing valve  had  been  used  ahead  of  it  and  as  a  result  it 
was  "shut,"  and  so  this  line  had  been  disconnected 
instead  of  repairing  and  putting  in  a  reducing  valve. 
As  the  condenser  water  keeps  the  float  in  the  heater  up 
and  the  valve  closed  most  of  the  time,  it  bypasses 
through  a  relief  valve  into  the  sewer.  I  intend  to  put 
this  water  into  a  tank  on  the  roof  for  laundry  purposes. 

Geneva,  N.  Y.  R.  A.  SUMMERS. 
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Unreliability  of  Lead  Gaskets — What  is  the  objection  to 
the  use  of  sheet  lead  for  gaskets  between  flanges  of  a 
gteam  lines?  J.  C. 

On  account  of  their  softness  and  the  extremely  low 
elasticity  of  the  material,  sheet-lead  gaskets  are  very 
unreliable  for  making  up  flanged  joints,  especially  when 
subjected  to  variable  stresses  caused  by  alternations  of 
expansion  and  contraction  of  pipes  and  fittings. 

Belt  Drive  Less  Loss  of  Power  Than  Direct  Connection — 

A  direct-connected  machine  is  found  to  require  less  power 
when  belt-driven  than  when  direct-connected  to  a  mctor. 
Why  should  this  be  true?  H.  A.  G. 

More  power  could  be  required  when  direct-connected,  on 
account  of  greater  friction  due  to  imperfect  alignment  or 
failure  of  a  'flexible"  coupling  to  entirely  compensate  the 
imperfect  alignment  without  increasing  the  pressure  of  the 
journal  bearing.  Under  ordinary  circumstances  the  greater 
friction  would  be  indicated  by  higher  temperature  of  the 
bearings. 


Leakage  of  Cylinder-Head  Joint — Since  opening  the  cyl- 
inder of  an  18  X  36-in.  Corliss  engine  for  making  repairs  to 
the  piston,  there  is  a  leakage  of  steam  from  the  ground  joint 
of  the  cylinder  head.  How  can  the  leak  be  stopped  without 
refinishing  the  surface?  S.  L.  G. 

The  leakage  undoubtedly  results  from  not  replacing  the 
cylinder  head  just  as  it  was  before  removal.  Carefully  clean 
off  the  faces  of  the  ground  joint,  removing  all  traces  of  gum 
or  scale  with  kerosene  or  gasoline,  and  prepare  a  gasket 
made  of  uncrumpled  manila  or  drawing  paper  coated  both 
sides  with  clean  machine  oil.  Then  replace  the  cylinder 
head  with  the  paper  gasket  in  the  joint,  being  sure  to  take 
up  the  nuts  on  the  studs  by  screwing  up  one  after  another 
only  a  very  little  at  a  time. 


Preheating  Feed  Water  in  Boiler  Combustion  Chamber — 

Most  of  the  steam  generated  in  our  four  72-in.  boilers  is  used 
in  dye  kettles,  and  we  have  very  little  exhaust  steam  for 
heating  boiler-feed  water.  Would  there  not  be  a  saving  of 
coal  if  we  ran  a  bypass  from  the  feed-water  line  through 
pipe  coils  placed  in  the  boiler  combustion  chambers  and 
returned  the  water  to  the  feed  lines?  J.  R.  M. 

Coils  placed  in  the  combustion  chambers  could  be  of  no 
advantage  except  as  a  makeshift  equivalent  to  increasing 
boiler  capacity  by  increasing  the  "heating  surface.  What- 
ever heat  might  be  absorbed  by  the  feed-water  coil  would 
be  'just  that  much  robbed  from  the  original  boiler-heating 
surfaces.  Greater  boiler  capacity  would  be  obtained  only  at 
expense  of  more  fuel,  and  unless  such  auxiliary  pipe  sur- 
faces are  designed  and  constructed  to  admit  of  frequent 
interior  and  exterior  cleaning  and  receive  the  same  care  and 
attention  that  should  be  accorded  to  water-tube  boilers, 
they  soon  become  ineflicient  as  heating  surfaces  and  are 
sources  of  danger  from  rupture,  erther  by  burning  out  or 
explosion  from  becoming  clogged  with  scale  and  corrosion. 

Resistance  of  Hollow  Cylinders  to  Collapse— What  is  the 

formula  for  computing  the  pressure  required  to  collapse  a 
cylindi'ical  vessel?  J-  W.  M. 

The  theoretical  formula  for  resistance  to  collapse  of  thin 
sides  of  circular  cylindrical  vessels  is  the  same  as  for  their 


resistance    to    an    intei-nal    pressure,   substituting   crushing 
strength  of  the  material  in  place  of  tensile  strength,  viz., 


P 


fXtXc 


in  which  p  is  the  collapsing  pressure,  lb.  per  sq.in.;  /,  the 
crushing  strength  of  material,  lb.  per  sq.in.  cross  section;  t, 
the  thickness  of  the  material  in  inches;  c,  the  percentage 
of  efficiency  of  the  longitudinal  joint;  or  if  there  is  no 
longitudinal  joint  the  value  of  c  is  1;  r,  the  radius  of  the 
hollow  cylinder  in  inches.  The  formula  would  be  true,  how- 
ever, only  for  assumption  of  a  perfectly  cylindrical  shape,  and 
it  would  have  to  be  assumed  also  that  for  external  pressure 
there  would  be  no  departure  from  time  cylindrical  shape, 
neither  of  which  conditions  could  be  realized  in  practice. 
Actual  tests  made  on  tubes  and  riveted  flues  have  shown 
that  they  fail  by  buckling  for  considerably  less  collapsing 
pressure  than  they  should  withstand  for  pei'fectly  cylindical 
form  maintained  to  the  point  of  failure. 


Size  of  Wire  for  Motors — For  installation  of  a  50-hp.  230- 
volt  direct-current  motor  which  will  be  located  325  ft.  away 
from  the  switchboard,  what  size  wire  should  be  used  for 
the  feeders,  the  conductors  to  be  ran  in  conduit? 

M.  R.  T. 

The  size  of  wire  will  depend  upon  the  allowable  voltage 
drop  in  the  feeder  and  upon  the  size  that  will  meet  the 
fire  underwriters'  requirements.  If  a  3  per  cent  drop  is 
allowed  in  the  line,  then  the  volts  drop  is  230  x  0.03  =6.9. 
The  size  of  the  conductor  in  circular  mils  is  determined  by 
the  formula. 


circ.  mil.  = 


22  X^ 


where  D  equals  the  length  of  line  one  way,  /  the  total  cur- 
rent in  amperes,  and  E,!  the  volts  drop  in  the  line.  For  a  230- 
volt  motor  the  current  per  full-load  horsepower  is  approxi- 
mately 4  amperes;  then  for  50  hp.  the  current  will  be 
50  X  4  =  200  amperes.  The  National  Board  of  Fire  Under 
writers'  regulations  call  for  a  conductor  that  will  carry  110 
per  cent  of  the  nameplate  current  rating  of  the  motor.  If 
in  this  problem  the  nameplate  current  is  200  amperes,  then 
the  conductor  will  have  to  be  of  a  size  to  carry  220  amperes, 
and  the  size  of  the  conductor  would  be 


mil. 


20  X  325  X  220 
6.9 


=  207,000 


The  nearest  standard  size  conductor  to  this  value  is 
No.  0000  B.  &  S.,  which  has  a  cross-sectional  area  of  211,600 
circ.mil,  and  is  rated  at  225  amperes  for  rubber-covered 
wire,  therefore  will  meet  the  fire  underwriters'  regulation. 
If  the  calculations  had  shown  that  a  smaller  wire  could  be 
used,  it  would  be  necessary  to  use  No.  0000,  since  this  is 
the  smallest  size  that  will  meet  the  underwi-iters'  require- 
ments. Of  course  the  conductor  can  be  made  as  much  larger 
as  desired. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Wasle-lleal  Utilizalion* 

Bv  G.  R.  McDERMOTT  and  F.  H.  WILI.COX 


FURNACES  cmployinK  roprenemtion  or  recuperation  com- 
monly have  left  in  the  gn»03  of  combustion  leaving  the 
furnace  from  ST)  to  55  per  cent  of  the  total  heat  avail- 
able in  the  fuel  fired.  Non-reRenerativc  furnaces  may  have 
as  hijrh  as  80  per  cent.  Kilns,  oil  stills,  Kas  tanks,  water-uas 
set'',  etc.,  all  present,  on  account  of  the  amounts  and  tem- 
peratures of  escapinjr  pases  of  combustion,  quantities  of 
waste  heat  that  is  not  only  recoverable  but  that  gives  re- 
turns that  will  net  from  25  to  75  per  cent  in  one  year  on 
the  installation  cost  of  the  equipment. 

In  1910  the  first  successful  application  of  waste-heat 
boilers  for  open-hearth  furnaces  had  been  effected  in  South 
Chicago,  and  discoveries  made  at  this  plant  led  to  rapid 
development.     Prior  to  this  time  waste-heat  boilers  utilized 


BACOX   WASTE-HEAT  BOILER.    82   IX.   DIAM.,    5.700   SQ.FT. 
OF  SURFACE 


waste  gases  at  temperatures  of  1,600  deg.  F.  and  higher, 
as  it  had  been  considered  impractical  to  generate  steam 
commercially  with  gases  below  this  temperature.  The  ac- 
cepted deviation  from  hand-fired  types  was  an  increase  in 
the  gas-passage  area.  With  the  installation  previously  re- 
ferred to,  C.  J.  Bacon,  formerly  steam  engineer  of  the 
Illinois  Steel  Co.,  South  Chicago,  demonstrated  that  for 
gas  temperatures  under  1,600  deg.  F.,  the  gas  passages 
should  be  decreased  and  the  velocity  of  the  gases  increased. 

Waste-Heat  and  Direct-Fired  Boilers  Compared 
Other  interesting  data  were  presented,  giving  the  origin 
of  the  gases  and  the  amounts  of  waste  gases  from  a  typical 
75-ton  heat.  The  temperature  of  the  waste  gases  from  the 
checkers  was  1,300  deg.  F.  and  the  total  weight  of  the  gases 
11,100  lb.  At  1,300  deg.  F.  there  were  26,000,000  B.t.u.  in 
the  waste  gases,  as  against  60,000,000  B.t.u.  in  the  coal 
charged;  this  represented  43  per  cent  of  the  total  heat 
charged  and  was  equivalent  to  2,400  lb.  of  coal  per  hour. 
Of  this  1,270  lb.  of  the  coal  equivalent  could  be  recovered 
per  hour  from  the  waste-heat  boilers. 

Before   giving  the   boiler   design   required   to  utilize  the 
foregoing  quantity  of  gas  at  the  given  temperatures,  the 


authors  reviewed  the  heat  and  absorption  phenomena  ob- 
tained in  a  direct-fired  boiler  and  in  the  considered  case  of 
the  waste-heat  boiler.  Experiments  have  shown  that  the 
heat  absorbed  by  radiation  is  proportional  to  the  fourth 
power  of  the  absolute  temperature  difference  between  the 
radiating  surfaces.  Contrasting  a  stoker-fired  boiler  with 
a  combustion  temperature  of  2,700  deg.  F.  and  waste-heat 
boilers  at  1,300  deg.  initial  temperature,  the  absorption  by 
the  radiation  factor  would  be: 

(Jj^y=  (2,700  +  460)'     :     (1,300  +  460)' 

=  3,160*     :     1,760*  =  10.5 "  :     1 

Thus  the  absorption  by  radiation  in  the  case  of  the  direct- 
fired  boiler  is  over  ten  times  as  great  as  in  the  waste-heat 
boiler. 

Ordinarily,  about  65  per  cent  of  the  total  evaporation  is 
by  radiation  and  35  per  cent  by  convection,  so  that  on  a 
600-hp.  boiler,  7,025,000  heat  units  are  absorbed  by  con- 
vection and  13,050,000  heat  units  by  radiation.  In  the  waste- 
heat  boiler  but  1,300,000  heat  units  can  be  absorbed  through 
radiation,  leaving  18,700,000  to  be  absorbed  by  convection. 
Obviously,  the  rate  of  heat  transfer  by  convection  must  be 
for  the  waste-heat  boiler,  2.75  times  greater  per  square 
foot  of  heating  surface. 

Even  this  hypothetical  ratio  does  not  state  the  handicap 
imposed  upon  waste-heat  boiler  heat  absorption,  because 
the  heating  surface  exposed  to  the  direct  heat  of  the  fur- 
nace is  less  than  in  the  case  of  a  direct-fired  boiler.  Ob- 
viously, for  a  given  gas  weight,  starting  in  with  initial 
temperatures  of  2,700  deg.  F.  and  1,300  deg.  F.,  respectively, 
passing  through  or  past  identical  heating  surfaces  of  the 
boilers  and  having  identical  exit  temperatures,  the  net 
amount  of  heat  absorbed  by  convection  by  the  heating  sur- 
face must  be  much  greater  for  the  waste-heat  boiler  with 
an  initial  temperature  of  1,300  deg.  The  heat  transferred 
by  convection  per  square  foot  of  heating  surface  of  the 
boiler,  therefore,  must  jump  to  a  figure  hitherto  considered 
impracticable.  This  point  of  view  is  not  always  appreciated. 
It  is  not  infrequently  felt  that  since  a  low-temperature 
waste-heat  boiler  gives  but  70  to  80  per  cent  of  the  builders' 
rating  the  heat  transfer  rate  is  low.  Actually,  it  is  very 
high. 

Formulas  Used  in  Making  Comparison 

An  increase  in  heat-transfer  rate  is  accomplished  by  an 
increase  in  velocity.  Consideration  of  the  formulas  gov- 
erning this  phenomena  will  develop  the  reasons.  The  rate 
of  heat  transfer  for  either  fire-tube  or  water-tube  boilers 
may  be  expressed  in  the  form, 


R  = 


•Abstract  of  Paper  read  before  Western  Society  of  En^neers  at 
Chicago. 


Where  R  —  B.t.u.  per  hour  per  degree  mean  temperature 
difference  per  square  foot  tube  surface  swept  by  gases: 
H  =  B.t.u.  transferred  per  ho»r  per  square  foot; 
T  —  Mean  temperature  of  gases  (logarithmic); 
t  =  Temperature  of  tube  wall,  usually  taken  as  tempera- 
ture of  water  in  boiler; 
a      and  h  =  constants; 

W 

-J-  =  Mass  velocity,  usually  expressed  as  pounds   of  gas 

■^       per  hour  per  square  foot  of  area  for  passage  of  gases. 

In  general  the  constant  a  is  greater  for  water  tubes  than 
for  fire  tubes  of  the  same  size,  is  greater  as  the  diameter 
of  the  tube  decreases  and  is  greater  as  the  space  between 
the  water  tubes  decreases.  Similarly,  constant  h  is  greater 
for  water  tubes  than  for  fire  tubes,  is  greater  as  the  diam- 
eter of  the  tube  decreases  and  is  greater  as  the  tempera- 
ture difference  between  the  steam  and  water  increases. 

For  the  constants  a  and  b  values  may  be  assigned  that 
are  sufficiently  accurate  for  all  ordinary  engineering  appli- 
cations as  they  are  derived  from  reliable  tests  and  investi- 
gations conducted  by  boiler  companies  and  independent  ob- 
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servers.  The  following  formulas  will  serve  to  illustrate 
the  relative  heat-absorbing  characteristics  of  the  two  types 
of  boilers. 

Outside  Dianirter 
of  Tubes  —  Inches  FireTubes  WaterTubes 

1  /r'=  3.5  +  0  OOI3-!i 

A 

2  =2.0+  0  0008  4 

A 

3  =1.5  +  0  00065  -J 

4  =1,1  +  0  0005-^  fl  =  2.0+0  OOM-p 

These  values  apply  for  400  deg.  F.  mean  temperature  dif- 
ference, corresponding  approximately  to  waste-heat  boiler 
conditions. 

The  two  most  important  requisites  in  proportioning  boil- 
ers for  a  given  amount  and  temperature  of  waste  gas  are 
high  rate  of  heat  transfer  and  a  low  draft  loss.  Both  de- 
pend on  mass  velocity,  but  the  latter  varies  as  the  square 
of  the  velocity.  A  boiler  arrangement  designed  for  at- 
taining a  high  transfer  rate  must  be  compromised  to  keep 
the  friction  loss  within  economical  limits. 

It  so  happens  that  whereas  the  water-tube  boiler  at  a 
given  mass  velocity  and  tube  diameter  has  a  higher  heat- 
transfer  rate  than  the  fire-tube  type,  nevertheless  the  fric- 
tion loss  in  the  fire-tube  boiler  is  much  less.  Because  of 
this  low  friction  loss  the  mass  velocity  may  be  raised,  and 
consequently  the  rate  of  heat  transfer  may  be  so  increased 
as  to  exceed  that  obtained  in  the  water-tube  type,  while  keep- 
ing the  friction  loss  the  same.  To  illustrate  this  point,  fig- 
ures are  here  presented  showing  that  a  fire-tube  boiler  may 
be  designed  that  will  have  less  than  one-half  the  heating  sur- 
face of  a  horizontal  cross-baffled  water-tube  boiler  and 
still  give  the  same  performance  under  the  same  operating 
conditions.  As  a  basis  for  comparison  an  average  size  of 
standard  type  of  water-tube  boiler  and  operating  condi- 
tions are  taken  from  actual  practice. 

Results  of  Tests  on  Waste-Heat  Boilers 

Published  results  of  tests  on  seven  waste-heat  boilers,  all 
of  similar  horizontal  water-tube  type  with  4-in.  tubes  and 
cross-baffling,  show  the  following  averages: 

Rate  of  heat  transfer,  B.t.u 5.32 

Draft  loss,  in.  water I   45 

Heating  surface,  sq.ft 5,030 

Weight  of  gas,  lb.  per  hr 68,330 

Initial  temperature,  deg.  F 1,330 

Stack  temperature,  deg.  F 470 

Boiler  horsepower 400 

These  figures  indicate  in  a  general  way  what  may  be  ex- 
pected from  specially  adapted  types  of  water-tube  boilers 
as  ordinarily  installed  and  operated.  The  mass  velocity  cor- 
responding to  the  average  heat-transfer  rate  given,  as  corn- 
TV 
puted  by  the  formula,  R  =  2  +  0.0014    -^,     is  2,370  lb.  per 

hour  per  square  foot  of  passage  area. 

For  the  sake  of  comparison  consider  some  fire-tube  boilers 
so  proportioned  that  the  same  amount  of  gas  will  cause 
the  same  loss  of  draft;  namely,  1.45  in.  Tube  sizes  are 
assumed  as  1,  2  and  3  in.  diameter,  as  this  selection  illus- 
trates the  superior  advantages  of  using  small  tubes.  Three 
cases  are  worked  out  as  follows: 

Horizontal  Double-Pass  Single-Pass 

Type  of  Boiler                        Water-Tube  Fire-Tube  Fire-Tube 

Sizeof  tubes,  outsidedia, in...  4  3  2  1 

Number  of  tiibcs ...  282  525  1,830 

Length  of  tubes,  ft .    .  28  14  5 

Heating  surface,  sq  ft 5,030  5,700  3,400  1.960 

Weight  of  waste  gas,  lb.  per  hr.  68,000  68,000  68,000  68,000 

Massvelooity,lb.  pcrsq  ft 2,370  5,900  8,000  8,500 

Rate  of  heat  transfer,  B.t.u....  5  32  5  34  8  40  14  60 

Draftloss,  in  watir 145  1.45  145  145 

Initial  temperature,  deg  F...  .  1,330  1,330  1,330  1,330 

Stack  temperature,  deg.  F 470  470  470  470 

Boiler  horsepower 400  400  400  400 

Inasmuch  as  the  rate  of  heat  transfer  at  high  mass 
velocity  varies  almost  in  proportion  to  the  mass  velocity, 
it  is  obvious  that  the  number  of  tubes  may  be  decreased 
without  materially  affecting  the  evaporation.  This  greatly 
reduces  the  first  cost,  and  the  only  disadvantage  is  the 
increase  in  friction  loss.  For  example,  the  evaporation  ob- 
tained in  the  boiler  with  1,830  1-ln.  tubes,  5  ft.  long,  may 


be  equally  well  obtained  with  only  one-half  the  number  of 
tubes  by  increasing  the  length  to  5.25  ft.,  as  follows: 

Size  of  tubes,  o.d.,  in I 

Lengthof  tubes,  ft 5.25 

Number  of  tubes 915 

Heating  surface,  sq.ft 1,130 

Weight  of  gases,  lb.  per  hr 68,000 

Mass  velocity,  lb.  per  sq.ft 17,000 

Rate  of  heat  transfer,  B.t.u 25 .  5 

Draft  loss,  in.  water 6.15 

Initial  gas  temperature,  deg.  F 1,330 

Stack  temperature,  deg.  F 470 

Boiler  horsepower 400 

The  greater  friction  loss  may  be  compensated  for  by  in- 
creasing the  length  of  tubes  so  as  to  obtain  sufficient  addi- 
tional evaporation  to  carry  the  greater  load  on  the  fan. 

The  point  is  often  raised  that  tubular  boilers  are  not  so 
efficient  as  water-tube  boilers.  This  is  perfectly  natural 
when  only  the  usual  types  of  tubular  boilers  and  methods 
of  using  them  are  considered.  As  a  matter  of  fact  the 
heating  surface  of  tubular  boilers  can  be  made  as  effective, 
or  even  more  so,  than  that  of  water-tube  boilers.  The 
trouble  with  the  usual  fire-tube  boiler,  especially  when  used 
for  waste-heat  applications,  is  that  the  area  for  the  passage 
of  gases  is  too  large  and  there  is  not  sufficient  length  of 
travel  for  the  gases.  These  objections  are,  of  course,  over- 
come by  making  a  long  boiler  of  small  diameter  or,  what 
amounts  to  the  same  thing,  dividing  the  boiler  into  two  or 
more  passes.  The  matter  of  tube  size  is  also  a  large  factor, 
and  if  the  question  of  cleaning  were  not  of  such  real  im- 
portance the  tubes  could  to  great  advantage  be  as  small 
as  locomotive  tubes,  or  even  smaller.  Waste-heat  boilers 
used  in  Europe  in  connection  with  gas  engines  have  tubes 
of  only  an  inch  or  so  in  diameter.  By  increasing  the  velocity 
of  gases  over  the  heating  surface  the  rate  of  heat  trans- 
mission may  be  raised  to  a  point  as  high  as  or  even  higher 
than  exists  in  the  case  of  water-tube  boilers.  Velocity  is 
usually  expressed  as  weight  of  gas  per  hour  divided  by  the 
area  of  gas  passage  in  square  feet. 

Considerations  of  Design 

It  is  evident  that  for  the  same  mass  velocity  the  water 
tube  gives  the  higher  rate  of  heat  transmission,  but  the 
important  point  is  that  the  mass  velocity  in  the  fire-tube 
boiler  may  be  much  higher  without  an  increase  in  draft 
loss.  For  example,  the  average  of  tests  on  nine  waste- 
heat  boiler  installations,  using  cross-bafiled  water-tube 
boilers  having  4-in.  tubes,  shows:  mass  velocity,  2,440;  rate 
of  heat  transmission,  5.42;  draft  loss,  2.07.  If  a  two-pass 
fire-tube  boiler  with  3-in.  tubes  were  used,  the  conditions 
would  be:  7,630,  6.45  and  2.07  respectively.  It  is  thus  evi- 
dent that  for  the  same  draft  loss,  the  fire-tube  boiler  may 
have  a  higher  mass  velocity  and  give  a  higher  rate  of  heat 
transfer  than  a  water-tube  boiler  of  the  type  previously 
mentioned. 

It  is  frequently  assumed  that  any  type  of  boiler  that 
gives  good  results  when  fired  with  coal  or  other  fuel  will 
likewise  be  a  good  one  for  waste-heat  utilization.  In  most 
instances,  however,  this  is  not  the  case.  There  are  certain 
conditions  that  are  more  or  less  characteristic  of  the  opera- 
tion and  construction  of  industrial  furnaces  vvhich  make  it 
uneconomical  and  otherwise  inadvisable  to  use  standard 
boilers  for  such  a  purpose. 

A  special  boiler  known  as  the  Bacon  waste-heat  boiler, 
designed  to  utilize  at  maximum  net  economy  the  heat  in 
waste  gases,  was  described  by  the  authors.  The  initial  in- 
stallations of  this  boiler  were  in  conjunction  with  open- 
hearth  furnaces  in  steel  works  where  the  operating  condi- 
tions and  other  limitations  interfered  with  obtaining  satis- 
factory results  from  standard  types  of  boilers. 

To  keep  the  first  cost  low  and  still  maintain  a  desired 
evaporative  capacity,  the  design  of  the  boiler  is  such  as  to 
condense  the  heating  surface  into  the  smallest  possible 
space,  which  requires  that  the  rate  of  heat  transmission 
through  the  heating  surface  be  proportionately  high.  The 
three  conditions  conducive  to  high  heat  transfer  rates  are 
high  velocity  of  gases,  small  size  of  boiler  tubes  and  clean 
heating  surface  on  both  the  water  and  gas  sides. 

As  usually  built,  the  Bacon  boiler  consists  of  two  vertical 
cylindrical  shells,  between  the  heads  of  which  are  rolled 
and  electrically  welded  a  large  number  of  small  tubes  in  a 
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Hiniilar  manner  to  vorticiil  rirc--tuhi'  boilers.  The  diainctiT 
of  tiilu's  i.s  kept  as  small  as  permits  eleaninu,  and  the  len^cth 
is  (ietormined  mainly  by  the  spaee  available  and  the  fric- 
tion loss.  The  object  is  to  insure  that  the  jrases  have  a 
lonK  travel  at  hi^rh  velocity.  In  some  cases  it  is  found  de- 
sirable that  the  average  velocity  exceed  100  ft.  per  second 
for  the  purpose  of  preventing  dust  from  lodKinj;  and  to 
pive  a  hijrh  rate  of  heat  transmission.  The  waste  jrases 
enter  the  >ras  box  at  the  bottom  of  the  lirst  pass,  whence 
they  pass  upward  through  the  tubes  and  into  the  transfer 
flue,  which  <lirecls  the  flow  downward  through  the  second 
pass,  and  in  the  case  of  an  installation  now  under  con- 
struction a  third  pass,  which  will  act  as  an  economizer. 

In  some  forms  of  construction  of  the  Bacon  boiler  a 
single  shell  is  set  horizontally  and  the  two  passes  are  ob- 
tained by  suitable  baffling  in  the  steel-plate  gas  boxes  at 
the  ends  of  the  shell.  For  application  to  small  furnaces 
this  is  a  better  arrangement  than  the  double  vertical  shell 
design. 

Boiler-scale  trouble  is  minimized  on  account  of  feed  water 
being  admitted  at  the  bottom  of  the  second,  or  "cold,"  pass. 
Here  it  becomes  gradually  heated  and  rises  to  the  top  of 
the  pass.  The  water  then  flows  from  the  second  pass 
through  an  exterior  water-circulating  connection  to  the 
bottom  of  the  first,  or  "hot,"  pass.  As  but  one-third  of  the 
heat  is  utilized  in  the  second  pass,  where  gas  temperatures 
at  the  bottom  are  not  over  560  deg.,  the  sludge  deposited 
is  not  hard  and  may  readily  be  blown  off  through  the 
several  blowoff  connections.  Forced  water  circulation  on  a 
counter-current  principle  gives  a  high  rate  of  heat  transfer. 
Liberal  handhole  access  is  provided  and  blowoff  valves  are 
arranged  to  drain  the  bottom  toube  sheets. 

As  a  inile  natural  draft  is  not  sufficient,  because  the  gases 
leaving  the  boilers  have  been  cooled  to  450  or  500  deg.  in 
the  attempt  to  recover  as  much  of  t\\e  heat  as  possible. 
On  this  account  and  because  of  the  intensity  of  draft  re- 
quired for  operating  the  industrial  furnaces  and  for  draw- 
ing the  gases  through  the  boiler,  it  becomes  necessary  to 
use  induced-draft  fans.  When  properly  installed  and  driven, 
the  fans  prove  an  advantageous  accessory  from  the  stand- 
point of  better  control  of  the  operation  of  the  heating  fur- 
naces, and  wTth  correctly  selected  turbine  drive  the  exhaust 
steam   suffices  to  heat  the  boiler-feed  water. 


Foundations  for  Machinery 

By  N.  W.  Akimoff 

In  a  paper  before  the  American  Society  of  Mechanical 
Engineers  at  the  annual  meeting  in  New  York,  N.  W. 
Akimoff  gives  an  interesting  explanation  of  the  cause  of 
vibration  in  machinery  and  offers  a  decidedly  novel  solution 
of  the  problem. 

In  putting  in  a  foundation  for  an  engine  or  like  machine, 
the  underlying  motive  is  to  so  tie  it  to  the  earth  that  the 
amplitude  of  the  vibration  of  the  machine  will  be  reduced  to 
zero  since  the  mass  of  the  earth  may  be,  for  practical  pur- 
poses, considered  as  infinite.  Even  with  a  massive  founda- 
tion the  designer  frequently  places  a  layer  of  felt  or  rubber 
between  the  concrete  and  its  base  with  the  idea  of  avoiding 
vibration.  In  this  way  the  advantage  that  might  be 
gained  by  tieing  the  machine  to  the  earth  is  lost. 

It  would  seem  that  a  rational  basis  upon  which  to  work 
is  lacking,  and  the  author  proceeds  to  point  out  a  rational 
theory  for  foundation  or  superstructure  design.  Vibration 
in  machinery  is  due  to  one  of  two  causes — it  may  be  the 
result  of  unbalancing,  or  from  causes  other  than  unbalanc- 
ing. The  first  is  easily  avoided  if  care  is  taken  to  secure  a 
running  balance.  Even  with  a  perfectly  balanced  machine 
whipping  of  a  light  shaft,  water  in  a  turbo-generator,  etc., 
may  produce  extensive  vibrations.  If  these  latter  exist,  then 
the  substructure  must  be  designed  to  be  as  free  from  re- 
sponse to  these  vibrations  as  possible. 

The  author  then  proceeds  to  point  out  that  any  force 
may  be  resolved  into  six  separate  motions,  about  the  three 
axes  and  along  the  three  axes.  A  free  body  is  said  to 
possess  six  degrees  of  freedom.  If  a  body  is  locked  so  that 
no  displacement  can  take  place,  all  six  degrees  of  freedom 
are  suppressed.     By  fixing  two  points  in  a  body,  there  is  the 


itri(  t  of  rotation  about  an  axis,  and  only  one  degree  of 
freedom  exists. 

To  secure  stability,  there  must  be  a  remoteness  of  the 
operating  speed  from  any  of  the  several  synchronous  speeds 
at  which  the  fre(iuency  of  the  operative  speed  would  be 
nearly  equal  to  the  freciuency  of  the  free  oscillation  of  the 
system.  The  number  of  synchronous  speeds  depends  on 
the  number  of  degrees  of  freedom.  An  absolutely  free 
system,  such  as  with  an  elastic  subfoundation,  has  six 
degrees  of  freedom  and  six  synchronous  speeds.  Even  a 
massive  foundation  may  have  six  speeds,  since  it  is  more 
or  less  free.  If  these  synchronous  speeds  be  controlled  to 
avoid  appproaching  the  machine  speed,  then  vibration  would 
be  eliminated. 

The  author  then  cites  the  fact,  giving  as  an  example  an 
unbalanced  revolving  weight  mounted  on  a  pendulum  sus- 
pended at  A.  Fig.  1,  that  the  speed  which  is  synchronous 
with  one  degree  is  no  longer  synchronous  if  a  second  degree 
of  freedom  be  given  by  the  insertion  of  a  second  free  point. 
The  oscillations  will  thus  be  reduced  practically  to  zero,  not 
by  steadying  the  system  by  something  without  it,  but  by  an 


FIG.   1.     PENDULUM 


2.     DESIGN   OF  TURBINE 
SUPERSTRUCTURE 


adjustment  wholly  within  the  vibrating  system.  Further- 
more, the  second  degree  of  freedom  lies  in  the  plane  of  the 
figure  and  not  at  right  angles  to  it,  as  in  Fig.  1,  B. 

The  Basis  of  Foundation  Design 

This,  then,  will  be  taken  as  basis  for  his  further  discus- 
sion. In  contemplating  the  design  of  a  foundation  he  states 
that  we  should  always  separate  those  directions  (or  axes 
of  instantaneous  rotation)  about  which  the  system  cannot 
(or  at  least  is  not  likely  to)  oscillate  from  those  directions 
(or  instantaneous  axes)  about  which  the  system  is  more  or 
less  certain  to  vibrate.  We  should  next  select  a  "steady" 
point  from  purely  practical  considerations,  and  finally  de- 
vise such  means  of  controlling  the  "free  pei'iods"  of  the 
system  as  will  secure  the  desired  degree  of  remoteness 
from  synchronism  under  the  actual  operative  speed.  Such 
means  could  be  springs,  exceedingly  heavy,  and  not  in  the 
least  calculated  to  allow  of  any  free  wabbling  of  the  sys- 
tem. They  should  also  be  adjustable  so  that  the  desired 
periods  may  be  readily  varied  within  the  wide  limits  and, 
in  general,  structurally  arranged  to  introduce  as  few 
changes  as  possible  in  the  arrangement  as  a  whole. 

The  author  feels  that  to  submit  too  many  particulars 
as  regards  the   detailed   designs   of  such  an   arrangement 
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would  certainly  defeat  the  purpose  of  this  paper,  which  is 
merely  to  introduce  the  broad  idea  and  not  any  one  of  the 
scores  of  individual  designs  that  might  readily  suggest 
themselves  to  the  engineer  confronted  with  the  problem  of 
designing  a  foundation  for  a  given  machine.  Considering, 
therefore,  only  one  type  of  apparatus,  a  turbo-generator 
(Fig.  2),  we  must  start  out  with  the  selection  of  the  steady 
point.  We  will  naturally  place  it  as  near  the  steam  main 
as  possible  (not  to  the  exclusion,  of  course,  of  a  suitable 
expansion  joint),  as  under  all  conditions,  should  there  be 
a  choice  of  position,  preference  should  be  given  to  that 
point  as  far  as  possible  from  the  center  of  graivty  of  the 
system,  so  that  any  static  unbalance  (whipping,  etc.)  would 
be  made  to  act  not  as  a  force  upon,  but  as  a  moment  about 
that  steady  point.  Such  point  should  actually  be  made  as 
steady  as  possible  and  no  trouble  should  be  spared  in  provid- 
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FIG.  2.     DESIGN  OF  TURBINE  SUPERSTRUCTURE 


for  all  tests  being  approximately  10  deg.  F.  The  mean 
temperature  of  the  materials  tested  was  approximately  40 
deg.  F. 

The  tests  indicate  that  the  heat-insulating  property  of 
cork  board  is  slightly  better  than  that  of  lith  board.  For 
the  samples  tested,  the  lith  board  has  a  conductivity  ap- 
proximately 5  per  cent  greater  than  that  of  cork  board. 

The  conductivity  and  heat  transmission  of  the  materials 
tested    increase    with    the    temperature.      The    change    is 

TABLE  I.  RESULTS  OF  TESTS  ON  3-IN.  CORK  BOARD,  SERIES  NO 

Test  No IC 

(     I      36.95 

2  36.68 

3  33 . 86 
i     4       8.33 

Temperature  at  ther-  |     ?       4  86 
mocouples,  deg.    Y.  <     ,     48  36 

8  5^66 

9  29  86 

10  5   56 

11  33,86 
I   12        6  09 

B.t.u.    per    hr.    supplicj 

heater 70  62 

Average      conductivity. 

B.t.u.    per    sq.ft.    per 

deg.F.perhr 0.102 

Average      conductivity. 

B  t.u.  per  sq.ft.  per  in. 

thickness  per  24  hr...  7.34 

Average  temp,    of   cork, 

deg.  F 21    22 

Transmission,*  B  t.u.  per 

sq.ft.  per  deg.  per  hr. .  0  082 

Transmission,*  B.t.u  per 

sq.ft.  per  deg.  per  24 

hr 1    97 

*  Based  on  temperatures  2  in.  fro 
uft 


20 

3C 

4C 

5C 

6C 

53.69 

64.94 

79  79 

93  20 

104  53 

53.97 

64.04 

78  53 

91  84 

103  93 

50.90 

60.08 

75  02 

87  80 

100  22 

12.65 

11.20 

14  18 

17  96 

20  12 

8.06 

5  90 

7  52 

10  60 

12  27 

7.70 

5  54 

7  07 

10  40 

11  93 

70  25 

85  55 

104  18 

121  37 

133  16 

9.40 

8  14 

10  27 

14  00 

16  16 

45.14 

53  78 

67  64 

78  80 

90  85 

10.40 

9  23 

11  30 

14  90 

17  39 

50  90 

61  16 

75  38 

88  16 

100  26 

10  04 

8  24 

10  94 

14  18 

16.68 

100  00      136   26      166   16      197   69     226   56 


0  098       0   105       0    104       0   108       0   109 


7  06 
32  01 
0  084 

1    97 

1  surface. 


7  56 
36  50 
0  088 

2  n 


7  49 
45  37 
0  089 


7  78 
53  77 
0  093 


2   13         2  23 
ity  of  sample,   11.1 


7  85 
61  10 
0  096 

2  30 
lb.  per 


ing  suitable  piling  or  digging  down  to  the  solid  ground  and 
constructing  suitable  footings. 

The  next  problem  is  to  design  a  substructure  adapted  to 
receive  the  bedplate  of  the  apparatus  and  made  stiff 
enough  so  as  to  eliminate  any  "periods"  of  its  own.  This 
bedplate  may  be  made  of  structural  steel  or  of  reinforced 
concrete,  in  which  latter  case  the  ends  thereof  may  be 
made  of  cast  iron.  The  substructure  is  supported  upon  the 
steady  point  either  by  a  ball-and-socket  arrangement,  or 
is  simply  bolted  at  that  point  to  the  floorplate  underneath 
by  a  bolt  which  need  not  necessarily  be  very  light,  but  which 
must  be  arranged  in  a  manner  to  secure  the  minimum  area 
of  actual  contact. 

Remembering  that  in  apparatus  of  this  sort  the  tendency 
to  oscillate  about  the  longitudinal  axis  is  always  rather  neg- 
ligible, we  have  practically  only  two  degrees  of  freedom  and 
only  two  periods  to  adjust  so  as  to  have  them  well  out  of 
the  limits  of  the  operative  speed;  hence  the  two  sets  of 
springs,  one  to  take  care  of  the  period  corresponding  to 
oscillation  in  the  vertical  plane,  the  other  to  control  motion 
in  the  horizontal  plane.  It  should  not  be  imagined,  how- 
ever, that  these  springs  will  necessarily  be  very  light.  They 
will  always  have  considerable  stiffness,  but  their  function 
is  that  of  being  the  only  members  that  can  yield,  and  the 
whole  situation  is  controlled  by  the  proper  choice  of  these 
yielding  elements. 

The  Heat-Insulating  Value  of  Cork 
and  Lith  Board 

In  a  paper  prepared  for  the  annual  meeting  of  the  Amer- 
ican Society  of  Mechanical  Engineers  by  A.  A.  Potter,  J.  P. 
Calderwood,  A.  J.  Mack  and  L.  S.  Hobbs,  a  description  was 
given  of  the  apparatus  used  and  the  methods  employed  in 
determining  the  insulating  value  of  cork  and  lith  board. 
These  tests  consisted  essentially  of  placing  a  small  cubical 
box  containing  a  number  of  electric  lights  in  a  refrigerator 
and  measuring  the  amount  of  heat  conducted  through  the 
cork  and  lith  board  sides  of  the  cube.  Tests  were  made 
on  both  the  conductivity  and  transmission  characteristics  of 
each  material.  From  the  data  secured  formulas  and  tables 
were  prepared.  Table  I  gives  the  results  of  the  tests  on 
cork  board,  while  Table  II  gives  those  of  lith  board. 

The  results  of  these  tests  are  of  special  interest  because 
of  the  low  value  of  the  external  temperature,  the  average 


TABLE  II.     RESULTS  OF  TESTS  ON  3-IN.  LITH  BOARD,  SERIES  NO.  2 


Test  No. 


Temperature  at  ther- 
mocouples, deg.  F.  . 


11 


4L 
42  89 
42   80 

40  19 
11    03 

6  80 

6  53 
57  56 

8.00 
37  22 

8  60 

41  09 
8  60 


3L 
56  84 
56  66 

53  06 
14  00 

8  24 
7  88 

75  20 

9  92 
48  56 
10   69 

54  50 
10  54 


B.t.u.    per    hr.    supplied 

heater 

Conductivity,     B.t.u.     per 

deg.    per  sq.ft.    per   hr. 

Method  1 

Conductivity,    B.t.u.    per 

deg     per   sq.ft.    per    hr. 

Method  2 

Conductivity,    B.t.u.    per 

deg.  per  in.  thickness  per 

24  hr. 

Transmission,*   B.t.u.    per 

sq.ft.  per  deg.  per  hr. 

Transmission,*    B.t.u.    per 

sq.ft.  per  deg  p:r  24  hr,  

*  Based  on  temperatures  2  in.  from  surfa 
cu.ft. 


21. 
72  81 
72  37 
67  91 
14  90 
7  88 
7  70 
96  12 

10  39 
63  20 

11  66 
69  87 
10  99 


2XL 
72  73 
72  50 
67  91 
15  35 
8  60 
8  33 
95  72 

10  80 
63  33 

11  75 
69  80 
11  64 


IL 
88  93 
88  16 
84  79 
16  34 
8  24 
7  79 
116  60 
11  39 
77.18 

11  75 
84  92 

12  20 


5L 

110  92 

111  38 
103  38 

16  07 

6  71 

6  62 

138.74 

10  49 
92  21 

11  75 
105  62 

M  75 


87  85   116  66   153  70   153  98   19916  24985 


0  104   0  107 
7  49    7  70 


0  112 
0  110 


0  118 
0  109 


0  126   0  109 


0  107   0  113 


7  89    7  85 
0  090   0  090 


7  70 
0  092 


2  17   '2  16    2  21 
Density  of  sample,  10  1 


8  06 

0  094 

2  26 
lb.  per 


small,  however,  between  the  temperature  limits  employed  in 
this  investigation. 

The  conductivities  of  the  materials  as  determined  in  this 
investigation  agree  fairly  closely  with  those  obtained  by 
other  investigators.  The  United  States  Bureau  of  Stand- 
ards, for  example,  gives  the  following  values  for  the  con- 
ductivity of  cork  board: 

Conductivity,  B  t.u.  per  in.  per  deg.  per  sq.ft.  per  24  hr. 7  4 

Density  of  material,  lb  per  cu.ft 11    3 

Mean  temperature  of  material,  deg.  F,  (25  deg  Cent.) 77.0 


And  They  Qaim  Oil-Field  Boilers 
Do  Not  Explode 

Bluffton,  Nov.  26 — Due  to  a  defective  flue,  the  boiler  at 
a  drilling  well  on  the  Ewing  lease  of  the  Ohio  Oil  Co.,  east 
of  here,  exploded  yesterday.  The  barrel  of  the  boiler  was 
hurled  fifty  rods  from  the  engine  house,  passing  over  the 
heads  of  three  woodcutters. 

The  dome  and  shell  of  the  boiler  were  blown  about  1,500 
feet,  passing  over  a  clump  of  trees.  The  explosion  was 
the  most  severe  in  the  history  of  the  Bluffton  oil  field.  Loss 
is  estimated  at  $1,000. — Toledo  News-Bee. 
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ENGINEERS  from  nil  parts  of  tho  country  to  the  num- 
ber of  l,l)2fi  gathered  in  Nt'w  York  City  recently 
to  take  part  in  the  forty-first  annual  meetinR  of  the 
American  Society  of  Mechanical  Knjrineers,  which  took 
place  on  Dec.  7,  8,  9  and  10.  Transportation  was  the  key- 
note of  the  meeting,  but  nunierous  papers  presented  were 
more  directly  in  I'oivei's  field,  juuL  several  of  the  addres.ses 
heard  were  of  Ki'i'at  general  interest.  At  the  Tuesday  eve- 
ning nieetin>r  the  incoming  president,  Edwin  S.  Carman, 
was  introduced.  Mr.  Carman  has  the  honor  of  being  the 
youngest  man  who  has  ever  achieved  the  presidency  of  the 
A.S.M.E.  The  most  interesting  speech  of  the  evening  was 
made  by  Fred  J.  Miller,  the  retiring  president. 

iNDi'STRiAi,  Relations  and  Profitkering 

Mr.  Miller  gave  his  ideas  on  industrial  relations  and  the 
engineer's  part  in  controlling  them.  He  emphasized  the 
thought  that  is  coming  to  be  more  and  more  generally 
accepted  nowadays — that  the  engineer  must  increase  the 
effectiveness  of  labor,  not  by  driving,  by  oppression  or 
suppression,  but  by  the  application  of  brains  in  the  indus- 
trial organization,  and  the  management  of  men  as  well 
as  of  materials.  His  influence  must  be  in  the  direction  of 
constructive  adjustment — such  an  adjustment  as  will  show 
recognition  of  property  rights  as  well  as  human  rights. 

Of  course  there  are  and  always  have  been  employers  who 
have  been  fair  to  their  employees  and  have  been  real  lead- 
ers of  men,  but  in  many  cases  the  most  profound  thought 
that  seems  to  have  been  applied  to  industial  problems  has 
led  to  the  conclusion  that  industrial  management  consists 
in  hiring  as  cheaply  as  possible  and  driving  as  hard  as 
possible.  The  day  .of  that  sort  of  thing  is  passing  and  in- 
dustry is  being  conducted  on  a  much  higher  plane  of  intel- 
ligence. We  have  been  hearing  frequently  about  falling  off 
in  production  per  man-hour,  and  it  is  true  there  has  been 
a  great  deal  of  that;  but  the  fact  remains  that  many  of 
our  industrial  establishments  have  been  conducted  upon  a 
hire,  drive  and  fire  plan.  Too  often  plants  are  conducted 
by  financiers  or  others  who  know  little  or  nothing  about  in- 
dustrial matters  and  are  far  distant  from  the  locality  where 
the  work  is  carried  on.  Unfortunately,  morale  and  esprit 
de  corps  are  not  represented  by  any  items  on  balance  sheets, 
and  some  of  the  _men  at  the  head  of  large  manufacturing 
concerns  know  little  or  nothing  about  manufacturing  ex- 
cept balance  sheets  as  reported  by  others  who,  in  turn, 
know  little  or  nothing  about  management  science. 

It  is  becoming  generally  recognized  that  the  question  of 
whether  an  employer  shall  confer  with  his  men  or  their 
representatives  upon  their  request  is  not  simply  a  dispute 
within  an  independent  business  corporation,  but  is  a  mat- 
ter that  concerns  the  public  as  well.  A  corporation  is 
created  and  exists  by  authority  of  the  people;  they  depend 
upon  it  for  imperative  necessities  and,  consequently,  have  a 
right  to  demand  that  it  be  properly  conducted. 

Usually,  w-here  an  engineer  has  acquired  enough  prop- 
erty to  be  termed  well  off,  it  is  the  result  of  services  ren- 
dered. Mr.  Miller  compared  Corliss  and  his  early  practice 
of  selling  so  many  engines  upon  the  basis  of  a  standard 
share  of  the  saving  of  fuel  for  a  limited  time,  with  the 
usual  absentee  owner  of  the  anthracite  coal  fields  of  Penn- 
sylvania who  creates  no  coal,  digs  and  transports  no  coal, 
and  does  nothing  except  own  the  ground  in  which  it  had 
been  placed  ages  ago  for  the  benefit  of  mankind.  Some 
of  these  owners  recently  have  been  doubling  and  more  than 
doubling  their  royalties,  the  State  of  Pennsylvania  help- 
ing them  to  retain  their  grip  by  applying  taxes  to  the 
ridiculously  low  valuations  of  their  property  as  unproduc- 
tive farm  land. 

Corliss  had  for  a  limited  time  a  monopoly  of  that  which 
he  himself  had  created;  yet  no  man  discarded  the  plain  slide- 


valve  engine  for  the  improved  Corliss  engine  except  by 
his  own  free  will.  On  the  other  hand,  the  anthracite  coal 
owners  have  not  i)roduced  that  which  they  have  monopolized, 
and  yet  the  public  must  have  coal  at  any  price  demanded. 
After  this  address  by  President  M.iller  the  usual  presi- 
dential reception  and  dance  was  given. 

Programs  ok  General  Interest 

The  usual  committee  reports  were  presented  at  the  busi- 
ness meeting,  held  Wednesday  morning;  one,  the  report  of 
the  Committee  on  Code  of  Ethics,  developed  a  lively  dis- 
cussion. A  code  was  presented,  but  was  referred  back  to 
the  committee  for  improvement.  The  consensus  of  opinion 
seemed  to  be  that  the  thoughts  expressed  by  the  code  were 
admirable;  the  language  used  to  express  these  thoughts, 
however,  was  very  frankly  and  thoroughly  criticized. 

Another  meeting  of  general  interest  was  held  on  Wed- 
nesday evening,  in  memory  of  one  of  the  society's  most 
distinguished  members — Dr.  John  Alfred  Brashear,  who 
died  April  8,  1920.  Dr.  Henry  S.  Pritchett,  president  of 
the  Carnegie  Foundation  for  the  Advancement  of  Teach- 
ing, and  for  years  a  close  personal  friend  of  Dr.  Brashear, 
entertained  his  hearers  with  a  notable  address  on  the  great 
scientist  and  his  work.  The  speaker's  intimate  knowledge 
of  Dr.  Brashear's  life  enabled  him  to  paint  a  vivid  picture 
of  his  early  struggles  against  poverty  and  adversity  of  all 
kinds.  He  told  how  Dr.  Brashear  and  his  wife  had  built 
their  first  telescope  in  a  little  shop  in  back  of  their  home; 
how  for  years  he  had  toiled  half  the  night,  after  his  day's 
work  in  a  rolling  mill,  to  make  a  still  more  perfect  lens. 
At  the  time  of  his  death  Dr.  Brashear  was  famed  through- 
out the  world  as  a  maker  of  precise  astronomical  instru- 
ments and  had  constructed  some  of  the  largest  glasses  in 
use.  Dr.  Pritchett  gave  a  number  of  reminiscences  of  his 
friend,  and  dwelt  at  length  upon  the  extraordinary  kind- 
ness of  the  man,  for  which  he  was  admired  and  respected 
as  much  as  for  his  scientific  achievements. 

The  Wednesday  meeting  of  the  newly  formed  management 
section  was  also  somewhat  in  the  nature  of  a  memorial;  it 
was  devoted  to  consideration  of  the  life  and  work  of  Henry 
L.  Gantt,  a  member  of  the  society,  who  died  Nov.  23,  1919. 
Mr.  Gantt  is  famous  for  his  own  efforts  and  for  his  work 
in  collaboration  with  Dr.  Frederick  W.  Taylor  toward  the 
elimination  of  waste  in  manufacturing  processes  and  the 
establishment  of  just  relations  between  employers  and 
employees.  Several  papers  were  read,  notably  one  by 
Walter  N.  Polakov,  who  made  a  very  careful  analysis  of 
what  he  termed  "Ganttian  Philosophy."  His  paper,  entitled 
"Principles  of  Industrial  Philosophy,"  was  a  thorough  and 
favorable  study  of  Mr.  Gantt's  ideas  and  methods  of  se- 
curing results. 

Fuel  Sessions 

What  proved  to  be  the  banner  session  of  the  meeting  was 
that  on  fuel.  With  an  attendance  that  packed  the  capac- 
ity of  the  hall  the  session  which  was  scheduled  for  Tues- 
day afternoon  outgrew  its  allotted  time  and  was  continued 
over  into  Wednesday  forenoon,  and  with  a  lively  discus- 
sion still  waging  was  again  continued  over  to  Thursday 
evening. 

In  his  opening  paper  on  the  "Fuel  Supply  of  the  World," 
the  chairman.  Professor  Breckenridge,  pointed  out  that 
fifty  years  ago  the  total  coal  production  of  the  United  States 
was  less  than  one  ton  per  capita.  Today  it  is  slightly  over 
six  tons.  The  United  States  consumes  52  per  cent  of  the 
coal  used  each  year,  and  over  two-thirds  of  the  world's 
petroleum  production.  Moreover,  the  total  coal  consumed 
in  tons  about  equals  the  estimated  population  of  the  world. 
The  tables  show  the  estimated  coal  reserve,  including  lig- 
nite, of  the  principal  coal-producing  countries  of  the  world, 
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also  the  annual  coal  production  and  one.  year's  fuel  require- 
ments of  the   United    States. 

ESTIMATED  RESERVE  COAL  AND  LIGNITE  SUPPLY  OF  PRINCIPAL 
COAL    PRODUCING    COUNTRIES    OF    THE    WORLD 


Countrips 

United  States 

China 

Great  Britain.. . . 

Germany 

Canada 

Japan 

.\ustria-IIungary. 

France 

Belgium 

Chile 


Supply  in 
Billion  Ton-s 


Assn 


Source  of  Information 

3.427  United  States  Geological  Surve.v 

1,500  Scc'y  Bituminous  Coal  Trad' 

180  British  Royal  Commi.'wion 

164  See'y  Bituminous  Coal  Trade  .Assn 

100  Canadian  Authorities 

50  Sec'v  Bituminous  Coal  Trade  .\ssn 

30  Sec'y  Bitu'i  inous  Coal  Trade  .\ssn 

25  Sec'y  Bituii  ino  s  Coal  Trade  .As,sn 

20  Sec'y  Bituminous  Coal  Trade  .Assn 

2  Sec'y  Bituminous  Coal  Trade  .\s.sn 

THE  WORLD'S  PRODUCTION  OF  COAL  FOR  A  TYPICAL  YEAR  (1913) 

Millions  of  Tons 
l2,000Lb.) 
569 
321 
305 
59 


Countrie.s 
United  States  (72  per  cent  from  Pa..  W".  Va.,  Ill ) 
Great  Britain 

Germany 

Austria-Hungary 

France  

Russia. .  

Belgium 

Japan 


Tota 


ONE  YEAR'S  FUEL  REQUIREME.NTS  OF  THE  UNITED  STATES  AND 
ITS  COAL  EQUIVALENT  (13.000  B.T.U.) 

.\pprox.  Coal 
Equivalent 
(Tons-2,000Lb.)        Conversion  Factors 
12,500       2  tons  ^   I  ton  coal 
27,000,000     30,000  cu.ft.  =    I  ton  coal 
40,000,000     2  cords  =  I  ton  coal 


One  Year's  Fuel 

Kind  of  Fuel  Consumi  tion 

\.  Peat 25  thousand  tons 

2.  Natural  gas    800  billion  cu.  ft 

3.  Wood 80  million  cord~ 

4.  Water-po    er       7.5  million  developed 

water  horsepower 

5.  Petroleum       360  million  bbl 

6.  Coal 650  million  tons 


eiples.'  A  common-sense  enjErineerinp  program  of  fuel  con- 
servation would  save  over  four  dollars  per  capita  for  every 
man,  woman  and  child  in  the  United  States. 

During  the  war,  by  the  adoption  of  very  simple  rules 
governing  methods  of  operation  alone  in  our  power  plants 
and  railroads,  an  annual  saving  of  25,000,000  tons  of  coal 
per  year  was  effected  in  twenty-five  states  for  an  average 
of  less  than  four  months.  It  was  impossible  at  that  time 
to  adopt  measures  also  affecting  the  design  or  equipment 
in  connection  with  the  use  of  fuel.  A  future  program 
should  include  such  measures.  During  the  war,  howevar, 
destructive  conservation  was  also  largely  practiced,  which 
meant  the  cutting  off  of  coal  supply  to  various  industries 
and  uses,  with  the  consequent  impoverishment  of  our  in- 
dustrial and  social  life.  What  we  should  have  now  is  con- 
structive conservation;  that  is,  using  fuel  without  reduc- 
tion in  the  output  of  our  manufactured  products  and  with- 
out slowing  down  any  of  our  national  or  social  life.  The 
speaker  did  not  believe  that  mere  financial  incentive  to  stop 
the  unnecessary  waste  of  fuel  is  strong  enough  to  do  the 
work  for  the  reason  that  the  great  bulk  of  coal  and  other 
fuel  is  consumed  in  industrial  undertakings,  where  sub- 
stantial profits  are  readily  available  without  the  trouble  of 
economizing  in  the  application  of  fuel. 

In  the  speaker's  opinion  fuel  conservation  can  never  be 
satisfied  by  development  of  the  central  power-plant  idea 
alone.     The  privately  owned  plant  is  essential  to  economy. 


55.000,000     33%  load  fact  r5lb.  coal 
per  hp. 
3. 6 bbl. =  I  ton  coal 


100,000,000 
650,000,000 


872,012,500 


According  to  the  speaker  the  world's  production  of  petro- 
leum for  1920  would  be  approximately  525,000,000  bbl.,  of 
which  the  United  States  would  produce  about  two-thirds. 
The  continents,  in  the  order  of  their  wealth  in  oil,  are 
North  America,  Asia,  South  America,  Europe,  Oceanica  and 
Africa.  However,  with  the  oil  fields  of  the  United  States 
perhaps  40  per  cent  exhausted,  it  is  not  reasonable  to  assume 
that  60  per  cent  of  the  world's  output  will  continue  to 
come  from  wells  in  the  United  States.  Professor  Brecken- 
ridge  made  the  following  suggestions  of  how  to  prevent 
waste  of  coal: 

1.  Extend  as  rapidly  as  possible  improved  methods  of 
mining,  inasmuch  as  under  present  conditions  one-third 
the  bituminous  and  one-half  the  anthracite  coal  is  left  in 
the  mines  under  such  conditions  that  recovery  is  practically 
impossible. 

2.  Extend  improved  methods  of  preparation  of  coal  at 
the  mines. 

3.  Reduce  the  hazards  of  coal  mining. 

4.  Operate  the  mines  a  maximum  number  of  days  each 
year. 

5.  Use  a  large  amount  of  mine  waste. 

6.  Increase  the  use  of  byproduct  coke  ovens  and  increase 
the  use  of  domestic  coke  from  the  local  gas  plants. 

7.  Extend  the  use  of  blast-furnace  gas  for  power  genera- 
tion. 

8.  Extend  the  use  of  producer  gas  and  the  heavy-oil 
engine  for  power  generation. 

9.  Extend  water-power  development. 

10.  Extend  very  generally  the  best  known  performance 
of  locomotives.  The  better  locomotives  of  1920  use  only 
two-thirds  of  the  coal  required  twenty  years  ago  to  do  the 
same  work. 

11.  Encourage  the  tendency  of  the  small  industrial  plant 
to  purchase  its  power. 

12.  Furnish  homes  and  public  buildings  with  correct  and 
simple  instructions  for  operating  the  furnace. 

13.  Extend  the  use  of  coal  storage. 

14.  Encourage  electrification. 

Fuel  Conservation 

Following  Professor  Breckenridge,  David  Moffat  Myers 
made  a  plea  for  fuel  conservation  and  the  prevention  of 
waste  by  the  application  of  well-known  engineering   prin- 
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and  each  has  its  special  and  appropriate  field  of  service. 
Neither,  as  operated  today  in  the  average  case,  fulfills  its 
duty,  and  the  only  solution  is  an  adequate  plan  of  co-opera- 
tion between  the  two  types  of  plants  for  the  mutual  ad- 
vantage of  both  in  the  saving  of  money  and  for  the  ad- 
vantage of  the  public  in  i-educing  the  present  enormous 
and  needless  waste  of  coal. 

Distillation  of  Fuel 
The  distillation  of  fuels  as  applied  to  coke  and  lignite 
was  discussed  by  O.  P.  Hood,  chief  mechanical  engineer 
of  the  United  States  Bureau  of  Mines.  The  subject  is  by 
no  means  a  new  one,  said  Mr.  Hood,  but  it  is  receiving 
growing  appreciation  by  the  layman,  who  is  beginning  to 
repeat  some  of  the  extravagant  statements  which  he  has 
read  regarding  it.  While  there  are  many  advantages  in  the 
distillation  of  fuel  it  also  has  its  limitations. 

'An  abstract  of  Mr.  Myers'  address  will  appear  in  an  early  issue 
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DiatillHtion  of  coni  may  produce  coke,  !?"«.  piUh  and 
a  chiiin  of  oils,  dyes  and  modicinnls.  It  must  not  be  sup- 
posed, however,  that  all  coal  .should  be  made  to  yield  these 
product.s,  and  there  will  always  be  much  use  for  raw  coal. 
The  processing  of  coal  is  neces.sarily  u  large  enterprise 
and  involves  a  large  expenditure  of  capital.  Kven  on  a 
large  scale  the  tendency  is  to  emphasize  a  single  product 
rather  than  to  enter  a  business  involving  the  marketing 
of  a  chain  of  widely  dissimilar  products,  and  in  this  con- 
nection conservation  of  capital  must  have  some  considera- 
tion as  well  as  the  conservation  of  raw  material.  Neverthe- 
less, fields  are  rapidly  develoi)ing  for  the  processing  of  coal. 
These  are  made  apparent  by  the  increasing  cost  of  coal  and 
the  decreasing  supply  of  high-grade  fuel. 

There  is  a  popular  hope  that  the  production  of  higher 
valued  elements  will  result  in  a  supply  of  the  residual  fixed 
carbon  or  coke  for  the  domestic  fuel  at  a  reduced  price. 
Coke  is  one  of  the  chain  of  products  whose  relative  cost 
will  depend  upon  market  conditions,  and  so  far  the  coke 
has  been  absorbed  at  a  price  that  leaves  little  hope  for 
cheap  fuel. 

Since  the  amount  and  quality  of  the  distillation  depends 
largely  on  the  process  a  variety  of  results  may  be  obtained. 
The  low-temperature  process  (not  1,400  deg.  F.)  is  attract- 
ting  considerable  attention  on  account  of  the  high  value 
of  some  of  the  products.  The  difficulties  involved  in  low- 
temperature  distillation,  however,  must  be  equalized  by 
a  greater  refinement  of  its  products,  so  that  it  offers  little 
hope  for  a  cheap  fuel.  The  carbo-coal  process  is  the 
leading  example  of  this  type,  but  the  fuel  it  yields  is  a 
competitor  of  anthracite  and  certainly  will  not  be  cheap. 

The  distillation  of  coal  in  byproduct  coke  ovens  is  already 
the  major  process  for  the  production  of  metallurgical  coke. 
Its  byproducts  include  gas,  a  tar  that  may  be  burned, 
benzol  for  motor  fuel  and  ammonium  sulphate  for  fertilizer. 
The  increasing  cost  of  gas  oil  is  causing  a  tendency  toward 
coal  distillation  again  for  city  gas.  This  will  insure  a 
supply  of  coke  for  domestic   heating  service. 

The  lignite  areas  of  the  United  States  offer  a  field  for 
distillation  for  the  production  of  domestic  solid  fuel.  In 
most  regions  the  solid  fuel  would  probably  be  the  main 
thing  sought  and  the  other  products  wasted.  The  solid 
products  from  lignite  distillation,  however,  must  be 
briquetted  for  domestic  use. 

Form  Value  of  Energy 

Recognizing  that  resource  energy  as  the  source  of  power, 
heat  and  chemical  work  is  the  basis  of  industrial  activity 
and  social  advancement,  Messrs.  C.  G.  Gilbert  and  J.  E. 
Pogue  presented  a  paper  on  "Form  Value  of  Energy  in 
Relation  to  Its  Production,  Transportation  and  Applica- 
tion." The  authors  pointed  out  that  the  conditions  under 
which  energy  is  brought  into  play  in  the  United  States 
are  mainly  an  inheritance  from  a  period  when  the  charac- 
ter of  energy  resources  was  imperfectly  known  and  the 
technology  of  energy  employment  was  crudely  developed. 
The  production  of  coal  is  scattered,  unco-ordinated  and 
wasteful.  The  coal  mines  carry  a  variable  but  large  idle 
capacity,  accompanied  by  an  uncertainty  of  operation,  which 
is  at  once  a  menace  to  the  stability  of  the  labor  supply. 
Transportation  is  the  weakest  link  in  our  coal  supply.  Coal 
forms  over  a  third  of  the  country's  freight,  and  the  min- 
ing is  dependent  upon  an  unbroken  movement  of  coal  cars 
past  the  mine  mouth.  The  number  of  cars  has  never  been 
equal  to  the  full  capacity  of  the  developed  mines.  Again, 
the  present  utilization  of  coal  involves  a  very  low  recovery 
of  the  energy  contents.  The  authors  then  showed  a  chart 
giving  the  comparative  cost  per  million  B.t.u.  at  unit  prices 
of  the  various  industrial  fuels. 

Discussion  of  Fuel  Papers 

The  discussion  seemed  to  emphasize  the  fact  that  con- 
servation of  heat  units  does  not  always  mean  conservation 
of  dollars,  and  although  much  can  be  done  to  effect  sav- 
ings through  proper  design  and  operation,  there  are  never- 
theless bound  to  be  many  cases  where  the  greatest  con- 
servation of  heat  units  will  not  be  effected  until  the  cost 
of  fuel  reaches  the  point  where  the  saving  will  more  tJian 
offset  the  increased  cost  necessary  to  attain  it. 


Opinion  was  divided  as  to  the  de«irability  of  further 
governmental  BUjiervi.sion  in  the  matter  of  fuel  Hupply  and 
practice,  although  it  was  generally  conceded  that  Home- 
thing  .should  be  done  to  protect  the  domestic  consumer, 
who  cannot  protect  himself  as  to  quality  and  price. 

Again,  one  group  of  speakers  was  of  the  opinion  that  the 
greatest  conservation  lay  in  greater  centralization  of  power 
to  the  exclusion  of  the  independent  plant.  Those  taking 
the  opposite  view  believed  that  there  was  a  distinct  field 
for  the  independent  plant  when  properly  designed  and  oper- 
ated with  a  view  to  the  use  of  byproduct  steam  in  heating 
and  industrial  service. 

Decreased  Evaporation  Accompanies  Poor  Quality 

John  W.  Lieb,  vice-president  of  the  New  York  Edison 
Co.,  gave  some  pertinent  figures  showing  the  effect  of  the 
present  coal  situation  on  the  public  utilities.  The  latter, 
he  said,  used  from  50,000,000  to  60,000,000  tons  yearly.  In 
1916  the  cost  was  $3  per  ton  f.o.b.  tidewater.  New  York,  made 
up  of  $1.50  freight  and  $1.50  coal  at  the  mine.  Now  the 
freight  alone  costs  more  than  $3.  Moreover,  it  is  at  pres- 
ent impossible  to  get  a  satisfactory  contract  that  will  in- 
sure the  company  of  an  adequate  supply.  The  operators, 
he  said,  were  in  the  habit  of  reserving  a  large  part  of  their 
output  to  sell  as  spot  coal  on  the  speculative  market  and 
were  thus  unable  to  meet  their  contracts  for  the  rest  of 
the  coal.  It  is  at  present  impossible  to  purchase  coal  on 
any  quality  specifications,  and  as  a  result  the  evaporation 
per  pound  of  coal  has  fallen  off  in  spite  of  the  efforts  of 
the  operating  force.  Owing  to  the  poor  quality  the  pounds 
of  coal  per  kilowatt-hour  in  the  plants  of  his  company  have 
increased  20  per  cent  over  that  in  1916,  and  the  cost  at  the 
switchboard  has  gone  up  from  0.29  to  0.76c.  per  kw.-hr. 

Mr.  Lieb  strongly  urged  that  the  coal  operators  provide 
bin  storage  in  order  to  stabilize  their  production  over  short 
periods  when  cars  were  not  available.  An  adequate  bin 
storage,  he  believed,  would  not  add  more  than  seven  cents 
per  ton  of  coal  produced. 

Questioned  as  to  the  possibilities  of  shale  oil,  George 
Otis  Smith,  Director  of  the  Geological  Survey,  stated  that 
this  industry  was  about  to  be  developed  in  Pennsylvania 
at  the  time  oil  was  discovered.  The  latter  was  so  much 
cheaper  to  produce  that  the  shale-oil  industry  was  imme- 
diately discontinued.  There  are  great  deposits,  however, 
in  the  West,  and  these  will  be  available  when  our  present 
oil  supply  is  nearing  exhaustion.  Shale  oil,  however,  will 
be  more  expensive  to  produce,  and  to  substitute  it  at  pres- 
ent would  be  to  duplicate  much  of  the  manpower  of  the 
coal  industry. 

Discussions  on  Machinery  Foundations 

Discussion  on  N.  W.  Akimoff's  paper,  "Foundations  for 
Machinery'"  was  very  active,  reflecting  a  somewhat  incred- 
ulous relief  at  the  prospect  of  deliverance  from  the  method 
in  use  to  this  day,  of  blindly  adding  to  the  mass  of  founda- 
tions, in  the  hope  of  eliminating  vibrations.  Mr.  Hecht 
emphasized  the  error  of  the  old  feystem,  by  bringing  out 
the  fact  that  the  earth  itself,  of  practically  infinite  mass, 
ti-ansmits  vibrations  to  great  distances.  Mr.  Slocum  made 
the  statement  that  if  it  were  not  for  synchronism,  we  would 
never  notice  the  vibrations  in  machinery.  While  this  is 
somewhat  exaggerated,  it  is  perfectly  true  that  resonance 
multiplies  enormously  the  phenomenon  and  should  be  avoided 
at  all  cost.  This  was  illustrated  by  Morris  Deutsch,  who 
told  of  a  seven-story  building  which  vibrated  in  tune  with 
printing  machinery  200  ft.  away,  to  such  an  extent  that  a 
bucket  of  water  placed  on  the  top  floor,  and  filled  to  within 
only  five  inches  of  the  top,  would  spill  over.  M.  D.  Hersey 
proposed  to  better  the  author's  scheme  by  adding  a  cushion 
or  pad  as  well  as  the  springs,  to  further  dampen  the  vibra- 
tions and  prevent  their  being  transmitted  to  the  founda- 
tions. This  was  in  direct  contradiction  to  Akimoff's  prin- 
ciple that  the  machine  must  on  no  account  be  allowed  to 
\'ibrate  separately  from  its  foundations.  Perhaps  the  paper 
did  not  sufficiently  emphasize  this  point  and  the  important 
condition  that  the  springs  must  be  stiff  enougTi  to  commu- 


-An  abstract  of  Mr.  Akimoff's  paper  appears  on  page  994  of  this 
issue. 
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nicate  all  vibrations  of  the  machine  to  its  foundations,  so 
that  they  will  vibrate  as  a  whole,  though  at  two  separate, 
synchronous  speeds.  By  adjusting  the  compression  of  these 
springs,  these  synchronous  speeds  may  be  varied  so  that 
they  will  be  remote  from  the  range  of  the  operating  speeds 
employed. 

The  paper  by  A.  A.  Potter  and  others  on  "The  Heat 
Insulating  Properties  of  Cork  and  Lith  Boards,'"  was  read 
by  Mr.  Potter.  W.  H.  CaiTier  and  Prof.  A.  J.  Wood  agreed 
in  criticizing  the  methods  employed  by  the  authors  and 
made  some  suggestions  as  to  a  better  arrangement  of 
equipment.  Prof.  H.  B.  Dickinson,  of  the  Bureau  of  Stand- 
ards, Washington,  then  described  methods  of  testing  em- 
ployed by  the  bureau,  especially  the  prevention  of  heat 
radiation,  where  objectionable,  by  use  of  polished  surfaces. 
Mr.  Potter  closed  for  the  authors,  stating  that  he,  person- 
ally, was  not  quite  satisfied  with  the  methods  used  or  the 
results  obtained  and  hoped  that  there  might  be  an  oppor- 
tunity in  the  future  of  making  further  tests  along  the 
same  line,  when  many  of  the  suggestions  offered  by  those 
who  participated  in  the  discussion  would  be  adopted. 

Boiler  Tubes  Discussed 

The  paper  by  Albert  E.  White  on  the  "Constitution  and 
Properties  of  Boiler  Tubes"  was  illustrated  by  lantern 
slides  corresponding  vdth  the  halftones  in  the  paper  show- 
ing etched  surfaces  of  boiler-tube  samples.  Mr.  White 
made  a  correction  in  his  paper  which  affects  the  abstract 
printed  on  page  959  of  Power  for  Dec.  14.  In  the  19th 
line  of  this  abstract  the  phrase  "sodium  carbonate"  should 
be  changed  to  "calcium  carbonate."  F.  N.  Speller  stated  his 
opinion  that  the  ghost  lines  referred  to  by  the  author  were 
not  due  to  phosphorus,  as  present  practice  allowed  only 
0.01  per  cent  of  phosphorus  at  the  outside. 

E.  B.  Powell  expressed  his  appreciation  of  the  kind  of 
work  done  and  emphasized  the  difficulty  mentioned  by  the 
author  in  identifying  conditions  involving  hydrogen  embrit- 
tlement.  A.  J.  German  did  not  agree  with  the  author  in 
regard  to  poor  material  as  the  cause  of  bagging  of  tubes, 
especially  on  the  bottom  row,  which  he  attributed  rather 
to  impurities  in  feed  water.  The  author  in  his  closure 
emphasized  the  fact  that  failure  was  in  many  cases  due  to 
tubes  being  under  a  state  of  strain,  because  of  careless  and 
ignorant  handling,  stating  that  recrystallization  was  due 
generally  to  one  or  more  of  four  conditions — deformation, 
time,  composition  and  possibly  temperature.  He  stated  also 
that  traces  of  blowholes  were  always  present,  even  in  ma- 
terial of  the  best  quality.  From  the  experiments  made,  he 
deduced  that  a  higher-carbon  steel  was  freer  than  low- 
carbon  steel  from  blowholes.  G.  L.  Warden  told  of  an  ex- 
cessive amount  of  trouble  his  concern  had  been  experiencing 
in  failures  due  to  poor  feed  water,  adding  that  if  any  of 
the  gentlemen  pi-esent  had  occasion  to  use  Delaware  River 
water  for  boilers  they  could  sympathize  with  him.  Ho 
stated  his  belief  that  the  quality  of  material  was  improving 
over  war-time  conditions,  and  also  that  sufficient  attention 
was  not  being  given  by  the  average  engineer  to  deforma- 
tion as  a  cause  of  failure.  He  also  asked  if  anyone  could 
give  information  as  to  increased  hydrogen  absorption  being 
due  to  use  of  oil  as  a  fuel.  In  reply  A.  E.  Foster  stated 
that  he  had  experienced  considerable  difficulty  in  an  oil-fired 
plant  in  Oklahoma  using  Arkansas  River  water,  but  that 
conditions  had  been  much  improved  by  treating  the  water 
and  opening  the  throat  about  thirty  inches. 

Dean  E.  Foster,  in  his  paper,  "The  Effect  of  Fittings  on 
Flow  of  Fluids  Through  Pipe  Lines,"*  advanced  the  new 
principle  that,  in  computing  pressure  loss  in  pipe  lines,  the 
fittings  may  be  replaced  by  a  length  of  straight  pipe  of 
equal  resistance.  He  derived  simple  formulas  for  water 
and  steam  from  Konrad  Meier's  more  complex  expressions. 
He  also  expanded  H.  V.  Carpenter's  chart  for  the  flow  of 
steam,  to  cover  both  dry,  saturated  and  superheated  steam. 
This  chart  gave  rise  to  considerable  discussion  which  was 
entirely  beside  the  subject  of  the  paper,  as  it  emphasized 
the  much  debated  point  that,  for  the  same  flow  and  pressure, 

'.\n  abstract  of  this  paper  may  be  found  on  pace  SO.'i  of  this 
issue. 

'.\n  abstract  of  Mr.  Foster's  ikimpp  will  annoar  in  an  early  issu«. 


superheated  steam  causes  a  greater  pressure  drop  in  the 
pipe  line  than  saturated  steam;  though  this  is  readily  ad- 
missible if  one  considers  that,  at  constant  pressure  and  rate 
of  flow,  superheating  the  steam  increases  its  volume,  and 
therefore  the  velocity  of  flow  through  the  line. 

Defects  in  Steam  Formulas 

Robert  C.  H.  Heck  started  the  investigations  which  are 
set  forth  in  his  paper  on  "Steam  Formulas"  with  the 
single  purpose  of  comparing  existing  experimental  data, 
formulas  and  tables  on  the  physical  properties  of  steam. 
His  object  was  more  particularly  to  determine  the  trend 
of  the  different  curves  at  the  Highest  temperatures  and 
pressures  attained  in  experimental  work,  with  a  view  to 
extrapolating  into  the  unknowTi  field  beyond. 

This  comparison  brought  out  certain  defects  in  the  latest 
and  most  universally  recognized  works  on  the  subject.  First, 
the  Marks  and  Davis  tables,  published  in  1909,  though  agree- 
ing with  experimental  data,  were  thermodynamically  incon- 
sistent, the  curves  presenting  marked  irregularities  between 
observed  values.  Second,  the  Goodenow  equations  and  tables, 
published  in  1914  and  1915,  though  thermodynamically  con- 
sistent, did  not  agree  with  experimental  data.  This  led 
Professor  Heck  to  develop  an  entirely  new  set  of  purely 
theoretical  formulas,  for  which  he  derived  constants  from 
the  latest  and  most  reliable  experimental  work. 

The  results  obtained  with  these  formulas  give  smooth 
curves,  free  from  irregularities,  over  the  range  covered  by 
experimental  work;  and,  according  to  the  author's  conten- 
tions, a  more  rational  trend  at  the  limits  of  this  range,  thus 
insuring  a  fair  degree  of  accuracy  in  extrapolation. 

Professor  Marks  and  Dr.  Davis,  of  Harvard,  Dr.  Moss 
of  the  G.  E.  Co.,  and  Mr.  Buckingham  of  the  Bureau  of 
Standards,  agreed  that  Professor  Heck's  work  was  most 
interesting  and  valuable,  but  questioned  if  there  was  enough 
difference  between  his  values  and  the  existing  tables  to  war- 
rant the  production  of  a  new  set  of  tables  at  this  time. 

Professor  Dennis  stated  that  there  was  urgent  need  of 
experimental  research  on  this  subject,  since  common  en- 
gineering practice  had  already  reached  the  limits  of  press- 
ure and  temperature  thus  far  investigated. 

Professor  Heck,  in  his  final  discussion,  claimed  that  his 
tables  could  be  accepted  at  once  as  more  reliable  than  the 
older  ones,  inasmuch  as  they  agree  with  the  latest  experi- 
mental work  and,  on  the  other  hand,  give  a  smoother  curve 
between  observed  values,  and  are  based  on  more  rational 
formulas.  He  thoroughly  agreed,  however,  that  further  ex- 
perimental work  should  be  performed. 

Faulty  Regulation  Due  to  Flywheel  Effect 

The  paper  by  R.  E.  Doherty  and  R.  F.  Franklin  on  "Fly- 
wlieel  Design  of  Synchronous  Motor  Driven  Reciprocating 
Machines"  aroused  intense  interest.  Owing  to  the  many 
applications  of  synchronous  motors  and  instances  of  faulty 
regulation  occasioned  by  insufficient  flywheel  effect,  the  au- 
thors considered  the  subject  from  the  standpoint  of  the 
electrical  engineer,  which  is  to  give  ample  weight  to  the 
wheel,  whereas  the  machine  designer  seeks  to  limit  the 
weight  to  that  which  is  absolutely  needed. 

In  the  discussion  some  comment  was  made  as  to  the  poor 
characteristics  of  the  synchronous  motor  from  the  view- 
point of  the  machine  user.  The  tendency  for  the  motor  to 
drop  out  in  case  of  line  disturbances  seriously  affects  the 
operation  of  such  machines  as  refrigeration  compressors. 
F.  L.  Fairbanks  stated  that  the  sudden  stopping  of  the 
synchronous  motor  when  fully  loaded,  threw  tremendous 
stresses  on  the  flywheel.  The  stresses  result  not  only  from 
the  inertia  of  the  wheel  but  from  a  reaction  within  the 
motor.  Mr  Fairbanks  estimated  this  electrical  reaction  or 
"buck"  to  be  400  per  cent  of  the  full-load  torque.  He  con- 
tended that  this  was  sufficient  to  stop  a  fully  loaded  com- 
pressor in  three  seconds.  Continuing,  he  stated  that  he 
believe  the  flywheel  weight  should  be  embodied  in  the  motor 
rotor,  and  rather  doubted  the  advisability  of  using  syn- 
chronous motors  with  separate  flywheels. 

Mr.  Doherty  in  reply  claimed  that  the  i-eaction  taking 
place  when  the  motor  circuit  breaker  tripped  was  only 
equal  to  the  full  load  reaction  and  that  no  danger  of  ex- 
cessive stresses  existed. 
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Of  the  thrpp  papers  presented  at  the  Textile*  Scclion 
MoetinKf  the  second,  by  Leo  Loeb,  on  Power  Application 
to  t'otton  Finishiriff  PInnts,'"  was  the  only  one  of  .siftnal 
intere.-^t  to  Powci'h  readers.  After  the  paper  was  read 
the  secretary  of  the  rommittte  read  a  communication  from 
F.  R.  Low,  which  was  the  only  written  discussion  sub- 
mitted. In  this,  and  in  the  oral  discu.ssion  that  followed, 
some  of  the  author's  statements  and  deductions  re^ardinK 
methods  of  obtaininj;  thermo-balance  were  questioned,  espe- 
cially his  comparison  between  engine  and  turbine  opera- 
tion in  its  effect  on  exhaust  steam.  One  point  which  was 
empha.sized  was  the  preat  savinp  in  floor  space  by  the  use 
of  water-tube  boilers  instead  of  fire-tube,  and  turbines 
instead  of  engines.  In  the  author's  closure  Mr.  Loeb  an- 
swered a  question  as  to  the  relative  operating  economy  of 
electrically  driven  and  mechanically  driven  steam  plants 
by  saying  that  in  one  case  which  had  come  to  his  notice 
there  had  been  a  saving  in  fuel  consumption  of  over  30  per 
cent  by  electrification. 

Power  Sextion 

The  first  meeting  of  the  newly  formed  power  section 
was  held  on  Fnday  morning,  with  John  A.  Stevens  pre- 
siding. In  the  opening  paper  covering  "Policies  of  Future 
Power  Development,"  J.  P.  Jackson  made  a  plea  for  greater 
centralization,  believing  that  this  will  prove  the  solution 
of  conser\-ation  both  in  fuel  and  capital.  Manufacturing 
establishments  use,  he  said,  145,000,000  tons  of  coal  per 
year,  vnth  an  average  of  8.4  lb.  per  hp.-hr.,  as  compared 
with  56  million  tons  used  by  the  central  stations  at  an 
average  of  less  than  4  lb.  per  kw.-hr. 

The  speaker  then  told  of  the  work  being  done  in  Eng- 
land toward  centralizing  the  power  supply,  the  standard- 
ization of  voltage  and  frequency  and  in  the  elimination  of 
existing  plants  that  are  wasteful  of  fuel.  While  commend- 
ing the  work  in  general,  he  criticized  its  administration  in 
that  it  savored  too  much  of  governmental  control.  As  a 
general  principle  he  was  opposed  to  Government  inter- 
ference and  urged  that  public-service  commission  decisions 
be  governed  by  law  rather  than  by  opinion. 

Effect  of  Load  Factor  on  Cost 

In  the  absence  of  Colonel  Junkersfeld,  E.  P.  Powell  read 
the  former's  paper  on  the  "Effect  of  Load  Factors  on  Cost." 
This  paper,  which  will  be  abstracted  in  a  later  issue  of 
Power,  took  up  the  relative  cost  of  generation  with  various 
load  factors,  the  author  pointing  out  that  loss  will  result 
if  operation  is  carried  on  at  a  higher  or  lower  load  factor 
than  that  for  which  the  station  is  designed.  In  the  selec- 
tion of  a  site  the  relation  between  load  factor,  supply 
of  fuel,  delivery  of  the  finished  product,  and  condensing 
water  were  discussed. 

High  efficiency  is  obtainable  with  high  boiler  pressure, 
but  this  entails  increased  cost  which  may  not  be  warranted 
by  the  load  factor. 

When  a  new  unit  is  installed  in  a  power  plant  it  is 
important  to  know  approximately  how  soon  another  will 
be  required.  Each  succeeding  unit  is  frequently  larger 
than  the  preceding  one,  and  the  increased  size  is  usually 
accompanied  by  increased  efficiency.  The  units  of  highest 
efficiency  usually  carry  the  bulk  of  the  load.  However,  the 
extra  price  paid  for  the  high  efficiency  sometimes  results 
uneconomically.  due  to  a  larger  urat  being  installed  earlier 
than  anticipated. 

Effect  of  Size  of  Plant  on  Cost 

George  A.  Oi'rok  discussed  "The  Influence  of  Size  of  Plant 
on  Cost,"  pointing  out  that  large  prim.e  movers  are  more 
efficient  because,  between  the  same  temperature  limits, 
leakage  and  radiation  increase  only  about  half  as  fast  as 
the  power  and  the  friction  less  than  one-quarter  as  fast. 
Moreover,  closer  attention  is  usually  paid  to  operation  in 
the  case  of  large  installations. 

The  author  reproduced  curves  by  various  authorities, 
which  by  comparison  showed  the  advance  in  economy  during 
the  last  twenty  years  due  to  the  use  of  large  units.    Of  par- 


•An  abstract  of  this  paper  will  be  published  in  an  early  issue  of 
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tuuiar  intercut  wnn  a  net  of  curvoB  by  R.  H.  Rice,  compiled 
in  1917,  showing  the  advance  in  pcrformince  of  aloam- 
turhine  plants  from  n  kilowatt-hour  on  .10,000  B.t.u.  in  190.3 
to  17,.'i00  B.t.u.  in  1916.  During  thin  period  the  gas-engino 
pnrformancc  had  remained  pniclically  sUitioiiary  .-it  attout 
20,000  B.t.u.  Turbine  water  rates  have  dtcreascd  from 
15  lb.  per  kw.-hr.  for  7,500-kw.  units  to  12  lb.  for  .30,000- 
kw.   units. 

While  the  cost  of  a  complete  power  station  depends  upon 
so  many  local  factors  that  general  figures  are  often  of 
little  use,  Mr.  Orrok  nevertheless  presented  some  tenta- 
tive figures  which  not  only  showed  the  decrease  in  cost  with 
size  but  also  the  general  rise  during  the  last  few  years.  In 
1914  the  cost  of  a  central  station  varied  from  $120  per 
kilowatt  for  a  5,000-kw.  plant  to  $64  for  an  80,000  kw. 
plant.  The  estimated  best  average  figures  for  1920  are  $1.30 
per  kilowatt  for  a  25,000-kw.  plant  to  $108  for  $50,000  kw., 
$93  for  100,000  kw.,  $85  for  200,000  kw.  and  $82  for  400,000 
kw. 

In  discussing  the  preceding  papers,  W.  S.  Murray,  chair- 
man of  the  Super-Power  Survey,  spoke  of  the  advantages  of 
greater  interconnection  of  power  systems  and  told  of  the 
increased  economies  obtained  through  railway  electrifica- 
tion. The  steam  locomotive,  he  said,  burns  five  tons  of 
coal  and  throws  three  away.  Electrification  on  the  New 
York,  New  Haven  &  Hartford  R.R.  with  its  Cos  Cob  power 
station,  which  has  a  relatively  low  thermal  efficiency  com- 
pared with  some  of  the  more  recent  stations,  has  shown 
an  economy  over  the  steam  locomotive  of  as  high  as  2i  to  1. 

The  speaker  was  followed  by  T.  K.  Thomson,  who  outlined 
the  plan  for  utilizing  more  power  at  Niagara  by  building 
a  dam  across  the  river  below  the  rapids.  Mr.  Thomson 
endeavored  to  show  that  the  cost  of  such  a  project  con- 
sidered in  connection  with  the  power  thus  made  available 
would  be  only  a  fraction  of  the  cost  of  that  now  under  con- 
struction by  the  Toronto  Hydro-Electric  Commission  known 
as  the  Chippawa  Power  Development. 

J.  W.  Lieb,  in  discussing  Mr.  Jackson's  paper,  expressed 
the  opinion  that  what  the  public  demands  is  service  at 
adequate  rates  and  under  proper  supervision.  If  we  are 
to  have  large  centralization  of  power,  we  must  have  abso- 
lutely reliable  service  and  transmission  lines  must  be  sup- 
plemented by  steam  stand-by  plants.  In  this  respect  one  of 
the  benefits  of  interconnection  is  that  one  stand-by  plant 
can  be  made  to  serve  several  companies.  Moreover,  inter- 
connection should  take  care  of  regional  and  not  alone  dis- 
trict   diversity    factors. 

Another  speaker  was  Walter  N.  Palokov,  who  urged 
greater  consideration  of  low-temperature  distillation  of  fuel. 
Carl  C.  Thomas  warned  against  the  granting  of  too  many 
permits  for  the  development  of  what  might  prove  small 
and  inefficient  water  powers,  and  H.  L.  Doolittle  told  of  the 
interconnection  of  power  systems  in  California,  whereby 
the  whole  state  will  be  tied  together  by  a  220,000-volt  line. 
He  mentioned  a  plan  that  has  been  laid  before  the  state 
commission  as  a  proposal  to  promote  economy  by  having 
savings  in  operation  accrue  50  per  cent  as  a  rebate  to  the 
consumers,  25  per  cent  to  employees,  and  25  per  cent  to 
stockholders   in   the   company. 


Ampere  Centenary  Celebrated 

Over  a  hundred  prominent  men  in  the  electrical  field 
gathered  at  the  little  town  of  Ampere,  N.  J.,  on  Dec.  4  to 
honor  the  memory  of  the  great  Frenchman  who  founded 
the  science  of  electrodynamics.  The  town  itself  was  named 
after  the  eminent  scientist,  and  in  1908  a  tablet  was  set 
up  there  in  his  honor.  There  is  now  hanging  above  the 
tablet  a  bronze  wreath  which  was  unveiled  at  the  recent 
ceremony  by  the  Prince  de  Beam,  Charge  d'Affaires  and 
Councilor  of  the  French  Embassy  at  Washington. 

The  celebration  was  conducted  under  the  auspices  of 
the  Crocker-Wheeler  Co.  Its  president,  Dr.  Schuyler  S. 
Wheeler,  who  acted  as  chairman  of  the  meeting,  charac- 
terized Ampere  as  the  discoverer  of  the  electrical  law  of 
gravitation.  Three  speakers — the  Prince  de  Beam,  Dr.  M. 
I.  Pupin  and  Dr.  C.  O.  Mailloux — made  interesting  addresses 
in  which  they  described  the  life  and  work  of  Ampere. 
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New  Publications  i 


RECIPROCATING  ENGINES  AND  TUR- 
BINES. Published  by  The  Travelers 
Indemnity  Co..  Hartford.  Conn.  Paper, 
4x6  in..  134  pages  ;  illustrated. 
This  book  is  published  in  view  of  the 
fact  that  it  is  necessary  to  understand  the 
principles  that  must  be  recognized  and  ob- 
served if  the  reciprocating  engine  and  the 
steam  turbine  are  to  be  operated  safely  and 
economically.  The  text  matter  contains  a 
number  of  articles  that  have  appeared  from 
time  to  time  in  the  Travdas  Standard,  but 
it  has  been  edited,  augmented  and  re- 
arranged to  unify  the  treatment,  simplify 
the  language  and  to  bring  out  the  facts 
with  greater  clearness.  The  first  main 
division  of  the  book  deals  briefly  with  facts 
and  discusses  accident  causes,  safeguards 
and  safe  practice  in  general.  The  second 
main  division  takes  up  the  discussion  on 
certain  theoretical  points  that  should  be  of 
interest  to  the  thoughtful  engineer,  and  in 
dealing  with  these  matters  an  effort  has 
been  made  to  simplify  the  language  so  that 
it  may  be  understood  without  any  previous 
study  of  the  subjects.  This  little  volume 
is  compiled  in  an  interesting  manner  and 
contains  illustrations  of  a  number  of  the 
subjects  treated,  such  as  flywheel  wrecks, 
safety  guards,  etc.  This  booklet  is  sent 
free  upon  application. 

MACRAE'S  BLUE  BOOK  FOR  1920.     Pub- 
lished by  MacRae's  Blue  Book  Co.,  18 
East  Huron  St..  Chicago.     Cloth.  8  x  11 
in.  ;    1,700    pages.     Price,    $10    postpaid. 
This  book  is  a  buying  guide,  or  directory 
of   addresses,    materials,    trade   names    and 
prices.      The   "Catalog  Section"   consists   of 
250    pages    of   advertisements    such    as   or- 
dinarily are  to  be  found   in  trade  journals. 
The    "Address    Section"   contains    in   alpha- 
betical order  names  and  addresses  of  about 
30,000      manufacturers.        The      "Classified 
Material   Section"   contains   names  and   ad- 
dresses  of   various    manufacturers    of    rail- 
way supplies,    iron   and   steel   products   and 
building  construction  material,  classified  ac- 
cording to  the  product.     The  "Trade  Name 


Index"  lists  a  great  number  of  trade  names, 
giving  the  manufacturer's  name  and  ad- 
dress in  each  case.  This  is  for  use  in  look- 
ing up  companies  whose  products  are 
known  as  "Agrippa,"  "Acme,"  "O.  K.."  etc. 
The  'Miscellaneous  Data  Section"  consists 
of  tables  such  as  might  be  needed  by  men 
who  specify  or  purchase  materials,  and 
deals  with  a  great  variety  of  subjects,  in- 
cluding weight  per  foot  of  iron  bars,  wire 
gages,  conversion  tables,  square  roots,  etc. 
The  "Standard  List  Price  Section"  gives 
prices  of  building  materials  and  iron  and 
steel  products.  A  tabic  of  discounts  is 
added  to  save  figuring  combined  discounts 
such  as  20-1 0-2 J.  etc.  The  book  should 
come  in  handy  to  purchasing  agents  and 
others  who  need  condensed  data  in  a  hurry. 


E.  C.  Morse,  'whose  task  was  to  sell  the 
Government's  surplus  war  stocks,  has  been 
presented  with  the  Distinguished  Service 
Medal  for  performing  his  duties  with 
"marked  ability,  energy  and  judgment." 
He  will  end  his  connection  with  the  Gov- 
ernment on   Dec.   31. 


Personals 


B.  W.  I,athain,  previously  chief  engineer 
with  Cass  Gilbert,  architect,  has  taken  a 
position  with  Murrie  &  Co.,  consulting  engi- 
neers. 

Berkeley  Williams,  until  recently  chief 
engineer  of  the  P.  H.  Lawson  Co.,  Cin- 
cinnati. Ohio,  is  now  general  manager  of 
the  Chatham  Manufacturing  Co.,  Middle- 
town,  Conn. 

C.  A.  Jackson  has  left  the  Pelton  'Water 
■Wheel  Co  .  of  New  York,  and  is  now  con- 
nected with  Wm.  Cramp  &  Sons  Ship  and 
Engine  Building  Co.  of  Philadelphia,  Pa., 
in  the  hydraulic  department. 

Otto  W.  Fisher  is  now  chief  engineer  for 
L.  O.  Koven  &  Bros.,  Jersey  City,  N.  J. 
He  was  formerly  with  the  Furman-Fisher 
Corporation. 

Grenville  A.  Harris  has  resigned  his  posi- 
tion as  chief  engineer  of  the  American  Steel 
Export  Co.  and  has  opened  an  office  in  New 
York,  where  he  will  operate  as  export  engi- 
neer, acting  as  con.sulting  or  advisory  engi- 
neer on  export  to  various  manufacturers  in 
this  country. 


Society  Affairs 


The  AtlaJita   Section   of   the    A.    S.   M.   E. 

will  meet  in  the  Carnegie  Library  on  Dec. 
28.  N.  C.  Harrison  will  make  an  address 
entitled  "Impressions  of  the  Annual  Meet- 
ing." 

The  Chief  Engineers'  Association  of  Chi- 
cago, at  the  annual  election  in  room  912. 
Masonic  Temple,  elected  Charles  J.  Lehn, 
I)resident ;  Walter  D.  Periera,  vice  presi- 
dent ;  Clifford  Gilmore,  recording  secretary  ; 
W.  H.  Couch,  financial  secretary ;  and 
Charles  Langs,  treasurer. 


Business  Itentb 


The  Star  Brass  Works,  of  Chicago,  an- 
nounces that  beginning  Jan.  1  its  name  will 
be  changed  to  "Binks  Spray  Equipment 
Co."  This  name  will  better  describe  the 
comiiany's  product,  which  is  spray-cooling 
systems  and  painting  and  spraying  machin- 
ery. The  old  plant  at  Chicago  has  recently 
been  enlarged,  and  a  Pacific  Coast  office 
has  been  established  in  charge  of  I^.  M. 
Page,   Rialto  Bldg.,   San  Francisco. 

The  Erie  Ball  Engine  Co.,  of  Pittsburgh, 
is  now  making  Ball  engines  in  its  large, 
newly  equipped  factory  at  Braddock,  Pa. 
The  foundry  department  still  remains  at 
Erie,  where  these  engines  were  formerly 
built  under  the  old  name  of  the  Ball  Engine 
Co.  The  new  arrangement  was  mide  nec- 
essary by  the  lack  of  adequate  manufac- 
turing facilities  and  will  not  affect  local 
offices,  the  personnel  of  which  will  remain 
unchanged. 


COAL  PRICES 


Current  mine  quotations,  with  interesting  com- 
parisons, are  given  in  the  following  tabulation: 

Nov.  Aug.  5  Dec.  2  Dec.  16 

1919*  1920      1920     1920 

Pittsburgh  steam $2.30  $10.00  »5. 00  $3.75 

Pittsburgh    screened 

gas 2.30  12  00     5  50     4  50 

Hocking 2  50  9  00     4  50     3  75 

Franklin,  ni 2  35  6  50     5  00     4  00 

Indiana  4th  vein 2  35  7  50     4  00     3  25 

Eastern  Ohio,  No.  8. .     2  35  10  50     5  00     4  00 

Fairmont 2  50  13  50     4  75     3  75 

Kanawha 2.60  14  00     4  75     4  50 

S.E.Kentucky 3  00  10.50     5  25     4  75 

Western  Kentucky. . .     2.35  5  25     4  25     4  00 

Clearfield 2.95  12.00     5  00     4  75 

Cambria  and  Somerset    2  95  13.50     6.00     6  00 

fZ^^s::.:::.:.:  Us)  '*•"»  5.25  5.00 

*  Government  prices. 


"i  Mass.,  Worcester  —  The  Bd.  of  Library 
I  Directors  plans  to  build  a  library.  About 
I     $1,000,000.     Archt.  not  selected. 

••r.  Conn.,  Meriden  —  The  Conn.  School  for 
Boys,  Colony  St..  plans  to  build  a  new 
central  heating  plant.     Archt.  not  selected. 


New  Construction 


PROPOSED   WORK 

Mass.,  Boston  —  The  Selwyn  Theater 
Corp.,  229  West  42nd  St.,  New  York  City, 
is  having  plans  prepared  for  a  theater 
here,  including  a  steam  heating  system. 
About  $500,000.  H.  W.  Crane,  160  North 
Ashland  St.,  Chicago,  111.,  Archt. 

Mass.,  Danvers  —  C.  'V.  Burgess,  Archt.. 
23  Central  Ave.,  L>'nn.  is  preparing  plans 
for  a  2  story,  55  x  120  ft.  cold  storage 
plant,  here  A  refrigeration  system  will 
be  installed  in  same.  About  $75,000. 
Owner's  name  withheld. 

Mass.,  Xew  Bedford — The  Bd.  Educ.  re- 
ceived lowest  bid  for  two  2  story,  170  x  250 
ft.  schools  on  Mt.  PU-asant  :ind  Rochamb  au 
Sts.,  resjjectivelv.  from  J.  W.  Bishop  &  Co.. 
109  Foster  St.,  Worcester,  at  $638,000  each. 
A  steam  heating  system  will  be  installed 
in  same. 

Mass.,  Oxford — A.  G.  Stanhope,  340  Main 
St.,  "Worcester,  plans  to  build  a  2  story, 
75  X  lOCi  ft.  cold  storage  plant,  here.  About 
$40,000,      Archt.    not   selected. 


N.  Y.,  Brooklyn — The  Dept.  of  Educ,  500 
Park  Ave..  New  York  City,  is  having  plans 
prepared  for  a  school  including  a  steam 
hea'iing  system  on  4th  Ave.,  here.  About 
$650,000.  C.  B.  J.  Snyder,  28th  floor. 
Municipal  Bldg.,  New  York  City,  Archt. 
and  Engr. 

N.  Y.,  Dannemora — Dr.  J.  R.  Rosa.  Mefli- 
cal  Supt.,  Dannemora  State  Hospital,  will 
receive  bids  until  Jan.  5  for  the  installation 
of  fan,  motor,  heaters,  etc.  in  Ward  Build- 
ing D  of  the  northwest  wing  of  the  Dan- 
nemora Hospital.  L.  P.  Pilcher,  Capitol, 
Albany,  State  Archt. 

N.  Y.,  Long  Island  City — The  Dept.  of 
Educ.  500  Park  Ave.,  New  York  City,  will 
soon  receive  bids  for  the  installation  of  a 
heating  and  ventilating  system  in  the 
Bryant  High  School,  here.  Former  bids 
rejected. 

N.  Y..  New  York — The  Dept.  of  Pub. 
Welfare,  Municipal  Bldg,  will  receive  bids 
until  Dec.  24  for  a  refrigerating  plant  and 
the  installation  of  refrigerating  and  ice 
making  equipment  at  the  Metropolitan  Hos- 
pital   District,   Blackwell's   Island. 

N.  J.,  Atlantic  City — The  Elks'  Lodge,  C. 
Bacharach,  Chn.,  108  St.  Charles  Place, 
plans  to  build  an  Elks'  Home.  About 
$1,000,000. 

N.  J.,  Summit — The  Bd.  Educ.  is  having 
plans  prepared  for  a  4  story  school.  About 
$500,000.  Guilbert  &  Betelle,  2  Lombardi 
St.,  Newark,  Archts. 

Pa.,  PhUadelphIa  —  The  Selwyn  Theater 
Corp.,  229  West  42nd  St.,  New  York  City, 
is  having  plans  prepared  for  a  theater  here, 
including  a  steam  heating  system.  About 
$500,000.  H.  W.  Crane,  160  North  Ash- 
land   St.,   Chicago,   111.,   Archt. 

Pa.,  York  —  Jacob  and  Isaac  Silverman. 
1512  11th  Ave.,  Altoona,  and  Nathan  Appell, 
York,  plans  to  build  a  4  story  theater  in- 
cluding a  steam  heating  system.  About 
$500  000.  H.  C.  Hodgens.  130  South  15th 
St.,  Philadelphia.  Pa.,  Archts. 

Md.,  Baltimore  —  The  Union  Protestant 
Infirmary,   Division   and   McMechen   Sts.,    is 


having  plans  prepared  for  a  6  story  hospital 
including  a  steam  heating  system  at  Guil- 
ford Ave.  and  33rd  St.  J.  E.  Sperry,  409 
Calvert  Bldg.,   ArchL 

D.  C,  Washington — The  Bureau  of  Yards 
and  Docks.  Navy  Dept..  has  asked  Con- 
gress for  $180,000  for  improvements  to  the 
central  power  plant  at  the  JIare  Island 
navy  yard,  Cal..  and  $50,000  for  the  central 
power  plant  at  the  Cavite  naval  station, 
Phillipine  Islands. 

Va.,  Fort  Story — The  United  States  Engi- 
neer, Custom  House.  Norfolk,  will  receive 
bids  until  Dec.  29  for  furnishing  material 
and  labor  for  the  installation  of  a  steam 
heating  system  in  the  office-storehouse 
building,  here. 

Va.,  Richmond  —  Mercer  &  Tretten,  218 
North  9th  St.,  are  in  the  market  for  one 
air  compressor,  gasoline  pump  and  gasoline 
tank. 

Fla.,  Jacksonville — The  City  Commission 
has  approved  of  $2,000,000  bonds  for  re- 
modeling old  cotton  warehouse  into  cold 
storage  plant,  build  new  cotton  warehouse 
and  pier,  etc 

Fla..  Oketchobee — W.  W.  Dunnicliff,  City 
Clk.,  will  receive  bids  until  Jan.  18  for  one 
engine  and  pump  complete,  capable  of  350 
g.p.m.,  against  a  total  head  of  140  ft., 
approximately  65  lbs.  pressure. 

Miss..  Jackson — The  State  Bond  Improve- 
ment Commission,  here,  plans  to  spend 
$600,000  for  repairing  old  power  plants  and 
building  new  plants  at  the  various  state 
institutions.  T.  C.  Link,  care  of  the  Com- 
mission.   Archt. 

La..  New  OrleaiPS — H.  M.  Janette,  Room 
712,  Hennen  Bldg.,  is  in  the  market  for  one 
120-hp.  Semi-Diesel  Skandia  marine  engine, 
new  or  used. 

O.  Cleveland  —  The  American  Steel  & 
Wire  Co..  o 'o  H.  R,  Klepinger,  Western 
Reserve  Bldg..  had  plans  prepared  for  a 
1  story,  53  x  134  ft.  boiler  house  at  East 
40th  St.  and  Lakeside  .We.     About  $75,000. 

O.,  Cleveland — The  Bd  Educ.  East  6th 
St.  and  Rockwell  Ave.,  will  receive  bids 
about  Feb.  15  for  heating  plant  including 
two  J.'.O-hp.  boilers  for  the  proposed  new 
school  at  Diana  and  Darley  Aves.  About 
$100,000.  W.  R.  McCormack.  above  ad- 
dress,  EngT. 
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O..  n»\rli»n«l — M  Mnkof.  lir.aa  Woodland 
.\v.'..  iiliiiiM  lo  build  u  If)  Mtor.v.  Ul)  x  1:I0 
ft  <illU-<'  uikI  (lu>ii(i-r  liiillilliiK  liu-lutlliit^  ii 
8lfi»in  hi-iilliiK  iiyiilt'm  ul  ISH'J  ICiutI  9lh  St 
Al'oul    $2.miO,000.       An-ht.    iiKt    HcU'Oleil 

O..  ('Ir\rliinil-  Tlif  Mull  M.Mor  <"<>  .  M, 
Ki<)irlii'lini-r.  Tn-H  .  B:iJ  SupiTlcir  .\vc.,  hiiH 
imivliuHiMl  II  .sit.-  fur  a  'J  stlor.v.  T.'"  x  IBO  ft 
Ki>riiK>>  InoluuilliiK  »  sti'iim  lu'iitliiK  HyMlcin. 
Aliont  |:;riO,(>oO.  (^irlstlim.  Si-hwarlacnl)iT(c 
&   Oaede,    1900    Kuc-lld    Ave,    Ari-lilM. 

O..  I'oiUM-uiil — Tht>  ltd.  Kdiiiv  lia<l  iiro- 
llmlnnrv  plan.M  i>ri-|>arcd  for  a  ;;  story,  '.!00 
X  250  ft.  lilK'h  ^4l■h<>(>l  oil  Watson  St.  About 
t:!50.0(iii  II,  M.  MiH'ullougli,  KiTKiiHoii 
IllilK  .    IMttMburnb.   Pa..    Aroht. 

O..  Sleul>«>iivllli' — (J.  Shof.T.  llo:i  (MiapUnc 
St.,  WhofUiiR,  \V.  Va.,  has  |)urchased  a 
»lt<-  luTf,  for  :i  or  4  story  tlu-ati-r.  .\bout 
j:!l)O,0(MI. 

O..  YoiinitBtown  —  The  Rd.  Tiduc,  S.  R. 
CrcpH.  nir.  of  Schools,  14  Wood  St..  will 
.soon  award  tht>  contract  for  a  hcatUiK  and 
vciitilntinK  syatcni  for  a  44  room  unit  at  the 
lluvdcii  IIIbIi  School,  rians  allow  for  an 
additional  unit  of  tlu'  same  siz.-  to  b.-  liuilt 
latiT.  (".  K.  Owsh-y.  i:iill  MahoniiiK  Hank 
HldK.,   Muhoninn,  lOngr. 

liiU..  Hiinimoiid  The  Bd.  Kduc.  iilans  to 
build  a  2  story.  100  x  150  ft.  school  Includ- 
ing 11  steam  h^■atin^^  system.  -Vbout  $400,- 
oOO.      J.  T.    Hutton   ir  Son.   Archts. 

Ind..  Indlniiai.oIlM— The    Bd.    of   Works   is 

havinK  plans  iirepared   for  a  3   story.   88   x 

17.1   ft.  hospital   including   a   steam    he.itinK 

svstem  on    Margaret    St.      About    $400,000. 

\V.    K.  Russ,    'il.l    North    Pennsylvania    St.." 
Archt. 

Mich.,  Detroit  —  The  Selwyn  Theater 
Corp.,  229  West  42iul  St.,  New  York  City, 
is  having  plans  prepared  for  a  theater  here, 
includinK  a  steam  lieatinR  system.  About 
$500,000.  H.  W.  Crane.  160  .North  Ash- 
land   St.,    Chicago.    111..    Archt. 

Midi.,  Detroit — The  Palestine  Assn.,  510 
Fort  St..  plans  to  build  a  10  story.  150  x 
180  ft.  lodge  house  including  a  steam  heat- 
ing system  on  Charlotte  St.  About  $2,000,- 
"00.  A.  E.  Harley.  c/o  Committee  of  Archi- 
tects, 2631   Woodward   .\ve.,  Archt. 

Mich.,  Lansinic — The  Michigan  State  In- 
dustrial School  for  Boys,  East  Lansing  St., 
plans  to  build  36  institution  buildings  in- 
cluding a  power  plant. 

III.,  ChicaBo — The  Chicago  Telephone  Co., 
212  AVashington  St..  is  receiving  bids  for 
a  3  story,  ino  x  150  ft.  telephone  exchange 
building  including  a  steam  heating  system 
at  44th  and  Drexel  Sts.  About  $250,000. 
Holabird  &  Roche,  104  South  Michigan 
Blvd.,  Archts. 

III.,  Chicago — The  Hilton  Co.,  Inc..  793 
Broad  St..  Newark,  N.  J.  plans  to  build  an 
office  building  here.  Cost  to  exceed  $1,000,- 
000. 

III.,  Chicago — The  North  Beach  Hotel  Co.. 
c/o  J.  A.  Armstrong.  127  North  Dearborn 
St.,  will  soon  award  the  contract  for  an 
8  story.  100  x  170  ft.  hotel  including  a 
steam  heating  system.     About  $1,000,000. 

III.,  ChieaBO — The  Union  Liberty  Co.,  c/o 
W.  W.  Ahlschlager.  Archt..  65  East  Huron 
St.,  will  soon  award  the  contract  for  a  15 
story,  60  x  80  ft.  office  building  including  a 
high  pressure  steam  plant.     About  $400,000. 

Wis.,  Janesville — The  Bd.  Educ.  is  hav- 
ing plans  prepared  for  the  superstructure 
of  a  3  storv.  180  x  200  ft.  high  school. 
About  $500,000.  Van  Ryn  &  De  Gellike. 
Caswell  BIk.,  Milwaukee,  Archts. 

Wis.,  Milwaukee — The  Civic  Comn..  c/o 
Mayor  Hoan,  City  Hall,  is  arranging  to 
finance  the  building  of  a  memorial  building 
at  8th  and  Cedar  Sts.  About  $1,500,000. 
Archt.  not  selected. 

WLs.,  Two  Rivers  —  The  Bd.  Educ.  had 
plans  prepared  and  will  receive  bids  about 
Jan.  1  for  a  3  story.  96  x  llo  ft.  high 
school  including  a  steam  heating  system. 
About  $400,000.  J.  D.  Chubb,  109  North 
Dearborn  St.,  Chicago,  111.,  Archt. 

Iowa,  Davenport  —  The  Odd  Fellows' 
Lodge,  1420  4th  St..  plans  to  build  a  3 
or  4  story  lodge  hall  including  a  steam 
heating  system  at  6th  and  Main  Sts.  .\bout 
$350,000.      Archt.   not  announced. 

Iowa,  Fayette — The  Board  of  Trustees 
of  the  Upper  Iowa  University  plans  to  raise 
$1,000,000  for  campus  buildings.  Archt.  not 
announced. 

Iowa,  Fort  Dodse — Lutheran  Congrega- 
tions, c/o  Rev.  J.  M.  Herbst,  Webster  City, 
plan  to  build  a  3  or  4  story  hopsital,  here, 
including  a  steam  heating  system.  About 
$450,000.       Archt.     not    announced. 


Inn II.  Hhrlhy  -  Tli<-  lid.  Educ,  M.  O. 
Clapp.  PreM .  received  liIdH  for  u  2  atory 
hiKh  m-hoid  IncludhiK  n  Hteum  hcntlnK  Hy- 
teni  from  .1  !•;.  Wakelleld  Co.,  750  liraiidelH 
Theater  ItldK  .  Omaha.  Neb..  $224.0110;  11. 
N'eUliian  Co.,  5111  llubhell  llldK  .  DoH  MolnnM, 
lowu,  $213,752;  J  K  Cobler,  Carroll,  town, 
$229,131. 

lowu,  Wiialiiiictuii  —  The  WuBhlngton 
IlotOl  Co..  J.  M.  Wilson,  Prea.,  Ih  having 
iiluMH  prenarcd  for  a  4  story,  60  x  120  ft 
hotel  IncIudInK  a  steuni  lieatlnK  nyHtt-m. 
About  $350,000.  C.  A.  Dleman  &  Co.,  408 
(Jraidiy  BIdg.,  Cedar  Itaplds,  Archt. 

.Minn.,  Albert  Lett — C.  G.  and  R.  O.  Lang 
plan  lo  build  a  3  story  cnnnlnR  plant  In- 
cluding a  30  X  30  ft.  holler  room.  Archt. 
not   announced. 

.Minn.,  MInneiipoIlN  —  Tlie  Civic  .Music 
League.  :\  .1.  iMueller.  Pres.,  2818  Oakland 
Ave..  |)lnns  to  build  a  10  story  Auditorium 
bulUlIng  Including  a  steam  heating  system. 
.\rclit.   not  selected. 

.Mkiui.,  .MlnneupoIlN — The  Orpheum  The- 
.iter  Corp..  M.  Beck,  Mgr..  190  North  State 
St..  Chicago.  III.,  rejected  bids  and  Is  re- 
vising plans  for  a  3  story,  115  x  182  ft. 
theater  here.  Including  a  steam  heating 
system.       .About    $600.(l00.       .Noted    Feb.     16. 

Kun.,  CoflTeyvllle — The  Chamber  of  Com- 
merce  will   receive   bids   until   about   March 

1  for  a  5  story.  100  x  140  ft.  hotel.  About 
$300,000.  Shepard  &  Wiser.  Long  Bldg.. 
Kansas  Cfly,   Mo.,    Archts. 

Kan..  Wiehita — G.  Theis.  .Ir.,  Schweitzer 
HIdg.,  plans  to  liuild  a  14  story,  150  x  150 
ft.  ollice  building  at  113  North  Lawrence 
St.     Archt.   and  Engr.  not  selected. 

Neb..  .Milford — The  Milford  Electric  Light 
Plant  is  having  plans  prepared  for  addi- 
tions and  improvements  including  the  in- 
stallation of  a  generator,  steam  plant  and 
a  water  wheel.  Koenig,  Hollister  &  Co.. 
Lincoln,    Engrs. 

W.vo..  DouBlas — The  city  plans  an  elec- 
tion Dec.  28  to  vote  on  $85,000  bonds  for 
extension  to  the  water  system  including  a 
pumping  plant.  Prince,  Dixon  Engr.  Co., 
Omaha,   Neb.,    Engr. 

Tex..  Jewett — J.  .\  Dean  and  W.  N. 
Martin  plan  to  rebuild  their  electric  light 
plant   recently   destroyed   by  fire. 

Tex.,  San  Antonio — A.  B.  Ayres.  .\rcht.. 
Bedell  Bldg.,  is  preparing  plans  and  will 
receive  bids  until  about  Jan.  15  for  a  4 
story  addition  to  hospital  including  a  steam 
heating  system  on  Houston  St.  About 
$400,000.      Owner's   name    withheld. 

Tex..  Sweetwater — The  City  Commission- 
ers idan  an  election  to  vote  on  bonds  for 
a   municipal   electric    light  plant. 

Utah,    Salt    Lake    City — The   B.    P.    O.    E.. 

No.  85.  59  South  State  St.,  plans  to  build 
a  6  story.  75  x  135  club  house.  About 
$400,000.  Scott  &  Welch,  Dooly  Bldg.. 
Archts.   and   Engrs. 

Wash.,  Seattle — ^The  University  of  Wash- 
ington is  having  plans  prepared  for  a  4 
story,  75  x  225  ft.  education  hall.  About 
$330,000.  Bebb  &  Gould.  Securities  Bldg.. 
Archts. 

Cal.,  Los  .\ngeles — St.  John's  Episcopal 
Church.  Rev.  G.  Davidson.  Pastor,  is  hav- 
ing plans  prepared  for  a  church  including 
a  steam  heating  system  at  Figeroa  and 
Adams  St.      About  $500.00(i.      B.   G.   Goohue. 

2  West  47th  St.,  New  York  City,  .\rcht. 
and   Engr. 

Cal.,    Pasadena — The    T.    M.    C.    A.,    721 

South  Hope  St.,  is  having  preliminary  plans 
I)repared  for  a  Y.  M.  C.  A.  building.  About 
$350,000.  J.  Morgan.  Merchants'  Exchange 
Bldg..    Archt. 

B.  C,  A'ancouver — The  Coast  Range  Steel 
Co..  419  Metropolitan  Bldg..  incorporated 
by  Mr.  Landis  and  others,  for  $15,000,000, 
plans  to  build  a  steel  works  near  here. 

CONTRACTS    AM'.\KDED 

Mass..  Northampton  —  The  Bd.  of  Pub. 
Wks.  has  awarded  the  contract  for  a  1 
story  pumping  station,  pipe  line,  etc.,  to 
D.   A.   Sullivan.   Paradise   Road,   at   $15,000. 

N.  Y.,  New  York  —  The  United  Electric 
Light  &  Power  Co..  130  East  15th  St.,  has 
awarded  the  contract  for  a  power  plant  at 
134th  St.  and  the  East  River  to  the  U.  S. 
Structural  Co..  84  Bway..  at  $4,500,000. 
Noted  Nov.   2. 

Pa.,  Hog  Island — The  Bureau  of  Yards 
and  Docks.  Navy  Dept..  Wash.,  D.  C.  has 
awarded  the  contract  for  a  radio  building 
here,  to  J.  H.  Pierce,  525  Law  Bldg..  Nor- 
folk,  Va..  at   $30,665. 


Vii.,  Cnpp  lliillrriui — The  Bureau  of  Yards 
ind  DfH-kM.  Navy  Oepl.,  WaMli.,  D.  C,  ha» 
iwuDleil  the  contract  for  a  radio  liulldlnK 
Here,  to  IXiiUK'll  Zane  Co.,  Inc.,  350  Broad 
St.,    New    York   <"lly.   at   $20,686. 

W.  Vn.,  Houtli  CliurlentofK^The  Bureau  of 
Yardii  and  l)o<'kH.  WhhIi..  I>  C,  hiut 
awarded  the  contract  for  a  <llHlrlbutlon  sya- 
lem  here,  to  the  r;eneral  Kleelric  <'<>..  HIver 
ltd,    Schenectady,    N.    Y.,    .at    $14,565. 

N.  C.,  Ciipe  Lookout — The  Bureau  of 
Yards  an<l  Docks.  .Navy  Dept.,  Wash.,  D.  C, 
has  awardefl  the  contract  for  a  radio  build- 
ing here,  to  Donnell  Zane  Co.,  Inc.,  360 
Broad    St,    .New    York   City,   at   $13,865. 

N.  C  Oaotonla — The  Akray  Mills  has 
awarded  the  <-ontract  for  a  cotton  mill  in- 
cluding a  steam  heating  system  to  the 
Turner  Constr.  Co.,  244  Madison  Ave.,  New 
York   City,   at   $75,00<i. 

N.  <".,  PoynerH  Hill — The  Bureau  of  Vardi 
and   Docks.   Navy   Dept.,  Wash.,  D.  C,   has 

awarded  the  contract  for  a  radio  building 
here  to  Donnell  Zane  Co..  Inc.,  350  Broad 
St.,   New   Yok  City,   at   $11,802. 

O.,  Cleveland  HeightH  fWarrensville  P. 
O.) — ^The  Bd.  Educ.  has  awarded  the  con- 
tract for  a  60  x  67  ft.  power  plant  for 
s(-hool  on  Lee  Road  to  P.  Klrschner,  1008 
Hilipodrome  Bldg..  Cleveland,  at  $110,000. 
Two  220-hp.  boilers  will  be  Installed  In 
same.     Noted   Aug.   31. 

O.,  Cleveland — The  G4envllle  Hospital. 
701  Parkwood  Drive,  has  awarded  the  con- 
tract for  a  2  story,  40  x  40  ft.  addition  to 
boiler  and  laundry  building  to  Lehder  Con- 
str. Co..  Engineers'  Bldg.,  at  $40,00o.  Noted 
Oct.    19. 

O.,  Ea«t  Cleveland  (Cleveland  P.  O.)  — 
The  Natl.  Lamj)  W^ks.  of  the  General  Elec- 
tric Co.,  Nela  Park,  has  awarded  the  con- 
tract for  two  250-hp.  Sterling  boilers  to  the 
Babcock -Wilcox  Co.,  1521  Guardian  Bldg.. 
Cleveland,  at  $25,000.     Noted  June  1. 

Mich.,  Detroit — Frank  &  Seder,  c/o  Smith. 
Hlnchman  &  Grylls.  Archts.,  710  Washing- 
ton Arcade,  has  awarded  the  contract  for 
an  8  story,  60  x  100  ft.  mercantile  building 
fo  Thomjison-Starret  Co..  Lincoln  Bldg.  A 
central  steam  heating  system  will  be  in- 
stalled in  same. 

Mich.  River  Rougre — The  Bd.  Educ,  c/o 
-X.  R.  Heuer,  has  awarded  the  contract  for 
a  high  school  on  Dearborn  Road  to  Bryant 
&  Detwiler.  2336  Dime  Bank  Bldg..  Detroit, 
at  $1,000,000.  Contract  for  steam  heating 
and  forced  ventilating  systems  will  be  sub- 
let.    Noted  March  9. 

111..  .'\rea — The  Catholic  Archdiocese  of 
Chicago  has  awarded  the  contract  for  sev- 
eral seminary  buildings  here,  including  a 
1  and  2  story.  100  x  100  ft.  power  house,  to 
the  Thompson-Starrett  Co.,  175  West  Jack- 
son Bldv..  Chicago.     Est.  cost  $10,000,000. 

III.,  Chicago  —  The  Selwyn  Corp..  229 
W'est  42nd  St..  New  York  City,  has  awarded 
the  contract  for  a  theater  and  office  build- 
ing here,  including  a  steam  heating  system 
to  the  Longacre  Constr.  Co..  127  North 
Dearborn  St.,  at  $1,000,000. 

Iowa,  Pocahontas — The  County  Aud.  has 
awarded  the  contract  for  the  installation 
of  a  steam  heating  and  plumbing  system 
and  wiring  in  the  proposed  new  court  house 
to  Carsten  Bros.,  Ackley,  at  $36,000.  Noted 
.Nov.    16. 

Mo..  Maplewood  (St.  Louis  P.  O.) — The 
St.  Louis  Paper  Can  &  Tube  Co.,  4  400  North 
Union  Ave..  St.  Louis,  has  awarded  the 
contract  for  a  1  story,  200  x  540  ft.  factory 
here,  including  a  steam  heating  system  to 
WTdmer  Eng.  Co.,  Century  Bldg.,  St.  Louis, 
at  $500,000. 

Tex.,  Dallas — The  Bd.  Educ,  Municipal 
Bldg.,  has  awarded  the  contract  for  a  2 
storv  high  school  at  Haskell  and  McKinney 
Sts.  to  the  American  Constr.  Co..  411  Gulf 
Bldg.,  Houston,  at  $648,000.  A  steam  heat- 
ing system  will   be   installed   in  same. 

Col.,  Anlt — The  Great  Valleys  Sugar  Co., 
Central  Savings  Bank  Bldg..  Denver,  has 
awarded  the  contract  for  a  susrar  factory 
here,  to  Schwarz  Eng.  Co.,  Mack  Bldg., 
Denver,   at   $1,000,000.  , 

Col.,  Denver  —  The  School  Bd.  has 
awarded  the  contract  for  the  installation 
of  a  heating  and  ventilating  svstem  in  the 
Morey  Junior  High  School  to  McCarty- 
Johnson  Htg.  &  Engr.  Co.,  1440  Curtis  St.. 
at  $90,075.     Noted  Oct.  3. 

Ont.,  Pembroke  —  McGuire.  Patterson  & 
f'almer,  Ltd..  343  West  Dorchester  St., 
Montreal,  hav-  awarded  the  contract  for  a 
match  factorv  here,  to  Eraser.  Brace  &  Co., 
83    West  Craig  St.,   Montreal,  at   $5,000,000. 
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THE  HUMAN  ECHO 


By  Rufus  T.  Strohm 


1EM  BILLINGS  is  the  kind  of 
^  cuss  that  highbrows  term 
ubiquitous;  that  is,  he's  all  too 
plenty.  He  likes  to  gossip,  loaf  and 
smoke  and  lead  the  life  Italian  folk 
call  dolce  far  niente.  This  firing 
boilers,  to  his  mind,  is  nothing  but  a 
weary  grind  to  which  he's  forced  to 
buckle,  whereas,  as  everybody 
knows,  he'd  sooner  wear  his  Sunday 
clo'es  and  dally  with  pinochle. 

He  plugs  along  from  day  to  day,  but 
always  takes  the  easy  way  of  tending 
to  his  duties.  He  scorns  the  colleges 
and  schools  and  vows  that  he's  got 
better  rules — and  say,  they  sure  are 
beauties!  For  instance,  if  he  needs 
more  air  to  make  the  furnace  seethe 
and  glare  and  keep  the  stack  trom 
smoking,  he  swings  the  fire  doors 
ajar  in  manner  quite  spectacular, 
and  thinks  that  he  is  stoking. 


H~  E  SPRAYS  his  fuel  with  a  hose 
until  the  mixture  slips  and 
flows  like  mud  flats  in  a  shower.  He 
piles  a  half  a  ton  of  coal  inside  the 
yawning  fire -hole  and  then  he  loafs 
an  hour.  He  opens  up  the  blowoff 
cock  in  one-tenth  second  by  the  clock 
nor  lets  an  eyelash  flicker,  and  when 
at  length  he  yanks  it  shut,  this 
perfect  specimen  of  nut  performs  that 
action  quicker. 

So  far  as  judgment  goes,  his  head 
might  just  as  well  be  made  of  lead, 
or  stuffed  with  pulp  or  shavings;  lor 
when  his  friends  try  to  be  nice,  he 
treats  their  kindly  meant  advice  as 
nothing  more  than  ravings.  By 
modem  firemen  he's  classed  as  but 
an  echo  of  the  past ;  he  apes  his  pred- 
ecessors, who  modeled  all  their  ways 
by  guess,  and  so  Lem's  practice  is  a 
mess,  for  they  were  rotten  guessers. 
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Remodel i  11  <;  Old  Power  Stations — Boiler 


Plant  Iinproveinents 


By  L.  K.  LEE» 


A  STEAM-ELECTRIC  preneratinp  station  is  naturally 
divided  into  two  parts,  the  boiler  plant  and  the 
L  generating  plant,  commonly  referred  to  as  the 
boiler  room  and  engine  or  turbine  room.  There  are,  as 
a  rule,  more  opportunities  for  increasing  the  capacity 
and  economy  in  the  boiler  room  than  in  the  turbine 
room.  The  cause  of  this  is  not  hard  to  understand 
when  it  is  considered  that  the  modern  boiler  is  funda- 
mentally but  little  different  from  the  one  sold  ten,  fif- 
teen or  even  twenty  years  ago.  The  modern  boiler 
meets  new  requirements  of  pressure,  size  of  furnace, 
superheat,  etc.  However, 
with  proper  regard  for 
the  pressure  limit  the 
old  boiler  can  usually  be 
brought  up  to  date  so 
that  it  will  give  a  satis- 
factory account  of  itself 
when  compared  with  the 
modern  boiler.  There 
are  one  or  two  tests  that 
should  be  applied  to  all 
old  boiler  plants  to  de- 
termine whether  or  not 
they  are  worth  extensive 
remodeling  or  whether 
they  should  only  be  kept 
in  good  repair  until  such 
time  as  conditions  allow 
of  the  entire  replacement 

with  new  equipment.  These  tests  are  about  as  follows: 
Will  the  present  boilers  admit  of  furnace  improvement 
that  will  secure  200  per  cent  continuous  rating?  With 
the  boilers  operating  at  200  per  cent  rating,  will  the  exit- 
gas  temperatures  be  more  than  550  deg.,  and  if  so,  will 
the  space  limitations  allow  installation  of  suitable  econ- 
omizers? May  the  boilers  be  insured  for  175  lb.  work- 
ing pressure  over  a  reasonable  number  of  years  to  come? 

If  these  three  questions  can  be  satisfactorily 
answered,  then  undoubtedly  the  plant  is  worth  reclaim- 
ing and  then  the  extent  of  improvements  may  be  bal- 
anced against  their  cost  to  determine  the  amount  of 
improvements  to  be  made. 

In  the  same  way,  after  the  tests  have  been  applied 
to  see  whether  the  plant  is  worth .  reclaiming,  it  is 
well  to  catalog  the  limitations  of  the  plant  and  to  rate 
these  limitations  so  that  the  money  spent  will  be  first 
invested  where  it  will  bring  in  the  largest  return.  Some 
of  the  most  important  of  these  questions  are  usually 
found  to  be  as  follows :  Coal  and  ash  handling,  furnace 
capacity,  draft  conditions,  capacity  and  general  condi- 
tion of  auxiliaries. 

Checking  Station  Results 

It  is  also  important  in  laying  out  the  improvements 
for  the  old  plant  to  see  how  much  can  be  done  toward 
installing  such  equipment  as  will  increase  the  possibility 
of  checking  the  results  from  the  station.    The  two  prin- 


To  meet  demands  for  increased  capacities 
and  better  economy,  companies  are  interested 
at  this  time  in  enlarging  and  bringing  up  to 
date  their  oh!  power  plants.  Moreover,  the 
high  cost  of  fuel  nas  discouraged  many  isolated 
plant  owners  from  further  use  or  extension  of 
existing  facilities,  hence  the  users  of  electric 

5 tower  are  multiplying  and  its  use  in  resi- 
lences  has  become  an  appreciable  factor  in  in- 
creasing central-station  day-power  load.  There- 
fore it  behooves  the  central-station  executive  to 
put  his  plant  in  order,  that  he  may  realize  a  max- 
imum on  the  investment  that  he  already  has. 


•Chief  Engineer.   E.   W.  Clark  &   Co.   Management   Corporation. 
Columbus.  Ohio. 


cipal  things  to  be  found  out  in  the  boiler  plant  are 
the  amount  of  coal  burned  and  the  quantity  of  steam 
generated.  With  these  two  facts  actually  determined,  a 
pretty  close  check  can  be  kept  upon  the  operation. 
Much  detailed  data  must,  of  course,  be  kept  in  checking 
economies  and  proper  operation,  these  data  being 
secured  in  a  modern  plant  by  means  of  such  instruments 
as  water  meters,  recording  thermometers,  recording 
pressure  gages,  draft  apparatus,  furnace  meters,  and 
so  on.  The  most  of  such  equipment  being  relatively 
inexpensive  compared  to  the  investment  in  the  plant,  it 

requires  only  careful  se- 
lection and  a  sense  of 
proportion  not  to  have 
too  many  instruments  to 
so  overburden  the  oper- 
ating man  with  details 
that  he  may  neglect  the 
main  operation.  The  old 
plant  usually  lacks  facili- 
ties for  handling  coal 
and  ashes.  Where  there 
are  any  such  facilities, 
they  are  usually  limited 
in  capacity  and  require 
excessive  maintenance 
and  labor  for  operation. 
The  very  fact  that  coal 
has  increased  so  much  in 
cost  makes  it  necessary 
to  burn  the  lower  grades  as  far  as  possible ;  there- 
fore the  central  station  must  expect  to  handle  relatively 
more  coal  and  ash  than  formerly,  and  to  keep  within 
reasonable  cost,  they  must  be  handled  with  little  labor. 
A  plant  of  any  considerable  capacity  must  receive  its 
coal  by  railroad  car,  steamship  or  barge  and  should  be 
provided  with  facilities  for  unloading  quickly  with  little 
manual  labor,  and  it  should  also  have  facilities  for 
receiving  all  grades  of  coal;  that  is,  it  should  be  pro- 
vided with  crusher  equipment  so  that  run-of-mine, 
lump  or  screenings  may  be  received  with  no  inconven- 
ience. Storage  should  be  provided  so  that  at  least  a 
thirty-day  supply  may  be  carried  as  a  so-called  emer- 
gency or  seasonal  storage,  while  a  smaller  storage  of 
about  two  days'  supply  may  be  in  continuous  use.  It  is  also 
desirable  to  arrange  to  dispose  of  the  ashes  directly  into 
railroad  cars  with  little  or  no  manual  labor. 

Stoker  Capacity  of  Boiler  Plant 

Increasing  the  capacity  of  the  boiler  plant  really 
means  only  increasing  the  facilities  for  burning  coal. 
Practically  any  water-tube  boiler,  if  properly  set  and 
kept  clean,  will  permit  of  driving  to  higher  capacities, 
depending  upon  the  furnace  arrangement  which  may 
be  worked  out  to  advantage.  Therefore,  the  furnace 
conditions  must  be  first  studied  to  see  how  much  coal 
can  be  burned  in  each  and  every  furnace.  If  stokers 
are  already  provided  and  capacities  of  200  per  cent 
or  more  are  not  easily  obtained,  then  the  stokers  have 
insuflficient  capacity  or  insufficient  draft.    Stoker  capac- 
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ity  may  be  limited  by  the  actual  size  of  the  stoker 
itself  or  by  the  volume  of  furnace  provided  over  the 
stoker.  In  other  words,  stokers  are  often  put  under  old 
boilers  that  are  not  set  high  enough.  There  are  two 
ways  of  increasing  the  height  of  the  furnace:  First, 
to  raise  the  boiler,  and  second,  to  drop  the  stoker 
below  the  boiler-room  floor  level.  It  is  often  difficult 
to  raise  old  boilers,  owing  to  building  conditions,  but 
it  frequently  happens  that  it  is  comparatively  easy  to 
drop  the  furnace  level  so  that  part  of  the  basement 
may  be  used  for  the  stoker  installation.  The  height 
of  boilers  of  the  B.  &  W.  type  is  usually  spoken  of 
as  the  distance  between  the  front  end  of  the  lower 
row  of  tubes  and  the  floor  line.  All  boilers  having 
less  than  ten  feet  between  the  floor  line  and  the  lower 
row  of  tubes  at  this  point  are  considered  boilers  of 
low  setting,  and  this  dimension  may  be  profitably  made 
up  to  fifteen  feet  or  in  some  cases  even  more.    However, 


large  and  as  straight  and  free  from  sharp  turns  as 
possible.  It  is  equally  important  to  see  that  the  flue 
is  tight.  Brick  flues  can  be  made  satisfactory,  but 
old  brick  flues  are  often  full  of  leaks  that  are  not 
very  apparent  unless  a  thorough  inspection  is  made. 
Therefore,  it  is  important  in  studying  the  condition  of 
any  given  boiler  to  see:  First,  if  the  furnace  volume 
is  ample;  second,  if  sufficient  draft  is  provided  both 
at  the  boiler  uptake  and  under  the  fuel  bed.  These 
factors  have  most  to  do  with  the  capacity  of  the  furnace, 
although  of  course  they  will  have  considerable  effect 
on  the  economy.  However,  the  economies  of  the  boiler 
plant  must  be  looked  to :  First,  in  regard  to  the  tight- 
ness of  the  boiler  setting;  second,  the  cleaning  of  the 
boiler  to  see  that  it  is  free  from  soot  on  the  outside 
of  the  tubes  or  scale  on  the  inside;  and  third,  to  con- 
sider the  exit  temperatures  of  the  gas  leaving  the  boiler. 
It  is  practical  to  force  boilers  to  high  capacities,  but 
in  doing  so,  consideration 
must  be  given  to  the  heat 
that  will  be  in  the  gas  when 
leaving  the  boiler,  and  ad- 
ditional facilities  in  the 
way  of  economizers  must  be 
provided  to  absorb  this 
heat.  It  is  not  uncommon 
to  find  boilers  carrying  250 
to  300  per  cent  rating  hav- 
ing exit-gas  temperatures 
of  700  to  800  deg.,  these 
temperatures  varying  ac- 
cording to  the 
condition  and 
>^   amount  of  boiler 
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cwelve  feet  will  give  good  re- 
sults for  the  underfeed  type 
of  stoker  where  capacities  of 
250  per  cent  of  boiler  rating 
are  desired.  The  common 
limitation  in  furnace  capac- 
ity, and  this  more  often 
applies  to  furnaces  equipped 
with  .stokers,  is  insufficient 
draft.  The  underfeed  stoker 
is  often  applied  to  old  boilers 

with  the  idea  of  increasing  economy  and  capacity  with 
providing  for  additional  draft  at  the  boiler  uptake.  The 
underfeed  stoker  or  forced-draft  type  burning  larger 
quantities  of  fuel,  therefore  increasing  the  volume  of 
gas  to  be  handled,  calls  for  a  high  draft  at  the  boiler 
uptake.  Natural  draft  provided  by  stacks  may,  of 
course,  always  be  used  to  advantage,  but  the  most  satis- 
factory way  to  increase  the  draft  at  the  boiler  uptake 
is  by  induced-draft  fans.  These  may  be  arranged  to 
discharge  into  the  base  of  e.xisting  stacks,  they  may  be 
motor-driven  and  may  be  obtained  in  the  high-speed 
radial-flow  types  which  allow  installation  in  very  limited 
quarters. 

Another  factor,  and  one  that  is  often  overlooked  in 
the  draft  question,  is  the  dimensions  of  the  boiler 
uptake,  the  size  of  the  flues  and  connections  with  the 
stack.  It  is  extremely  important  that  the  opening  out 
of  the  boiler  be  made  the  maximum  size  permitted  by 
the  con.struction   of  the  unit  and   that   the  flue  be  as 


surface  provided.  It  is  usually  profitable  to  install 
sufficient  economizer  surface  to  reduce  the  flue  gas  to 
temperatures  of  400  deg.  and  less.  As  a  general 
rule  the  space  available,  in  old  plants,  for  econ- 
omizer surface  will  determine  the  amount  of  surface 
rather  than  the  temperature  of  the  gas.  By  working 
over  the  old  layout  so  that  the  boilers,  which  are  quite 
commonly  installed  in  batteries,  may  be  treated  as  units, 
economizers  can  usually  be  installed  of  ample  size  to 
provide  for  quite  high  overload  capacities.  These  unit 
arrangements  may  be  worked  out  so  that  a  battery  of 
boilers,  single  economizer  and  induced-draft  fan  and 
forced-draft  fan  may  become  a  unit  discharging  its 
flue  gas  into  a  common  flue  which  may  lead  to  existing 
stack.  In  some  cases  short  stacks  may  be  provided  for 
each   induced-draft  fan  to  good  advantage. 

The  steam-pressure  limitation  which  will  always  be 
involved  in  old  boiler  plants  is  usually  not  a  very 
serious  one,  and  by   installing  superheaters  the  tem- 
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pcrnture  of  the  steam  can  be  rai.>«e(l  to  .such  a  jjoiiit 
that  the  economy  of  the  station  will  compare  favorably 
with  modern  i)lants.  Superheat  will  usually  retjuire 
looking  into  the  main  atcam-pipe  layout.  If  the  main 
steam  layout  has  in  its  make-up  numerous  cast-iron 
flanges,  fittings,  valves,  etc.,  it  may  be  necessary  to  pro- 
vide new  main  steam  lines.  If  this  is  required,  it  is 
important  to  look  over  the  layout  and  see  that  the 
new  lines  provided  are  not  too  large.  Practically  all 
old  steam  piping  was  put  in  of  such  large  size  that  the 
steam  velocity  was  very  low  and  would  be  unsuited  to 
handling  steam  even  if  its  construction  was  adociuate. 
By  installing  the  new  piping  with  a  few  right-angle 
turns  all  made  up  of  pipe  bend.s,  it  is  practical  to  use 
steam  velocities  up  to  8.000  ft.  per  sec.  This  decreas- 
ing the  size  of  the  steam-pipe  lines  makes  it  possible 
to  make  considerable  saving,  not  only  in  the  pipe  itself, 
but  in  the  cost  of  the  valves.  The  smaller  valve  is  also 
a  more  satisfactory  piece  of  equipment,  as  it  is  usually 
tighter  and  the  cost  of  repairing  is  proportionately 
reduced. 

INCREASKD    BOILER-FEED    SUPPLY 

Increasing  the  capacity  of  boilers  will  call  for  enlarged 
feed-water  supply,  and  if  the  present  facilities  consist 
of  reciprocating  feed  pumps,  which  take  up  much 
valuable  space,  it  is  well  to  consider  the  modern  centrif- 
ugal pump,  either  motor-  or  turbine-driven,  and  in 
making  a  new  layout  to  ascertain  if  the  number  of 
feed-pump  units  cannot  be  decreased  to  advantage.  Two 
or  three  good  feed-pump  units  should  be  sufficient  for 
a  fair-sized  plant.  The  smaller  number  of  units  will 
allow  a  considerable  saving  to  be  made  in  piping  and 
savings  in  repairs  and  other  operation. 

As  practically  all  old  plants  are  provided  with  some 
form  of  feed-water  heating  equipment,  it  is  well  to 
ascertain  if  all  the  steam  from  auxiliaries  is  used  up 
in  the  feed-water  heater  to  advantage  and  if  the 
existing  heater  provides  a  reasonable  increase  in  the 
temperature  of  the  feed  water  and  still  does  not  use  up 
all  auxiliary  steam.  Investigation  should  be  made  to 
see  if  the  amount  of  auxiliary  steam  cannot  be  decreased 
by  the  application  of  motors  to  auxiliaries  rather  than 
to  increase  the  size  of  the  feed-water-heater  equip- 
ment. 

If  it  is  found  practical  to  install  economizers,  feed- 
water  temperatures  of  150  deg.  or  more  are  entirely 
satisfactory  and  sufficient,  and  the  power  for  driving 
auxiliaries  can  usually  be  efficiently  made  by  the  main 
turbine  units;  and  there  certainly  is  great  satisfac- 
tion in  the  operation  of  the  motor-driven  auxiliary, 
considering  the  elimination  of  small  piping  and  the  cost 
of  its  repairs  and  maintenance. 

The  motor-driven  forced-draft  and  induced-draft  fans 
are  extremely  satisfactory  as  well  as  motor-driven 
centrifugal  feed-water  pumps.  Stoker  drive  may  also 
be  motor-driven  and  variable-speed  alternating-current 
motors  can  be  obtained  that  are  satisfactory  for  such 
work.  There  are,  in  fact,  very  few  arguments  for  the 
steam-driven  auxiliary,  while  there  are  a  great  many 
arguments  against  its  use.  It  is  no  longer  necessary 
to  use  steam-driven  auxiliaries  in  order  to  obtain 
variable  or  regulated  speeds  or  to  obtain  I'eliability ; 
there  is  nothing  more  reliable  in  the  power  station 
than  the  electric  motor,  and  there  is  probably  nothing 
that  is  more  easily  kept  in  good  condition. 

All  efficient  designers  of  modem  steam  plants  aim  to 
lay  out  the  plant  as  simply  as  possible  with  a  minimum 


amount  of  steam  piping.  l)0th  largo  and  small.  The  old 
station  always  represents  an  accumulation  of  piping  and 
it  is  well  to  investigate  carefully  to  see  if  considerable 
piping  can  not  be  eliminated  to  advantage.  All  piping 
is  subject  to  heat  loss,  either  by  direct  leakage  or  by 
heat  radiation  due  to  insufficient  covering.  Pipe  cover- 
ing is  expensive  and  hard  to  maintain,  especially  on 
small  pipes  around  the  boiler  room.  Superheated-steam 
lines  need  no  drains  or  trap  systems.  A  few  well-located 
drain  valves  to  free  cold  pipe  from  water  are  sufficient. 

Prkventing  Leaks  in  Brickwork 

Boiler  settings  must  be  continued  to  be  made  up 
largely  of  brickwork  and  there  is  always  great  oppor- 
tunity for  small  leaks  in  the  brickwork  il.self  and  in 
the  connections  between  the  brickwork,  boiler,  flue,  and 
door-frame  connectons.  In  recent  years  there  have  been 
manufactured  many  boiler  brickwork  coatings  that  will 
prevent  leaks  through  poor  joints  and  cracks.  The  chief 
essential  of  such  coatings  is  that  it  shall  remain  in  a 
more  or  less  plastic  .state  and  not  dry  hard,  so  that  as 
the  brickwork  cracks  the  coating  will  retain  its  con- 
tinuity over  the  cracks  and  prevent  air  being  drawn  in. 
Asbestos  may  be  used  to  advantage  in  stopping  leaks 
around  door  frames,  flue  connections  and  all  boiler  con- 
nections. Such  work  must  be  carried  on  continually  or 
at  regular  intervals  as  new  leaks  will  reoccur  from 
time  to  time. 

Within  the  boiler  itself  there  are  some  improvements 
that  may  be  applied  to  old  work  at  a  relatively  small 
cost.  Practically  all  boilers  are  provided  with  baffles  of 
one  shape  or  another.  Heretofore  these  baffles  have 
been  made  of  brick  or  tile  of  various  dimensions,  very 
often  of  special  shapes  and  small  in  size.  The  natural 
consequence  of  using  numerous  small  sections  of  brick 
or  tile  is  that  the  baffles  have  a  great  many  joints, 
all  of  which  must  admit  of  some  leakage  even  when  new. 
As  time  goes  on  and  new  tubes  are  put  into  the  boiler 
and  the  tubes  themselves  become  somewhat  warped 
so  that  the  baffles  are  deformed,  the  leakage  increases. 
Several  companies  have  perfected  baffle  designs  of  con- 
siderable merit.  The  fundamental  feature  of  all  these 
different  designs  is  monolithic  construction.  Some  com- 
panies use  a  quantity  of  plastic  material,  building  up 
the  entire  baffle  by  means  of  form  work  and  pouring  in 
the  plastic  material.  Others  use  a  combination  of  tile 
and  plastic,  obtaining  the  same  results.  As  a  general 
thing  there  is  considerable  merit  in  these  designs  and 
they  go  a  long  way  toward  securing  tight  baffles. 

Burning  Low-Grade  Fxjel 

Burning  the  lower  grades  of  coal  at  increased  rate 
probably  causes  more  soot  and  ash  to  be  deposited  among 
the  tubes  and  baffles  of  boilers  than  formerly.  The 
old  method  of  blowing  out  this  soot  by  means  of  a  hand 
lance  from  the  side  of  the  boiler  is  rather  inadequate 
and  unsatisfactory,  therefore  the  soot  blower  has 
become  an  indispensable  piece  of  boiler  equipment. 
Practically  no  new  boiler  layouts  are  now  made  which 
do  not  provide  mechanical  soot  blowers,  which  in  most 
cases  will  thoroughly  clean  soot  or  ash,  which  may  be 
deposited  in  the  boiler  in  a  very  short  space  of  time. 
The  advantage  in  the  use  of  this  equipment  is  that 
not  only  is  the  boiler  cleaned  more  thoroughly  than 
by  the  hand  method,  but  since  it  is  done  more  easily 
it  is  done  more  regularly  by  the  operating  force  and 
with  a  consequent  saving  in  labor  cost  and  with  in- 
creased advantage  in  the  operation  of  the  boiler. 
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There  has  been  a  tendency,  I  believe,  in  a  great  many 
cases  in  installing  soot  blowers,  to  provide  rather  more 
than  the  situation  warrants.  It  has  been  my  exper- 
ience that  a  soot  blower  will  clean  more  surface  than 
the  manufacturers  claim,  or  in  other  words,  fewer 
elements  are  actually  required  than  advocated  by  the 
manufacturer.  The  essentials  of  installing  soot  blowers 
are  to  see  that  they  are  properly  located  and  that  full 
boiler  pressure,  preferably  of  superheated  steam,  is 
provided  at  each  soot-blower  element  so  that  a  high 
velocity  may  be  set  up  when  the  blowers  are  placed  in 
action  and  that  the  steam  may  be  thoroughly  dry; 
otherwise  the  wet  steam  coming  in  contact  with  the  hot 
soot-blower  elements  may  cause  them  to  be  warped  out 
of  shape.  It  is,  of  course,  important,  in  installing 
the  soot-blower  elements  in  the  front  passes  of  the 
boiler,  to  be  sure  that  they  are  protected  from  the  direct 
furnace  heat  as  much  as  possible. 

In  remodeling  an  old  plant,  a  great  deal  depends  on 
the  designer's  sense  of  proportion.  It  should  be  obvi- 
ous that  the  old  plant  cannot  reach  the  same  standard 
as  a  new  one.  When  thought  is  not  given  to  this  phase 
of  the  situation,  too  much  may  be  spent  on  one  detail, 
leaving  too  little  to  spend  upon  another.  Improve- 
ments may  be  made  in  steps,  but  some  improvements 
amount  to  very  little  unless  others  are  also  made.  For 
example,  a  very  fine  stoker  layout  would  be  useless  if 
^proper  draft  equipment  was  not  also  provided.  In 
the  same  way  stokers  without  any  coal-  and  ash-handling 
facilities  would  in  most  cases  be  rather  expensive  to 
operate. 

I  believe  that  certain  modern  boilers  may  be  and 
should  be  operated  at  ratings  of  300  per  cent  and  over. 
However,  there  are  very  few  old  boiler  plants  from 
which  it  would  be  profitable  to  try  to  get  300  per  cent 
boiler  ratings. 

Much  may  be  accomplished  around  most  old  boiler 
plants  by  improving  working  conditions.  For  example, 
a  good  boiler  room  does  not  have  to  be  hot  and  gloomy, 
or  positively  dark;  windows  should  be  added  wherever 
possible  to  admit  daylight  and  fresh  air;  ventilators 
should  be  installed  to  remove  heated  air  and  gases. 
These  improvements  will  assist  in  improving  labor  con- 
ditions and  also  insure  more  attention  being  given  to 
detailed  repairs,  such  as  the  care  of  recording  instru- 
ments, small  auxiliaries  and  work  of  like  nature.  Men 
will  do  more  and  better  work  where  conditions  are  good 
than  where  they  are  bad  and  disagreeable. 


Falls  of  Ohio  Can  Be  Harnessed 

Production  of  electric  power  from  the  falls  of  the 
Ohio  River  at  Louisville,  Ky.,  is  a  practical  project, 
according  to  a  committee  composed  of  W.  H.  McAlpine, 
principal  assistant,  United  States  Engineers,  L.  S. 
Streng,  engineer  Louisville  Gas  and  Electric  Co.,  and 
F.  H.  Miller,  Louisville  Railway  Co.,  in  a  report  read  by 
the  former  at  the  Engineers  and  Architects'  Club  on 
Nov.  20. 

Although  the  enterprise  is  not  without  its  difficul- 
ties, nevertheless  it  warrants  further  investigation  and 
study.  The  report  estimated  that  a  plant  based  on  a 
50,000-hp.  basis  and  working  on  a  50  per  cent  "load" 
could  be  used  from  G5  to  75  per  cent  of  the  time.  It  was 
also  estimated  that  the  plant  would  be  idle  about  sixty 
days  a  year  because  of  low  water.  An  auxiliary  steam 
plant  would  be  necessary  in  conjunction  with  a  hydro- 


electric station.  If  the  dam  were  elevated  to  flood  stage 
it  would  still  be  impossible  to  have  a  hydro-electric  plant 
in  continuous  operation  during  the  entire  year;  it  was 
estimated  that  in  this  case  the  plant  would  be  idle  at 
least  forty-five  days  a  year. 

The  cost  of  building  a  wall,  power-house  site  and 
generating  equipment  was  placed  at  $11,000,000  at 
present  construction  prices,  and  the  cost  of  erecting  the 
steam  plant  was  estimated  at  $8,000,000.  Members  of 
the  club  termed  as  "criminal  waste"  inaction  in  not 
harnessing  the  falls,  and  a  resolution  prepared  by  a 
special  committee  was  adopted  unanimously,  asking 
Congressman  Charles  F.  Ogden  to  obtain,  if  possible, 
such  legislation  as  will  result  in  authorizing  the  United 
States  to  make  such  an  investigation  as  may  be  neces- 
sary to  determine  the  feasibility  of  water-power  devel- 
opment. It  is  generally  expected  that  favorable  action 
will  be  taken  early  in  the  new  year. 

Flexitallic  Boiler  and  Flange  Gaskets 

Flexitallic  gaskets  consist  of  a  cushion  of  waterproof 
asbestos  spirally  wound  to  conform  with  metal  strips, 
put  in  place  under  pressure ;  the  metal  s.trips  are  vvound 


GASKET  BEFORE  AXD  AFTER  APPLYIXr,'  1  ) 
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in  a  spiral  dovetail  shape,  starting  on  the  inside  and 
working  out  ply  by  ply  to  the  size  of  the  gasket  required, 
about  19  plies  to  every  inch  width  of  flange.  This 
makes  it  practically  impossible  to  blow  out,  and  at  the 
same  time  creates  great  resiliency. 

The  illustration  shows  the  design  of  a  ga.sket  before 
and  after  it  had  been  compressed  between  pipe  flanges. 
As  the  metal  is  on  edge  and  at  right  angles  to  the 
line  of  pressure,  the  gasket  does  not  adhere  to  fittings 
and  takes  care  of  expansion,  contraction  and  vibration. 

This  gasket  is  made  by  the  Flexitallic  Gasket  Co., 
Camden,  N.  J.  It  is  suitable  for  use  on  boiler  manholes 
and  tube  caps  for  water-tube  boilers;  also  pipe  flanges, 
superheaters  or  on  any  joint  where  it  is  difficult  to 
make  the  gasket  hold  tight. 
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The  Solid-liijeclion  Oil  Engine 


Ry  KDCAK  J.  KATES 


THE  nrticic  on  "The  Pressure-Injection  and  the  Air- 
Injection  Oil  F'.Tipines,"  by  Hermann  Shuitz,  in  the 
Dec.  14  issue  of  Powrr  attempts  to  show  why 
lire.ssure-injection  oil  engines  (or  solid-injection 
entrines  as  termed  in  this  country)  can  never  be  suc- 
cessful becau.se  they  are  based  upon  a  wrong  principle; 
whereas,  in  point  of  fact  there  are  on  the  market  solid- 
injection  engines  that  are  actually  doing  the  very  things 
that  he  claimed  to  be  hopeless  of  accomplishment. 

By  solid-injection  engines  is  meant  oil  engines  in 
which  the  charge  of  fuel  is  sprayed  into  the  combustion 
chamber  solely  by  pressure  from  a  pump  and  without 
the  aid  of  air   injection. 

In  the  previous  article  it  is  stated:  "In  truth  one 
is  compelled  to  speculate  more  or  less  if  the  designers 
of  these  latter  types  of  motors  really  understood  the 
process  of  combustion  occurring  in  the  cylinder  of  the 
gas  motor,  or 
rather,  the  oil 
engine.  Surely, 
if  the  processes 
of  vaporization 
or  gasification, 
ignition  and 
combustion  were 
fully  appreci- 
ated, hope  that 
the  pressure  in- 
jection, or  as  the 
Americans  term 
it.  solid  injec- 
tion, would  show 
an  economy  any- 
where near  the 
Diesel  motor 
would  vanish." 
In  view  of  the 
fact  that  one  of 
the     successful 

solid-injection  engines  built  in  America  is  constructed 
by  a  factory  that  has  built  Diesel  engines  for  a 
number  of  years,  the  development  of  these  later  designs 
can  hardly  be  attributed  to  lack  of  appreciation  of  the 
Diesel  principles. 

The  principal  objection  advanced  in  the  article  to 
the  solid-injection  oil  engine  was  that  it  Avas  impossible 
to  obtain  complete  combustion  of  the  fuel  and  conse- 
quently the  engine  must  necessarily  be  inefficient.  That 
this  is  not  the  case  is  demonstrated  by  actual  tests 
of  solid-injection  engines  in  sizes  of  100  and  150  hp. 
per  cylinder  w-hich  have  showm  a  fuel  consumption  of 
only  0.41  lb.  of  oil  per  brake-horsepower-hour,  which  is 
equal  to  or  better  than  the  fuel  consumption  of  Diesel 
engines  of  corresponding  size.  The  regular  majiufac- 
turers'  guarantee  on  these  engines  is  0.45  lb.  of  oil  per 
brake-horsepower-hour,  which  is  as  good  as  the  guaran- 
tee offered  by  Diesel  manufacturers.  A  detailed  test 
report  on  one  of  these  engines  is  given  in  Table  I. 

In  the  Diesel  engine  the  atomization  of  the  charge 
of  oil  inside  the  combustion  chamber  is  accomplished  by 
means  of  a  blast  of  compressed  air  at  a  pressure  of 
about  1,000  lb.  per  sq.in.,  the  oil  being  all  delivered  to 
the   spray   valve   by   the  fuel   pump   before   the   spray 


valve  is  opened  by  the  cam.  In  the  .solid-injection  engine 
the  atomization  results  from  the  oil  being  dclivorod  at 
high  velocity  and  with  a  rotary  motion  through  an 
orifice,  which  cau.ses  it  to  break  up  into  an  extremely 
fine  mist  in  the  combustion  chamber.  The  spray  valve 
is  not  mechanically  operated,  but  opens  only  when  the 
oil  pressure  is  against  it.  The  fineness  of  the  atomiza- 
tion in  the  solid-injection  engine  is  fully  as  good  as 
in  the  air-injection  Diesel  engine,  the  completeness  of 
the  combustion  being  evidenced  by  low  fuel  consumption 
and  complete  lack  of  smoke  in  the  exhaust  gases. 

A  typical  solid-injection  engine  as  now  manufactured 
in  this  country  is  illustrated  in  Figs.  1  and  2.  This 
's  a  single-acting,  four-stroke  cycle  engine,  the  sequence 
of  events  being  as  follows: 

Suction  Stroke — The  intake  valve  is  opened  mechan- 
ically, and  the  piston  is  moved  forward  on  the  suction 

-stroke,  drawing 
in  a  full  charge 
of  pure  air. 

Compression 
Stroke — The  in- 
t  a  ke  valve  is 
closed.  The  pis- 
ton returns,  com- 
pressing the  air 
from  the  cylin- 
der into  the  com- 
bustion chamber 
to  a  pressure  of 
approximately 
330  lb.  per  sq.in. 
On  account  of 
the  excellent 
spraying  action 
of  the  fuel, 
which  fills  the 
entire  combu.s- 
tion  space  with 
a  uniformly  distributed  oil  mist,  this  compression  pres- 
sure is  ample  to  cause  ignition. 

Working  Stroke — The  oil  is  injected  slightly  in 
advance  of  inner  dead  center.  Combustion  at  con- 
stant volume  occurs,  and  the  pressure  rises  from  the 
compression  pressure  to  approximately  500  to  550  lb. 
per  sq.in.  The  piston  starts  out  on  the  working  stroke. 
Exhaust  Stroke — Near  the  end  of  the  working  stroke 
the  exhaust  valve  is  mechanically  operated.  The  pres- 
sure drops  and  the  piston  returns,  expelling  the  burnt 
charge. 

It  should  be  noted  that  this  engine  is  entirely  free 
of  hot  caps,  uncooled  castings,  hot  surfaces  or  ignit- 
ing plugs,  ignition  being  brought  about  solely  by  the 
air  temperature  resulting  from  the  compression  of 
the  cylinder  charge.  The  temperature  required  to  effect 
ignition  in  the  solid-injection  engine  is  less  than  is 
usual  in  the  Diesel  engine,  for  two  reasons:  First, 
because  the  entire  combustion  space  of  the  solid-injec- 
tion engine  is  filled  with  a  uniformly  distributed  oil 
spray,  whereas  in  the  Diesel  engine  the  mixture  is  not 
homogeneous;  and  secondly,  because  in  the  solid-injec- 
tion engine  the  incoming  spray  of  oil  is  not  chilled 
through  expansion  of  the  injection  air  as  is  the  Diesel. 


TWIN   CYLINDER   DE   LA   VERGNE   SOLID- 
INJECTION   OIL  ENGINE 
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In  this  connection  the  writer  takes  exception  to  the 
statement  in  the  preceding  article  reading:  "The  air 
blast  performs  a  greater  service  in  the  combustion 
chamber  than  in  the  spray  valve.  The  amount  of  fuel 
injected  into  the  cylinder  has  no  effect  on  the  process 
of  combustion,  since  the  air  blast  effectually  breaks 
up  and  mixes  the  low-load  charge  as  well  as  it  does  the 
full-load  charge." 

As  a  matter  of  fact,  in  most  Diesel  engines  the  chill- 
ing effect  of  the  injection  air  upon  the  fuel  is  so  great 
that  at  light  loads  it  is  necessary  to  reduce  the  pres- 
sure of  the  injection  air  in  order  to  prevent  occasional 
failures  of  the  fuel  to  ignite,  or  in  other  words,  mis- 


practice.  It  is  far  easier  to  maintain  a  liquid  pressure 
of  2,000  lb.  per  sq.in.  than  an  air  pressure  of  1,000  lb. 
per  sq.in.  as  used  in  the  Diesel  engine.  The  fuel  pump 
of  the  solid-injection  engine  is  as  simple  and  as  sturdy 
as  that  of  any  good  Diesel  engine. 

In  the  earlier  article  it  is  stated  that  "a  more  im- 
portant feature  of  the  action  of  this  type  of  injection 
(referring  to  solid  injection)  is  the  high  maximum 
pressures  occurring  at  the  moment  of  fuel  admission. 
Frequently,  the  indicator  cards  show  pressures  several 
atmospheres  higher  than  is  usual  in  Diesel  engines."  It 
is  also  stated  that  "the  excellent  efficiencies  showTi  by 
some  of  these  engines  are  undoubtedly  secured  with  a 
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firing.  This  of  course  cannot  take  place  in  the  solid- 
injection  engine  as  the  oil  is  injected  entirely  by 
mechanical  pressure  and  there  is  no  highly  compressed 
air  blast  to  chill  it. 

Contrary  to  the  opinions  expressed  in  the  previous 
article,  the  fuel-pump  pressure  in  the  solid-injection 
engine  is  by  no  means  excessive.  The  pressure  in  the 
fuel  line  of  the  successful  solid-injection  engine  already 
described  has  been  measured  and  was  found  to  be 
between  1,500  to  2,000  lb.  per  sq.in.  at  the  moment  of 
maximum  pressure.  When  it  is  considered  that  this  is 
a  liquid  pressure  and  that  hydraulic  installations  com- 
monly use  pressures  between  5,000  and  10,000  lb.  per 
sq.in.,  the  pump  pressure  in  the  solid-injection  engine 
is  seen  to  be  well  within  the  limits  of  good  engineering 


maximum  explosive  pressure  well  above  800  lb."  That 
this  is  not  the  case  with  a  well-developed  .solid-injection 
engine  is  shown  by  the  typical  indicator  card.  Fig.  3, 
which  was  taken  from  the  same  type  of  engine  for 
which  Table  I  gives  a  test  report.  It  will  be  noted  that 
the  maximum  combustion  pressure  is  520  lb.  per  sq.in., 
which  is  well  within  Diesel-engine  limits,  and  in  fact 
less  than  is  used  on  many  Diesel  engines. 

It  is  claimed  by  the  author  of  the  preceding  article 
that  solid-injection  engines  smoke  badly  at  full  load 
and  that  during  the  war  this  was  the  chief  criticism 
against  this  design.  The  author  goes  on  to  explain  that 
this  is  due  to  the  character  of  the  spray  action,  there 
being  no  expansive  force  to  cause  diffusion.  The  result 
of  this  is  said  to  be  that  only  the  outer  portions  of 
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the  .spray  are  broken  up  while  the  interior  i.s  fairl.v 
.solid,  resulting  i"  this  portion  of  the  oil  ^oinj;  through 
a  "I'nukiiiK  pnu-ess"  and  depositintf  heavy  hydrocar- 
bons which  appear  as  smoke. 

With  due  res|)ect  to  the  theory,  the  fact  is  that  a 
properi>  desifrned  solid-injection  engine  does  not  smoke 
at  all  at  full  load  or  even  at  a  moderate  overload.  The 
form  of  the  spray  and  the  shape  of  the  combustion  space 
are  so  designed  and  inter-related  that  the  combustion 
chaml)er  is  tilled  with  a  uniformly  distributed  and 
finely  divided  oil  mist  which  burns  completely  without 
leaving  any  solid  residue  whatever.  In  an  overload  test 
run  on  a  twin  cylinder  17  x  27A  solid-injection  engine 
rated  200  hp.  at  200  r.p.ni.,  the  engine  carried  a  load  of 
250  hp.  (or  25  per  cent  overload)  with  no  trace  of  smoke 
or  color  in  the  exhaust  gases,  and  only  when  the  load 
was  increased  to  260  hp.  (or  30  per  cent  overload)  did 
the  exhaust  start  to  become  smoky.  A  detailed  record 
of  this  test  is  given  in  Table  II. 

Further  proof  of  the  clean  combustion  that  comes 
with  properly  designed  solid-injection  engines  is  pre- 

520  Lb 


Scale   300    Lb 


A.T.M. 
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sented  by  the  inspection  of  the  combustion  spaces  of 
engines  that  have  run  for  many  months  under  heavy 
loads.  If  "cracking'.'  of  the  oil  did  occur,  with  result- 
ing incomplete  combustion,  not  only  would  the  exhaust 

TABLE  I      FIEL-COX.SIMPTION  TEST  OX  200-HP.  SOLID 
IN.TECTIOX  OIL  EXGIXE 
Engine  Data 
200-hp.  De  La  Vergne  Type  SI  Engine. 
Two  cylinders.  17-in.  dia.  x  27;-in.  stroke,  200  r.p.m. 
Compression  pressure  cyl.  Xo,  1.  322  lb.  per  s(].in. 
cyl.  Xo    2.  318  lb.  per  s(|.in. 
Max   cvl.  prcs-sure  at  full  load  Cvl.  Xo.  I,  540  lb.  per  sq.in. 
Cyl    Xo.  2.  545  lb.  per  sq.in. 
Test   Data 
Date  of  test— Oct.  5,  1920.    Fuel— 24  deg.  B£.  fuel  oil. 

Per  Cent  Load  Brake,  Hp.  R.p.m  Fuel  Consumption 

1 0  per  cent  overload 220  200  0.421  lb.  per  b.hp.   hr 

Full  load 200  200  0  4201bperbhp.hr 

75  per  cent  load 151  202  0  4l01bperb.hp.hr. 

50  per  cent  load 101  204  0.458  lb  per  h.hp.   hr. 

have  been  smoky,  but  carbon  deposits  would  have  foi-med 
on  the  walls  of  the  combustion  space.  Invariably,  how- 
ever, it  has  been  found  that  these  walls  have  collected 
no  carbon  deposits  whatever. 

Many  of  the  other  criticisms  of  the  solid-injection 
engine  advanced  in  the  previous  article,  such  as  "after 
burning,"  "spray  dripping,"  etc.,  are  more  fanciful  than 
real.  The  phenomena  of  the  combustion  of  fuel  within 
an  engine  cylinder  are  extremely  involved  and  are  not 
nearly  well  enough  understood  to  permit  positive  deduc- 
tions to  be  drawn  by  purely  theoretical  methods.  Con- 
sequently, abstract  theorizing  cannot  be  accepted  unless 
verified  by  actual  test. 

"After  burning,"  if  it  existed,  would  result  in  a  high 
fuel  consumption  and  this,  as  we  have  seen  from  the 
test  reports  previously  quoted,  does  not  occur.  The 
tests  show  that  a  solid-injection  engine  is  not  any  more 


-u.sceptiblo    to    "after    burning"    than    any    good    Diesel 
engine. 

"Spray  <lripping,"  is  referred  to  in  the  previouK 
article  in  connection  with  the  statement  that  "the  action 
of  a  pump  is  by  no  means  as  rapid  as  a  needle  valve. 

r.Mll.i:  II     COLOH  OFEXIIAIST 


I  ■•-t  on  2OO-I1I)   n<-  l,n  Vpr([np  T\T»e  HI  r 
r»-in-<-yli«uli'r,  17  in    x  27)  in..  200  r.p.ni. 

r. 


HI  rnginp 


50  per  cent  I.,..  . 
75  per  cent   lo,.<l 
I'  ull  IoikI 
10  per  cent   ..verlcmd 

2nper  eeni  overl.md 
25  per  cent  overload 
30  per  cent  overload 


100 
150 
200 
220 
240 
250 
260 


KilmuMt  rli-itr 
Kxhuu"!  clear 
I'Miau-t  clear 
KxliaUKi  clear 
I')<liau'-t  clear 
Kxhaur.!  cl 


Kxhaur.!  clear 

Fxhaui<t  ntart<-d  to  iitiuw  col<i 


The  cessation  of  the  oil  spray  into  the  cylinder  is 
nece.s.sarily  .slow,  and  the  lines  may  continue  to  leak." 
If  this  occurred,  the  oil  pressure  at  the  end  of  the 
injection  would  be  lower  than  normal  and  the  final  por- 
tion of  oil  would  be  introduced  into  the  cylinder  in  the 
form  of  fairly  large  drops  in.stead  of  a  finely  divided 
spray.  Such  drops  would  not  burn  completely  and 
would  form  carbon  deposits  which  would  have  a  tend- 
ency to  build  up  in  the  combustion  chamber  directly 
under  the  spray  nozzle.  Such  carbon  deposits  did 
actually  occur  fifteen  years  ago  when  the  low-compres- 
sion hot-bulb  type  of  oil  engine — for  example,  the 
Horn.sby-Akroyd  engine — was  being  developed,  and  were 
the  result  of  imperfectly  designed  fuel  pumps  and  .spray 
valves.  In  modern  solid-injection  engines  this  action 
never  occurs  and  the  combustion  space  close  to  the 
spray  valve  is  as  clean  as  elsewhere. 

The  preceding  part  of  this  article  has  been  devotee- 
to  a  contradiction  of  several  criticisms  made  in  error 
against  the  solid-injection  engine.  However,  if  this 
engine  merely  had  the  negative  virtue  of  not  being  so 
bad  as  it  is  claimed,  there  would  be  nothing  to  justify 
its  rapidly  growing  importance  in  the  field  of  efficient 
prime  movers.  On  the  contrary,  the  solid-injection 
engine  has  many  real  and  vital  advantages,  the  value 
of  which  are  being  recognized  more  and  more  as  engi- 
neers are  becoming  acquainted  with  them.  This  type 
of  engine  has  the  same  good  points  as  the  Diesel 
engine — namely,  high  fuel  economy  with  a  wide  range 
of  oils,  immediate  starting,  no  stand-by  losses,  etc. — 
and  has  besides,  the  following  advantages: 

1.  The  air  compressor  is  eliminated  with  all  air 
valves,  pistons,  connecting  rod,  crank  and  high-pressure 
air  pipes.  The  air  compressor  and  its  attendant  mech- 
anism, which  is  an  inherent  part  of  all  Diesel  engines, 
is  by  far  the  most  troublesome  feature  of  the  engine. 
The  elimination  of  these  parts  results  in  a  great  gain 
in  simplicity  and  ease  of  maintenance.  Not  only  is 
the  reliability  of  the  engine  increased  and  the  cost  of 
maintenance  reduced,  but  about  10  per  cent  of  the  total 
power  is  saved  and  made  available  for  useful  work. 

2.  In  addition  to  the  elimination  of  the  air  com- 
pressor, the  mechanically  operated  spray  valve  is  done 
away  with  and  replaced  by  a  simple  spray  nozzle  wth 
no  external  moving  parts.  This  eliminates  the  cam  and 
linkage  required  with  the  Diesel  spray  valve  and  also 
does  away  with  the  high-pressure  stuffing  box,  as  the 
solid-injection  spray  valve  has  no  stuffing  box  at  all. 

3.  The  mechanical  efficiency  of  the  engine  is  im- 
proved by  eliminating  the  power  loss  in  the  air  com- 
pressor and  this  results  in  lower  average  cylinder 
pressures   for  the   same  brake  load. 

4.  Lower  air  pressure  can  be  used  for  starting.  On 
account  of  the  compression  pressure  being  100  to  150 
lb.  less  than  that  on  the  Diesel  engine. 
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How  To  Correct  for  Error  in  Instrument 
Voltage  Transformers 

Regulation  of  Voltage  Transformers — Usual  Practice  in  Transformer  Connections- 
Phase  Angle  and  Change  in  Ratio  of  Transformation-Problem  Worked  Out, 
Showing  How  Wattmeter  Readings  Are  Aflfected  by  Transformer  Error 

By  J.  B.  GIBBS 

Transformer  Engineer,   Westingliouse   Klcctric   and  Manufacturing    Company 


VOLTAGE  transformers  are  used  in  the  measure- 
ment of  high  voltages  for  two  reasons:  First, 
because  it  would  be  dangerous  to  handle  circuits  of 
these  voltages ;  and  second,  no  meter  designed  for  such 
voltages  could  compare  in  accuracy  and  cost  with  the 
standard  low-voltage  instruments.  These  transformers 
are  usually  of  small  capacity,  since  the  only  load  which 
they  are  expected  to  carry  is  a  few  instruments.  They 
are  designed  for  extra  good  regulation,  so  that  the 
secondary  voltage  shall  bear  as  nearly  as  possible  a 
fixed  relation  to  the  primary  voltage  under  all  conditions 
of  load.  It  is  impossible  to  get  exactly  correct  ratio 
and  phase  angle  at  all  loads  because  of  the  iron  and  cop- 
per losses  that  are  always  present  in  transformers.  In 
good  voltage  transformers,  however,  the  errors  are 
small — a  fraction  of  one  per  cent  in  ratio,  and  consider- 
ably under  a  degree  in  phase  angle.  In  addition  to  this 
the  transformer  is  "compensated"  so  as  to  give  correct 
ratio  at  the  load  that  it  is  expected  to  carry. 

These  transformers  are  made  for  circuits  of  all  volt- 
ages and  are  used  with  voltmeters,  wattmeters,  watt- 
hour  meters,  relays,  etc.  Several  instruments  may  be 
connected  to  the  same  transformer  provided  their  com- 
bined load  does  not  exceed  the  load  for  which  the  trans- 
former was  designed.  In  single-phase  systems  one 
voltage  transformer  is  needed  for  each  circuit  that  is  to 
be  measured  independently,  and  a  switching  device  is 


.siSL<m.w 


AB 


UmomJ 


[jg^ggM 


ba 


FIG.  1.  OPE^5 -DELTA  TRANS-      FIG.  2.    VECTOR  DIAGRAM  OF 
FORMER  CONNECTION  VOLTAGES   IN  FIG.    1 


usually  provided  so  that  one  voltmeter  may  be  connecte^i 
to  any  one  of  the  transformers.  Two-phase  systems  are 
the  same  as  two  single-phase  systems.  In  three-phase 
circuits,  three  voltage  transformers  may  be  used  con- 
nected in  delta  or  in  star,  but  the  usual  practice  is  to 
use  two  transformers  connected  in  open  delta.  The 
latter  gives  the  voltage  of  all  three  phases,  saves  the  cost 
of  one  transformer,  and  the  error  which  it  introduces  is 
cxtrem.ely  small.  The  connection  is  the  same  as  for 
power  transformers  and  is  showTi  in  Fig.  1.  Why  the 
voltage  across  the  open  phase  corresponds  to  the  voltage 
between  lines  A  and  C  is  shown  in  the  vector  diagram. 
Fig.  2.  AB  represents  the  primary  line  voltage  from 
A  to  B;  BC  that  from  i?  to  C;  and  CA  that  from  C  to  A. 
In  the  secondary  windings  of  the  two  transformers 
voltages  will  be  induced  opposite  to  the  corresponding 


FIG.  3.  CURRENT  AND 
VOLTAGE  RELATIONS  IN 
VOLTAGE  TRANSFORMER 


primary  voltages,  and  these  are  representated  by  ab  and 
be  respectively.  Now  the  voltage  from  c  to  a.  Fig.  1, 
will  be  the  vector  sum  of  the  voltage  from  c  to  6  plus 
the  voltage  from  b  to  a,  and  these  voltages  will  be  repre- 
sented in  the  diagram  by  vectors  opposite  in  direction 
to  be  and  ab  respectively.  These  are  shown  by  dotted 
lines  in  the  diagram,  and 
their  resultant  is  ca,  which 
is  the  same  length  as  ab 
and  be,  and  which  lies  120 
deg.  from  each  of  them. 
This  is  the  same  as  saying 
that  ea  is  opposite  to  CA 
in  phase  and  proportional 
to  it  in  length,  which  is 
the  condition  desired.  Iron 
and    copper    losses    in    the 

transformer  not  only  cause  a  small  change  in  the  ratio 
of  transformation  as  the  instrument  load  is  increa.^ed, 
but  they  also  cause  a  small  shift  in  the  position 
of  the  secondary  voltage  with  respect  to  the  primary 
voltage.  For  instruments  that  measure  voltage  only, 
such  as  voltmeters  and  certain  relays,  the  phase  angle 
is  of  no  importance;  but  for  wattmeters,  and  especially 
for  watt-hour  meters,  it  may  make  an  appreciable  dif- 
ference when  very  accurate  measurements  are  needed. 
Suppose  that  E  and  /,  Fig.  3,  represent  the  voltage  and 
current  in  a  certain  circuit.  The  true  power  in  the 
circuit,  then,  will  be 

P  =  £•  X  /  X  cos  6 

But  it  is  necessary  to  use  a  voltage  transformer  which 
delivers  a  reversed  secondary  voltage  of  £",  which  is 
slightly  smaller  than  E  and  slightly  out  of  phase  with  it. 
The  wattmeter  reading,  therefore,  will  be 

i?  =  £•  X  /  X  cos  (6  +  a) 

The  true  power  in  the  circuit  is  found  from  the  watt- 
meter reading  by  means  of  the  expression 


P^RXkX 


cos  (e  +  a) 


where 


P  ;=  True  power; 

R  =  Wattmeter  reading , 

k  =  ratio  of  E  to  £".    This  is  the  same  as  "per  cent 

ratio"  in  the  calibration  curves  of  the  voltage 

transformer ; 

6  =:  Phase  angle  between  E  and  /,  in  the  main  cir- 
cuit; that  is, 

cos  0  =  Power  factor  of  the  main  circuit; 

a  =  Angle  by  which  £"  leads  E.  This  is  found  for 
the  particular  load  from  the  calibration  curve. 
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lOxjimplc:  What  i.s  the  true  power  when  the  wattmeter 
shows  .S75  kw.,  the  voltmeter  2,800  voU.m.  and  the 
ammeter  riOO  ampcre.'<?  A  voltage  tranformcr  i.s  in  use 
hftvinp  the  characteristics  .shown  in  Fig.  4,  and  the  load 
on  the  voltage  transformer  is  40  volt-umperea  at  80  per 
cent  power  factor. 

Solution:      From  the  curves   for  80  per  cent   power 


20  40  60  80 

Secondary  Volt- Ampere    Loctc* 

FIG.    4.      VOLT.VGE-TRANSFORMEH    H.VTIO   -V.M)   PH.VSK 
-VXGI.E   rrRVK.'< 


factor,  at  40  volt-amperes  load,  A:  =  100.2  per  cent  and 
a  :=  11  min.  leading,  as  indicated  by  the  dotted  lines 


0.761  -  coHn(appror) 


on  the  chart,  Fig.  4.    The  power  factor  of  the  circuit  if 

wath 875,000 

rolls  X  ampercH       2300  X  500 

Therefore    0  =  40  dcg.?i2  min.  and  9  nee. 

0  4-  «  =  40  (irg.  32  m  in.  and  9  sec.  f  1 1  win.  — 
40  dey.  43  min.  and  0  yrc. 
cos  fa -1-0)    --  0.7579 

Therefore  T  =  875  X  1-002  X  ^'v"^!  '     880.3  kilowatts. 

It  will  thus  be  seen  that  for  the  figures  asRumed,  the 
error  due  to  the  voltage  transformer  is  5.3  in  a  total 
of  880,  or  a!)Out  0.(5  of  one  per  cent,  which  is  le.sa  than 
the  error  of  the  wattmeter.  In  general,  errors  due  to 
well-designed  voltage  transformers  may  safely  be 
neglected  except  in  accurate  laboratory  measurements. 

The  manufacturer  will  usually  .supply  to  purchasers  on 
request  "typical  curves"  of  ratio  and  phase  angle  for  the 
(■la.ss  of  instrument  transformer  purcha.sed.  These  repre- 
sent the  performance  of  any  individual  transformer  of 
the  tlas.s  very  clo.sely,  say,  within  one-half  of  one  per 
cent,  and  are  sufficient  for  everj'thing  except  the  most 
accurate  laboratory  measurements.  Where  the  highest 
possible  accuracy  is  required,  ratio  and  phase-angle 
curves  should  be  used  for  the  individual  transformer  in 
use.  These  require  special  testing,  and  a  charge  is 
usually  made  for  them. 


Economic  Value  of  Coal  —  IV.     Impurities  in  Coal 


By  R.  S.  murphy 


Ais  thr  function  of  coal  in  a  potver  station  is  to 
produce  heat,  any  substance  in  or  on  coal  that 
will  not  give  heat  in  the  reaction  of  combustion 
is  an  impurity.  The  most  economical  coal  is, 
then,  one  containing  the  minimum  of  impurities. 


IMPURITIES  in  coal  at  the  best  are  inert  and  are 
therefore  a  dead  loss,  as  they  occupy  space  that 
belongs  to  the  carbon  and  for  this  reason  reduce  the 
heat  content.  In  reality  the  impurities  are  rarely  inert, 
so  at  their  worst  they  will  form  slag  or  clinker  and  so 
insulate  from  heat,  or  block  off  the  free  passage  of  air 
which  is  required  for  the  supporting  of  combustion,  as 
to  retard  the  reaction  of  the  remaining,  or  carbon,  por- 
tion of  the  fuel.  Ordinarily,  they  are  between  these 
two,  and  every  coal  will  vary ;  even  the  same  coal  will 
vary  in  operating  results,  depending  on  the  furnace  and 
other  boiler  conditions. 

A  chemical  analysis  of  coal  for  the  impurities,  or  the 
so-called  ash,  only  gives  an  indication  as  to  what  may 
be  expected  under  conditions  of  actual  operation;  the 
true  test  is  the  burning  of  the  coal  on  the  grates  under 
a  boiler,  and  the  measure  of  the  result  is  the  propor- 
tionate amount  of  furnace  refuse  as  compared  to  the  coal 
as  fired.  Such  a  figure  takes  into  account  the  uncon- 
sumed  carbon  in  the  ash,  for  if  the  impurities  will 
prevent  the  burning  of  all  the  carbon,  this  carbon  itself 
will  add  just  that  much  to  the  furnace  refuse,  and  such 
a  test  will  also  give  the  kind  of  ash  as  clinker,  swelling, 
etc.  In  this  latter  connection  determinations  of  the 
fusing  point  by  laboratory  tests  is  extremely  useful,  but 


will  not  exactly  prophesy  the  coal's  behavior  in  the 
boiler  furnace.  However,  it  is  rai^ly  possible  to  bum 
under  operating  conditions  each  new  coal  that  is  offered ; 
so,  from  other  performances  with  coal  of  similar  char- 
acteristics as  shown  by  laboratory  analysis,  we  must 
base  our  discussion  as  to  what  may  be  expected  in  prac- 
tice. 

Two  Classes  of  Impurities 

Broadly  speaking,  we  can  divide  the  impurities  into 
two  classes — that  on  and  that  in  the  coal.  In  the 
former  division,  under  most  conditions,  we  can  say  that 
these  impurities  are  dirt  and  water.  The  dirt  may  come 
from  the  method  of  mining,  lack  of  treatment  after 
mining  or  method  of  storing,  and  the  water  from  rain 
or  snow  in  storage  or  transit,  and  if  the  haul  is  very 
short,  water  from  the  washing.  An  excessive  amount 
of  water  on  the  surface  of  coal  may  be  beneficial  and  at 
times  may  be  necessary,  but  as  this  water  has  to  have 
heat  applied  to  it  to  drive  it  off,  it  is  an  impurity.  As 
an  extreme  case  of  water  being  a  harmful  impurity, 
an  instance  may  be  cited  where  a  leader  from  the  roof- 
drainage  system  of  a  power  station  came  adrift  through 
the  coal  bunkers  during  a  heavy  rainstorm.  The  result 
was  the  deadening  and  finally  the  extinguishing  of  the 
fire  in  the  particular  boiler  whose  chute  was  nearest  to 
this  broken  leader.  The  surface  dirt  may  come  from 
mining  methods  where  care  is  not  taken  in  the  picking 
and  washing  or  from  storage  of  yard  coal  at  the  power 
station,  and,  in  fact,  this  latter  is  often  due  to  storage 
in  some  muddy  location  or  against  higher  ground  where 
the  run-off,  carrying  large  amounts  of  suspended  matter, 
flows  through  the  storage  coals  and  deposits  this  mud. 
And  at  times,  if  such  a  deposit  as  this  is  not  removed 
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before  using  the  coal,  it  may  be  a  very  positive  detri 
ment. 

Unfortunately,  the  external  impurities  on  the  coal  can- 
not be  reerulated  by  the  consumer,  as  he  has  no  control 
over  the  mine,  and  if  proper  care  in  mining  is  not  exer- 
cised or  in  the  treatment  between  the  mining  and  the 
tipple,  an  excellent  coal  may  be  worthless,  owing  to  the 
great  amount  of  foreign  matter,  causing  low  calorific 
value  as  fired  and  operating  difficulties  in  the  furnace 
itself.  From  the  consumer'.s  viewpoint  it  is  immaterial 
whether  the  impurities  exist  in  the  coal  itself,  on  the 
surface  of  the  coal  or  in  the  mass  of  the  fuel,  as  he 
has  but  little  opportunity  to  separate  them.  He  pur- 
chases the  fuel,  and  it  must  be  utilized  as  received. 

For  all  ordinary  purposes  a  proximate  analysis  is  all 
that  is  required  for  a  day-to-day  record  of  the  fuel; 
this,  of  course,  will  tell  the  sulphur,  volatile  matter,  fixed 
carbon,  incombustible  reported  as  ash,  moisture  and 
calorific  value.  For  a  new  coal  a  complete  analysis  is 
extremely  useful  if  not  imperative,  but  this  requires 
more  labor  and  time,  and  for  ordinary  routine  is  not 
necessary.  Among  the  most  valuable  data  is  the  fusing 
point  of  the  ash,  but  here  again  too  much  dependence 
may  not  be  placed  on  this  alone,  for  an  ash  may  have  a 
fusing  temperature  by  test  apparently  high  enough  to 
prevent  trouble,  but  when  in  contact  with  the  furnace 
refractory  may  fuse  and  stick  at  a  much  lower 
temperature. 

In  this  connection  it  might  be  mentioned  that  a 
certain  anthracite  gave  excellent  results  under  hand- 
fired  boilers  at  from  75  per  cent  to  100  per  cent  rating, 
but  when  used  on  stokers  it  was  too  uncertain  in  its 
behavior  to  be  trusted.  One  day  it  would  apparently 
give  fair  results,  but  the  next  day  it  would  fuse  so  badly 
as  to  shut  off  the  di-aft.  In  other  words,  it  was  being 
used  at  its  critical  temperature,  and  one  day,  or  at  least 
one  peak  hour,  where  the  boilers  did  not  have  quite  the 
demand  and  the  fires  were  not  forced  so  much,  the 
temperature  was  relatively  low,  so  there  was  no  fusing, 
while  a  slightly  greater  demand,  necessitating  greater 
rating  and  higher  temperature,  caused  the  fusing. 

A  coal  high  in  sulphur  is,  of  course,  to  be  avoided 
because  of  its  clinkering  tendency;  the  limit  will  vary 
with  other  plant-operating  conditions  and  the  coal  itself. 
But  for  economic  results  it  is  good  practice  to  avoid  any 
high-sulphur  coal. 

In  order  to  harmonize  the  burning  or  operating  char- 
acteristics of  the  fuel  with  the  laboratory  analysis,  a 
large  anthracite  station  made  it  a  practice  to  have  the 
boiler-room  foreman  classify  each  day  the  visual  appear- 
ance of  the  coal  during  combustion  before  he  was 
informed  of  the  laboratory  results.  This  was  done  by  a 
series  of  symbols  to  represent  the  burning  quality, 
swelling  and  fusing,  and  this  information,  in  connection 
with  the  laboratory  data,  was  found  to  be  extremely 
useful  in  the  purchase  of  different  coals  and  at  the  same 
time  shows  what  can  be  expected  from  the  boilers,  for 
it  is  manifestly  unfair  to  expect  the  same  boiler  output 
and  capacity  irrespective  of  the  adaptitude  of  the  par- 
ticular fuel  to  the  operating  conditions. 

Rapid  Increasb:  of  Ash  in  Coal 

In  order  to  show  how  rapidly  the  incombustible  in 
the  coal  has  increased  for  the  last  few  years,  the  labora- 
tory analyses  have  been  plotted  for  anthracite  re- 
ceived at  a  certain  power  station  from  1911  to  1920. 
This  shows  a  very  rapid  increase  from  1914  to  date. 
On  this  same  curve  has  been  plotted  the  average  calorific 


value  for  this  coal  as  received,  and  this  shows  the 
corresponding  falling  off  in  the  calorific  value  with  the 
increase  in  the  combustible,  as  would  be  expected. 

Effect  of  Impurities  in  Coal 

In  hand-fired  boilers  the  increase  in  the  impurities  is 
more  noticeable  than  with  stokers,  and  as  a  general 
rule  stokers  will  burn  economically  a  coal  that  will  be 
absolutely  unsuited  for  hand  fires.  In  hand  fires  the 
impurities  affect  the  firemen  themselves  to  a  very  great 
extent,  as  much  more  coal  has  to  be  handled  and  a  very 
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much  greater  volume  of  ash  has  to  be  removed;  and 
though  four  or  five  years  ago  it  was  possible  to  get  the 
average  fireman  to  take  a  pride  and  interest  in  his  work 
and  try  to  overcome  such  difficulties,  this  condition  has 
pas.sed  to  a  large  extent,  and  on  account  of  the  additional 
labor  involved,  it  is  becoming  more  and  more  difficult  to 
procure  men  of  the  right  caliber  to  do  this  laborious 
work.  Also,  it  tells  on  the  boiler  capacity  with  hand  fires 
to  a  much  greater  extent  than  with  stokers.  A  fire 
will  go  just  so  long  between  cleanings — the  less  the 
impurity  content  the  greater  the  interval — and  then  it 
must  be  cleaned,  and  of  necessity,  during  the  cleaning 
process  the  boiler  will  practically  stop  making  steam, 
and  unless  this  cleaning  can  be  done  at  off  hours  of  the 
load,  it  will  necessitate  additional  boilers  on  the  line  to 
carry  the  same  load. 

As  an  instance  of  this,  in  a  large  railway  station  that 
was  hand-fired  with  anthracite,   the  peak  periods  ex- 
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tended  for  90  minutes  in  the  morninp  and  eveninfir.  At 
that  time,  with  cohI  coiitaininK  a.sh  of  from  12. f)  per  cent 
to  l.'J.f)  per  cent,  the  tires  were  all  cleaned  before  the 
start  of  the  heavy  demand  period,  and  they  would  carry 
through  for  about  two  hours  before  becoming  so  heavy 
that  cleaning  was  necessary.  The  impurities  in  the  coal 
increased  to  IT). 5  per  cent  on  the  average  and  on  certain 
days  as  high  as  20  per  cent.  As  before,  the  fires  were 
cleaned  previous  to  the  start  of  the  load,  and  after  most 
careful  nursing,  within  from  45  to  (55  minutes  the  fires 
would  become  so  thick  that  there  have  been  times  where 
actually  we  had  to  pull  out  some  of  the  ash  and  coal 
through  the  firing  doors  to  make  room  for  enough  green 
coal  to  carry  through  the  peak'  period  even  with  two 
additional  boilers  on  the  line.  In  this  case  it  was 
absolutely  necessary  to  abandon  the  hand-firing  and  go 
to  stokers,  irrespective  of  any  saving  that  could  be 
anticipated  and  that  was  actually  had  by  the  installation 
of  the  mechanical  grates. 

With  stokers  the  impurities  are  not  quite  so  notice- 
able in  the  fireroom,  as  the  great  increase  in  hand  labor 
is  not  required,  but  of  course,  as  the  ash  goes  up,  more 
boilers  will  have  to  be  placed  on  the  line  to  get  the  heat 
required.  More  coal  must  be  burned,  and  even  attempt- 
ing to  increase  the  rating  will  not  be  enough,  for  with 
the  high  ash  coal  you  cannot  burn  enough  coal  on  your 
grates  or  in  your  retorts  to  generate  the  heat  required. 

Calorific  Value  and  Relative  Plant  Economy 

In  the  chart  shown  in  the  second  of  these  articles 
(page  937,  Dec.  14  issue)  were  plotted  two  curves  to  show 
the  relation  between  the  calorific  value  and  the  ash  for 
No.  3  buckw^heat  coal.  One  was  from  results  found  at 
a  certain  pow-er  station  and  the  other  from  data  of  the 
United  States  Bureau  of  Mines.  It  will  be  noticed  that 
these  curves  agree  quite  well  and  show  that  for  29  per 
cent  ash  the  calorific  value  is  between  9,000  and  10,000 
B.t.u.  On  this  same  graph  was  plotted  the  relation 
betw^een  the  calorific  value  and  the  relative  plant  econ- 
omy, and  the  calorific  value  curve  and  the  ash  curve 
are  near  enough  to  being  parallel  so  that  the  relative 
plant  economy  may  be  read  directly  from  the  ash  curve ; 
this  shows  that  the  limit  is  reached  when  we  approach 
30  per  cent  of  ash  by  analysis.  Of  course,  for  existing 
plants  the  limit  is  much  below  this,  for  even  disregard- 
ing the  additional  cost  for  fuel,  the  plant  having  about 
22  per  cent  of  ash  is  operating  at  only  50  per  cent  of  its 
economy  and  about  the  same  in  capacity. 

The  larger  part  of  this  loss  in  economy  is  due  to  the 
absence  of  heat  in  the  fuel,  but  the  ash  itself  has  a 
very  great  effect  in  addition  to  the  clinker  formation.  If 
there  is  a  large  volume  of  ash,  the  carbon  particles 
become  smothered,  or  if  the  ash  is  a  sticky  one,  these 
particles  become  coated  with  this  insulator  and  a  large 
percentage  of  unconsumed  carbon  or  incombustible  in 
the  ash  results. 

In  the  accompanying  chart  is  plotted  the  relation 
between  the  furnace  refuse,  including  soot,  for  No.  3 
anthracite  with  stokers  and  high  ratings  and  the  ash 
as  found  by  laboratory  analysis.  It  must  be  borne  in 
mind  that  this  is  far  from  exact  and  must  not  be  used 
for  other  stations  except  in  a  very  general  -way.  The 
reason  for  this  is  that  the  rating  is  the  controlling 
feature  next  to  the  volume  of  ash  in  the  combustible 
found  in  the  refuse  irrespective  of  the  kind  of  coal  when 
chain-grate  stokers  are  used  and,  to  a  minor  degree, 
with  other  tj-pes  of  stokers.  And  it  is  a  loss  that  we 
must  bear  to  get  the  desired  work  out  of  the  boilers. 


Next,  the  behavior  of  the  specific  coal  will  have  .i  ww 
great  influence  in  that  a  pasty  ash  will  coat  over  ;iii(l 
insulate  the  carbon,  or  a  .swelling  ash  will  bury  the 
carbon,  and  so  on.  Also,  the  curve  in  based,  not.  on 
actual  weights,  but  on  volumes  converted  to  weights 
by  an  average  unit  volume  constant.  This  in  itself  will 
make  quite  a  difference.  For  instance,  .some  time  ago 
in  a  certain  station  No.  1  buckwheat  had  to  be  used  in 
place  of  the  regular  No.  3  buckwheat  with  hand  fires.' 
The  a.sh  from  this  No.  1  puffed  up  like  so  much  popcorn, 
and  though  by  analysis  we  found  only  15  to  17  per  cent 
against  18  to  19  per  cent  for  the  No.  3,  volumetrically 
it  made  one-half  more  ash.  Therefore  this  curve  may  be 
u.sed  in  a  general  way  only  to  show  the  relation  between 
the  ash  by  analysis  and  the  actual  refu.se  that  has  to 
be  handled.  For  instance,  for  the  15.5  per  cent  by 
analysis,  over  30  per  cent  of  the  weight  of  coal  mu.st  be 
expected  as  refuse,  while  with  19  per  cent  nearly  43 
per  cent,  or  about  half  of  the  weight  of  the  coal,  is 
useless. 

Unconsumed  Combustible 

This  variation  between  the  ash  analysis  and  the  fur- 
nace refuse  is  the  unconsumed  carbon  in  the  refuse 
and  soot.  The  combustible  in  the  refuse  is  a  very  large 
item  when  using  the  poor  grades  of  anthracite  where 
the  boilers  are  forced  and  will  show  great  variations, 
depending  on  the  coal  itself  as  well  as  the  boiler  rating. 
This  percentage  may  vary'  for  a  good  anthracite  under 
fairly  normal  conditions  from  26  per  cent  to  50  per 
cent  where  there  is  a  clinkering,  .swelling  ash  and  high 
ratings.  The  u.se  of  chain-grate  stokers  also  accounts 
for  some  increa.se  in  this,  an  increase  that  we  have 
estimated  may  be  about  1  per  cent  or  slightly  over,  but 
is  more  than  counterbalanced  by  the  other  advantages. 

Now,  returning  to  the  hypothetical  anthracite  station, 
in  1911  to  1914  the  ash  by  analysis  averaged  about  12 
per  cent,  and  we  will  assume  that  the  refuse  then  would 
be  about  20  per  cent.  The  coal  for  this  period  would 
have  averaged  about  109,000  tons  per  annum,  so  it 
would  have  been  necessary  to  provide  for  the  removal  pf 
some  21,800  tons  of  refuse  per  year.  In  1920  the  ash 
was  18.4  per  cent,  making  about  42  per  cent  refuse,  or 
45,780  tons  (110  per  cent)  more.  This  will,  of  course, 
at  least  double  the  cost  of  removal  and  very  likely  make 
necessary  additional  capital  charges  for  apparatus  of 
increased  capacity. 

Semi-Diesel  Engine  Suggestions 

If  a  semi-Diesel  is  operated  with  a  low-temperature 
cooling  water  discharge,  it  usually  smokes  badly  and 
will  not  carry  its  load.  The  engineer  should  experiment 
until  he  secures  the  temperature  for  best  results. 

With  a  wet  or  water  injection  engine  if  too  much 
injection  water  is  used  the  engine  misses  fire,  the 
exhaust  has  a  very  heavj-  gray  color  and  the  hot  bulb 
cools  off. 

If  the  water  is  insufficient,  the  engine  will  preignite 
at  each  revolution.  If  too  much  water,  the  engine  some- 
times misses  a  shot  and  preignites  on  the  next  stroke. 

If  a  hand-operated  air  starter  is  used,  a  check  valve 
should  be  placed  between  the  engine  cylinder  and  start- 
ing valve.  Without  a  check  valve  the  flame  in  the 
cylinder  may  blow  back  through  the  air  line. 

If  the  engine  continues  to  preignite,  the  adjusting  nut 
on  the  fuel  injection  pump  can  be  screwed  in,  making 
the  injection  point  occur  later. 
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Refrigeration  Study  Course — XX 
Erection  and  Operation 

By  H.  J.  MACINTIRE 

Professor  of  Refrigeration,  I'niversity  of  Illinois,  Urbana,  111. 


IT  IS  not  possible  to  give  more  than  fundamental 
ideas  in  a  short  study  course  such  as  this  is,  and 
especially  is  this  true  of  erection  and  operation.  In 
the  case  of  erection  only  general  statements  can  be 
made  of  facts  that  are  true  of  all  makes  and  that  are 
not  affected  by  the  detail  design. 

The  main  essentials  in  refrigeration  are  to  make  the 
system  ammonia-tight,  the  valves  so  that  they  open 
properly  with  the  least  excess  pressure  necessary  and 
close  properly  and  promptly.  Of  course  the  valves  must 
be  ground  to  a  tight  seat.  The* -compre.ssor  must  be 
erected  so  that  the  reciprocating  parts  are  central,  for 
it  is  impossible  to  maintain  tight  rod  packing  other- 


The  piping  should  be  carefully  erected.  Ammonia 
is  very  difficult  to  keep  tight,  and  special  provision 
is  always  made  to  prevent  leaks.  This  includes  special 
(ammonia)  fittings  of  dense,  close-grained  cast  iron, 
steel  castings  and  drop  forgings.  The  piping  should  be 
wrought  iron  or  steel,  and  the  steel  may  be  butt  or  lap 
welded  in  the  smaller  sizes,  but  only  lap  welded  in  sizes 
over  2  in.  diameter.  When  steel  pipe  is  used,  it  is 
wise  to  specify  extra-heavy  rather  than  full-weight, 
especially  if  the  plant  is  troubled  with  corrosion  due 
to  galvanic  action  or  stray  electric  currents. 

Joints  should  be  made  up  with  litharge  and  glycerin 
(mixing  up  a  little  at  a  time  as  needed)  or  by  the  use 


FIG.  1.     BEFRIGERATING  Pi^AiMT  BUILT  AT  CAMP  TRAVIS  DURING   THE   WAR 


wise.  Adjustment  should  be  made  to  give  more  clear- 
ance on  the  head  end  for  the  double-acting  machine, 
because  of  the  effect  of  friction  on  the  length  of  the 
piston  rod.  It  will  be  remembered  that  the  operator 
can  easily  stall  a  compressor  by  tightening  on  the 
stuffing-box  packing.  The  inclosed  type  of  compressor, 
having  no  stuffing  box  but  having  the  entire  connecting 
rod  exposed  to  the  temperature  of  the  suction  gas,  which 
is  colder  than  the  temperature  of  the  air  which  pre- 
vailed during  erection,  should  have  no  clearance.  Dur- 
ing operation  the  rod  will  cool  and  shorten. 

The  refrigerating  system  is  an  inclosed  one  and  the 
plant  will  retain  all  impurities  that  are  left  in  it  when 
erected.  In  consequence  cai-e  should  be  taken  to  make 
the  inside  as  free  from  pipe  threads,  mill  scale  and 
dirt  of  all  sorts  as  possible.  Before  erection  each  length 
of  pipe  should  be  cleaned,  at  least  by  hammering  on  one 
end.  After  testing  with  compressed  air  for  leaks  it  is 
usual  to  open  each  coil  or  section  of  pipe  directly  to  the 
atmosphere  to  blow  the  loose  stuff  out  of  the  system. 


of  the  sweated  joint.  The  work  done  at  the  shop,  such 
as  condensers  and  other  piping  put  up  in  stands,  is 
preferably  sweated- — by  tinning  and  then  making  a 
.shrink  fit  with  enough  solder  to  fill  the  screw  threads 
and  the  cup  at  the  back  of  the  fitting.  The  piping 
should  be  securely  fastened  and  arranged  without  low 
spots  where  water,  oil  or  mud  will  accumulate.  Where 
low  spots  are  necessary  the  piping  should  be  arranged 
to  drain  to  this  spot  and  a  trap  should  be  placed  there, 
it  will  assist  in  keeping  the  system  free  from  impurities 
and  will  be  handy  during  overhauling. 

The  trap  for  small  plants  may  discharge  into  the 
atmosphere,  but  for  larger  plants  it  should  be  con- 
nected with  other  traps  feeding  into  the  regenerator. 
The  regenerator  should  always  be  used  in  plants  of  any 
appreciable  size.  It  is  the  only  way  that  we  have  of 
keeping  the  ammonia  alive  and  in  good  operating  con- 
dition without  the  necessity  of  removing  the  charge 
and  returning  it  to  the  manufacturers  of  ammonia  for 
purification.     A  suction-line   trap   should  be   placed  in 
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the  pipe  line  near  the  compreH.Hor  to  prevent  the  pas.sHKC 
of  sfulo  imd  other  impurity  into  the  compre.ssor.  Thi.s 
trap  acts  .similarly  to  the  steam-engine  separator  and 
will  a.ssist  in  preventing  sluurs  of  liquid  ammonia  enter- 
ing the  lompre.s.sor  during  operation. 

Dl.><fHAR*;K   KhXKlVKR   SHOULD   NOT   Be   PLACH) 

Xkar  Comhrkssor 

It  is  a  mistake  to  place  the  discharpre  (oil)  receiver 
too  near  the  compressor.  The  receiver  is  most  u.seful 
in  removing  oil  from  the  dischar>re  gnu  and  will  do  so  if 
the  oil  is  in  a  licpiid  form  and  the  velocity  not  too  great. 
But  freciuently  .he  temperature  of  di.scharge  is  exces- 
sive and  some  of  the  oil,  particularly  some  grades  of 
oil,  is  vaporized.  The  discharge  line,  being  uncovered, 
will  (juickly  lose  its  superheat  and  therefore  the  sep- 
arator will  be  more  likely  to  function  properly  if  placed 
nearest  the  condenser.  The  temperature  of  discharge  is 
important,  and  every  compressor  should  be  supplied  with 
thermometers  for  the  suction  and  the  discharge  pipe 
lines. 

It  is  generally  conceded  that  the  most  economical 
manner  of  operation  is  to  bring  the  ammonia  back  to 
the  compressor  in  a  dry,  saturated  condition.  Too  much 
superheat  of  the  return  gas  cuts  down  the  capacity  of 
the  machine,  and  too  wet  a  condition  (wet  compression) 
of  the  gas  allows  excessive  re-expansion  in  the  clearance 
volume  as  well  as  inefficient  use  of  the  liquid  ammonia. 
By  means  of  thermometers  the  operator  can  tell  whether 
the  suction  gas  is  superheated  by  the  reading  of  both 
temperatures,  and  whether  it  is  wet  by  the  low  tem- 
perature of  discharge.  These  readings  are  similar  to 
those  in  the  steam-power  plant,  the  C0„  apparatus,  the 
steam-flow  meter,  the  boiler-draft  gage,  etc.,  and  are  a 
ready  means  of  showing  changes  in  operating  conditions, 
as  just  mentioned.  The  old  method  of  trying  to  operate 
by  placing  one's  hand  on  the  pipe  should  be  avoided,  as 
it  is  hardly  likely  to  lead  to  good  results. 

Operating  Conditions 

Reviewing  the  operating  conditions  which  cause 
decreased  capacity  in  plants,  increased  power  input  or 
inability  to  secure  the  required  temperature,  the  main 
troubles  are  valve  action,  ammonia  contamination,  with 
inert  gases  in  the  condenser  or  water  in  the  liquid 
receiver  and  the  expansion  coils,  and  scale,  mud,  oil  and 
other  pipe  troubles  in  the  conden.ser  and  the  expansion 
coils. 

The  compressor  is  a  pump,  and  as  a  pump  it  is  neces- 
sary that  the  cylinder  fill  completely  at  each  stroke 
with  gas  at  the  pressure  of  the  expansion  coils  and 
discharge  out  of  the  cylinder  at  the  pressure  of  the 
condenser.  There  must  not  be  any  "slip"  of  the  valves 
or  loss  of  gas  past  the  piston  rings,  for  otherwise  the 
object  of  the  compressor  will  not  have  been  fulfilled, 
the  purpose  being  to  lift  the  maximum  weight  of  gas 
from  the  suction  or  low-pressure  side  to  the  discharge 
or  high-pressure  side.  Mill  scale  or  other  impurities 
are  likely  to  work  under  the  valves,  and  irregular  wear 
or  wiredrawing  will  cause  leakage.  This  is  also  true 
of  the  piston  rings  and  the  cylinder.  These  cannot  be 
neglected  with  the  impunity  with  which  the  steam 
engine  is  run,  but  must  be  kept  tight  by  constant  care 
and  attention.  The  steam  engine  has  moist  steam,  which 
often  will  remain  fairly  tight  under  conditions  that 
would  be  impossible  in  the  refrigerating  plant. 

Inert  gases  in  the  condenser  are  not  only  bad  because 
of  the  extra  pressui'e  against  which  the  compressor  has 


to  pump,  but  also  because  of  the  decreased  ediciency  of 
the  conden.ser  containing  them.  As  already  explained, 
air.  nitrogen  and  hydrogen  in  the  condenser  act  as  an 
insulator  on  the  pipes,  and  it  is  possible  for  parts  of  the 
pipes  in  the  stand  to  be  put  out  of  commission.  Inert 
Kases  are  mainly  due  to  the  presence  of  air  and  of 
decomposed  lubricating  oil.  There  is  little  decomposi- 
tion of  the  ammonia  at  the  usual  operating  conditions. 
Care  should  be  taken  not  to  operate  at  a  vacuum  at  any 
time,  unless  very  low  temperatures  are  nece.s.sary,  and 
even  then  a  vacuum  is  not  usual.  The  trouble  with  oper- 
ating under  a  vacuum  is  that  air  will  always  get  into  the 
cylinder  through  the  stuffing  box.  even  though  the  pack- 
ing is  sufficiently  tight  to  prevent  the  ammonia  escap- 
ing into  the  atmosphere  when  the  suction  pressure 
is  greater  than  the  atmosphere.  Lubricating  oil  .should 
be  selected  for  the  two  extremes  of  temperature,  ao 
that  it  will  not  freeze  at  the  suction  and  disintegrate 
at  the  temperature  of  the  discharge  under  the  most 
.severe  operating  conditions.  Incidentally,  the  max- 
imum temperature  of  the  discharge  gas  is  obtained 
when  the  suction  pressure  is  the  lowest  combined  with 
the  highe.st  condenser  pressure.  The  condenser  pres- 
sure should  be  compared  frequently  with  that  corre- 
sponding with  the  ammonia  tables,  using  a  temperature 
a  few  degrees  higher  than  that  of  the  exit  condensing 
water.  Any  marked  difference  between  these  two  pres- 
sures indicates  that  non-condensable  gas  is  present  in 
the  condenser,  which  may  be  removed  only  by  purging. 
But  the  reader  is  warned  against  too  frequent  purging, 
as  it  has  been  proved  that  the  greater  part  of  the 
ammonia  lost  in  some  plants  is  due  to  this  cause.  It  is 
impossible  to  purge  without  allowing  a  large  amount 
of  ammonia  to  go  out.  Large  plants  have  devices  to 
reduce  this  loss  to  a  minimum,  by  purging  into  water 
and  distilling  the  ammonia  out  of  the  water,  or  by  the 
refrigerated  purge  tank.  The  latter  is  simply  a  device 
to  cool  the  gases  being  purged  with  refrigerated  coils 
with  the  idea  of  condensing  the  ammonia  out  of  the 
permanent  gases. 

Adding  Oil  to  the  System 

Some  engineers  believe  that  after  the  first  few  months 
little  or  no  oil  should  be  added  to  the  system,  because, 
being  a  closed  system,  oil  will  travel  around  the  cycle 
with  the  ammonia.  This  probably  will  work  out  right 
with  careful  attention  to  detkils  by  experienced  engi- 
neers. The  oil  trap  should  be  kept  drained  of  oil  at 
all  times,  and  the  condensers  and  the  expansion  system 
should  have  regular  overhauling.  As  oil  in  the  expan- 
sion line  is  likely  to  congeal,  it  is  essential  that  proper 
means  be  used  to  get  the  oil  to  flow. 

After  pumping  a  vacuum  on  the  cooling  coils  to  free 
them  of  ammonia,  heating  the  pipes  if  necessary,  the 
coils  should  be  drained  and  finally  blown  out  with 
steam  under  pressure,  giving  a  rather  free  exhaust  so 
that  the  velocity  of  the  steam  will  carry  out  the  liquid 
and  other  soft  deposit.  After  this  steaming  has  been 
completed  satisfactorily  hot  air  should  be  pumped  into 
the  pipes  to  dry'  out  any  moisture  remaining.  Finally, 
in  pumping  a  vacuum  on  the  coils  preliminary  to 
recharging  the  system,  the  compressor  should  be  slowly 
run.  This  is  because  with  oil  and  air  in  the  compressor 
there  is  needed  only  the  proper  mixture  and  the  flash- 
point temperature  to  secure  an  explosion.  This  flash- 
point temperature  is  easily  reached  with  vacuum  pumps 
when  one  considers  the  verj'  high  range  of  pressures 
possible   under  the  conditions. 
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Leaks  in  the  system  may  occur  at  any  point,  and  daily 
care  is  necessary  to  keep  the  plant  tight.  The  piston 
rod  is  responsible  for  the  greater  part  of  the  loss  in 
the  engine  room,  especially  if  the  rod  is  not  central 
in  the  gland.  Ammonia  test  paper  should  always  be 
on  hand  and  used,  and  Nessler's  solution  should  be 
available  for  periodic  tests  of  the  jacket  water,  the 
condenser  water  and  the  brine.  The  condenser  can  be 
leaking  with  a  split  pipe  for  weeks  without  giving 
visible  signs  of  trouble.  The  operator  should  approach 
the  matter  with  an  open  mind,  and  remember  that 
conditions  are  different  in  a  certain  respect  from  those 
in  the  steam  plant.  In  the  case  of  steam  the  loss  of 
100  lb.  through  the  stuffing  boxes,  flanges,  etc.,  prob- 
ably would  be  of  slight  moment.  With  ammonia  it 
would  cause  a  loss  of  about  $30  and  would  be  objection- 
able on  account  of  the  odor.  And  so,  just  as  in  the 
boiler  plant,  where  continued  care  is  necessary  to  pre- 
vent blowoff-valve  leaks,  leaky  settings  and  air  holes  in 
the  fuel  bed,  it  is  necessary  to  be  always  on  the  lookout 
to  keep  the  refrigerating  plant  in  good  condition. 

Boiling  Temperature  of  Ammonia  Variable 
Depending  on  Pressure 

Unless  the  surrounding  medium  (air,  brine,  water, 
etc.,)  is  hot  enough  the  ammonia  will  not  boil.  The 
ammonia  boiling  temperature  is  a  variable,  depending 
on  the  pressure  to  which  it  is  exposed,  just  as  in  the 
case  of  the  steam  in  the  boiler  or  the  steam  in  the 
steam  pipe  or  the  radiator.  If  a  brine  tank  has  brine 
at  14  deg.  F.  it  will  not  be  possible  to  boil  ammonia 
at  a  pressure  of  30  lb.  gage  because  the  boiling  ten^- 
perature  of  the  ammonia  at  that  pressure  is  slightb. 
over  16  deg.  F.  This  is  not  im,portant  where  but  one 
expansion  valve  is  used,  but  most  plants  have  a  variety 
of  conditions,  including  cold  storage,  ice  making  and 
possibly  a  sharp  freezer.  In  these  plants,  if  the  suction 
pressure  is  not  low  enough  to  boil  the  ammonia  in  the 
coldest  room,  then  the  liquid  feed  to  the  coldest  coils 
will  not  boil  and  so  will  accumulate  and  finally  become 
flooded,  and  "lost"  or  "dead"  ammonia  is  the  result, 
combined  with  unsatisfactory  operation.  A  condition 
such  as  has  been  mentioned  is  often  found  in  the  case  of 
plants  requiring  a  heavy  load  of  short  duration,  like 
the  chillroom  of  the  packing  plant  or  the  dairy  with  its 
pasteurizing  load,  or  even  the  plant  which  has  to  pull 
down  the  brine-tank  temperature  in  the  morning. 
Incidentally,  it  is  wise  to  remember  that  at  times  it 
is  possible  to  have  a  double  suction,  or  to  have  one 
machine  on  the  low-temperature  and  the  other  machines 
on  the  medium-temperature  refrigeration.  It  is  unwise 
to  have  to  govern  the  conditions  of  the  whole  plant  by 
the  conditions  prevailing  in  one  room. 

On  the  other  hand,  the  operator  should  remember  to 
keep  the  suction  pressure  as  high  as  possible  and  still 
carry  the  load  at  the  proper  temperature.  This  is 
because  the  tonnage  of  the  compressor  drops  off  rapidly 
with  a  decrease  of  the  suction  pressure,  and  the  horse- 
power per  ton  of  refrigeration  increases  very  greatly  at 
the  same  time. 

[This  article  concludes  the  Study  Course. — Editor.  | 


Power  for  Nothing 

For  some  reason  or  other  the  reconstruction  period 
in  which  we  are  struggling  seems  to  stimulate  the 
inventive  ingenuity  of  perpetual-motion  schemers  to  a 
remarkable  extent,  and  it  would  be  interesting  to  know 
whether  the  financial  response  is  as  general  and  hearty 
as  it  used  to  be  years  ago  when  similar  opportunities 
for  investment  were  offered. 

A  correspondent  calls  attention  to  the  H.  B.  L.  Wind 
Motor  Co.,  of  Davenport,  Iowa,  which  in  a  neatly  printed 
folder  outlines  one  of  the  simplest  get-rich-quick  pos- 
sibilities which  have  come  to  notice.  In  fact,  after  read- 
ing this  description  it  would  seem  hardly  surprising 
if  we  should  eventually  see  old  chimneys  quoted  in  our 
trade  and  financial  papers  in  the  same  way  that  dd 
metals  or  r.ther  commodities  are  today. 

While  the  pamphlet  referred  to  does  not  go  into  detail 
in  de.scribing  the  invention,  some  of  the  statements  con- 
tained in  it  are  wonderfully  enlightening.  For  instance, 
"It  looks  so  simple  that  a  first  glance  a  man  is  inclined 
to  say  'it  can't  be  done.'"  It  would  undoubtedly  he 
cruel  to  comment  on  this  statement  that  sometimes  a 
first  glance  is  as  good  as  a  last. 

Another  statement  is,  "Nothing  is  left  of  the  old 
nower  plant  but  the  smokestack,"  and  this  is  the  key  to 
the  entire  principle  involved,  which,  indeed,  is  simplicity 
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FIG.   I.     THE  ri.MOKESTACK 


A   CI.OSER   VIEW 


Low  air  pressure  will  cause  the  Diesel  to  smoke  badly. 
If  the  combustion  is  efficient,  there  will  be  no  smoke 
out  of  the  exhaust  pipe  with  proper  air  pressure.  If 
excessive  air-injection  pressure  is  carried,  the  eflSciency 
is  decreased  and  the  engine  tends  to  pound. 


itself,  for  though  the  writer  never  realized  before  that 
the  principle  could  be  utilized  in  exactly  this  way,  it  is 
undoubtedly  true  that  the  pressure  of  the  atmosphere 
at  the  level  of  the  ground  in  ordinary  locations  used  for 
power  is  somewhere  around  15  lb.  per.  sq.in.,  while 
several  hundred  feet  higher  the  pressure,  of  course,  is 
a  good  deal  less.  What  is  simpler,  then,  than  to  build 
a  high  .stack,  as  the  H.  B.  L.  people  do,  and  by  putting 
an  air  turbine  in  the  bottom  of  the  stack  attain 
unlimited  power  from  the  turbine  equipment  owing  to 
the  draft  that  must  go  up  the  chimney? 
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Tlu'  loiTi'spoiuU'iit  siMil  thi>  three  photoj^raphs  rcpro- 
iliuod  heif,  showinjr  vi'iy  ilearly  the  dt'tuils  of  the  con- 
sliuif ion  referred  to  a.s  appIyiiiK  to  the  experimental 
plant  I  somehow  or  other  the  perpetual-motion  jiroposi- 
tion  never  seems  to  evolve  a  plant  No.  2),  in  which  FIr. 
1  shows  the  "ifjO-ft.  stack  at  a  sulUcient  distance  to  get  its 
entire  length  into  the  focus  of  the  camera,  Kijr.  2  a 
nearer  view  of  the  base  of  the  stack  and  the  front  of  the 
shedlike  structure  housing  the  air  turbine,  and  Fit?.  .3 
the  general  arrangement  of  air  turbine,  shed  and  i)ase 
of  stack. 

The  correspondent  al.so  states  that  a  recent  test 
showed  the  power  of  the  air  turbine  (eleven  feet  in 
diameter)  to  be  47  hp.  at  80  r.p.m.,  and  ends  his  letter 
with  the  following  naive  statement:  "I  was  fortunate 
enoujrh  to  meet  a  man  who  happened  to  .see  the  test,  and 
he  informed  me  that  there  was  a  brisk  coke  tire  burning 
in  the  base  of  the  stack  durinj?  the  run." 

Quotin^r  again  from  the  H.  B.  L.  pamphlet,  "The  Wind 
Motor  is  just  what  the  name  implies — a  Wind  Motor," 
and  "it  is  our  desire  to  keep  this  industry  entirely  in  the 


FIG.    3.      AIR   TURBINE   AND   HOUSING 

Tri-Cities."     Both   of  these   statements   are    doubtless 
correct. 

The  Glee  Club  will  now  favor  with  that  classical  ditty 
entitled  "And  the  wind  blew  up  the  chimney  just  the 
.«ame." 

"Producto"  Combustion  Guide 

Meters  and  gages  tell  what  is  wrong  in  boiler-room 
practice,  but  the  "Producto"  Combustion  Guide,  which 
is  manufactured  by  the  Progress  Products  Co.,  1313 
Race  St.,  Philadelphia,  Pa.,  indicates  what  to  do  in  boiler 
operation  and  damper  control.  Even  with  the  best  of 
firemen  there  is  just  as  likely  to  be  a  large  amount  of 
excess  air  as  there  is  to  be  the  correct  amount,  which 
must  be  heated  to  the  chimney  temperature.  This  in- 
strument indicates  when  the  furnace  fires  are  too  thin 
or  too  thick  and  when  there  are  holes  in  the  fire.  It 
combines  the  advantage  of  a  steam-flow  meter  and  a 
multiple  differential  draft  gage.  The  body  is  cast  iron, 
and  the  indicating  tubes  which  are  usually  found  in 
instruments  embodying  the  idea  of  inclined  liquid  pas- 
sages have  been  replaced  by  machined  slots  in  the  cast 
iron,  which  are  covered  by  plate  glass.  The  slots  in 
which  the  liquids  travel  are  white  porcelained  so  that 
the  levels  are  plainly  visible. 

The  idea  incorporated  in  this  instrument  involves  the 
lining  up  of  the  steam-flow  and  the  air-flow  liquid 
levels  for  a  given  steam  load  with  the  boiler  operating 


clliciently.  For  other  efficient  steaming  conditions  this 
aligimient  is  maintained  at  various  positions  of  the  in- 
('icating  licjuid  levels.  Pressure  dilFerences,  due  to  both 
steam  and  air  (low,  vary  as  the  s(iuare  root  of  the 
velocity.  The  other  factors  involved,  although  different, 
are  constant  for  a  given  condition,  and  the  difTerences 
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FIG.    1.      COMBITSTTON  GUIDE  AND  PIPING  ARRANGEMENT 

are  compensated  for  in  the  instrument  by  variable  ad- 
justing tubes,  which,  by  controlling  the  areas  in  the 
liquid  reservoir  and  consequently  the  relative  move- 
ment of  the  different  liquid  levels,  make  the  alignment 
a  simple  proposition.  The  liquid  level  in  the  upper  tube 
moves  in  proportion  to  the  steam  flow;  those  in  the 
lower  tubes  in  proportion  to  either  the  quantity  of  air 
flow  or  to  the  change  in  resistance  to  flow  through 
either  the  boiler  tube  or  the  fire  bed.  The  method  of 
reading  the  in.strument  is  .shown  in  Fig.  2. 

The  instrument  is  located  on  the  boiler  front  level 
with  the  operator's  eyes.  For  the  steam  indicator  the 
nozzle-plug  type  of  pilot  tube  is  screwed  into  the  steam 
main  at  any  point  more  than  two  feet  past  a  bend.    All 


Air  Supply  correct-  Fire  and  Bniier  m  good  condition. 
Excess  Air  -  Fire  and  Boiler  in  good  condition. 
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S.-  Steam.    B.T.  -  Draft  loss  through  Boiler  Tube.    F  &- Draft  loss  through  Fire  Bed. 


Holes  in  Fire  permitting  Air  to  get  through  unused- 
Steam  low. 


Excessive  Soot  has  increased  Friction  through  Tubes 
and  lowered  Steam. 


Fire  too  thick  or  Clinkers  are  interfering  with  passage 
of  Air  through  fire  Bed 


Correct  Air  supply-  Fire  ok-  Baffle  broken  - 
Gases  short-circuiting. 


FIG.   2.      SHOWING   METHOD   OF   READING   THE 
INSTRUMENT 

piping  is  1-in.  except  where  it  enters  the  boiler.  To 
check  the  accuracy  of  the  instrument,  it  is  only  neces- 
sary to  open  the  equalizing  valve  and  give  the  air  cocks 
a  half  turn,  thereby  venting  the  pressures  on  all  the 
liquid  surfaces  and  bringing  all  the  liquid  levels  to 
their  initial  positions. 
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The  Application  of  Babbitt  Metals 

Practical    Suggestions    on    Grooving,    Alignment,    Anchorage,    Shrinkage    and    the 
Results  of  Casting  the  Metal  When  It  Is  Overheated 

By  L.  D.  STAPLIN 

Manager  Merit  Metal  Department,   Great   Western   Smelting:  and   Refining:  Company 

ing  a  plastic  and  yielding  body,  which  will  better  con- 
form to  the  contact  surface. 

Not  many  years  ago  the  sale  of  the  logging  engines 
made  by  the  largest  iron  works  upon  the  Northwest  Coast 
was  hampered  because  the  crankpin  bearings  became 
loose.  Almost  every  known  make  of  good  babbitt  metal 
was  tried  in  an  effort  to  find  an  alloy  that  would  hold 
the  bearings.  The  fault  was  so  common  that  loggers 
objected  to  buying  the  engines.  By  request  the  writer 
followed  two  of  the  engines  into  the  woods.  When 
Sunday  came,  the  crankpin  brasses  needed  lining. 
Examination  showed  the  simple  fact  that  the  anchors 
were  too  shallow  to  hold,  because  in  service  a  logging 


MANY  users  of  babbitt  metal  feel  that  it  is  only 
necessary  to  procure  a  good  grade  of  metal  and 
their  bearing  troubles  will  be  over.  This  result 
does  not  always  follow,  as  good  metal,  carelessly  applied, 
means  eventual  trouble  in  most  cases.  For  that  reason 
the  progressive  consumer  should  make  sure  that  his 
bearings  are  made  slowly  and  with  careful  attention 
to  detail.  Because  of  their  added  service  value,  bearings 
made  in  this  way  will  return  the  extra  cost  of  this 
thoroughness  many-fold. 

In  service,  trouble  is  often  occasioned  by  faulty  align- 
ment and  grooving.  In  view  of  all  that  has  been 
written  on  the  subject,  it  seems  strange  that  such 
should  be  the  case,  but  it  merely  proves  that  bearing- 
makers,  as  a  rule,  do  not  sufficiently  realize  the  impor- 
tance of  these  factors  and  sacrifice  durability  through 
lack  of  attention  to  them. 

How  To  Do  Good  Grooving 

The  rules  for  good  grooving  are  simple.  Groove 
as  little  as  possible  and  yet  enough  to  distribute  the 
lubricant  evenly  on  the  bearing's  surface  and  particu- 
larly on  that  portion  of  the  surface  carrying  the  load, 
since  an  excess  of  grooving  in  the  latter  increases  the 
pressure  per  unit  of  contact  area. 

All  grooves  should  have  rounded  edges.  Experience 
has  taught  the  writer  to  look  first  for  sharp  corners 
on  the  grooves  when  trying  to  diagnose  bearing  trouble. 
A  sharp  edge  left  on  a  groove,  as  in  Fig.  2,  acts  as  a 
scraper  and  destroys  the  oil  film.  Round  the  edges  as 
shown  in  Fig.  3,  and  the  value  of  the  lubricant  is 
increased  and  the  friction  reduced. 

When  it  is  necessary  to  groove  the  load-carrying  part 
of  a  two-part  bearing,  the  following  method  has  been 
found  effective:  with  a  boring  tool  or  milling  cutter 
remove  the  ^'^^  from  both  edges  of  both  halves 
of  tliv,  -^1''*^  except  for  about  half  an  inch  at  each 
end,  as  .iiown  in  Fig.  1,  thus  making  an  oil  chamber 
about  \  in.  wide  and  i  in.  deep  on  each  side,  then,  at 
each  end  of  the  lower  part  only,  cut  a  narrow  groove 
parallel  to  the  ends,  connecting  the  two  lengthwise 
recesses. 

Alignment  of  Bearings 

With  sufficient  patience  any  average  mechanic  can 
align  a  bearing  correctly.  It  is  only  a  question  of 
willingness  to  take  the  necessary  time  to  do  a  job  in 
which  it  pays  to  be  thorough.  It  is  not  enough  to  secure 
proper  alignment  when  the  bearing  is  made  and  then 
feel  that  the  job  is  done.  Before  the  bearing  has 
run  too  long  it  should  be  examined,  for  in  almost 
all  cases  readjustment  will  be  found  necessary  because 
of  unequal  wear.  If  good  alignment  can  be  held,  the 
best  babbitt  metal  should  be  used  on  important  heavy- 
pressure,  high-speed  bearings.  If  not,  it  is  important 
to  use  an  alloy  adapted  to  the  special  conditions,  hav- 
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*.\n   article  by  the  same  author   on   "The   Selection   of   Babbitt 
Ml  tal"  appearerl  in  the  Nov.  9,  1920.  issue. 


L.  GROOVING  IN  LOWER  ILVLF  OF  TWO-PART  BEAR- 
ING. FIG.  2.  groove  with  SHARP  EDGES,  BAD. 
FTG.  3.  GROOVE  WITH  ROUNDED  EDGES,  GOOD. 
FIG.  4.  SHALLOW  AND  WEAK  ANCHORAGE.  FIG.  5. 
GOOD  SOLID  ANCHORAGE 


engine  crankpin  brass  is  subject  to  extreme  vibration. 
By  making  the  anchorage  deeper  and  using  a  little 
different  style  of  anchor  (see  Figs.  4  and  5)  the  trouble 
was  entirely  remedied.  The  incident  shows  how  simple 
seemingly  serious  bearing  troubles  frequently  are. 
When  trying  to  remedy  loose  liners,  it  will  pay  to  ex- 
amine the  anchorage  first. 

If  the  service  is  at  all  severe,  there  should  be  close 
contact  between  the  container  and  the  liner.  Even 
though  the  anchorage  is  right,  experience  may  prove 
that  soldering  or  tinning  is  desirable,  and  this  can 
be  done  in  the  following  manner,  using  a  solder  of 
50  per  cent  tin  and  50  per  cent  lead. 

For  tinning  brass  shells  the  first  step  is  the  removal 
of  grease,  dirt  and  other  foreign  matter  from  the 
shells  by  heating  them,  being  careful  not  to  overheat 
the  material  of  the  shell  or  the  subsequent  tinning  will 
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be  dinicult.  A  pood  way  to  remove  oxide  .scale  and 
to  produce  a  jrood  dean  .surface  is  to  "pickle"  the 
.shell.s  in  a  bath  of  water  four  parts  and  muriatic  aci.l 
one  part.  In  obstinate  cases  the  most  .satisfactory  way 
of  preparinjj  the  shell  for  tinning  is  to  machine  or 
ttrind  the  surface  to  insure  a  clean  metallic  contact. 

After  cioaninj?,  the  surface  is  treated  with  zinc- 
chloride  soldorinji  .solution  and  warmed  either  by  plung- 
intr  the  shell  into  a  quantity  of  melted  babbitt  metal 
or  placing  it  over  a  fire.  In  the  former  case,  a  portion 
will  adhere  to  the  prepared  fate  and  can  be  spread 
over  the  surface  later  with  a  small  brush,  producing 
a  mirror-like  coating.  In  addition  to  this  the  hot  face 
of  the  .shell  should  be  rubbed  with  a  stick  of  .solder  and 
then  brushed.  This  will  give  a  good  coating  of  solder 
on  the  prepared  surface.  If  the  shell  is  too  hot,  it 
will   not  take   the   solder   well. 

Tinning  of  steel  shells  may  be  accomplished  in  prac- 
tically the  same  way,  but  care  must  be  used  in  making 
the  surface  to  be  tinned  perfectly  clean  and  free  from 
oil  of  any  kind.  Tinning  of  cast-iron  shells  is  difficult 
ordinarily,  but  if  sufficient  care  is  taken  to  file  the  sur- 
face bright  just  before  applying  the  solder,  a  good 
coating  may  be  caused  to  adhere. 

How  TO  Prevent  Shrinkage 

Metals  expand  on  heating  and  contract  on  cooling. 
There  is  shrinkage  in  every  bearing  metal.  The  hotter 
the  n>etal  when  poured  the  more  it  expands  and  the 
more  likely  it  is  to  make  a  lining  that  may  not  adhere 
solid  and  tight  to  the  backing.  This  is  because  of  the 
shrinkage  in  the  metal  when  it  solidifies,  which  may  be 
sufficient  to  cause  it  to  pull  away  from  the  backing, 
leaving  a  space  into  which  the  metal  can  be  pressed 
beneath  the  load,  thus  possibly  cracking  the  lining 
metal  and  causing  it  to  break. 

The  commonly  given  instruction,  "Heat  mandrel  and 
container  whenever  possible  before  casting,"  is  the 
cause  of  more  poor  bearings  than  any  other  one  com- 
mon casting  direction.  It  does  not  make  so  much 
difference  if  a  low-grade  bearing  metal  is  cast  while  it 
is  overheated,  as  its  high  content  of  lead  prevents  much 
change  in  structure  during  the  cooling;  but  if  a  babbitt 
metal  of  the  highest  grade,  such  as  carries  a  tin  base 
and  considei'able  content  of  copper,  is  cast  while  over- 
heated, the  service  value  of  the  metal  will  be  greatly  re- 
duced. A  good  rule  to  follow  where  durability  is  desired, 
is  to  cast  the  metal  at  the  lowest  heat  at  which  it  will  be 
fluid  enough  to  flow  into  the  bearing  at  one  pour,  and 
against  surfaces  that  have  been  warmed  only  enough 
to  remove  the  chill.  If  the  container  or  mandrel 
sizzles  when  touched  with  a  moistened  finger,  it  is  too 
hot.  The  more  dense  and  solid  the  metal's  structure, 
the  greater  will  be  its  durability,  and  the  foregoing 
principle,  if  applied  (see  Fig.  6),  will  produce  bearings 
of  the  best  value  in  density. 

To  Increase  Density 

It  is  desirable  to  increase  the  density  when  casting 
removable  bearings,  which  may  be  done  by  immersing 
them  in  cold  water  as  soon  as  the  metal  has  solidified 
after  casting.  In  doing  this  always  be  careful  to  im- 
merse the  casting  from  the  bottom  upward  and  do  it 
slowly.  The  spot  at  which  the  metal  is  poured  is 
always  the  hottest  part  of  the  casting  and  in  cooling 
should  enter  the  water  last.  This  sudden  cooling  will 
close  up  the  grain  so  that  under  the  pressure  and  load 
of  service  it  will  not  "pack"  or  "give." 


Overheating  will  open  the  grain  or  coarsen  the  struc- 
ture of  babbitt  metal.  Since  "grain"  only  meanB  th| 
distance  between  the  particles  that  comprise  the  metal'i 
structure,  it  follows  that  beneath  sufficient  prcssuit 
these  particles  will  be  packed  together  by  the  weight 
of  the  load  upon  the  metal.  This  makes  "clearance" 
equivalent  to  the  same  amount  of  wear. 

This  "packing"  can  be  avoided  if  the  metal  is  den8< 
and  solid,  as  it  will  be  in  ratio  to  its  temperatun 
when  poured.  Necessarily,  the  babbitt  must  be  madi 
hotter  for  u  large  than  for  a  small  casting,  so  heal 
according  to  the  work  in  hand  and  do  not  be  afraid 
to  spoil  a  couple  of  ca.stings  in  learning  the  lowest  heal 
point.  Experimentation  in  this  connection  will  be  repaid 
many-fold  in  the  time  saved  in  reV^abbitting. 

To    illustrate   a   typical   case   of   trouble  cau.sed   by 
overheating  a  high-grade  babbitt  metal,  the  followin; 
experience  will  serve:     The  writer  was  called  to  thi 
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FIG.  6.     STRUCTURE  OF  BABBITT  METAL  WHEN  CAST  AT 
PROPER  TEMPERATURE.   WHEN  SLIGHTLY   OVER- 
HEATED AND  WHEN  GREATLY  OVERHEATED 


mill  of  a  sugar  manufacturer  having  trouble  with 
centrifugal  bearings.  Examination  showed  that  some 
would  run  a  full  season  and  others  in  the  same  type 
of  machine  and  made  from  the  same  metal  would  last 
only  a  few  days.  After  running  a  few  days,  the  metal 
started  to  slough  out  of  the  bearing.  By  examining 
one  of  these  bearings  with  a  glass,  the  metal  was 
found  to  contain  minute  cracks  which  would  enlarge  and 
finally  cause  the  metal  to  give  way  under  the  vibration 
of  service.  The  cracks  were  caused  by  contraction  of 
the  metal  while  cooling,  after  overheating  and  casting 
against  a  mandrel  that  was  too  warm. 

If  a  lead-based,  moderate-priced  babbitt  such  as  is 
so  widely  used  for  general  work  is  poured  when  over- 
heated or  against  an  overheated  mandrel,  the  results,  as 
previously  explained,  are  not  so  serious.  Babbitts  of 
this  class  are  not  likely  to  be  "ladle  spoiled,"  and  to 
this  good  point  they  owe  considerable  of  their  popu- 
larity. However,  overheating  will  make  them  brittle 
and  more  likely  to  break,  crack  or  crumble  beneath 
heavy  loads  and  high  speeds. 

A  steel  company  was  testing  a  certain  alloy  in  its 
rolls.  Two  bearings  were  cast  with  the  metal  nearly 
red  when  poured.  At  the  end  of  five  days  the  liner 
was  #5  in.  thinner  than  when  the  test  started.  It  had 
packed  that  much  beneath  the  load.  The  two  bearings 
were  then  cast  at  the  proper  temperature,  and  after 
running  for  twelve  days  they  were  tested  and  found 
within  a  trifle  less  than  -h  in.  of  their  original  thick- 
ness. It  was  customary  to  reline  these  bearings  w^hen 
the  liners  had  worn  to  a  certain  thickness;  hence,  by 
casting  the  metal  with  care,  the  company  was  abk 
to  put  more  tonnage  through  the  rolls  that  were  cor- 
rectly babbitted,  with  a  saving  of  time,  money  and 
annoyance. 
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Some  Distribution  Cable  Experiences 

Industrial-Plant  Load   May  Increase  to  Where   Underground   Cables  Are    Dangerously  Over 

loaded  Without  It  Being  Realized — In  One  Case  Temperatures  Were  so  High  That 

the  Duct  Walls  Were  Softened — Method  of  Cleaning  Out  Duct  Described 

By  T.  H.  ARNOLD 


PLACING  the  distribution  cables  underground  in  a 
duct  system  is  frequently  an  excellent  solution  to 
the  industrial-plant  transmission  problem,  but  like 
everything  else  it  should  receive  adequate  attention 
from  the  operating  crews.  In  many  cases  where  fac- 
tory buildings  are  compactly  arranged  and  overhead 
transmission  wires  are  objectionable,  it  becomes  .neces- 
sary to  place  the  feeder  cables  underground.  Low  main- 
tenance costs  may  be  expected  from  an  installation  of 
this  class  if  properly  installed.  Unsuspected  dangerous 
conditions  may,  however,  exist  unless  the  cable  system 
is  periodically  inspected.  In  this  respect,  as  in  the 
matter  of  ventilation  and  cable  changes,  the  tunnel 
system  offers  some  advantages  over  the  duct  system, 
for  a  large  installation.  When  proper  inspections  are 
regularly  made,  hot  cables  or  other  unusual  conditions 
are  noticed  before  they  become  dangerous. 

A  factory  transmission  system  is  usually  composed  of 
a  number  of  large  low-voltage  cables  carrying  heavy 
currents.  Plant  growth  is  ordinarily  evidenced  by  the 
gradual  addition  of  a  motor  here  and  there  throughout 
the  various  departments.  These  increases  may  not  be 
noticed  as  long  as  the  cables  give  no  trouble.  In  a  large 
duct  system  of  comparatively  short  length  a  cable  will 
heat  beyond  the  safe  operating  temperature  before  the 
voltage  drop  becomes  a  serious  factor.  A  cable  will 
frequently  heat  to  a  dangerous  temperature  in  a  duct 
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FIG.   1.      DUCT   AND  CVBI^B    ARRANGEMENT 

system  while  carrying  a  current  that  would  be  perfectly 
safe  in  an  isolated  duct;  also,  it  may  be  damaged  if 
exposed  to  excessive  temperatures  from  cables  in 
adjacent  ducts.  This  form  of  deterioration  is  more  or 
less  gradual  and  first  affects  the  cables  near  the  center 
of  the  run  as  the  heat  dissipation  is  less  at  that  point. 
The  nature  of  the  ground,  depth  below  surface,  and  the 
number  and  location  of  the  ducts  all  have  a  distinct 
bearing  on  the  heating  of  the  entire  system. 


A  recent  investigation  of  a  cable  system  was  made 
for  the  purpose  of  determining  what  additions  to  the 
cables  would  be  necessary  to  carry  a  contemplated  in- 
crease in  load.  The  system  was  designed  for  1,500  kw. 
at  440  volts  and  was  carrying  an  average  in  the  neigh- 
borhood of  2,000  kw.  The  power  factor  in  some  depart- 
ments was  also  somewhat  less  than  that  used  in  the 
original  calculations.     As  no  trouble  had  been  traced 
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FIG.    2.      DUCT   CLEANER   MADE   FROM    2-IN.    PIPE 


to  the  cable  system,  it  was  assumed  that  with  some 
minor  changes  the  cables  were  adequate  for  the  existing 
condition. 

The  power  plant  could  not  possibly  carry  all  the 
motors  on  all  the  circuits  at  any  one  time,  nevertheless 
there  were  times  when  all  the  motors  on  one  circuit 
were  running  at  full  load  for  a  sufficient  time  to  heat 
the  cables.  In  the  table  are  shown  the  rated  motor  load 
on  each  feeder  and  the  size  of  the  conductor.  The 
manufacturing  plant  was  operated  to  get  the  greatest 
output  with  the  power  available,  and  thus  the  average 
load  carried  was  very  close  to  the  rated  capacity  of  the 
generators.  As  this  was  a  twenty-four-hour  load,  the 
cables  had  no  opportunity  to  cool. 

A  thorough  examination  revealed  some  rather  start- 
ling conditions.  The  manholes  had  been  sealed  to  pre- 
vent the  admission  of  water,  and  when  opened,  the 
interior  temperature  was  found  to  be  very  high.  The 
cables  were  paper-insulated,  lead-covered,  single-  and 
three-conductor,  insulated  for  2,500  volts.  In  two  man- 
holes the  lead  and  paper  were  burned  completely  off 
some  of  the  cables,  leaving  them  bare,  and  from  their 
appearance  they  had  been  in  that  condition  for  some 
time.  No  definite  date  could  be  assigned,  but  from 
some  circumstances  that  could  not  be  explained  at  the 
time,  it  appeared  likely  that  the  burnouts  had  occurred 
about  three  years  previously.  As  the  interruptions 
were  only  temporary,  no  search  was  made  for  the 
cause  and  the  cables  were  operated  in  that  condition. 

The  duct  material  was  of  the  familiar  bituminous 
fiber  or  paper  composition  laid  in  concrete  with  the 
general  arrangement  as  shown    in   Fig.    1.     At   some 
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points  the  duct  mnterinl  had  .softened  and  completely 
clo.sed  the  ducts.  A  laboratory  test  showed  that  the  duct 
material  softened  at  about  140  deg.  C,  which  is  suffi- 
ciently above  the  safe  operating  temperature  of  the 
cables  to  be  satisfactorj*. 

t)ne  cable  that  was  removed  was  found  to  be  in  very 
bad  shape  in  spots.  The  insulation  was  charred  to  a 
chocolate  lirown  and  the  filler  compound  completely 
dried  out. 

In  some  case.s  where  the  bond  wires  had  been  removed, 
pitting  of  the  lead  sheath  was  noted.  The  individual 
cables  were  in  no  case  carryinp  in  excess  of  the  under- 
writers' rating  for  this  class  .of  insulation  and  had  been 
thought  to  be  in  a  safe  operating  condition.  The  only 
insulation  breakdowns  experienced  were  the  ones 
mentioned  in  the  foregoing,  but  had  the  voltage  been 
higher,  they  would  have  been  more  numerous. 

In  remedying  these  conditions,  some  of  the  old  cables 
were  removed  and  larger  ones  installed.  This  work  was 
considerably  delayed  by  the  softening  of  the  conduit 
and  the  temperature  of  the  ''ucts  and  cables.  Where 
the  duct  was  in  good  shape,  the  rods  invariably  came 
out  too  hot  to  handle  without  gloves.  It  developed  that 
where  the  conduit  ran  close  to  the  surface  of  the  ground 
little  trouble  was  encountered,  but  where  it  was  buried 

FEEDER  CABLES  AND  LOADING 


Connn'-tod 

Load: 

No.  of 

Conductors 

Cable 

Rati-d, 

No. 

Dept 

Cables 

per  Cable 

Size 

Up. 

1 

A 

3 

I 

1,600.000 

1,010 

A 

3 

1 

1,000.000 

B 

3 

1 

1,000.000 

1,100 

B 

3 

1 

1,000.000 

C 

1 

400.000 

163 

Lighting 

1 

No   2  0 

50 

Direct  Current 

1 

250,000 

25 

D 

1 

450.000 

265 

E 

1 

No    1    0 

105 

10 

F 

1 

300,000 

245 

G 

1 

No.  1   0 

132 

ti 

Vacant 

Tho  numbers  in  the  first  column  correspond  with  the  duct 
diagram. 

six  feet  or  more  the  temperature  was  very  high  and  the 
duct  softened.  Where  possible  the  duct  was  dug  up 
and  repaired,  othenvise  it  was  cleaned  out  and  the  cable 
pulled  through  the  remaining  hole  in  the  concrete. 

The  cleaning  was  a  slow  and  laborious  process,  and 
sometimes  after  a  section  was  apparently  clear  the 
material  seemed  to  cave  and  fill  the  opening  again. 
Lengths  of  |-in.  pipe  suitable  for  handling  in  the  man- 
holes were  started  in  the  duct  and  screwed  together  till 
they  reached  the  obstruction;  they  were  then  driven  in 
about  six  inches,  removed,  cleaned  and  returned  to  the 
hole.  In  this  manner  a  hole  was  finally  driven  through. 
The  rods  were  then  passed  through  and  followed  with  a 
piece  of  old  4-in.  steel  hoisting  cable  on  which  were 
fastened  a  number  of  Crosby  clips  at  intervals  of  two 
feet.  This  was  pulled  back  and  forth  till  no  more  mate- 
rial was  brought  out  by  the  Crosbys.  They  were  then 
removed  and  replaced  by  the  pipe  scraper.  Fig.  2.  This 
scraper  was  made  of  a  10-in.  piece  of  2-in  wrought-iron 
pipe  and  was  placed  on  the  cable  and  secured  by  a  clip  on 
each  side.  The  scraper  was  pulled  in  till  a  .^tress  of 
ten  or  fifteen  tons  was  exerted  on  the  rope.  It  was  then 
pulled  out,  the  material  cleaned  from  the  interior  and 
returned.  Sometimes  it  took  as  much  pressure  to  pull 
the  scraper  out  as  it  did  to  pull  it  in,  owing  to  the 
material  caving  in  behind.  When  the  cables  were 
pulled  in  they  went  fairly  easily.  The  head  of  the  cable 
frequently  brought  out  large  masses  of  the  duct  mate- 
rial. No  signs  of  damage  were  noted  due  to  the  lead 
dragging  on  the  bare  concrete. 


Mew  Slcani  Turbine  for  Mechanical 
Service 

A  new  steam  turbine  of  either  one,  two  or  threi 
stages  for  driving  centrifugal  pumps,  blowers,  etc.,  ha  _ 
recently  been  designed  and  may  be  arranged  to  operate''' 
at  steam  pressures  of  from  50  to  300  lb.  with  or  with- 
out superheat,  and  either  non-condensing  or  condensing. 
It  is,  in  general,  adapted  to  supplying  an  output  any- 
where from  10  to  400  hp.  at  1,000  to  5,000  revolutions 
per  minute.  It  is  manufactured  by  the  General  Electric 
Co.,  Schenectady,  N.  Y. 

The  illustration  shows  a  two-.stage  turbine  with  speed 
governor  mounted  on  one  end  of  the  shaft.  The  con- 
nections between  the  governor  and  governor  valve  are 
shown  at  the  left,  and  adjacent  are  the  emergency 
valve,  chest  and  resetting  lever.  The  upper  half  of  the 
wheel  casing  and  bearings  are  removable,  thus  permit- 
ting removal  of  the  wheels  and  shaft  without  disturbing 
the  steam  and  exhaust  piping.    The  casing  is  supported 


TURBINE   WITH   CASING   REMOVED 

on  three  feet;  this  does  away  with  the  possibility  of 
twisting  strains. 

The  speed  of  the  turbine  may  be  varied  while  in  oper- 
ation by  a  simple  adjustment  of  the  governor  valve. 
The  governor  weights  are  inclosed  in  a  casing,  and  a 
protecting  hood  is  placed  over  the  governor  as  a  whole. 

When  conditions  of  operation  render  it  desirable,  an 
emergency  governor  is  supplied.  This  operates  inde- 
pendently of  the  main  governor  and  serves  as  an  added 
protection.  It  does  not  come  into  play  unless  the  speed 
rises  to  about  15  per  cent  above  normal,  when  it 
shuts  off  the  steam  supply. 

From  the  steam  chest  the  steam  is  passed  through 
the  first-stage  nozzles,  which  direct  the  flow  of  steam 
into  the  buckets  on  the  wheel.  For  certain  ourposes 
some  of  the  nozzles  are  opened  or  closed  as  required, 
by  hand  valves  placed  in  the  steam  chest.  Steam  to 
all  nozzles  is  under  control  of  the  main  and  emergency 
governors. 


Preignitions  in  the  modem  two-cycle  semi-Diesel 
engines  cannot  occur  if  the  atomizer  nozzle  does  not  leak. 
The  injection  point  is  fairly  late,  and  no  oil  is  in  the 
cylinder  to  ignite  until  practically  dead  center.  If  the 
atomizer  leaks,  oil  will  enter  the  cylinder  early  in  the 
compression  stroke  and  preignite.  If  the  engine  fails 
to  burn  all  the  fuel,  at  times  part  remains  in  the  bulb 
to  ignite  on  the  next  compression  stroke. 
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Gray  System  of  Automatic 
Combustion  Control 

Under  date  of  June  3,  1919,  was  published  a  descrip- 
tion of  a  combustion-control  system  that  is  now  manu- 
factured with  improvements,  by  the  Automatic  Fuel 
Saving  Co.,  of  Philadelphia  and  Chicago.  By  this  device 
the  over-fire  draft  or  vacuum  is  maintained  continu- 
ously at  the  most  efficient  point  by  varying  the  air 
pressure  under  the  grate.  The  damper  is  moved  to  pass 
a  greater  or  less  quantity  of  air,  and  the  stoker,  if 
there  be  one,  is  speeded  to  meet  the  demand  for  fuel. 

All  these  factors  are  co-ordinated  so  that  simultaneous 
adjustment  is  made  of  coal,  air  and  damper  position. 


FIG.  1.  CONTROL,  CABINET.  AIR  COMPRESSOR  AND 
REGULATING  EQUIPMENT  FOR  THE  GRAY  SYSTEM 


The  outstanding  feature  is  the  maintenance  of  the 
over-lire  vacuum  by  the  variation  of  the  air  pressure 
under  the  grate.  In  the  regulation  of  a  number  of 
furnaces  this  method  automatically  compensates  for 
variation  in  the  fuel-fed  thickness  and  porosity,  so  that 
each  boiler  is  individually  controlled,  according  to  fur- 
nace conditions  existing,  and  for  all,  uniform  rates  of 
combustion  are  insured. 

It  is  this  feature  which  distinguishes  the  present 
method  from  the  system  as  originally  developed.  Con- 
trol of  the  three  elements  of  regulation — boiler  damper, 


air  supply  and  stoker  speed — is  obtained  by  means  of 
diaphragms  operated  by  compressed  air,  the  necessary 
variation  in  the  diaphragm  air  pressure  being  controlled 
by  two  valveless  leak  ports.  One  port  is  actuated  by 
the  steam  pressure  in  the  header  and  controls  the 
damper  position  and  the  stoker  speed.  This  is  a  part 
of  the  steam-pressure  controller  system.     The  second 


PIG.  3.  THE  FURNACE  AIR  CONTROLLER 

leak  port  is  actuated  by  the  over-fire  vacuum  and  con- 
trols the  air  supply,  being  an  element  of  the  furnace 
air  controller.  Fig.  1  shows  a  typical  control  cabinet 
and  apparatus  for  two  boilers,  and  Fig.  2  illustrates 
the  furnace  controller. 

The  steam-pressure  controller  is  operated  by  the 
variations  of  steam  pressure  in  the  header.  This  pres- 
sure is  exerted  upon  a  bronze  diaphragm  and  is  opposed 
by  a  spring  whose  tension  is  adjusted  for  the  steam 
pressure  to  be  carried.  If  the  steam  pressure  falls, 
the  spring  forces  down  the  diaphragm  and  the  steel 
stem  connected  to  it,  thus  opening  the  leak  port  above 
and  allowing  a  definite  portion  of  the  compressed  air 
passing  to  the  damper  and  stoker  speed  diaphragms  to 
escape  to  the  atmosphere.  As  the  pressure  on  these 
two  diaphragms  is  lessened,  the  boiler  damper  is  opened 
a  certain  degree  and  the  stoker  is  speeded  up,  the 
variations  in  either  depending  on  steam-pressure  drop. 

To  illustrate  the  operation  of  the  control  on  a  battery 
of  boilers,  suppose  an  additional  steam-consuming  unit 
is  cut  into  the  line.  The  consequent  demand  for  more 
steam  results  in  a  drop  of  steam  pressure  in  the  header. 
This  pressure  drop  is  transmitted  to  the  steam-pressure 
controller,  which  opens  the  dampers  of  all  boilers  in 
proportion  to  the  drop  in  pressure.  In  the  case  of 
stoker-fired  furnaces  the  rate  of  feeding  fuel  is  also 
increased  in  proportion.  The  opening  of  the  damper 
creates  a  greater  suction  in  the  furnace,  and  this  draft 
change  is  communicated  through  the  over-fire  vacuum 
line  to  the  furnace  air  controller.  This  regulator, 
whose  function  it  is  to  maintain  a  predetermined  over- 
fire  vacuum,  speeds  up  the  individual  turbo-blower  or 
opens  the  individual  wind-box  grate  if  one  blower  sup- 
plies the  air  for  all  furnaces.     Thus  the  under-grate 
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preasure  is  increa.sod  and  onrh  furnace  i.s  jrivcn  indi- 
vidual trejitnvent  in  accordHncf  with  it.s  .special  nvjuirc- 
ment.s.  The  furnaic  with  tht'  highly  rcsLstiml  fuel  l)ed 
will  have  a  higher  under-Krado  pressure,  while  the 
furnace  with  the  less  resistant  or  thinner  fuel  bed  will 
have  a  lower  under->rnite  pressure.  The  over-fire  vacuum 
remains  constant,  and  etiicient  combustion  takes  place 
under  varying'  conditions  of  furnace  and  boiler  load. 

Kepairiii*;  ail  Aiiiiiionia  (ioinprrssor 

By    KOL.A.NU    L.    TULLIS 

Occasionally,  we  find  a  piece  of  machinery  of  very 
poor  or  antique  design,  which  proves  a  source  of  an- 
noyance and  inconvenience  to  the  engineer.  The 
machine  described  in  this  article  has  been  in  daily  use 
for  a  number  of  years.  It  was  built  by  a  small  foundry 
and  undoubtedly  was  designed  by  men  of  no  great 
experience  in  the  refrigeration  line. 

It  is  a  twin-cylinder,  single-acting  vertical  ammonia 
compressor  direct-connected  to  a  tandem-compound  Cor- 
liss engine.  Both  the  suction  and  discharge  line  were 
connected  directly  on  top  of  the  head,  and  in  case  of  a 
leak  or  blowing  out  of  the  head  gasket  it  became 
necessary  to  remove  a  section  of  both  the  suction  and 
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AMMONIA  COMPRESSOR  WITH  UfPROPER  MAIN  BEARING 

discharge  line  as  well  as  the  suction  and  discharge  valve 
on  the  line. 

In  order  to  remove  the  head  en  this  machine,  the 
engineer  had  to  remove  the  bolts  and  di-sconnect  four 
flanged  joints  and  take  out  the  suction  and  discharge 
valves.  It  was  also  necessary  to  disconnect  both  bypass 
valves  used  in  pumping  from  the  high  side  to  low 
or  vice  versa.  It  was  an  all-day  job  for  two  men  to 
remove  the  head,  fit  a  gasket  and  replace  it,  while  if  the 
machine  had  been  designed  properly,  it  would  not  have 
required  more  than  an  hour  at  the  most.  The  machine 
was  fitted  with  a  solid-flat  head.  The  clearance  was 
very  small,  and  the  pulling  over  of  a  small  slug  of  liquid 
in  the  suction  line  would  either  cause  the  head  to  leak 
or  blow  out  the  gasket.    A  blown  gasket  was  a  frequent 


occurrence  and  necexsitatod  a  shutdown  and  a  hard 
day's  labor  for  two  men. 

The  crank  bearing.s  were  oiled  by  the  splash  Hy«tem — 
that  is,  they  dipped  into  the  oil  in  the  crankcase  on 
every  revolution  -  while  the /main  Rearing  ^ind  the 
wristpin  bearings  were  supplied  with  oil  by  a  Hmall 
rotary  belt-driven  pump  connected  to  the  crankshaft. 
This  small  pump  took  oil  from  the  crankcase  and  forced 
it  through  the  main  and  wristpin  bearings,  whence  it 
was  returned  to  the  crankcase. 

One  day  this  machine  began  to  moan  and  groan  and 
I)ound  violently.  The  shift  engineer  was  a  new  man  and 
a  bit  undecided  a.  to  what  to  do  in  an  emergency.  The 
weather  was  very  hot,  and  the  compressor  was  badly 
needed  to  hold  down  the  temperature.  He  examined  the 
oil  gage  on  the  crankcase  and  made  sure  that  there  was 
plenty  of  oil.  The  small  oil  pump  was  running  prop- 
erly, and  by  all  outward  appearances  the  machine  seemed 
to  be  getting  sufllcient  oil,  so  he  decided  to  allow  it  to 
run  for  a  few  minutes  and  await  developments. 

Things  began  to  develop  in  a  hurry.  The  pounding 
steadily  increa.sed,  and  the  crankcase  and  bearings 
reached  a  high  temperature.  The  machine  was  shut 
down  at  once,  the  crankcase  opened  up  and  the  oil 
withdrawn.  Both  crank  bearings  were  very  hot;  by 
testing  with  a  pinch  bar,  they  were  found  very  loo.se. 
They  wei'e  removed  and  the  babbitt  metal  was  found 
burnt  out.  Both  bearings  were  rebabbitted,  scraped  and 
fitted  and  replaced ;  but  when  the  engine  was  turned 
over  slowly  the  pounding  was  still  there.  Next,  the 
wristpins  and  bearings  were  taken  out;  this  necessitated 
the  removal  of  the  compressor  head  and  the  pulling  of 
the  pistons.  Upon  examination  it  was  found  that  both 
wri.stpin  bearings  had  run  hot.  They  were  made  of  cast 
iron  in  the  form  of  a  sleeve  and  had  cracked,  pounded 
and  pulverized ;  pulverized  cast  iron  was  found  in  the 
bottom  of  the  crankcase.  The  wristpins  and  bearings 
were  repaired  and  replaced,  but  the  compressor  still 
failed  to  run  satisfactorily.  The  main  bearings  ran 
hot,  and  there  was  a  noticeable  pounding  somewhere. 
Next,  both  of  the  main  bearings  were  removed  and  it 
was  found  that  the  babbitt  metal  had  softened  and 
allowed  the  cranLshaft  to  drop  about  one-eighth  inch. 

Owing  to  the  peculiar  construction  of  this  machine 
main  bearing  No.  2  was  a  corker  to  repair.  By 
referring  to  the  sketch,  it  will  be  seen  that  it  is  im- 
possible to  lift  out  No.  2  bearing  (a  solid  bearing  similar 
to  a  sleeve,  babbitted  on  the  inside)  without  removing 
the  heavj-  fl.vwheel,  engine  bearing  and  engine  disk  or 
crank  from  the  shaft.  It  was  finally  decided  to  turn  out 
a  split  bearing  for  main  bearing  No.  2,  as  this  was  the 
only  type  that  could  be  put  in  place  without  much  trouble. 

Finally,  when  all  the  bearings  were  repaired  and  the 
machine  properly  aligned,  it  ran  as  smoothly  as  a 
clock.  The  whole  trouble  was  caused  by  the  complete 
.stoppage  of  two  small  oil-feed  pipes  that  delivered  oil 
from  the  pump  to  the  bearings.  The  wristpin  bearings 
undoubtedly  gave  w-ay  first,  and  pulverized  cast  iron 
from  these  bearings  probably  worked  into  the  other 
bearings  with  the  oil  and  completed  the  havoc.  If  the 
machine  had  been  shut  down  at  the  first  signs  of  trouble, 
much  work  and  expense  could  have  been  avoided. 

The  two  small  oil  lines  that  had  .stopped  up  were  in  an 
inaccessible  position  inside  of  the  crankcase.  It  was  im- 
possible to  tell  whether  they  were  open  or  not  without 
opening  the  crankcase.  All  this  tends  to  show  that  every 
machine  should  be  so  built  that  £ll  parts  are  accessible. 
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Distribution-Cable 
Maintenance 

A  FACT  too  frequently  not  appreciated  is  that  where 
heat  is  generated  it  must  be  dissipated  as  fast  as 
produced  or  the  temperature  will  soon  become  excessive. 
T.  H.  Arnold's  article  in  this  issue,  "Some  Distribution- 
Cable  Experiences,"  very  forcefully  emphasizes  the  fore- 
going. 

Where  electrical  cables  are  installed  in  the  open  they 
are  not  likely  to  be  overloaded  to  the  point  where  the 
temperature  of  the  copper  will  destroy  the  insulation — 
first,  because  the  heat  is  rapidly  dissipated  to  the  sur- 
rounding atmosphere,  and  second,  before  dangerous 
loading  is  reached  the  volts  drop  reaches  such  proportion 
as  to  interfere  seriously  with  the  service  and  make  some 
remedy  necessary.  However,  when  cables  are  installed 
in  conduits  or  in  underground  ducts,  a  far  different  con- 
dition exists.  Unless  air  is  forced  through  underground 
ducts,  and  it  seldom  is,  the  heat  must  be  dissipated  at 
the  point  where  generated  in  the  cable.  How  fast  this 
heat  will  be .  conducted  away  is  a  very  complicated 
question,  since  after  reaching  the  surface  of  the  cable 
the  heat  must  pass  through  the  air  surrounding,  or 
partly  surrounding,  the  cable  to  the  wall  of  the  duct, 
then  through  the  concrete  to  the  earth.  The  nature  of 
the  |round,.the  depth  below  the  surface  and  the  number 
and  location  of  the  ducts  all  have  a  marked  bearing  on 
the  heating  of  the  system. 

A  cable  installed  in  a  single  duct  may  carry  a  load 
that  would  prove  disastrous  if  placed  in  the  center  of  a 
duct  system  having  a  number  of  loaded  cables.  In  a  sec- 
tion of  a  duct  system  near  the  earth's  surface  cables  may 
operate  at  a  safei temperature,  while  in  a  section  six  feet 
or  more  under  ground  they  may  have  a  temperature 
that  is  excessive.  Even  though  the  system  may  operate 
at  a  safe  temperature; when  first  installed,  the  installa- 
tion of  a  steam  main  near  it  may  result  in  excessive  tem- 
peratures. These  facts  emphasize  the  necessity  of  keep- 
ing careful  check  on  such  systems,  for  if  this  is  not  done 
expensive  repairs  may  be  required,  as  clearly  indicated 
by  Mr.  Arnold's  experience. 

The  heat  generated  in  a  cable  does  not  increase 
directly  as  the  current,  but  as  the  square;  therefore, 
with  a  40  per  cent  increase  in  current  the  amount  of 
heat  to  be  radiated  is  approximately  double  that  with  the 
original  load.  Consequently,  a  small  increase  in  the  cur- 
I'ent  above  that  at  which  the  cables  can  safely  operate 
may  cause  a  dangerous  condition.  Overloading  of  cables 
is  something  that  generally  comes  on  gradually.  When 
first  installed,  they  may  have  ample  capacity,  but  ma- 
chines are  added  from  time  to  time,  and  before  it  is  real- 
ized the  cable  is  operating  at  a  dangerous  temperature. 
For  this  reason  it  is  essential  that  careful  record  be  kept 
of  the  loads;  if  this  is  done,  serious  overloading  may  be 
avoided,  and  it  is  frequently  possible  to  shift  some  of  the 
load  from  cables  approaching  the  dangerous  point  to 
those  that  are  only  partly  loaded  thus  operating  the 
system  at  a  higher  efficiency. 


Labor  Saving 
in  the  Plant 

THE  country  has  just  passed  through  a  period  of 
labor  shortage  which  has  brought  labor-saving 
machinery  to  the  front  in  a  very  definite  manner.  The 
difficulties  of  keeping  labor  on  the  job  have  been  great, 
and  this  has  been  particularly  true  in  coal  handling 
for  the  power  plant.  The  independence  and  vagaries  of 
labor  in  this  department  have  been  such  that  it  has 
been  next  to  impossible  to  keep  men  on  the  coal  pile  even 
though  a  dollar  an  hour  for  common  labor  in  unloading 
coal  has  been  common. 

In  a  certain  plant  seven  men  are  wheeling  coal  from 
the  storage  pile  to  the  boiler  room,  and  two  men  on  a 
watch  for  three  eight-hour  shifts  are  distributing  this 
coal  to  the  stokers,  making  a  total  of  thirteen  men  for 
handling  the  coal  to  develop  nine-hundred  boiler  horse- 
power at  a  labor  cost  of  $52.20  per  day.  This  practice 
still  obtains  in  spite  of  the  lessons  learned  from  the  war 
and  the  high  prices,  which  should  force  economy.  There 
is  an  enormous  field  in  the  coal-handling  departments 
of  our  industries  for  labor-saving  machinery. 

The  average  power  plant  cannot  be  charged  with 
excessive  labor  costs  for  coal  handling  and  still  be 
expected  to  deliver  power  for  a  minimum  cost  per  unit 
of  output,  more  especially  since  the  means  of  reducing 
this  charge  are  at  hand.  When  it  is  added  to  the  cost 
of  the  coal  itself,  the  total  figure  is  almost  prohibitive. 
Owners  will  jump  at  the  chance  to  get  coal  at  a 
reduction  in  price  of  one  dollar  per  ton,  and  yet  they 
will  pay  out  day  after  day  the  same  amount  to  get  this 
coal  into  the  furnace  through  inadequate  facilities. 

Probably  the  thing  most  desired  is  a  simple  system 
for  getting  the  coal  from  the  cars  to  storage  and  later 
from  storage  to  the  stoker  hopper.  These  operations 
can  absorb  a  tremendous  amount  of  labor  and  expense 
if  not  efl!iciently  done. 

The  Producer-Gas  Engine 

IT  IS  to  be  deplored  that  more  efforts  are  not  being 
made  toward  an  increased  use  of  producer-gas  en- 
gines. At  one  time,  between  1904  and  1910,  a  large 
number  of  producer-gas  plants  were  installed,  there 
being  approximately  one  thousand  such  plants  in  1912. 
The  decline  in  the  popularity  of  the  producer  unit  can 
be  attributed  to  several  factors,  the  most  important  of 
which  was  the  irrational  producer  designs  so  often  sold. 
Being  constructed  to  give  a  constant  volume  of  gas, 
many  of  these  producers  were  unsatisfactory  with  a 
variable  gas  demand.  The  skill  of  the  untrained  oper- 
ator was  unable  to  cope  with  this  problem,  which  in 
recent  years  has  been  eliminated.  The  commercial  ap- 
pearance of  the  oil  engine,  both  Diesel  and  semi-Diesel, 
using  a  low-priced  fuel  oil,  also  served  to  decrease  the 
further  advance  of  the  producer-gas  engine. 

There  are  a  large  number  of  plants  now  using  natural- 
gas  engines,  which  must  change  over  to  some  other 
form  of  power.     Gas  producers  could  be  installed  at  a 
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comparatively  low  cost.  Of  the  .sovpii  or  pixht  luindred 
onpines  UHinpr  kjis  from  the  doplcted  jr»s  (iold.s,  the 
majority  are  of  sizes  woll  within  the  raiijfo  "f  commor- 
cial  producers. 

A  .second  large  field  for  the  tjas  producer  and  enRinc 
is  in  the  Northwest,  where  there  are  lar^e  bodies  of 
lignite  coal.  This  coal  is  not  very  .satisfactory  for  Imilcr 
fuel  because  of  its  low  heating  value  and  high  moisture 
content.  On  the  other  hand,  it  has  given  excellent  re- 
sults in  producers.  A  number  of  ga.s-engine  .stations 
have  been  using  this  lignite  for  several  years. 

Other  low-grade  fuels,  such  as  sawdust,  peat,  coke 
breeze,  etc.,  are  quite  suitable  for  producer  u.se.  In 
localities  where  the  price  of  fuel  oil  is  high,  a  revival  of 
the  producer  is  to  be  expected. 

Considering  the  efTorts  that  the  two  classes  of  manu- 
facturers employ,  it  is  surprising  that  there  are  over 
fifty  producer-gas  installations  in  central  stations,  while 
the  total  number  of  Diesel  central  stations  reaches  a 
bare  one  hundred  and  seventy-five. 

Co-operation  Aiiioiifi 
En{>;ineers'  A.ssociatioiis 

IN  AND  about  New  York  there  are  some  twenty  or- 
ganizations of  operating  steam  engineers.  They  meet 
weekly,  biweekly  or  monthly  in  small  groups.  Some 
carry  out,  by  spurts,  more  or  less  ambitious  plans  of 
education  and  self-improvement. 

In  these  groups  are  many  men  to  whom  the  associa- 
tion appeals  mainly  from  the  fraternal  and  society  side. 
They  enjoy  meeting  with  their  fellows  and  going 
through  the  program  according  to  the  ritual.  They  en- 
joy initiations,  luncheons,  the  smokers,  balls  and  picnics. 
They  are  honored  by  election  to  the  offices  and  perhaps 
are  sent  as  delegates  to  the  state  and  national  conven- 
tions. They  may  take  a  more  or  less  active  part  in  the 
educational  work  and  technical  discussions,  but  their 
main  interest  is  in  their  own  little  group. 

And  yet  from  the  point  of  view  of  impressing  the  im- 
portance of  the  power-plant  engineer  upon  the  public 
and  the  profession,  of  showing  that  in  responsibilities 
and  attainments  and  in  personality  he  is  vastly  different 
from  the  popular  conception,  even  from  the  conception 
which  prevails  in  certain  professional  engineering 
circles,  in  presenting  a  representative  and  united  front 
in  matters  of  legislation  and  from  the  point  of  view  of 
individual  advancement  in  engineering,  greater  progress 
could  be  made  with  one  large  organization,  meeting 
amid  professional  surroundings  and  in  an  atmosphere 
of  engineering  inspiration. 

In  the  heart  of  Manhattan  is  a  great  building  devoted 
to  engineering.  It  houses  the  four  great  professional 
engineering  societies  and  many  others.  It  has  halls  and 
meeting  rooms  to  accommodate  any  assemblage  from  a 
committee  meeting  to  an  audience  of  eight  hundred, 
with  the  most  magnificent  engineering  library  in 
America,  stereopticons,  projectors  and  all  the  parapher- 
nalia for  engineering  assemblages.  Lecturers  are  avail- 
able in  any  number  who  would  be  glad  to  talk  to  a  size- 
able audience  in  such  surroundings,  but  who  cannot  be 
asked  to  go  to  some  lodgeroom  in  an  outlying  district  to 
talk  to  a  group  of  fifteen  or  twenty.  The  United  Engi- 
neering Societies  Building  is  easily  accessible  to  the 
members  of  all  the  twenty-odd  associations  referred  to. 

Without  in  any  way  interfering  with  the  autonomy 
of  the  existing  associations,  would  it  not  be  possible 
and  worth  while  to  combine  those  members  who  would 


be  interested  in  such  a  movement  into  an  organization 
for  the  holding  of  meetings  for  the  hearing  of  papers 
.•ind  lectures  upon  j)ower-jilant  engineering  and  for  their 
iliscussion?  This  might  be  undertaken  by  the  local  rep- 
resentatives of  one  of  the  tiational  a.ssociations,  as  the 
N.  A.  S.  E.,  confining  meml)erKhip  in  the  new  organiza- 
tion to  members  of  that  a.s.sociation,  in  which  case  it 
would  bear  the  same  relation  to  the  individual  a.ssocia- 
lions  as  the  Shrine  in  Masonry  bears  to  the  Hlue  Lodge. 
Or  it  might,  better,  be  inclusive  of  all  engineers  pro- 
gressive and  aml)itious  enough  to  wish  to  join  it.  Or 
again,  it  might  be  effected  by  a  large  number  of  such 
engineers  joining  the  Power  Section  of  the  American 
Society  of  Mechanical  Engineers.  Membership  in  the 
professional  .sections  is  open  to  those  who  are  not  mem- 
bers of  the  main  society,  and  at  a  reduced  fee.  While 
the  professional  sections  are  national  in  scope,  it  would 
be  possible,  with  a  sufTicienlly  large  local  membership, 
to  hold  frequent  Power  meetings  at  headquarters,  and 
the  members  of  the  Power  Section  would  also  enjoy  the 
privileges  of  the  .sessions  of  the  whole  section  at  the 
annual  meeting.  The  suggestion  in  either  form  is  perti- 
nent to  other  large  centers  than  New  York. 

Kegulatiou  of  the  Load 

WE  ARE  accustomed  to  think  of  the  term  "regula- 
tion" as  referring  to  the  speed  of  an  engine.  When 
driving  a  generator,  the  speed  is  of  the  utmost 
importance.  It  has  a  bearing  on  the  output  of  the  shop 
and  on  the  over-all  economy  of  the  installation.  While 
important  in  the  engine  room,  proper  regulation  may 
eflfect  greater  economies  in  the  boiler  room,  for  it  is 
here  that  the  large  savings  are  possible. 

Regulation  of  the  feed  is  a  strong  factor  in  the 
process  of  making  steam.  There  are  too  many  plants 
neglecting  this  factor.  In  one  plant  it  is  the  regular 
custom  to  blow  down  ten  drums  of  water  per  day,  letting 
the  feed  pump  run  along  at  a  set  speed  and  "regulating" 
the  feed-water  level  with  the  blowofif  valve.  The  waste- 
fulness of  this  practice  may  readily  be  imagined. 

But  regulation  in  the  boiler  room  implies  more  than 
controlling  the  feed  water.  It  is  often  possible  to 
regulate  the  load  on  a  boiler  plant.  Any  department 
may  take  a  great  deal  of  steam  at  one  time,  while  others 
make  a  demand  at  other  periods.  If  properly  regulated, 
the  load  usually  may  be  made  constant  and  economical, 
whereas  if  no  attention  is  paid  to  it  the  demand  may 
come  from  all  departments  at  once.  A  peak  load  is 
created,  ashpits  get  on  fire,  and  an  uneconomical  con- 
dition is  produced.  After  the  peak  is  over,  the  boilers 
may  loaf  along  for  the  rest  of  the  day. 

Even  on   Sunday  loads  there  is   an   opportunity   for 
regulation.    A  certain  plant  recently  reduced  its  Sunday 
requirement  from  forty  to  five  tons  of  coal  by  regulat-j 
ing  the  load  and  doing  on  a  weekday  some  of  the  little] 
things  that  formerly  had  been  done  on  Sunday. 

Too  often  the  engineer's  duty  is  limited  to  making  ] 
steam.  His  business  is  to  keep  steam  on  the  hne  day| 
in  and  day  out.  If  steam  is  off  at  any  time,  there  is  | 
immediate  trouble.  The  result  is  that  excess  capacity 
in  boilers  is  kept  on  the  line  to  meet  demands  that  may] 
or  may  not  materialize.  If  these  demands  were 
regulated,  the  engineer  would  know  when  he  could  take ' 
his  boilers  out  and  when  to  be  ready  to  meet  an  increase 
in  load.  Systematic  grouping  and  regulation  of  the 
power  and  line  steam  demands  in  industrial  establish- 
ments has  great  possibilities. 
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Packing  Expansion  Joints 

Expansion  joints  probably  give  the  average  institu- 
tion engineer  more  trouble  than  any  other  one  thing; 
at  least  this  was  true  in  my  case  until  I  hit  upon  a 
method  of  packing  them  that  has  proved  so  satisfactory 
that  I  am  passing  it  along. 

I  first  fill  the  stufl^ng  box  (with  the  exception  of  the 
last  ring)  with  a  good  quality  of  flexible  metallic  pack- 
ing, coating  each  ring  with  a  liberal  supply  of  powdered 
graphite  and  cylinder  oil.  Then  I  put  in  one  ring  of 
diagonal  or  cross-expansion  packing  cut  so  that  the 
ends  meet,  thus  leaving  no  room  for  expansion  as  is 
generally  called  for  in  directions  for  applying  most 
packings.  The  gland  is  then  tightened  up  until  fairly 
snug.  Once  a  week,  choosing  a  time  when  steam  is  off 
the  lines,  all  the  joints  are  gone  over  and  the  brass 
sleeves  are  doped  with  a  mixture  of  cylinder  oil  and 
powdered  graphite. 

As  soon  as  a  leak  develops  the  gland  is  tightened  a 
little.  If  this  does  not  stop  the  leak,  the  ring  of  cross- 
expansion  packing  is  removed,  the  sleeve  is  polished 
with  a  very  fine  grade  of  emerj'  cloth,  a  new  ring  is 
fitted,  and  the  job  is  done  in  about  one-fifth  the  time 
it  would  require  to  repack  the  entire  box,  not  to  men- 
tion the  saving  in  packing.  Of  a  number  of  joints  that 
were  packed  in  this  manner  more  than  two  years  ago, 
none  have  required  more  than  four  renewals  of  the  top 
ring. 

A  shredded  metallic  packing  was  first  tried,  but  it 
was  found  next  to  impossible  to  apply  evenly  because 
of  the  close  quarters  in  which  these  joints  are  installed. 
The  unevenness,  of  course,  caused  tight  and  loose  places 
in  the  packing  when  the  gland  was  tightened  and  re- 
sulted in  leaks.  So  a  coil  metallic  packing  of  the  proper 
size  was  resorted  to  with  the  aforementioned  results. 

Another  point  that  I  have  found  very  important  in 
keeping  expansion  joints  in  good  condition  is  that  of 


boiler  priming,  which  always  carries  more  or  less  scale- 
forming  matter  into  the  steam  lines.  This  scale  will 
invariably  find  its  way  into  the  expansion  joints  and 
collect  on  the  sleeves,  where  it  naturally  cuts  the  pack- 
ing; consequently  it  is  necessary  to  keep  the  steam  as 
pure  as  possible  and  to  remove  any  scale  found  on  the 
sleeves.  A.  C.  McHUGH. 

Norwalk,  Cal. 

Keeping  Stuffing-Box  Packing  Data 

The  accompanying  record  sheet  provides  an  accessible 
and  systematic  method  for  the  collection  of  desirable 
data  on  stuffing  boxes  and  their  numerous  packing  con- 
ditions, which  enables  the  chief  engineer  to  group  all 
the  conditions  in  order  that  he  may  determine  the  pack- 
ing most  suited  for  each.  This  matter,  once  collected, 
gives  each  shift  engineer  the  proper  information,  so 
that  when  he  is  called  upon  to  pack  a  particular  rod  or 
shaft  he  may  select  the  proper  packing  as  approved  by 
the  operating  department. 

This  information  assists  in  the  standardization  of 
packings  for  certain  services  and  results  in  fewer  style 
numbers,  a  smaller  stock,  better  economy  in  the  use  of 
packing  and  larger  purchases  in  standard  styles  and 
sizes,  resulting  in  larger  discounts.  The  sheet  should  be 
24  in.  wide  by  32  in.  long,  which  allows  inserting 
information  on  one  hundred  stuflSng  boxes,  or  it  may  be 
made  longer  to  suit  the  requirements  of  any  particular 
plant. 

"The  stuffing  boxes  of  each  unit  should  be  grouped 
under  the  description  of  each  unit  by  stating  the  name 
of  the  unit,  size,  etc.,  to  distinguish  it.  Then  in  the 
colum.n  under  the  subject,  location  of  stuffing  box,  enter 
the  location  or  name,  and  along  the  line  to  the  right 
insert  the  information  as  called  for  in  the  columns  that 
can  be  used.  JESSE  L.  BEST. 

Hillsboro,  111. 
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Eliiiiiiuitiii<>;  nirs<'l  PiHton  FracliireH 

III  the  operation  of  a  lioiizontal  Dipscl  oil  etiRine 
it  was  found  that  the  pi.ston  head  or  firing  head  hurned 
out  about  eveiy  six  months.  The  fractuj-e  uHually 
occurred  when  the  engine  load  wa.s  heavy,  makinjf  it 
rather  inconvenient  to  stop  the  cnKine.  At  times  the 
fracture  would  open  up  cnouRh  to  allow  the  flame  to 
shoot  back  into  the  enjrine  frame.  The  head  was  remov- 
able, beinp  held  in  place  by  set.screws.  For  a  time 
cast-iron  heads  made  at  a  local  machine  shop  were  used, 
but  these  held  up  no  lonper  than  the  factory  ones. 

It  was  noticed  that  the  fracture  always  started  about 
three  inches  from  the  center  of  the  head  at  practically 
the  same  spot.  Apparently,  there  were  two  cau.ses  of 
the  fracture.  The  desipn  of  the  head  included  circular 
ribs  at  the  front  side.  In  cooling,  after  casting,  these 
ribs  developed  stresses  in  the  head.  For  several  rea- 
sons ribless  heads  were  deemed  inadvisable  and  effort 
was  directed  toward  effecting  some  arrangement 
whereby  the  fuel  spray  would  not  be  centered  on  this 
one  spot.  It  was  believed  that  if  the  spray  through  the 
one  hole  in  the  spray  tip  struck  this  spot,  the  high 
temperature,  much  higher  than  that  of  the  surrounding 
metal,  would  cause  expansion  and  contraction.  This 
finally  would  result  in  a  small  fracture,  which,  as  the 


ALTERATION"  OF  DIESEL   SPRAT   TIP 

gas  blew  through,  would  enlarge  as  the  flame  burned 
the  edges  of  the  crack. 

Consequently,  the  single-orifice  spray-valve  tip  vs^as 
removed  and  a  tip  with  six  holes  substituted.  These 
holes  were  drilled  slightly  diagonally  with  the  center 
line;  the  oil  then  issued  in  six  streams,  or  sprays,  and 
covered  a  greater  portion  of  the  combustion  space.  This 
stopped  further  fracturing  of  the  piston  head.  A 
decided  improvement  vpas  noticed  in  the  color  of  the 


exhaust.  Originally,  it  was  always  slightly  dark  and 
the  piston  head  usually  was  covered  with  carbon.  With 
the  new  tip  it  .seems  that  the  oil  is  broken  up  better 
and  is  mixed  with  a  greater  amount  of  the  air,  giving 
better  combustion.  Figs.  1  and  2  show  the  fuel-spray 
valve  with  the  old  and  r.ew  tips.  GEORGE  GROW. 

Philadelphia,  Pa. 

(iarryiii*;  llu'  [.oiul  Witlioiit  Stoker 

Sliafling 

The  first  thing  after  the  noon  hour  we  haul  out  the 
coal  cars  that  have  been  unloaded  and  also  the  cinder 
car.  The  tracks  are  parallel,  but  the  cinder  tracks  are 
about  four  feet  lower  than  the  coal  track.     We  do  the 


HOW  THE  STOKERS  WERE  OPERATED  UNDER 
AX   EMERGEXCY 


switching  with  a  small  electric  locomotive.  One  day, 
for  some  reason  or  other,  some  new  men  were  on  the 
job  and  everything  went  all  right  on  the  taking-out 
part,  but  the  damage  was  done  in  replacing  the  empty 
coal  cars  with  full  ones. 

They  were  going  to  put  in  one  of  those  high  coal 
cars,  when  the  switchman  threw  the  wrong  switch  and 
the  car  went  down  the  grade  into  the  cinder  pit,  pulling 
the  little  locomotive  after  it.  The  car  mowed  down 
every  foot  of  stoker  shaft,  which  was  in  the  basement 

There  I  was  with  a  big  load  and  no  stokers.  It  hap- 
pened that  we  had  all  chain-grate  stokers.  I  hustled 
some  men  up  to  the  boiler  room  and  pumped  the  stokers 
by  hand.  Meanwhile  the  distress  whistle  was  sounded, 
which  brought  the  linemen,  sectionmen  and  extra  motor- 
men  to  the  scene  of  trouble.  Then  we  began  figuring 
how  the  stokers  could  be  kept  going,  as  it  took  two 
men  on  each  stoker  on  fifteen  minute  shifts. 

Upon  the  suggestion  of  one  of  the  men  we  made  the 
apparatus  shown  in  the  illustration,  from  2  x  4-in.  tim- 
ber. A  is  the  lever  on  the  stoker,  J5  is  a  rope,  C  is 
a  three-legged  sawbuck,  D  is  a  balancing  weight  of 
firebricks,  £■  is  a  2  x  4-in.  by  12-ft.  stick  for  a  lever. 
One  man  could  sit  on  a  box  and  run  a  stoker  for  two 
hours  at  a  time  if  necessary.  We  ran  this  way  for  48 
hours  and  dropped  only  200  kw.  of  the  load,  and  this 
was  at  the  time  of  the  accident.  We  stored  two  of 
these  strong-arm  stokers  away  for  fear  something  might 
happen  to  one  of  our  eccentrics  or  some  other  part  of 
the  stokers.  Thanks  to  the  stoker  designers  for  that 
lever  A.  E.  LiTTLEFIELD. 

East  St.  Louis,  111. 
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Valve-Stem  Packing  Wrench 

Where  there  are  many  small-sized  valves  to  be  packed, 
such  as  the  radiator  valves  on  a  heating  system,  it  will 
pay  to  provide  the  men  doing  the  work  with  a  wrench  of 
the  type  shown  for  each  size  of  valve  used  on  the 
system,  such  as  i-,  i-  and  1-in.  sizes.  With  such  simple 
wrenches  with  a  shank  to  fit  a  breast  drill  or  a  bit-brace 
having  the  usual  ratchet,  any  man  can  easily,  conveni- 


PACKING-NI'T   WRENCH   FOR   USK  WITH   BIT-URACE 

ently  and  generally  with  comfort  repack  nearly  twice  as 
many  valves  per  hour  as  he  can  with  the  common  wrench. 
The  wrenches  can  be  made  of  a  cheap  grade  of  tool 
steel  forged  to  size,  smoothed  up  a  little  on  an  emery 
wheel,  heated  and  tempered  slightly.  Such  wrenches 
will  often  save  their  cost  in  the  packer's  time  alone  the 
first  day  they  are  used. 

The  dimensions  given  are  for  a  certain  size  of  wrench 
and  will  vary  with  the  size  and  make  of  valve.  Even 
though  several  makes  of  valves  may  be  used  in  one  plant, 
it  IS  possible  to  make  one  wrench  serve,  as  it  may  be  a 
little  loose  on  the  packing  units  without  without  injury. 
A  set  of  two  or  three  wrenches  generally  is  suflScient. 

Richmond,  Va.  Frederick  W.  Salmon. 

Does  a  License  Law  Help? 

After  reading  the  article  on  engineer's  licenses  by 
L.  M.  Reed,  page  833  of  the  Nov.  23  issue  of  Power,  I 
wish  to  ask  Mr.  Reed  a  few  questions.  I  am  operating 
in  a  state  where  but  a  few  cities  have  any  semblance 
of  a  license  law.  I  hold  a  city  license.  If  I  were  to  go 
to  Massachusetts  where  would  I  be  likely  to  land? 
Where  I  am  now  I  must  have  an  engineer's  position  in 
order  to  secure  a  license,  and  a  license  in  order  to  secure 
a  position  as  an  engineer. 

In  this  city  a  man  may  operate  although  his  licen.se 
may  have  expired  nearly  a  year,  and  firemen  on  days 
with  an  engineer  are  not  licensed,  but  night  firemen 
operating  alone  are. 

Mr.  Reed's  statement  that  there  can  be  no  Federal 
licensing  of  stationary  engineers  is  erroneous,  I  believe. 
How  about  the  marine  license?  If  there  is  any  time 
that  the  United  States  Government  cannot  pass  a  law 
on  account  of  states  rights,  then  all  I  have  to  say  is  it 
is  a  queer  country. 


Speaking  of  men  holding  various  licenses,  I  worked 
for  a  chief  engineer  who  held  a  Massachusetts  first-class 
license.  He  had  a  four-valve  engine  the  crank  rod  of 
which  was  so  designed  that  the  wedge  bolts  are  behind 
the  crankpin  on  one  end  and  ahead  of  the  cros.shead  pin 
on  the  other.  Owing  to  the  continual  tightening  up  a 
noisy  thump  made  its  appearance  on  starting  and 
stopping,  but  during  running  no  ncise  was  heard. 
Indicator  diagrams  showed  that  the  head  end  was 
running  with  the  piston  up  against  the  head.  Perhaps 
this  instance  is  an  exception  to  the  rule.  This  same 
engineer  would  come  into  his  plant  and  see  three 
engines  where  there  was  but  one,  and  he  was  a  chief 
engineer.  R.  G.  Summers. 

Rochester,  N.  Y. 

An  Elevator  With  an  Interesting 

History 

The  pen-and-ink  drawing  shown  in  the  figure  is  from 
a  postal  card  brought  from  France  by  William  La  Fol- 
lette,  of  Kaycee,  Wyo.,  who  served  overseas.  It  is  an 
old  treadwheel  elevator  run  by   six  men,   used  about 


TREADWHEEL  FOR  ELEVATOR 

the  Eleventh  to  the  Thirteenth  Century,  for  lifting 
provisions  up  approximately  eighty  feet  to  an  old 
monastery  that  was  separated  from  the  main  land,  on 
the  road  between  Brittany  and  Normandy  at  Mont 
Saint-Michel. 

What  a  story  it  tells  of  the  evolution  of  the  use  of 
power,  comparing  it  with  our  modern  electrically  oper- 
ated elevators  equipped  with  safety  devices  and  gate 
interlocks  invented  for  the  safety  of  life  and  property! 

Washington,  D.  C.  THOMAS  M.  ROBERTS. 


103(1 


POWER 


Vol.  52,  No.  26 


liistriiinciitH  for  tli«>  Boilrr  IMaiit 

Many  articles  have  been  written  on  the  .subject  of 
hoilor-plant  in.striinicnl.-^,  and  it  i.s  needle.'^.s  to  .say  that 
each  has  contained  its  |)ercentaKe  of  pood.  Amonp:  the 
thoii.sands  of  power  phint.s  in  thi.s  country  it  is  safe 
to  say  that  the  majority  of  them  do  not  have  the  neces- 
sary instruments  for  checking  fuel  waste  and  incident 
boiler  losses. 

In  the  larpe,  well-regulated  and  efficiently  operated 
station  will  be  found  instruments  that  control  the  efTi- 
cient  operation  of  boilers  under  all  load  conditions. 
The  largest  number  of  plants  where  few  or  no  instru- 
ments will  be  found  are  those  ranging  from  500  to  5,000 
hp.  rated  capacity.  Among  the  offending  classes  are 
such  plants  as  railroad  shops  and  terminal  power  plants, 
municipal  light  and  water  stations,  ice  plants  and  pri- 
vately controlled  manufacturing  plants. 

Instruments  are  necessary  aids  to  efficiency.  Their 
proper  selection  is  of  next  consideration,  and  then  fol- 
lows the  purchase  of  instruments  that  will  stand  up  to 
the  hard  use  of  the  boiler  plant. 

As  a  specific  case  take  a  hand-fired  plant  containing 
six  400-hp.  water-tube  boilers.  The  boilers  are  clean 
internally  as  well  as  externally,  the  settings  are  in  good 
condition,  baffle  walls  tight,  furnaces  and  grates  in  good 
order.  The  load  is  more  or  less  fluctuating,  and  the 
boilers  are  frequently  operated  at  125  per  cent  rating. 
The  fuel  burned  is  of  semi-bituminous  structure  and 
grade  run-of-mine. 

In  this  plant  there  is  a  daily  consumption  of  76 
tons.  No  instruments  are  used  for  checking  fuel  waste, 
and  after  checking  the  situation  with  test  instruments, 
it  was  determined  that  with  proper  instruments  a  10 
per  cent  saving  in  fuel  could  be  effected.  Coal  at  $5.15 
per  ton  cost  $391.40  per  day,  $11,742  per  month,  $140.- 
904  per  year.  The  saving  possible  is  $14,090.40  per 
year. 

The  instruments  recommended  consisted  of  the  follow- 
ing: Three  combined  draft  and  CO,  recorders  complete 
w'.h  collecting  tanks,  $1,342;  six  2-in-l  draft  gages, 
$330;  three  two-record  continuous  recording  flue-gas 
pyrometers,  $1,050;  miscellaneous  and  installation, 
$200;  total  investment,  $2,922. 

The  plant  had  previously  been  equipped  with 
recording  steam  and  air  gages,  recording  feed-water 
thermometer,  recording  steam-temperature  thermom- 
eter, indicating-recording  steam-flow  meter  and  indi- 
cating venturi  water  meter. 

The  personnel  of  the  plant  is  composed  of  men  who 
could  be  trained  to  operate  the  boilers  efficiently  pro- 
vided the  necessary  instruments  were  furnished,  and 
in  a  short  time  would  no  doubt  show  savings  even  in 
excess  of  the  determinations  made. 

With  the  necessarj^  data  at  hand,  the  plant  ovsmers 
were  advised  that  with  proper  equipment  the  plant 
could  be  made  to  save  them  $14,090.40  per  year  in  fuel 
alone  by  reducing  the  present  preventable  waste.  To 
the  figures  shown,  however,  no  consideration  was  given, 
due  perhaps  to  the  fact  that  the  idea  cannot  be  grasped 
by  them  that  by  simply  adding  instruments  and  train- 
ing firemen  to  use  them  a  saving  of  10  per  cent  in 
fuel  can  be  made.  However,  in  this  same  plant,  very 
close  consideration  is  given  to  maintaining  the  generat- 
ing engines,  pumps,  compressors,  heaters  and  all  steam 
lines  in  good  condition.  This  is  commendable,  and  it 
is  due  no  doubt  to  the  fact  that  wastes  in  the  use  of 
steam  are  more  or  less  readily  detected,  but  the  invisible 


loss  of  .several  hundred  heat  units  going  out  thi'  chim- 
ney is  just  the  same. 

Many  plants  employ  competent  engineers,  pay  them 
good  wage.s  and  expect  results.  The  wide-awake  engi- 
neer is  constantly  on  the  lookout  to  keep  his  plant  in 
tune,  and  yet  many  a  competent  man  fails  to  make 
good,  owing  to  the  lack  of  supjKirt  given  him  by  his 
employer,  who  pays  the  bill.  The  waste  is  passed  on 
to  the  consumer,  who  is  the  general  public  paying  the 
price  to  waste  our  material  re.sources  and  never  stop- 
ping to  inquire  why  steps  are  not  taken  to  reduce  this 
to  a  minimum. 

Hand-fired  small  plants  are  still  in  the  majority,  and 
to  the  owners  of  such  plants  we  should  look  for  more 
economy  of  operation,  and  to  get  this  an  adequate 
check  should  be  kept  from  day  to  day.  Instead  of  CO, 
around  G  per  cent,  get  12  to  14  per  cent;  instead  of  flue 
gases  around  GOO  to  800  deg.  F.,  get  from  400  to  500 
deg.  It  is  being  done  and  can  be  done.  Co-operation 
between  owner  and  engineer  will  work  wonders. 

Hagerstown,  Md.  Paul  R.  Duffy. 

Gasket  Caused  Lubricating  Trouble 

The  following,  relative  to  lubricating  troubles  with 
our  engines  cau.sed  by  stoppage  of  pipes,  etc.,  due  to  an 
inferior  grade  of  oil,  may  be  helpful  to  others. 

The  same  lubricant  worked  very  well  on  another 
engine  of  the  splash-oiling  type  while  the  oil  was  being 
used  for  the  first  time.  After  being  filtered  and  used 
the  second  time,  it  became  too  thick  to  flow  through  the 
pipe  leading  from  the  crankcase  cover  to  the  main  bear- 
ing. If  two  gallons  of  this  used  oil  remained  in  a  pail 
for  twenty-four  hours,  there  would  be  about  two  quarts 
of  oil  at  the  top ;  the  rest  would  be  a  thick  spongy  mass. 

During  this  time  a  larger  engine  of  the  splash-oiling 
type  was  being  repaired,  and  a  better  grade  of  oil  was 
obtained  so  that  it  would  be  on  hand  when  this  engine 
was  placed  in  service.  When  this  unit  was  started  up 
with  the  new  oil,  it  developed  about  the  same  condition, 
apparently,  as  with  the  other  oil,  only  it  would  thicken 
up  in  about  twelve  hours  and  before  it  was  filtered. 
This  was  surprising,  fOr  I  knew  that  the  oil  was  next 
to  the  best  grade  made  by  the  company  from  which  it 
was  purchased.  At  my  request  the  company  sent  a  rep- 
resentative to  our  plant,  but  he  could  give  no  reason 
for  the  trouble. 

When  the  mechanic  who  was  doing  the  repair  work 
on  this  engine  was  getting  ready  to  start  up,  he  found 
it  necessary  to  put  a  new  gasket  on  the  cover  to  the 
crosshead  opening,  and  as  there  was  nothing  else  at 
hand,  he  used  a  sheet  packing  made  from  some  kind  of 
paper  and  cut  it  the  full  size  of  the  cover  plate. 

The  day  following  the  salesman's  call  this  plate  was 
removed  for  the  purpose  of  inspecting  the  crosshead  and 
the  first  thing  noticed  was  that  this  packing  was  disinte- 
grating from  the  action  of  the  oil  upon  it  and  small 
particles  which  could  be  rubbed  off  with  the  finger 
resembled  the  sediment  in  the  oil.  This  gave  me  a  clue, 
so  the  center  of  the  gasket  was  cut  out,  leaving  just 
enough  to  make  an  oil-tight  joint.  Then  the  crankcase 
and  other  accessible  parts  with  which  the  oil  came  in 
contact  were  thoroughly  cleaned,  fresh  oil  was  put  in 
the  crankcase,  the  engine  put  in  service  and  our  troubles 
had  disappeared.  Now  we  can  run  the  same  engine  sev- 
eral days  without  changing  the  oil. 

New  York  City.  A.  K.  Vradenburgh. 
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INQUIRIES   ffl 
OF  GENERAL 
INTEREST 


Running  Oil  Engine  with  Cracked  Piston — If  the  piston 
of  an  oil  engine  becomes  cracked  halfway  around  the  skirt 
below  the  pin,  would  it  be  safe  to  run  the  engine  in  that 
condition?  E.  T. 

It  would  not  be  safe,  as  the  defective  piston  probably 
would  break  and  drop  when  the  engine  was  running.  The 
piston  should  be  replaced  by  a  new  one. 


Choice  of  Refrigerating  System — Is  a  brine-spray  or  a 
direct-expansion  system  more  desirable  for  a  beef  chill- 
room?  R.  H. 

The  brine-spray  system  is  more  popular  at  present.  Its 
cooling  capacity  is  greater  and  the  danger  of  ammonia 
leakage  is  avoided.  It  has  the  disadvantage  of  causing  pipe 
corrosion  due  to  aeration. 


Discharging  Steam-Heating  Returns  to  Common  Receiver 

— We  are  having  difficulty  in  the  drainage  of  high-  and  low- 
pressure  returns  to  a  common  receiver  for  use  of  the 
returns  as  boiler-feed  water.  Each  system  of  returns  is 
provided  with  a  separate  trap,  but  the  low-pressure  returns 
will  not  discharge.  How  can  the  trouble  be  remedied? 
Would  not  placing  a  check  valve  in  each  return  prevent  the 
higher  pressure  returns  from  backing  up  into  those  of 
lower  pressui-e  ?  F.  B. 

Check  valves  may  prevent  the  returns  of  higher  pressure 
from  backing  up  into  those  of  lower  pressure,  but  it  will  be 
impossible  to  secure  drainage  of  any  return  to  the  receiver 
unless  the  receiver  pressure  is  maintained  below  the  delivery 
pressure  of  that  return.  The  return  main  of  each  system 
should  be  connected  separately  to  the  receiver,  and  to  insure 
the  delivery  of  all  returns  and  prevent  a  higher  pressure 
return  from  backing  up  on  those  of  lower  pressure,  the 
receiver  should  be  provided  with  a  small  vapor  pipe  dis- 
charging to  the  atmosphere,  so  as  to  insure  no  rise  of 
pressure  above  the  pressure  of  the  atmosphere.  The  rela- 
tive waste  of  heat  will  be  very  small  and  it  may  be  reduced 
to  a  minimum  by  providing  the  vapor  pipe  with  a  small 
safety  valve  set  to  relieve  the  pressure  of  the  receiver  a 
few  pounds  below  the  lowest  discharge  pressure  of  any  of 
the  returns. 


Location  of  Direct  Radiators — Are  direct  radiators  more 
effective  for  heating  a  room  when  placed  along  outside  walls 
and  at  windows  than  when  placed  anywhere  else  in  a  room  ? 

J.  E.  N. 

If  the  atmosphere  of  a  room  could  be  free  of  air  cuiTents 
excepting  those  induced  from  operation  of  the  radiator,  then 
a  radiator  of  given  size  would  be  less  effective  for  obtaining 
a  high  average  room  temperature  when  placed  alongside  of 
an  outer  wall  or  at  a  window  than  if  placed  almost  anywhere 
else  in  the  room,  because  when  placed  alongside  of  the  outer 
wall  the  latter  is  heated  to  a  higher  temperature  and  there 
is  more  rapid  transmission  of  heat  to  the  outside  of  the 
building.  But  in  most  cases  it  is  desirable  to  maintain  a 
comfortable  temperature  of  rooms  near  their  outside  walls 
and  windows,  and  the  chilling  effect  of  walls  and  windows 
must  be  counteracted  without  overheating  other  portions  of 
the  rooms;  it  also  is  desirable  to  intercept  cold  air  currents 
coming  through  the  crevices  of  walls  and  windows.  If  the 
measure  of  effectiveness  is  uniformity  of  satisfactory  room 


temperature  rather  than  the  obtainable  average  of  tempera- 
ture of  different  parts  of  the  room,  then  with  ordinary 
building  construction  and  a  sufficiency  of  heating  surface, 
location  of  radiators  along  outer  walls  and  windows  will 
cause  them  to  condense  rather  more  steam,  but  usually  will 
be  found  more  effective  for  satisfactory  distribution  of  heat. 


Vibration  of  Steam   Gage  for  Lower   Boiler  Pressure — 

Why  does  the  pointer  hand  of  the  steam  gage  on  my  90- 
hp.  return-tubular  boiler  quiver  when  the  pressure  is  below 
80  lb.  while  running  a  12  x  12-in.  engine  270  r.p.m.?  The 
gage  is  steady  when  the  pressure  is  above  85  lb. 

W.  H.  P. 
The  pointer  quivers  because  of  sudden  reduction  of  the 
boiler  pressure  at  each  stroke  of  the  engine  while  taking 
steam.  For  the  same  load  the  engine  takes  from  the  boiler 
a  larger  volume  of  steam  per  stroke  when  the  pressure  is 
lower,  and  consequently  there  is  greater  lowering  of  the 
pressure  and  greater  vibration  of  the  gage  pointer.  The 
quivering  can  be  darapered  by  slightly  throttling  the  stop 
cock  of  the  gage,  and  the  flow  of  steam  from  the  boiler  can 
be  made  steadier,  with  less  fluctuation  of  the  boiler  pres- 
sure by  providing  a  receiver  in  the  line  between  the  boiler 
and  engine. 


Content  of  Horizontal  Cylindrical  Tank — How  many  gal- 
lons of  a  liquid  would  be  contained  by  a  cylindrical  tank  7 
ft.  in  diameter  and  26  ft.  long,  laid  horizontally,  when 
filled  with  the  liquid  to  a  depth  of  32  in.;  and  also  to  a 
depth  of  65  in.  ?  V.  C.  R. 

For  a  tank  26  ft.  long  with  flat  ends,  each  square  inch 
of  cross-sectional  area  would  represent  a  capacity  of  (26  X 
12)   -^  231  =  1.351  gal. 

When  the  liquid  is  of  less  depth  than  one-half  the  diam- 
eter of  the  tank,  the  form  of  cross-section  of  the  contained 
liquid  would  be  a  segment  of  a  circle,  the  area  of  which  is 
given  by  the  formula, 


4IP     l2R 
Segmental  area  in  sq.inches  =  -^  \  7f   ~  0.608 

where  H  is  the  height  of  segment  in  inches  and 
R  is  radius  of  tank  in  inches. 
Calling  H  =  32  and  /?  =  (7  X  12)  -i-  2  =  42,  by  substitu- 
tion the  formula  becomes 


Segmental  area  in  sq.inches 


-  0.608 


4(32)'       2  X  42 
3       \      32 
—  1,938.8  sq.  in. 

and  for  32  in.  depth  the  liquid  content  would  be  1,938.8   X 
1.351  =  2,619.3  gal. 

When  the  tank  is  completely  filled,  the  cross-sectional  area 
of  the  contained  liquid  would  be  84  x  84  X  0.7854  =  5,541.8 
sq.in.  VVhen  filled  to  a  depth  of  05  in.,  the  cross-section  of 
the  unfilled  space  above  the  surface  of  the  liquid  would  be 
a  circular  segment  84  —  65  =  19  in.  high,  having  an  area  of 


4  X  (19)2       2X42 


V^ 


0.608 


3  \      19 

=  939.5  sq.in.;  hence  the  cross-sectional  area  of  the  liquid 
filled  to  a  depth  of  65  in.  would  be  5,541.8  -  939.5  =  4,602.3 
sq.in.,  and  when  filled  to  that  depth  the  tank  would  contain 
4,602.3  X  1-351  =  6,217.7  gal. 
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EU'ecl  of  Fillings  on  Flow  of  Liquid 
Throiifjli  Pi])e  Lines* 


By  UEAN  K.  FOSTKR 


IN  THE  layout  of  pipinp  in  power  plants  and  hcatinir  sys- 
ti'Tus  the  i-n^'inoiT  is  frociuontly  I'onfiontod  with  the  prob- 
li'ni  of  thi'  proper  allowani-i'  to  make  for  tlic  effect  of  the 
fittinjfs  on  the  flow  of  jjases  and  liquid.  In  the  writer's  work 
he  has  used  the  charts  and  tables  given  in  "The  Mechanics  of 
HeatinK  and  Ventilation,"  by  Konrad  Meier.  They  are,  how- 
ever, objectionable  on  account  of  tile  time  re(|uired  in  using 
them,  it  is  not  a  difficult  matter  to  formulate  the  relation 
e.xisting  between  the  resistance  of  fittings  and  the  resistance 
of  piping.     For  the  flow  of  water  Mr.  Meier  gives 


Hf 


0.0257 
23 


X 


a' 


H,  =  1.38r  X 


the  resistance  offered  to  flow  by  fittings 

'W 

where  H  is  loss  of  pressure  in  feet;  L  is  length  in  feet; 
//,•  is  loss  of  pi-essure  per  fitting;  r  is  a  factor  depending 
on  the  shape  of  the  fitting;  d  is  the  pipe  diameter  in  inches; 
V  is  the  velocity  in  feet  per  second.     Combining  these  two 


Table  I  is  based  on  this  equation  and  may  be  used  for 
oils  of  .12  Baunie  or  higher  and  for  water. 

For  the  flow  of  high-pressure  steam  through  pipes  Mr. 
Meier  gives  the  equation, 


Pr  = 


W  VT"-        L 

X  0.0257  X   -Kz-  X  ~ 
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Where  P^  is  the  pressure  in  pounds  per  square  inch  re- 
required  to  overcome  fractional  resistance.  For  the  resist- 
ance of  fitting  he  gives 

W  VI  9'' 

Fr  =  ^4,  X  1.12r  X  -^ 

combining  the  two  etjuations 

L,  =  43.7  rd>  2 

The  author  assumes  that  the  loss  of  gas  or  air  and  steam 
losses  through  fitting  do  not  differ  to  any  extent  and  feels 
that  the  equivalents  in  Table  II  apply  to  all  three. 

Many  charts  and  diagrams  for  the  quick  determination 
of  steam  pipe  sizes  have  been  published,  but  they  have  all 


("Diameter  Stendard  Pipe  In  Inches  (Actual  Inside  Siy  Above  12  in) 
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GRAPHICAI-  .SOI^TITION  OP  BABCOCK'S  FORMULA  FOR  FLOW   OF   STEAM   THROUGH  PIPE 


arees  of  Superheat. 


equations,  the  following  is  obtained:    Le   =  53.75    X   rcP"       been  constructed  under  the  assumption  that  dry  saturated 
where  Le  is  the  number  of  feet  of  pipe  equivalent  in  resist-      steam  was  the  fluid  to  be  carried.    The  accompanying  chart 


ance  to  a  fitting. 


♦Extract   of   paper   read   before   the   American    Society   of   Me- 
chanical Engineers  at  annual  meeting,  Dec.  7-10.  1920. 


however,  solves  problems  involving  the  carrying  of  either 
dry  saturated  or  superheated  steam.  In  order  that  its 
use  may  be  clear  the  following  case  has  been  assumed,  the 
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pressure  loss  in  pounds  per  square  inch  per  100  ft.  being 
desired: 


Average  steam  pressure  in  line..., 

Superheat , 

Amount  of  steam  to  be  delivered.. 
Size   of  pipe 


1401b.  abs. 
150  deg. 
1,700  lb.  permin. 
10  in.  standard 


TABLE  I.     EQUIVALENT  LENGTHS  OF  STANDARD  PIPE  TO  ALLOW 
FOR  VARIOUS  SCREW  FITTINGS  IN  CONDUITS  CARRYING  NON- 
VISCOUS  LIQUIDS 


was  that  increasing  the  radius  of  curvature  of  a  long-sweep 
bend  does  not  necessarily  decrease  the  loss  in  that  bend, 
as  this  loss  is  a  function  both  of  the  rate  of  change  of 
direction  of  flow  and  of  the  duration  of  this  change  of  di- 
rection; that  the  first  factor  decreases  as  the  radius  of  the 


TABLE  II.     LENGTHS  OF  STANDARD  PIPE  TO  ALLOW  FOR  VAEIOUS 

SCREW  FITTINGS  IN  CONDUITS  CARRYING  STEAM, 

AIR,  OR  GAS 


Formula  Used:  i 

e  =  53.75rdl.» 

Formula 

Used:  L 

e  =  43.7r<fl.2 
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Factor  of 

Factor  of 

Resistance 

0.25 

0.33 

0.42 

0  67 

0.90 

1.00 

1.33 

2.00 

Resistance 

0.25 

0.33 

0.42 

0.67 

0.90 

1.00 

1.33 

2.00 

\ 

0.662 

0  335 

0  442 

0  56 

0.89 

1.20 

1.34 

1   79 

2  68 

\ 

0.622 

0  031 

0.41 

0.52 

0  84 

1    12 

1,25 

1.66 

2.50 

% 

0.824 

0  475 

0  627 

0  79 

1    27 

1.71 

1.90 

2  52 

3  80 

\ 

0.824 

0  044 

0  57 

0  73 
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1    57 

1   75 
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1 

1.049 

0  640 

0  84< 

1   07 

1    72 
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2.56 

3  40 

5   12 

1 

1.049 

0  057 
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1    57 
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2  34 

3.11 

4.68 

11 

1.38 

0  902 
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1    51 

2  42 

3.24 
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4  80 

7  22 

li 

1.380 

0  082 

1   07 

1    37 

2.19 

2  94 
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4.35 
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w 
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1    09 

1   43 

1   83 

2  92 

3.92 

4  36 

5  79 

8  72 

15 
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1    29 
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2  63 

3.52 
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5  21 

7.84 

2 

2.06 

1    49 

1.96 
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3  99 

5  36 
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7  92 

11    92 

2 

2  067 
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3  55 

4  77 

5  30 
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l\ 
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2.46 
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3.06 

2.46 

3  25 
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6  66 

8  87 

9  86 

13.11 

19  72 

3 

3  068 

2    13 

2  81 

3.59 

5.72 

7  69 

8  54 

11    40 

17.08 
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4  91 
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10.53 
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3  90 
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10  65 
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23.68 
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10  60 

14  22 

15  80 
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31    60 
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9  05 
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15.30 

20  61 

22  90 

30  45 

45  80 

6 

6  068 

4  81 

6  35 

8  09 

12  90 

17   35 

19  27 

25  60 

38.54 

7 

7  024 

6  90 

9    10 

11    59 

18  50 

24  84 

27  60 

36  70 

55  20 

7 

7  023 

5  75 

7  59 

9  66 

15  40 

20  70 

23  02 

30  60 

46.08 

8 

7  981 

8   10 

10   69 

13   60 

21    70 

29    16 
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43  09 
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8  85 

II    20 

17  90 
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53.60 

10 
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10  70 

14    10 
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28  70 

38   52 

42  80 
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85   60 

10 

10  02 

8  75 

II    54 

14  70 

23  40 

31    50 

35  00 

46  60 

70.00 

12 

12   090 

12  50 

17  80 

22  68 

36  20 
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71    82 

108  00 

12 

12  09 

10  90 

14  40 

18  35 

29  30 

39   30 

43  70 

58   10 

87.40 

In  the  solution  shown  the  chart  is  entered  on  the  hori- 
zontal line  representing  150  deg.  of  superheat.  This  line  is 
followed  to  the  left  until  it  intersects  the  curve  representing 
140  lb.  pressure.  From  this  intersection  the  dashed  ver- 
tical line  is  followed  down  to  its  intersection  with  the  hori- 
zontal dashed  line  representing  1,700  lb.  of  steam.  From 
this  intersection  the  inclined  dashed  line  is  followed  to  its 
intersection  with  the  horizontal  line  representing  10-in. 
pipe.  The  vertical  thus  determined  gives  the  loss  required 
as  2.08  lb.  per  100  ft.  Had  a  12-in.  pipe  line  been  used,  the 
loss  would  have  been  only  0.81  lb. 

The  chart  can  be  used  for  the  solution  of  any  case  where 
four  of  the  variables  are  known  and  the  fifth  is  to  be 
determined.  For  the  solution  of  problems  involving  dry 
saturated  steam,  enter  the  chart  at  the  top  at  the  point 
representing  the  pressure  assumed  and  follow  a  vertical 
line  from  this  point  to  its  intersection  with  a  horizontal 
representing  the  desired  quantity  of  steam.  The  remainder 
of  the  solution  will  be  the  same  as  outlined  for  superheated 
steam.  If  the  part  representing  superheated  steam  were 
omitted,  this  chart  would  be  very  similar  to  one  constructed 
by  H.  V.  Carpenter,  Mem.  Am.  Soc.  M.  E.,  and  published 
a  number  of  years  ago  in  Power. 

Discussion  by  Professor  Giesecke 

Professor  Giesecke,  of  the  University  of  Texas,  chal- 
lenged the  fundamental  principle  of  the  paper,  the  substi- 
tution of  an  equivalent  length  of  straight  pipe  for  a  fitting, 
on  the  score  that  the  loss  in  the  fitting  follows  an  entirely 
different  law,  with  respect  to  velocity,-  from  that  in  the 
straight  pipe.  He  quoted,  as  authority,  tests  made  by  him 
at  the  University  of  Texas  in  1912-13  and  1916-17,  recorded 
in  bulletin  No.  1790  of  the  University.  Mr.  Foster  admitted 
this  point,  but  claimed  that  his  relations  were  approximately 
true  for  the  range  of  velocities  commonly  used  in  practice. 
He  then  made  two  interesting  additions  to  the  discussion. 
The  first  of  these  was  that  the  larger  the  pipe  diameter 
the  more  noticeable  the  losses  in  fittings  compared  to  those 
in  the  straight  pipe.  This,  he  explained,  was  because  the 
loss  in  the  fittings  is  due  to  eddies,  which  are  the  result 
of  pressure  difference  between  the  inside  and  the  outside 
of  the  bends;  and  that  this  pressure  difference  becomes 
greater  and  the  paths  of  the  eddies  of  greater  cross-section, 
as  the  diameter  of  the  fitting  increases.     His  second  point 


bend  is  increased,  but  the  second  one  increases  with  the 
length  of  the  bend  and  therefore  with  its  radius.  There  is  a 
certain  radius  for  which  the  loss  in  the  bend  is  minimum. 

Public  Utility  Development 
in  California 

Expressing  its  belief  that  never  again  will  California  face 
as  serious  a  power  situation  as  that  created  in  1919-20  by 
the  rare  combination  of  the  excessive  demand  for  electric 
power  with  a  minimum  supply,  the  latter  condition  being 
due  to  three  years  of  scanty  rainfall,  the  Railroad  Commis- 
sion of  California,  in  its  report  to  Governor  W.  D.  Stephens, 
tells  of  utility  development  work  now  going  on  in  the  state. 
Referring  to  the  fact  that  utilities  early  in  1919  began  to 
carry  out  hydro-electric  construction  plans  interrupted  by 
the  war,  the  commission  lists  projects  under  w^ay  which,  com- 
pleted, will  add  275,000  kw.  to  the  state's  output  of  electric 
power.  Of  this  power  250,000  kw.  is  hydro-generated  and 
25,000  steam-generated. 

According  to  the  report  of  the  commission,  the  San  Joa- 
quin Light  and  Power  Corporation,  Southern  California 
Edison  Co.,  Great  Western  Power  Co.  and  the  Southern 
Sierras  Power  Co.,  also  the  City  of  Los  Angeles,  in  July, 

1920,  were  actively  engaged  in  increasing  plant  capacities 
to  meet  demands  for  electric  energy. 

The  San  Joaquin  Light  and  Power  Corporation  recently 
completed  its  Kerckhoff'  plant  on  the  San  Joaquin  River,  a 
plant  designed  to  have  a  capacity  of  30,000  kw.  This  cor- 
poration also  completed  a  12,500-kw.  addition  to  its  steam 
plant  at  Bakersfield^,  the  plant  using  natural  gas  from  the 
Midway  gas  fields  as  fuel.  In  addition  to  these  develop- 
ments it  is  completing  at  100,000-volt  transmission  line  from 
its  Kerckhoff  development  to  McKittrick  and  has  plans 
under  way  for  the  installation  of  a  12,500-kw.  steam  plant 
near  the  gas  fields,  to  be  completed  before  summer. 

The  Southern  California  Edison  Co.  has  also  been  active 
in  the  development  of  power.  It  has  been  engaged  in  the 
completion  of  its  Kern  No.  3  power  plant,  of  30,000  kw.,  on 
the  upper  Kern  River,  which  should  be  completed  early  in 

1921.  This  plant  has   no   storage   facilities   and   depends 


'See  Power,  Dec,  14.  1920.    ^See  Power,  Dec.  7,  1920. 
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ontirt'ly  upon  stri-nm  flow;  it  should  have  an  average  output 
of  at  li-«sl   l.SO.OOO.OOO  kw.-hr.  annually. 

Thi'  Kdi.son  Co.  should  conipli'ti-  late  in  1920  an  ad<li- 
tional  unit  of  17,500  kw.  to  its  Bijr  Creek  No.  2  plant.  It 
hn.s  undtT  i-on.structioti.  for  c-oinpli-tion  in  l'.)21,  a  divertintj 
darn  and  tunnel  from  Shaver  Lake  re.servoir  to  its  Bin 
Creek  No.  2  plant,  which  should  be  completed  in  the  fall  of 
1921,  and  is  carryiiijr  on  the  construction  of  a  third  plant 
on  Bijf  Creek  of  25,000  kw.  capacity,  known  as  Bi^  Creek 
No.  8.  Other  plans  of  the  company  contemplate  commence- 
ment of  work  to  brinjr  to  the  Huntintrton  Lake  reservoirs 
waters  from  the  south  fork  of  the  San  Joaquin  Kiver, 
throujrh  a  tunnel  appro.ximalely  ten  miles  in  length  and 
requirinjr  several  years  to  complete. 

The  Great  Western  Power  Co.  is  actively  enjfaj^ed  in  con- 
struction work  on  its  Caribou  development.  The  first  unit 
of  the  plant,  totalinjj  40,000  kw.  capacity,  is  expected  to  be 
in  operation  early  in  1921.  The  development  consists  of 
tunnels  divertinjr  the  waters  from  Lake  Alnianor  to  Butt 
Creek,  and  additional  tunnels  from  Butt  Creek  along  the 
mounUiinside  to  a  point  where  the  water  will  be  dropped 
through  penstocks  to  the  Feather  River  below,  a  difference 
in  elevation  of  1,140  ft.  The  first  is  being'  so  constructed 
that  two  more  units,  bringing  the  total  to  80,000  kw.,  niay 
be  added  before  increased  capacity  will  be  required. 

The  Southern  Sierras  Power  Co.  has  also  been  active  in 
the  construction  of  its  Levining  Creek  plant  of  10,000  kw., 
which  will  not  be  completed  until  the  fall  of  1921.  It  also 
has  under  construction  its  Adams  plant,  in  the  Owens  River 
gorge,  of  2,500  kw.,  to  be  in  operation  in  the  spring  of  1921. 
During  the  past  this  company  has  reinsulated  its  entire 
transmission  line  so  as  to  transmit  energy  at  85,000  volts, 
and  is  now  operating  the  line  at  that  voltage. 

The  City  of  Los  Angeles  has  recently  completed  its  San 
Francisquito  No.  2  plant  on  the  aqueduct  near  Saugus, 
with  a  capacity  of  20,000  kw.  It  also  is  contemplating  the 
completion  of  its  San  Fernando  and  Franklin  Canyon 
plants,  which  will  further  enlarge  its  capacity. 

The  Los  Angeles  Gas  and  Electric  Corporation  is  adding 
a  10,000-kw.  steam  unit  to  its  equipment. 

The  Pacific  Gas  and  Electric  Co.,  serving  most  of  northern 
California,  did  not  begin  construction  of  any  hydro-electric 
plant  until  1920,  when  work  was  started  on  a  12,500-kw. 
unit  to  be  added  to  its  Oakland  steam  plant  and  to  be  in 
operation  by  the  winter  of  1920.  It  has  also  started  con- 
struction work  upon  two  10,000-kw.  hydro-electric  plants  on 
Hat  Creek,  a  tributary  of  Pitt  River,  and  has  plans  under 
way  for  the  construction  of  a  60,000-kw.  plant  on  the  Fall 
River.  It  has  also  commenced  work  upon  a  220,000-volt 
transmission  line  to  transmit  the  power  thus  produced  from 
the  Pitt  River,  some  250  miles  or  more,  to  the  San  Francisco 
Bay  district.  This  new  line  will  be  the  highest-voltage 
transmission  line  so  far  to  be  constructed  in  the  United 
States.  A  small  plant  of  approximately  9,000  kw.  on  the 
Stanislaus  River,  to  be  known  as  Spring  Gap,  is  expected 
to  be  installed  by  the  summer  of  1921. 

Motor-Fuel  Symposium 

Four  prominent  speakers  and  an  extended  discussion 
aroused  a  great  deal  of  interest  at  the  312th  meeting  of 
the  Chemical  Society  of  Washington,  Thursday,  Dec.  9, 
when  the  entire  program  was  devoted  to  a  symposium  upon 
the  present  status  and  future  prospects  of  motor-fuel 
supply. 

R.  W.  Ambrose,  Chief  Petroleum  Technologist  of  the 
Bureau  of  Mines,  discussed  petroleum  products  for  motor- 
fuel  supply.  He  described  the  three  classes  of  investigators 
of  this  subject  as  pessimists,  optimists  and  super-optimists. 
The  pessimist  believes  the  problems  cannot  be  solved;  the 
fuper-optimist  believes  there  is  no  problem.  Neither  of 
these  classes  is  right  in  Mi\  Ambrose's  opinion.  The  opti- 
mist believes  that  there  is  a  problem  of  difficulty,  but  that 
it  can  be  solved  by  proper  planning. 

The  present  gasoline  requirements  of  the  country  indicate 
a  need  for  from  4  to  4.5  billion  gallons  of  motor  fuel  for 
1821.  This  represents  many  times  the  demand  of  ten  years 
ago,  but  the  crude  oil  available  from  domestic  production 


i"  only  about  twice  that  of  ten  yoarw  ago.  The  output  of 
motor  fuel  has  be<'n  increased  from  petroleum  by  better 
lecovery  of  crude,  by  higher-percentage  recovery  of  motor 
fuel  during  refining  and  by  conservation  in  use  of  fuel. 
P]fI5ciency  on  the  part  of  the  ultimate  coiiHumer  is  the  most 
promising  means  of  relief  of  the  shortage. 

Shale-oil  development,  still  in  its  infancy  aH  a  commercial 
business,  offers  little  encouragement  for  the  present,  because 
of  the  difficulty  of  economical  retorting  to  secure  an  easily 
refinable    product    for    motor-fuel    production. 

C()ai.,-Tak  Products  as  Motok  Fdei, 

W.  M.  Rile,  of  the  Barrett  Co.,  discussed  the  subject  of 
coal-tar  products  as  a  source  of  motor  fuel,  especially  motor 
benzol.  This  is  really  a  mixture  of  benzol,  toluol  and  xylol. 
Typical  specifications  for  motor  benzol  are:  0.878  specific 
gravity,  neutral  reaction,  sulphur  not  exceeding  1  per  cent, 
ability  to  pass  the  "doctor"  test  and  the  gumming  test,  and 
distillation  as  follows:  First  drop  79  to  80  deg.  C,  60  per 
cent  below  100  deg.  C,  90  per  cent  below  121  deg.  C,  dry 
ut  135  deg.  C,  with  no  appreciable  residue.  Because  of  the 
greater  vapor  tension  at  a  given  temperature  and  materially 
higher  heating  value  of  benzol  per  gallon  as  compared  with 
gasoline,  distinct  advantages  in  the  way  of  thermal  effi- 
ciency and  miles  per  gallon  are  experienced.  However, 
under  present  conditions  the  total  available  motor  benzol 
supply  of  the  country,  even  if  all  light  oil  from  byproduct 
coking  and  city  gas  plants  equipped  for  light-oil  recovery 
be  included,  is  barely  2J  per  cent  of  the  gasoline  require- 
ments of  the  country.  By  extreme  measures,  including 
byproduct  recovery  from  all  coal  coked,  stripping  of  all 
city  gas  supplies  for  light  oil  and  other  increases  to  be 
expected  during  the  next  few  years  in  these  lines,  we 
cannot  anticipate  that  much  over  5  to  10  per  cent  of  the 
gasoline  demand  of  today  will  be  met  from  motor  benzol, 
as   this  term   is   now  used. 

Industrial  Alcohol 

Industrial  alchohol  as  a  motor  fuel  was  discussed  by  B.  R. 
Tunison,  of  the  Industrial  Alchohol  Co.  The  present  out- 
put of  this  product,  which  might  conceivably  be  diverted 
into  motor-fuel  use  if  the  requirements  for  solvent  and 
chemical  operations  were  ignored,  is  approximately  the 
same  order  of  magnitude  as  the  total  available  motor  benzol. 
The  estimated  industrial-achlohol  plant  capacity  of  the  en- 
tire country  is  only  about  100  million  gallons  per  year,  or 
about  2J  per  cent  of  the  motor  fuel  requirement  of  today. 

The  carburetion  characteristics  of  alcohol,  benzol  and 
Kasoline  were  contrasted  by  Dr.  Tunison,  and  it  was  shown 
why  the  blended  fuels  including  some  of  each  of  these  three 
constituents  could  be  expected  to  give  superior  motor  per- 
formance. The  great  advantage  of  alcohol  for  motor  use 
is  that  it  fires  quickly,  but  does  not  increase  its  rate  of 
burning  as  much  during  combustion  as  do  the  other  motor 
fuels.  Moreover,  the  range  of  full  air  ratio  for  successful 
operation  is  wider  with  alcohol  than  with  either  benzol  or 
with  gasoline.  Alcohol  also  permits  much  higher  compres- 
sion ratios,  thus  giving  large  possible  increase  in  efficiency 
under  the  most  favorable  conditions,  but  it  is  not  under 
normal  circumstances  best  applied  alone.  It  lends  itself 
rather  to  the  blended-fuel  application. 

Forest  products  as  a  source  of  alcohol  for  motor  fuel 
were  discussed  in  a  paper  prepared  by  C.  Sherrard,  of  the 
United  States  Forest  Products  Laboratory,  presented  by 
Dr.  H.  F.  Betts,  of  the  Forest  Service.  The  possibilities 
of  alcohol  production  from  wood  waste  were  fully  set  forth. 
It  was  pointed  out  that  this  was  one  of  the  most  promising 
sources  of  cheap  raw  material  for  industrial-alcohol  pro- 
duction. The  estimates  indicated  that  about  fifteen  gal- 
lons of  alcohol  could  be  expected  under  ordinary  conditions 
of  plant  operation  per  ton  of  wood  treated.  The  investi- 
gations of  the  Forest  Products  Laboratory  on  the  best  ':on- 
ditions  for  cooking  of  wood  pulp  with  acid  as  the  initial 
stage  in  alchol  production  were  also  discussed  in  this  paper. 


Austria's  monthly  requirements  of  coal  are  estimated  to 
be  1,156,600  tons,  of  which  only  about  15  per  cent  can  be 
produced  within  the  country  itself. 
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Practical  Refrigerating  Engineers 
Meet  in  Chicago 


DECEMBER  13  to  16  at  the  Hotel  Sherman,  Chicago, 
the  National  Association  of  Practical  Refrigerating 
Engineers  held  its  eleventh  annual  convention.  The 
attendance  was  exceptionally  good,  coming  principally  from 
Kansas  City  and  the  states  of  the  Southwest,  where  the 
association  was  formed.  The  program  was  so  full  that  it 
was  difficult  to  work  in  all  the  papers  scheduled.  The  new 
Chicago  subordinate  organized  last  year  is  to  be  congratu- 
lated on  the  arrangements  made  for  the  convention  and 
credit  is  due  President  Kloss,  of  Kansas  City,  for  his  busi- 
nesslike conduct  of  the  proceedings. 

It  should  be  stated  that  the  association  is  rapidly  gaining 
headway  in  the  refrigerating  field.  With  a  Kansas  City 
chapter'  added  two  years  ago  and  a  large  subordinate 
organized  in  Chicago  in  1920,  it  is  the  intention  to  branch 
out  still  more  during  the  coming  year.  With  Philadelphia 
chosen  as  the  next  convention  city  the  rich  refrigerating 
ten-itory  of  the  East  is  to  be  invaded  and  there  are  high 
hopes  of  enlarging  what  was  originally  a  Southern  organ- 
ization into  a  broad  national  body  thoroughly  representative 
of  the  practical  refrigerating  engineers  of  the  entire  coun- 
try and  devoted  to  their  education  and  general  betterment. 

At  the  first  session  Monday  the  usual  addresses  of  wel- 
come, the  responses  and  routine  business  were  followed  by 
^,  paper  on  "Combustion,"  by  Joseph  W.  Hays,  who  reviewed 
Viefly  the  elementai-y  theories  of  combustion  and  spoke  of 
Ch.i  losses  that  might  occur.  It  was  his  thought  that  there 
was  danger  of  making  the  record  system  too  complicated 
and  that  instruments  were  of  no  avail  unless  their  indica- 
tions were  carefully  analyzed  and  digested.  In  obtaining 
combustion  efficiency  about  10  per  cent  was  due  to  instru- 
ments and  90  per  cent  to  operation.  The  discussion  on  the 
paper  turned  to  the  proper  height  of  the  boiler  above  the 
grate,  the  height  of  the  bridge  wall,  the  choice  of  baffling, 
whether  horizontal  or  vertical,  when  burning  oil  or  coai, 
and  other  practical  problems. 

Powdered  Coal  and  Its  Application  to  Industry 

Milton  W.  Arrowood  talked  on  powdered  coal.  He  called 
attention  to  its  application  in  various  industries  and  its 
burning  in  boiler  furnaces.  In  this  connection  he  empha- 
sized the  importance  of  mixing  the  pulverized  coal  and  the 
air  for  combustion  in  proper  proportions  before  the  fuel 
reached  the  furnace,  cutting  down  in  this  way  the  large 
volume  now  considered  necessary  to  receive  the  gases  of 
combustion  and  to  give  the  proper  time  interval  for  burn- 
ing. With  a  proper  mixing  device  less  excess  air  would 
be  needed  in  the  furnace,  reducing  the  loss  in  the  flue  gases, 
and  by  reducing  the  volume  of  the  gases,  giving  a  longer 
time  interval  for  the  boiler  to  absorb  the  heat.  The  fuel 
from  the  mixing  device  was  injected  horizontally  into  the 
furnace  at  low  velocity.  There  was  no  impingement  on 
brickwork  and  no  formation  of  slag  on  the  tubes.  In  view 
of  the  fact  that  each  particle  of  coal  requires  for  combus- 
tion eight  to  ten  thousand  times  its  own  volume  in  air, 
the  speaker  pointed  out  the  importance  of  mixing  the  coal 
and  air  outside  the  furnace  to  avoid  the  probable  stratifica- 
tion that  would  take  place  when  this  mixing  was  attempted 
in  the  furnace.  The  suggestion  was  offered  that  ice  plants 
might  enter  a  new  field  by  pulverizing  coal  for  their  own 
use  and  for  outside  consumption,  as  it  was  the  speaker's 
opinion  that  powdered  coal  would  be  widely  used  in  the 
near  future,  especially  if  it  could  be  supplied  as  readily 
as  other  forms  of  fuel. 

George  H.  Trout,  director  of  the  Smith  Gas  Engineering 
Co.,  gave  an  interesting  address  on  "Gas  Power  for  Ice- 
Making  and  Refrigerating  Machines."  The  fields  for  gas 
power  were  reviewed  and  mention  made  of  the  limitations 
imposed  on  the  cost  of  the  prime  mover  by  the  load  factor 
of  the  plant.  Reference  was  made  to  the  Smith  gas  pro- 
ducer as  recently  perfected,  its  ability  to  gasify  bituminous 
coal,  lignite  or  most  any  kind  of  fuel,  the  producer  capacity 


in  service  and  records  for  length  of  operation  withont 
shutdown.  One  producer  had  operated  continuously  for 
280  days,  and  mention  was  made  of  a  gan  engine  that  had 
given  continuous  service  for  84  days.  With  producer  gas 
utilized  by  a  gas  engine  as  high  as  25  tons  of  ice  per  ton 
of  coal  had  been  produced.  From  a  ton  of  lignite  12  tons 
of  ice  had  been  made. 

At  the  Tuesday  morning  session  "Oil  Engines  as  Applied 
to  Refrigerating  Machinery"  was  the  topic  discussed  by 
J.  D.  Harper,  of  the  Fairbanks-Morse  Co.  In  making  a  choice 
of  prime  mover  the  selection  was  a  problem  to  be  decided 
for  each  individual  plant.  Location  near  an  oil  field  was 
often  a  determining  factor  and  there  were  merits  in  electric 
drive  that  should  not  be  overlooked.  In  the  past  the  oil- 
engine manufacturer  had  dwelt  too  much  on  theoretical 
efficiency  and  not  enough  on  durability  and  records  of 
service  in  refrigerating  plants.  There  had  been  a  great 
advance  in  the  modern  oil  engine  and  its  use  had  been 
extended. 

For  units  exceeding  400  hp.  the  prime  mover  to  adopt 
was  the  Diesel  engine,  the  speaker  claimed,  and  where  the 
power  requirements  were  300  hp,  or  less,  or  where  the  load 
factor  was  such  that  the  total  power  might  be  separated 
into  units  of  this  size  or  less,  the  surface-ignition  engine 
gave  the  best  results.  It  was  usually  a  two-cycle  valveless 
machine  of  staunch  construction  and  had  the  advantage  of 
using  dirty  oil,  such  as  American  fuel  oil,  with  minimum 
attention.  As  to  reliability,  citation  was  made  of  engines 
that  had  run  from  50  to  250  days  without  stopping.  The 
operating  cost  ranged  from  'i  to  ic.  per  horsepower-hour, 
so  that  in  order  for  purchased  current  to  compete  it  must 
be  bought  at  ijc.  per  kilowatt-hour  or  below. 

The  Unaflow  Steam  Engine 

In  an  elementary  talk  Robert  Cramer  explained  the 
principles  of  operation  of  the  Unaflow  steam  engine,  illus- 
trated its  construction,  and  showed  how  its  remarkably 
flat  steam  curve  was  due  to  the  elimination  of  cylinder 
cor  .ensation.  One  of  the  essential  requirements  was  that  the 
cylinder  heads  should  be  steam-jacketed.  Steam  rates  ranged 
from  a  shade  over  10  lb.  to  23.5  lb.  per  indicated  horse- 
power-hour. Owing  to  the  high  uniform  economy  over  a 
wide  range  of  load,  the  Unaflow  engine  had  reclaimed  part 
of  the  steam-engine  field.  The  compound  engine  could  be 
built  to  give  better  economy  at  a  particular  load,  but  with 
only  slight  variations  the  efficiency  dropped  rapidly,  so  that 
for  general  service  the  Unaflow  engine  maintained  a  much 
higher  average  efficiency. 

Thomas  C,  McKee,  representing  the  Carbondale  Machine 
Co,,  traced  the  development  of  the  high-speed  ammonia 
compressor  which  had  been  made  possible  by  the  use  of 
the  feather  valve.  The  merits  of  the  feather  valve  were 
brought  out  and  details  given  on  the  construction,  lubrica- 
tion and  general  advantages  of  the  compressor.  In  the 
discussion  the  fact  was  brought  out  that  more  clearance  was 
required  than  in  the  old  slow-speed  machines.  A  loss  in 
efficiency,  however,  was  not  sustained  as  it  was  merely  a 
case  of  speeding  up  the  compressor  one  revolution  per  min- 
ute to  maintain  the  same  economy.  The  extra  gas  gave 
back  as  much  energy  in  expanding  as  was  required  to 
compress  it. 

Following  was  an  interesting  paper  on  the  "Present 
Status  of  the  Two-Stage  Ammonia  Compressor,"  by  Harry 
Sloan,  advisory  engineer  of  the  Vilter  Manufacturing  Co. 
Introducing  the  subject,  Mr.  Sloan  reviewed  the  evolution 
of  the  two-stage  air  compressor  and  the  application  of  the 
same  principles  to  refrigeration.  There  had  been  certain 
developments  up  to  1880,  when  the  question  of  compounding 
ammonia  compressors  was  brought  to  a  standstill,  as  it  was 
generally  considered  that  the  higher  economy  did  not  more 
than  offset  the  additional  overhead  on  the  initial  investment. 
The  genera]  use  of  booster  outfits  for  low-temperature  work 
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lii\iilly  K"v»'  impotus  to  the  movcmpnt,  80  that  ••viMiluiilly 
I)  I.  Davis  broiijrhl  out  tJu*  two-stajrc  ammonia  comprossor. 
Till'  al^vallla^r»'^^  of  IIh*  m;u-hiru'  as  wt-ll  as  llioso  of  tlu'  plato 
valves  t'luployi'd  wtTO  I'lninuTatiMl,  and  tin-  ronstruclioii 
shown  by  luimiTous  sliilcs.  rraitical  results  from  machines 
It)  service  showinjr  IukIi  economy  were  jriven.  The  jjnin  in 
elliciency  from  the  compound  compressor  was  due  to  the 
lower  temperature  ran^e  per  cylinder  and  to  intermediate 
coolinp.  A  20  per  cent  saving  in  power  per  ton  of  refrigera- 
tion was  readily  possible  and  a  steam  rate  of  24  11).  per  ton 
of  refrigeration  had  been  obtained. 

At  the  Tuesday  afternoon  session  H.  T.  Whyte.  superin- 
tendent of  ice  factories  of  the  Consumers  Co.,  summarized 
briefly  the  results  obtained  by  adding  a  Voorhees  multiple 
ctTect  device  of  two  of  the  company's  ammonia  compressors. 
This  device  admitted  suction  gas  to  the  compres.sor  cylinder 
at  two  dilTerent  pressures,  the  low-pressure  gas  entering 
first  and  eventually  the  high-pressure  gas,  giving  the 
cylinder  a  denser  charge  and  increasing  from  25  to  35  per 
cent  the  theoretical  capacity  of  the  compressor.  In  actual 
operation  in  the  plant  there  has  been  a  diminution  of  3  per 
cent  in  the  power  required  per  ton  of  ice  and  an  increase 
of  20  per  cent  in  ice  produced.  The  machines  were  elec- 
trically driven  and  required  47.G  kw.-hr.  per  ton  of  ice. 

C.  W.  Koehler,  general  engineer.  Booth  Fisheries  Co., 
traced  the  cycle  of  operation  in  an  absorption  system  and 
brought  out  many  points  that  would  effect  economy  in  oper- 
ation. Gilbert  Sellers,  chief  engineer  of  the  South  Chicago 
Ice  Plant,  spoke  on  the  manufacture  of  raw-water  ice, 
giving  the  results  of  his  early  work  in  this  line  with  a  small 
experimental  plant  of  his  own  making  and  later  with  one 
of  the  early  raw-water  plants  remodeled  according  to  his 
own  design.  The  difficulties  encountered  were  numerous,  but 
excellent  results  had  been  obtained  until  air  agitation  and 
treatment  of  the  water  by  the  cold  process  gave  nearly  as 
good  results  in  a  simpler  way. 

Electrical  Drive  for  Refrigerating  Machinery 

"Electrical  Drive  for  Ice-Making  and  Refrigerating 
Machines,"  by  William  J.  Bray,  sales  engineer  of  the  Gen- 
eral Electric  Co.,  was  the  first  paper  Wednesday  morning. 
It  was  a  comprehensive  treatment  covering  the  entire  elec- 
trical installation.  Particular  attention  was  given  to  slip- 
ring  induction  motors  and  to  the  advantages  of  synchronous- 
motor  drive.  In  comparing  slow-speed  belted  compressors 
with  direct-connected  high-speed  compressors  equipped  with 
plate  valves,  the  obvious  advantages  were  saving  in  floor 
space,  elimination  of  belt  trouble,  and  higher  efficiency.  At 
full  load  the  smaller  synchronous  motors  used  had  shown 
an  efficiency  of  91  per  cent.  In  machines  of  800  or  1,000 
hp.  capacity  the  efficiency  increased  to  94  per  cent.  Below 
100  hp.  slip-ring  induction  motors  were  desirable. 

W.  J.  Hughes,  of  the  International  Filter  Co.,  gave  an 
elementary  talk  on  the  "Treatment  of  Water  for  Raw- 
Water  Ice."  Following  a  simple  explanation  of  the  proper- 
ties of  water  and  its  chemical  constituents,  he  showed  the 
relation  of  water  purification  to  fuel  conservation.  Com- 
ment was  made  on  the  different  salts  in  water  with  which 
it  is  necessary  to  contend  when  making  raw-water  ice.  Anal- 
yses of  water  before  and  after  lime  treatment  were  given. 
Softening  water  by  the  Zeolite  process  was  shown  to  be 
unsatisfactory  for  ice  making.  The  character  of  the  differ- 
ent scale-forming  ingredients  in  the  water  and  the  losses 
caused  thereby  were  given  brief  attention,  and  in  conclusion 
details  on  the  construction  and  operation  of  International 
softeners. 

F.  C.  Pedley,  of  Dubuque,  Iowa,  brought  out  various  fac- 
tors in  the  engine  and  boiler  room  affecting  economy  in  ice- 
making  and  refrigerating  plants.  He  was  followed  by 
Charles  M.  Gilbert,  president  of  the  Midwest  Engmeering 
Co.,  who  enumerated  briefly  the  things  to  do  when  over- 
hauling and  rehabilitating  ice  plants. 

On  Wednesday  afternoon  the  first  order  of  business  was 
the  election  of  officers,  with  the  following  results:  President, 
C.  W.  Koehler,  Chicago;  first  vice-president,  F.  L.  Brewer, 
West  Tulsa,  Okla.;  second  vice-president,  J.  E.  Lawrence, 
Dallas,  Tex.;  secretary,  Edward  H.  Fox,  Chicago;  treasurer, 
W.   R.   Ilch,   Kansas   City;    sergeant   at  arms,    Roy   Noyes, 


(  huiiutf,  Kan.;  board  of  directors,  K.  J.  Deun,  I'hiladclpl  ia ; 
Norman  liegister,  Dailas,  Tex.,  and  W.  W.  Stevens,  I.os 
AngfU's,  ('al.;  chairriian  publicity  roininittec,  K.  II.  Fox, 
Chicago;  chairman  <'diicational  and  examining  committw, 
J.  K.  Porter.  Oklahoma  City.  Okla. 

Hkkrigerating  Standard.s 

Tlie  remainder  of  the  session  was  devoted  to  refrigerating 
standards.  .1.  K.  Porter  made  a  strong  plea  for  the  stand- 
ardization of  ammonia  fittings.  With  some  25  to  .'JO  difTer- 
ent  companies  manufacturing  ammonia  fittings,  each  com- 
pany is  pulling  out  a  different  fitting  and  many  of  them 
have  changed  tlu'  design  several  times,  with  the  result  that 
the  situation  is  growing  steadily  wor.se  instead  of  better. 
It  was  his  recommendation  that  the  association  unite  with 
the  American  Society  of  Refrigerating  Engineers  and  the 
various  ice-manufacturing  associations  to  biing  about  stand- 
ard conditions  in  this  field.  In  the  discussion  a  letter  was 
read  from  the  secretary  of  the  American  Society  of  Refrig- 
erating Engineers  reviewing  the  efforts  already  made  by 
that  society  without  avail.  A  representative  of  the  Crane 
Co.  called  attention  to  the  fact  that  his  company  had 
adopted  the  extra-heavy  steam  standard  so  that  refrigerat- 
liT*  engineers  already  had  a  standard  from  the  flange,  bolt- 
ing and  metal  thickness  points  of  view. 

A  motion  was  made  that  the  incoming  president  appoint 
a  committee  of  five  to  study  the  standardization  of  fittings, 
and  a  resolution  was  passed  that  the  society  express  its 
opinion  that  all  ammonia  valves  and  fittings  be  standardized, 
.so  that  valves  and  fittings  of  all  makers  would  be  inter- 
changeable, a  copy  of  this  expression  to  be  sent  to  all 
manufacturers  of  this  equipment. 

For  the  general  interest  of  the  association  Gardner  T. 
Voorhees  spoke  of  the  work  of  the  joint  committee  of  the 
American  Society  of  Mechanical  Engineers  and  the  Ameri- 
can Society  of  Refrigerating  Engineers  in  establishing  a 
standard  ton  of  refrigeration,  288,000  B.t.u.,  and  a  standard 
commercial  ton  of  200  B.t.u.  per  minute.  Later  on  atten- 
tion was  called  to  the  code  for  the  regulation  of  refrigerat- 
ing machines  and  refrigerants  tentatively  adopted  by  the 
American  Society  of  Refrigerating  Engineers.  Requests 
wei-e  made  for  copies  of  this  code,  instructions  given  that 
the  secretary  mail  to  each  member  a  copy  for  study  and 
that  the  chairman  of  the  standards  committee  represent  the 
association  on  the  joint  code  committee  of  the  various 
.societies  interested. 

H.  C.  Johnson,  inspector,  department  for  the  inspection 
of  steam  boilers,  steam  and  cooling  plants.  City  of  Chicago, 
reviewed  the  Chicago  code  for  the  installation  and  regula- 
tion of  refrigerating  machinery.  He  gave  particular  atten- 
tion to  the  penalties,  rules  applying  to  cylindrical  shells, 
and  to  the  ten  points  requiring-  specific  attention  when 
inspecting  the  plant. 

Local  Examining  Boards 

On  Thursday  morning  J.  D.  Porter,  chairman  of  the  edu- 
cational committee,  urged  that  the  association  create  local 
examining  boards  in  each  of  the  subordinates.  A  personal 
interview  would  give  a  better  line  on  the  ability  of  the 
applicant  and  facilitate  the  issuing  of  certificates.  The 
National  Examining  Board  was  to  be  retained  and  would 
issue  the  certificates  upon  recommendation  from  the  local 
board.  The  suggestion  was  favorably  received  and  will  be 
put  into  effect.  The  rest  of  the  day  was  spent  in  excursions 
to  plants  of  interest  to  refrigerating  engineers. 

In  the  way  of  entertainment  a  theater  party  was  tendered 
to  all  members  by  the  Chicago  Subordinate  on  Monday 
evening.  There  was  a  smoker  and  entertainment  Tuesday  * 
evening  at  which  music  and  vaudeville  acts  were  inter- 
spersed with  motion  pictures  showing  the  manufacture  of 
wrought-iron  pipe  and  the  production  of  peti'oleum  lubri- 
cants. R.  A.  Griffin,  of  the  Reading  Iron  Co.,  presented  the 
former  and  C.  M.  Larson,  of  the  Sinclair  Refining  Co., 
showed  the  lubricant  films.  On  Wednesday  evening  was  held 
the  annual  banquet,  which  was  an  unqualified  success. 
Complimentary  to  an  older  association  closely  allied  in  the 
work  of  educating  the  engineer,  Fred  Raven,  secretary  of 
the  National  Association  of  Stationary  Engineers,  was 
requested   to   act   as   toastma.ster. 
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American  Engineering  Council 
Holds  First  Meeting 

Herbert  Hoover,  president  of  the  Federated  American 
Engineering  Societies,  presided  at  the  Executive  Board 
meeting  held  in  New  York,  Dec.  17,  of  American  Engi- 
neering Council,  which  is  the  governing  board  of  the  Fed- 
eration. Every  member  of  the  Council  was  present  with  the 
exception  of  A.  M.  Greene,  and  two  new  members  of  the 
board  were  elected — W.  B.  Powell,  of  Buffalo  Engineering 
Society,  representing  District  No.  1,  New  York  and  New 
England  States,  and  Gardner  S.  Williams,  Grand  Rapids 
Engineering  Society,  representing  District  No.  2,  Michigan, 
Wisconsin  and  Minnesota. 

The  president  appointed  standing  committees:  On  Proced- 
ure, Constitution  and  By-Laws,  Publicity  and  Publications, 
Membership  and  Representation,  Finance,  and  Public  Affairs. 

In  discussing  the  program  of  the  Council  immediately 
ahead,  Mr.  Hoover  stated  that  he  had  called  engineers 
together  in  various  cities  he  had  visited  lately,  and  that  he 
found  that  the  general  desire  of  engineers  everywhere  was 
to  join  in  the  Federation  movement,  but  that  the  general 
trend  was  for  territorial  organization,  as  distinguished  from 
national  organization.  One  of  the  stumbling  blocks  in  the 
way  of  these  tei-ritorial  organizations'  joining  the  national 
organizations  was  the  question  of  dues.  Another  complexity 
was  that  individuals  hold  memberships  in  more  than  one 
society.  For  example,  the  Western  Society  of  Engineers  has 
about  four  thousand  members,  of  which  three  thousand  are 
already  members  of  national  societies  who  have  affiliated 
with  the  Federation.  Mr.  Hoover  also  stated  that  there  had 
been  some  opposition  to  the  Federation  based  on  the  consti- 
tution, but  that  the  question  of  tei-ritorial  organization  was 
the  most  important,  and  he  suggested  that  a  committee 
should  be  appointed  to  canvass  and  help  the  situation.  This 
question  was  discussed  and  referred  to  a  special  committee, 
which  will  include  the  six  district  delegates. 

As  a  step  forward  in  co-ordinating  various  intersociety 
activities  already  established,  the  necessary  action  was 
taken  to  make  it  possible  for  certain  of  the  activities  of 
Engineering  Council  to  be  taken  over  by  the  new  organiza- 
tion. As  soon  as  the  United  Engineering  Societies  have 
passed  officially  upon  Engineering  Council's  proposed  action 
to  transfer  the  work  of  its  committees  who  have  not  yet 
finished  their  work,  the  president  will  appoint  the  necessary 
committees  of  American  Engineering  Council  to  take  over 
this  work.  At  the  meeting  of  Engineering  Council  held  in 
Washington  there  was  harmony  of  all  the  member  societies 
to  this  end.  In  this  connection  action  was  taken  to  amend 
section  9,  paragraph  6  of  the  by-laws  so  that  members  of 
committees  can  be  selected  from  societies  other  than  those 
at  present  members  of  the  Federation.  Civil  engineers  and 
engineers  in  other  bodies  not  at  present  affiliated  with  the 
Federated  American  Engineering  Societies  can,  because  of 
this  action,  co-operate  in  the  committee  work. 

The  four  so-called  founder  societies  in  addition  have  been 
associated  in  a  common  employment  service,  and  American 
Engineering  Council  has  offered  to  take  over  this  service  as 
a  part  of  its  function. 

American  Engineering  Council  in  this  meeting  voted  not  to 
affiliate  with  the  United  States  Chamber  of  Commerce.  It 
was  the  thought  of  the  meeting  that  the  Council  could  make 
its  best  contribution  to  the  public  by  acting  independently 
of  other  organizations. 

The  Council  authorized  the  appropriation  of  one  thousand 
dollars  as  an  initial  fund  to  carry  on  publicity  work,  and 
the  Committee  on  Publicity  and  Publications  was  given 
authority  to  set  up  a  board  of  engineering  editors. 

It  was  voted  that  full  expenses  of  members  of  the  Execu- 
tive Board  for  attendance  at  meetings  would  be  paid. 

A  special  committee  reported  on  candidates  for  permanent 
executive  secretary  of  the  organization,  but  no  final  action 
was  taken  at  the  meeting. 

There  was  a  general  feeling  expressed  that  the  meetings 
of  the  board  should  be  held  at  different  centers,  and  the 
place  of  the  next  meeting,  which  will  be  held  Feb.  11,  was 
after  considerable  discussion  left  to  the  discretion  of  the 
president. 


Annual  Meeting  of  the  American  Society 
of  Refrigerating  Engineers 

The  annual  meeting  of  the  American  Society  of  Refrig- 
erating Engineers  was  held  at  the  Hotel  Astor,  New  York 
City,  Dec.  6-8.  The  Monday  morning  session  was  devoted 
to  the  business  of  the  society,  the  Council  report  being 
received  and  the  officers  for  the  new  year  elected.  Fred 
Ophuls,  of  the  engineering  firm  of  Ophuls,  Hill  &  McCreery, 
was  elected  president.  Mr.  Ophuls  is  one  of  the  most  pi'om- 
inent  refrigerating  engineers  in  the  country  and  has  been  a 
member  of  the  Council  for  a  number  of  years. 

At  the  afternoon  and  evening  meetings  a  number  of 
papers  were  presented  and  discussed.  Among  these  were 
papers  on  the  "New  Ammonia  Tables  of  the  Bureau  of 
Standards,"  and  on  "Total  Heat  Diagrams  and  Clearance 
Volume  Meters,"  which  will  appear  in  Power. 

The  Tuesday  sessions  were  devoted  to  papers  on  practical 
refrigerating  problems.  A  paper  by  H.  C.  Newlean  on  con- 
crete brine  tanks  occasioned  lengthy  discussions.  It  was 
borne  out  by  means  of  numerous  diagrams  that  the  sand  to 
gravel  ratio  and  the  water  percentage  were  the  determining 
factors  in  the  construction  of  concrete  tanks.  The  speaker 
stated  that  the  gravel  and  sand  should  be  screen-tested  to 
(determine  the  correct  ratio.  He  claimed  that  failure  to 
secure  pi'oper  proportions  reduced  concrete  compression 
strength  as  much  as  50  per  cent. 

The  subject  of  pipe  welding  was  covered  by  two  papers, 
one  on  the  "Thermite  Process,"  by  R.  L.  Browne,  and  one  on 
"Electrical  Welding  as  Applying  to  the  Resistance  Method," 
by  J.  H.  Gravell.  It  appeared  from  the  paper  that  electrical 
welding  of  pipe  was  practical  only  in  cases  where  a  large 
number  of  joints  wei-e  to  be  welded.  Its  most  successful 
application  was  stated  to  be  in  plate  welding.  Thermite 
welding  was  stated  to  be  uniformly  successful  in  the  welding 
of  pipe.  A  demonstration  of  the  case  of  the  thermite  process 
was  made  before  the  society,  pipe  ends  being  welded  together 
in  a  few  seconds.  The  joints  were  free  from  internal 
decrease  of  area  and  were  apparently  perfect.  The  cost  per 
weld  was  said  to  range  from  one  to  two  dollars,  depending 
on  the  pipe  size,  the  size  range  being  from  one  to  six  inches. 

The  question  of  "Pressure  Relief  Diaphragms"  was  taken 
up  and  fully  discussed.  The  increasing  popularity  of  the 
small  family  refrigeration  machine  compels  the  incorpora- 
tion of  some  safety  device  in  the  design.  Diaphragm  I'elief 
valves  seemed  to  be  considered  most  feasible,  but  the  ques- 
tions of  diaphragm  form  and  support  are  still  mattei's  of 
experimentation.  The  author  of  the  paper,  H.  E.  Willsie, 
rather  inclined  to  favor  the  design  where  the  support  had 
rounded  edges  and  the  rupture  occui-red  in  the  center  of  the 
diaphragm. 

The  final  sessions  were  taken  up  by  the  discussion  of 
papers  on  "Pipe  Corrosion,"  "Use  of  Refrigeration  in  Air 
Conditioning,"  "Brine  Propellers"  and  "Electric  Rates."  The 
paper  on  pipe  corrosion  in  refrigeration  systems  aroused 
much  comment.  The  author,  F.  N.  Speller,  stated  that  as 
the  result  of  a  gi-eat  many  tests  extending  over  a  number 
cf  years  it  was  proved  that  steel,  iron  and  piled  tubes 
corroded  at  the  same  rate.  He  further  discussed  the  causes 
of  the  corrosion  in  piping  and  felt  that  it  had  been  amply 
pi'oved  that  the  free  oxygen  in  the  pipe  lines  caused  the 
trouble.  This  had  been  solved  in  many  instances  by  insert- 
ing iron  perforated  sheets  in  a  tank  connected  to  a  pipe 
system.  The  free-oxygen  coming  into  contact  with  these 
sheets  before  entering  the  pipe  lines  produced  their  corro- 
sive effect  on  the  sheets. 

Two  or  three  members  took  exception  to  the  statement  as 
to  the  uniformity  of  corrosion  in  steel  and  iron  tubes.  It 
was  claimed  that  in  certain  plants  the  steel  condenser  tubes 
were  destroyed  in  half  the  time  required  by  the  iron  tubes. 
Mr.  Speller  felt  that  conditions  other  than  corrosion  or 
inequality  in  exposure  to  corrosive  agents  caused  this 
decrepancy  in  life. 


Plans  are  being  made  to  utilize  the  peat  in  the  moorlands 
of  Esthonia  and  Latvia.  These  bogs  have  a  total  area  of 
4,300  square  miles.  It  is  estimated  that  coke  from  this 
source  will  cost  but  one-fifth  as  much  as  imported  coke. 
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Pom  IT  llousr  Fnpiiiror  WnntiMl 
by  tlu*  (^ovcriiinoiil 

Thf  I'nitod  States  Civil  Scrvicp  Commission  has  an- 
nouncpH  an  open  compotitivp  pxamination  for  power-house 
tTjrinoor  A  vaiiiniy  nt  tlif  I'liilcd  Stalos  Military  Atad- 
«»my.  West  Point.  Now  York,  at  $1,200  a  year,  and  vacancies 
in  positions  requiring  similar  qualifuations,  at  this  or 
hiphi-r  or  lower  salaries,  will  l>e  filled  from  this  examination, 
unless  it  is  found  in  the  interest  of  the  service  to  fill 
any  vacancy  by  reinstatement,  transfer,  or  promotion. 
After  six  months'  satisfactory  .service  ai)pointec.s  may  he 
allowed  the  increase  pranted  by  Conpress  of  $20  a  month. 
The  duties  of  the  apjiointee  will  be  to  take  charge  during  his 
watch  of  the  plant,  consisting  of  boilers  of  3.000  hp.  and 
L.'SOO  kw.  peneratinp  capacity,  in  Corliss  d.c.  machines 
and  motor  generation  a.c.  machines,  and  to  make  minor 
repairs.  Applicants  must  have  had  at  least  four  years  of 
general  power-plant  experience,  of  which  at  least  one  year 
must  have  been  in  responsible  charge.  Each  completed 
year  of  a  mechanical-engineering  course  in  a  college  or 
technical  school  of  recognized  standing  will  be  accepted  as 
equivalent  to  not  more  than  nine  months  of  general  power- 
plant  experience.  Applicants  should  apply  for  form  1800, 
stating  the  title  of  the  examination  desired,  to  the  Civil 
Service  Commission.  Washington,  D.  C;  to  the  Secretary  of 
the  United  States  Civil  Service  Board.  West  Point.  N.  Y., 
or  CustoBi  House,  New  York.  N.  Y.  Applications  must  be 
Pled  with  the  Civil  Service  Commission,  Washington,  D.  C, 
prior  to  the  hour  of  closing  business  on  Jan.  4,  1921. 

Overheard  at  the  A.  S.  M.  E.  Convention 

"Well.  well,  this  doesn't  look  much  like  the  old  Thirty- 
First  Street  quarters,  does  it?  Do  you  remember  the  way 
we  used  to  drop  in  there  in  the  morning  after  a  night  en 
the  zigzag  and  breakfast  at  the  Murray  Hill  and  tell  Miss 
Parker,  or  Frank  Hoadley  or  Robert  that  we  wanted  a 
room,  thereby  setting  our  expense  account  baek  a  whole 
dollar?  That  reading  room  certainly  was  about  the  quietest 
and  coziest  place  in  New  York  to  look  up  information  in. 
And  if  1  remember  rightly  we  felt  that  with  our  few  hun- 
dred membership  we  were  doing  some  pretty  good  things 
and  had  a  pretty  important  organization  even  if  we  hadn't 
as  yet  begun  to  rob  the  cradle.  'Member  the  dances  at 
Sherry's  and  the  night  when  the  Admiral  danced  three 
times  with  the  missus  and  you  were  going  to  sue  the  United 
States  Navy?  That  punch  certainly  did  have  a  good  deal 
to  answer  for.  Of  course  I  suppose  things  are  all  right 
as  they  are  now,  but  I  really  would  like  to  drop  into  the 
little  back  room  of  the  old  Engineers  Club  on  the  avenue 
and  have  a  little— yes.  dear,  yes,  I'm  coming  right  along. 
So  long,  Bill,  see  you  later." 

Wages  for  Government  Employees 

In  the  revised  Reclassification  Bill,  which  is  now  under 
preparation,  it  is  understood  that  the  following  basic  rates 
have  been  agreed  upon  for  power-house  employees  in  the 
Government  service:     Power-plant,  central-station,   service- 


station,  or  puiupmg-.'<lalioii  (iiKineman,  $1,('>K()  ik-t  annum, 
lioisting  eni^Miieninn.  $1  |mt  lu>ur;  supervising  engineman, 
$1,920  to  $2,l(iO  per  aimiim;  assistant  chief  engineman, 
$2,280  to  $2,520;  chief  .ii^'iiieman.  $2,700  to  $.{.0(;0;  fireman 
and  assistant  electric  Mili>tation  operator.  $1,200  to  $1,,')00; 
portable  boiler  flrenum.  $1,200  to  $1,.'180;  boiler  cleaner, 
$l,.'t20  to  $1,440;  oiler,  water  tender,  assistant  gas-engine 
operator,  $1.:180  to  $1..^00;  assistant  engineman,  $1,080,  and 
gas  engineman,  refrigerator  engineman.  $1,080  per  annum. 

How  the  A.  .S.  M.  E.  Boihr  Code 
Works  in  Ohio 

Out  of  about  20,000  boilers  in  use  in  the  State  of  Ohio 
there  were  but  three  explosions  in  the  fiscal  year  ended 
.lune  :{0,  1920.  The  cause  of  failure  in  one  of  these  cases 
was  the  punching  and  drifting  of  rivet  holes  in  the  con- 
struction of  the  boiler;  this  practice  was  permitted  at  the 
time  this  boiler  was  built,  but  has  since  been  prohibited  in 
Ohio.  Another  explosion  was  due  also  to  careless  construc- 
tion, made  possible  by  incorrect  design;  the  Ohio  Board  of 
Boiler  Rules  is  taking  steps  toward  the  elimination  of  this 
particular  type  of  boiler  by  the  reduction  of  its  safe  working 
pressure.  A  third  explosion  resulted  from  the  use  of  a 
boiler  that  had  not  been  inspected  and  was  used  in  violation 
of  the  Ohio  boiler  inspection  law.  If  this  boiler  had  been 
properly  inspected  safety  devices  would  have  been  insisted 
upon  that  would  have  prevented  the  explosion. 

These  facts  are  set  forth  in  the  annual  report  of  the 
Division  of  Boiler  Inspection  of  the  Industrial  Commission 
of  Ohio.  It  may  be  mentioned  in  this  connection  that  the 
State  of  Ohio  has  adopted  the  A.  S.  M.  E.  Boiler  Code 
and  has  made  it  a  part  of  its  boiler-inspection  laws. 

A.  A.  E.  Growing  Rapidly 

The  results  of  the  membership  campaign  recently  con- 
ducted by  the  American  Association  of  Engineers,  now 
officially  tabulated,  show  that  3,7.3.5  applications  were  re- 
ceived during  the  drive  lasting  from  Sept.  15  to  Oct.  30. 
In  addition  more  than  the  usual  number  of  applications 
has  come  in  since  the  campaign,  owing  to  the  impetus  of 
the  drive.  The  membership  on  Dec.  8,  1920,  was  23,004. 
The  association  now  has  240  chapters  and  clubs  and  main- 
tains offices  in  thirteen  cities:  New  York,  Washington, 
Pittsburgh,  Boston,  Detroit.  St.  Louis.  St.  Paul,  Omaha, 
El  Paso,  San  Francisco.  Los  Angeles.  Seattle  and  Port- 
land. It  has  state  assemblies  in  ten  states:  Nebraska, 
Montana,  Ohio,  Washington,  California,  North  Carolina, 
Illinois,  Arizona  and  Tennessee,  and  state  chapters  have  been 
established  in  Nevada,  North  Dakota,  Minnesota,  Idaho  and 
Oregon. 


The  paper  on  "The  Constitution  and  Properties  of  Boiler 
Tubes,"  which  was  abstracted  in  Power  for  Dec.  14.  has 
been  revised  by  its  author.  Inasmuch  as  a  mistake  men- 
tioned by  him  was  carried  into  the  abstract,  its  correction 
is  noted  here.  In  the  19th  line  of  the  article  as  it  appeared 
in  Power,  the  phrase  "sodium  carbonate"  should  be  changed 
to  "calcium  carbonate." 


New  Publications 


STUDY   OF    THE   RELATION    BET^VEEN 
THE     BRIXXELL     HARDXESS     A>.'D 
THE    GRAIX     SIZE    OF    AXXEALED 
C.^RBOX   STEELS.      Bureau  of  Stand- 
ards   Scientfic    Paper    397.       B.v    H.    S. 
Rawdon    and    Emiles    Jimeno-Gil. 
This  paper  deals  with  material  and  meth- 
od.-'.   microscopic  examination,   hardness  de- 
termination  and   growth. 

CR.AXES  DIRECTORY  OF  CLASS,  TR.\DE 
AXD  TECHXICAL  PUBLICATIOXS 
AXD  MARKET  DATA  BOOK.  Pub- 
lished annually  by  G.  D.  Crane.  .Ir.. 
417  South  Dearborn  St..  Chicago.  III. 
.\bout  500  pages,  clolh  binding.  Price. 
$5  :  in  advance  of  publication.  $3.75. 
This  is   the  first  edition   of  the  book  and 

is  still    on   the   press.      It   lists   all   the   busi- 


ness publications  of  the  United  States  and 
Canada,  giving  circulations,  rates,  type- 
page  sizes,  closing  dates,  etc.,  and  makes 
a  market  analysis  of  each  trade,  profession 
and  industry.  The  book  te  designed  to  be 
of  value  to  advertisers  and  readers  of  trade 
and   technical    papers. 

COAL-SAVIXG    IX    THE   CHEMICAL   IX- 
nUSTRY.       Bv    David    Brownlie.       Re- 
printed from  the  Chemical  Tradf  .Jour- 
nal and  Chemical  Engineer  for  August- 
September,   1920,   by  Brownlie  &  Green, 
Ltd..   technical  chemists  and   engineers. 
•J  Austin  Friars.  London.  E.  C.     Paper; 
15  pages.  Sh  x  11  in.     Price.  2s.   6d. 
This    pamphlet    gives    the    results    of    in- 
vestigation   that   have   been    carried    out   by 
its   author   through   a    period    of   about    nine 
vears    in    the    steam-boiler    plants    of    sixty 
chemical  works  in  Great  Britain.  The  writer 
points    out    that    the   net   working    etticiency 
of  these   sixty  plants  is  only  about   58   per 
cent,    and    he    believes    that    this    could    be 
easily  Increased  to  about  721  per  cent     Re- 


sults  of   a    number   of   tests   are   given,   and 
.xplanation    is   made   of   various  methods  of 
scientific   control   of  hnilei-  plants. 
."LUSHIXG    OILS.      Technologic   Paper   Xo. 
176.     prepared     by     Percy    H.     Walker, 
chemist,    and    Lawrence    L.    Steele,    as- 
sociate chemist  of  the  Bureau  of  Stand- 
ards of   the   United   States   Department 
of  Commerce.     Paper  binding.  23  pages, 
7x10  in. 
This   Ixioklet    contains   the    results   of   ex- 
periments   recently    conducted    by    the    Bu- 
reau   of    Standards,    both    in    the    nature   of 
labnratorv    te.^^ts    and    exposure    tests.      The 
report     shows     that     laboratory    tests    can- 
not   be    relied    upon    in    every    instance,    but 
that     thev    are    valuable    in    certain    cases. 
Requirements  for  slushing  oils  which  are  to 
111   used  for  different  purposes  are  discussed, 
and   suggestions   are   given    for   easily  made 
and    effective    mixtures.      The    booklet    may 
be  obtained  by  remitting  5  cents  to  the  Su- 
perintendent    of     Documents.     Government 
Printing  Offlce.   Washington.    D.   C 
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'ROCEEDINGS   OF    THE   ANNUAL 
CONVENTION  OF   THE   I.    R.    A.   A. 

Published  by  the  InduMtrial  Relations 
Association  of  America.  A  verbatim  report 
of  addresses  and  discussions  lieard  at  th>- 
annual  convention,  which  was  held  in  Chi- 
cago May  19-21.  1920.  It  should  be  of  value 
to  anyone  who  is  strongly  interested  in  the 
relations  of  capital  and  lal>or.  Copies  may 
be  obtained  from  the  .Vdministi  ative  Oftices 
of  the  association   in   Orange.    .V.   J. 

SAFETY  IN  THE  MACHINE  SHOP 
Prepared  by  the  Travelers  Insurance  Co.. 
Hartford.  Conn.  188  images.  «  x  9  In.,  paper 
bound.  Sent  without  charge  to  anyone 
making  a  request  for  it  to  the  Sup|)ly  De- 
partment. Travelers  Insurance  Co.,  Hart- 
ford, Conn.  This  booklet  is  exceptionally 
well  gotten  up  and  treats  in  considerable 
detail  of  the  prevention  of  accidents  in  the 
machine  shop.  It  deals  with  plants  both 
large  and  small  and  gives  concrete  sugges- 
tions for  t'le  siifegiiarding  of  woikers  in 
them.  Four  chapters  of  especial  interest 
deal  with  infection  from  cutting  oil.  injuries 
from  the  use  of  hand  tools,  illumination  and 
its  be<iring  on  accidents,  and  the  emi>Ioy- 
ment  of  women.  The  book  should  be  useful 
to  anyone  who  is  in  resiionsible  charge  of 
machine   tools. 


Personals 


t.  K.  snico.\  has  been  advanced  from  the 
liosition  of  assistant  general  superintendent 
to  that  of  general  superintendent  of  motive 
power  of  the  Chicago.  Milwaukee  &  St.  Paul 
Railway  Co. 

F.  K.  Copeland.  president  of  the  Sullivan 
Machinery  Co..  Chicago.  III.,  has  l)een 
named  new  national  councillor  of  the  Com- 
pressed Air  Society  of  New  York,  to  repre- 
sent it  in  the  Chamber  of  Commerce  of  the 
United  States. 

Harry  N.  Winner,  formerly  with  the 
.lohns-Manville  Co.  and  for  17  years  promi- 
nent in  the  Garlock  Packing  Co.,  li;is  taken 
a  position  with  the  Ignited  State.s  Rubber 
Co.  as  manager  of  the  iiaoking  ilei>artinent. 
with  offices  at  179H  Hroadwav,  New  York 
City. 


•lumes  T.  WliittleHe.v,  a  graduate  of  Tale 
University  and  for  twelve  years  chief  engi- 
neer of  the  Public  Service  Electric  Co.  of 
-Ww  .Jersey,  has  b.en  appointed  director  of 
a  new  Pacific  Coast  branch  of  tlie  l';nKineer- 
ing  Musiness  Exchange,  of  .\'ew  York  City. 
with  offices  in  the  Chas.  Spreckels  Huilding. 
.San   Francisco. 

.v.  W.  K.  BillinicH,  of  Parcelona.  Sjiain,  is 
niaking  a  brief  business  trip  in  tlie  United 
States.  Since  1912  he  has  been  engaged 
in  the  extensive  hydro-electric  and  other 
work  of  the  Barcelona  company,  sucjes- 
sively  as  manager  of  construction,  manag- 
ing director,  vice  president  and  coiiaiiltins 
engineer.  During  the  war  he  served  with 
distinction  in  charge  of  naval  aviation  con- 
struction  in    Europe. 

T.  H.  Ceperle.v,  who  for  the  past  twelve 
\ears  has  been  chief  operating  engineer  of 
the  power  and  substations  of  the  Albany 
.Southern  R.R..  has  resigned  his  i)osition  on 
account  of  ill  health.  He  will  spend  the 
winter  in  the  South  and  will  enter  the  elec- 
trical liild  again  next  spring.  Mr.  Ceper- 
!ey  was  formerly  with  the  Newburgh  Light. 
Heat  and  Power  Co.  as  chief  engineer  of 
the  -N'ewburgh  plant,  and  was  also  with  the 
Fonda.  .lohnstown  &  Oloversville  R.R..  in 
•  he  same  capacity. 


Society  Affairs 


Cleveland  Section,  .\.  S.  M.  T...  will  meet 
Jan.  4  in  the  Hotel  Statler  to  hear  ani 
address  on  "Recent  Developments  and 
Modern  Tendencies  in -Machine  Design."  by 
-\.    L.    De  Leeuw. 

St.  louis  Section,  .\.  S.  M.  K..  will  meet 
at  the  .American  Hotel  on  .Tan  7.  Freil 
Key.  of  the  Key  Roller  Equipment  Co.,  will 
si)eak  on  "The  Key  Safety  Handhole  <"ap 
for  Water-Tube   Boilers." 

Waterbur.v  Brunch,  .\.  S.  M.  K..  will  meet 
.Tan.  '■'<  in  the  Chase  Co.'s  Office  Building, 
AVaterbury.  Captain  Harry  Georgewill  speak 
on  "Mining  Exjieriences  of  a  I'rosi)ector." 
and  moving  pictures  will  be  shown  of  the 
manufacture   of   Byers  wrought-iron  pipe. 


The  Philadelphia  Section  of  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers 
will  hold  a  meeting  on  .Ian.  8  at  which 
P.  T.  Vanderwaart.  electrical  engineer  of 
the  New  Jersey  Zinc  Co  of  Pennsylvania, 
will  discuss  "Power  Factor  Correction  and 
Its   Relation   to   Plant    Operation." 


Trade  Gatal 


Ogir 


The  M.  H.  Detrick  Co..  1.").5  East  Superior 
.St..  Cliicago.  has  issued  an  8-page  folder 
showing  installations  of  its  arches  with 
Type  "K"  and  Coxe  Stokers.  Layouts  with 
leading  makes  of  boiler.s  are  shown  by  pic- 
tures and  diagrams. 

Tile  ConNolidated  ■  licltiiig  Co..  Philadel- 
I)hia.  Pa.,  has  brought  out  a  new  24-page 
0  X  9-in.  catalog  of  "Hycalibre"  belting. 
The  usual  specifications  are  given,  together 
with  practical  hints  and  formulas  to  be 
used  in  ordering  and  applying  belts.  It  is 
also  announced  in  this  catalog  that  the 
company  can  renovate  worn-out  belts  at  a 
nominal   cost. 

The      Krown      IloiNtiiig      .Machinery      Co., 

Cleveland.  Ohio,  is  distributing  its  Catalog 
■K"  for  1921.  of  electric  and  steam-driven 
cranes.  This  is  an  88-page.  8  X  11-in. 
booklet  containing  an  unusually  large  num- 
ber of  good  photographs  depicting  "Brow  i- 
hoist"  locomotive  cranes  for  loading  and  un- 
loading cars,  excavating,  handling  ore, 
stone,  sand,  lumber,  etc.,  and  general  use 
up  to  about  tuenty-seven   tons. 

The  Illinois  Stoker  Co.,  Alton  Illinois, 
has  imblished  a  50-page  10  x  7-in.  catalog 
on  natural-draft  and  forced-draft  mechani- 
cal stokers  and  Illinois  arches.  It  contains 
a  discussion  of  "Boiler  and  Furnace  Ef- 
fisiency"  in  which  there  are  carefully 
worked-out  diagrams  ;  this  section,  together 
with  the  thoroughness  with  which  the  book- 
Is^  goes  mto  the  subject  of  combustion  con- 
trol, gives  it  a  value  distinct  from  its 
function   as  a  catalog. 


COAL  PRICES 


Current   mine  quotations,  with   interesting   oom- 
parisons.  are  given  in  the  following  tabulation: 

Nov.  Aug.  5  Dec.  16  Dec. 23 

1919*  1920       1920      1920 

Pittsburgh  steam $2   30  $10  00  $3   25  $3  75 

Pittsburgh    screened 

gas 2   30  12  00      3  75     4.50 

Hocking 2  50  9  00      3  00      3  75 

FrankUn.Ill 2   35  6   50      3   40     4  00 

Indiana  4th  vein 2   35  7   50      3   25      3  25 

Eastern  Ohio,  No.  8..      2  35  10  50     3  40     4  00 

Fairmont 2  50  13  50     3  00     3  75 

Kanawha 2  60  14  00      3   50     4   50 

S.E.Kentucky 3.00  10   50      4  00     4  75 

Western  Kentucky.  .  .      2.35  5   25      3  75     4  00 

Clearfield 2  95  12  00      3  75     4  75 

Cambria  and  Somerset     2  95  13   50     4  75     6  00 

*  Government  prices. 


New  Construction 


I'K«)I'OSKI>     WORK 

Mass..  CharlcNtoivi:  (Boston  P.  O.) — J. 
Rogers,  Agt..  18  Tremont  St..  Boston,  is 
having  plans  jirepared  for  a  7  story  indus- 
trial building  on  Citv  S(|.,  here.  About 
$390,000.  F.  O.  Lewis,  Si>  BroomHeld  St.. 
Boston,   Archt.   and    Fug. 

Mass..  Holyoke — The  School  Bldg.,  Comn. 
is  having  plans  pre|iar»'d  for  a  3  story 
junior  high  school  on  Maple  St.  .\bout 
$30(1.000.  G.  1'.  B.  Alderman  &  Co.,  Alder- 
man  Bldg-.,   Archt. 

Mass..  Ilol.voke — The  School  Comn.  plans 
to  build  a  2  storv  grade  school.  .\bout 
$250.0(10.      .\rcht.    not   selected. 

Conn.,  Hartford  —  Our  Lady  of  Sorrows 
Church.  Rev.  H.  Oalvin.  pastor.  85  New 
Park  Ave.,  had  plans  prepared  for  a  75  x 
170  ft.  church  including  a  steam  heating 
system.  Anout  $25i).(li)i).  O'Conneil  & 
Shaw.  18  Bovlstoii  St..  Boston.  Mass., 
Arch  Is. 


N.  Y.,  Brooklyn  —  The  New  York  Tele- 
phone Co.,  15  Dey  St.,  New  York  City,  had 
sketches  prepared  for  a  teluphone  exchange 
including  a  steam  heating  system,  on  Will- 
oughby  .\ve.,  here.  McKenzie.  Voorhees  & 
(^melin.  1123  Bway.,  New  York  City,  .Archts. 
and   Engrs. 

X.  Y..  Kochester  —  Gordon  &  Kaelber. 
Sibley  Block,  will  soon  award  the  contract 
for  a  9  story  apartment  hotel  including  a 
steam  heating  system  on  East  Ave.  J.  A. 
.Armstrong.  127  North  Dearborn  St..  Chi- 
cago.   III.,   .Archt. 

.X.  ,1..  Trenton — ^The  Sanitary  Ice  &  Coat 
Co..  Old  Ro.se  St..  plans  to  build  an  ice 
cream  storage  plant  and  install  equipment 
in  same.  W.  B.  Haddock.  42  Division  St.. 
Pres. 

Pa.,  Kaven  Run — J.  S.  Wentz  Co.,  Markle 
Bldg.,  Hazleton,  plans  to  build  a  coal 
breaker  here,  indding  a  boiler  plant.  About 
$150.11011.  Cr.  S.  Troutman,  Markle  Bldg., 
Hazleton,   .\rcht.   and   Engr. 

Md.,  Baltimore  —  S.  T.  Williams.  223 
North  Calvert  St.,  is  in  the  market  for  one 
4liii-hp.,  three-i)hase.  BO-cycIe,  2,300-volt, 
about  600  r.ji.m.,  electric  motor 

:Md..  Baltimore — The  Potomac  Power  & 
ne\eIoprnent  Co..  c/o  ^V.  H.  Stineman  and 
.■\.  .M  Quick,  Engrs.,  418  Etpiitable  Bldg.. 
had  preliminary  plans  and  surveys  made 
for  the  development  of  a  ju-oject  to  include 
a  (lain.  1.200  ft.  long  and  65  ft.  high  and 
a  main  dam.  1.200  long  and  22  ft.  high  :  a 
2ii.oiiO-hp.  power  plant  including  the  installa- 
tion of  five  5,00n-hp.  vertical  turbines,  gen- 
erators, also  a  three-phase.  60-cycle.  13.200.- 
volt  transmission  line;  a  30.000-hp.  power 
plant  including  installation  of  five  700-hp. 
vertical  turbines,  and  generators  :  tlood 
gales,   18  X   30   ft.,   etc. 

Aid.,  Crisneld — The  McCready  Memorial 
Hospital,  c/o  C.  F.  Fvle  and  A.  G.  Brown. 
.Mights.,  109  North  Dearborn  St.,  Chicago. 
III.,  plans  to  build  a  hospital  here,  including 
a  42  X  45   ft.  power  house,      .\bout   $200,000. 

W.  Va.,  Charleston  —  Kanawha  County 
plans  to  build  a  county  jail  at  Court  and 
Virginia  Sts.  .About  $300,000.  H.  R,  Warne, 
Masonic   Temple,    .Archt. 

X.  C,  Hickory — The  Catawba  Creamery 
Co.  plans  to  rebuild  packing  plant  and  re- 
frigerating rooms  of  creamery  plant  recently 
destroyed   by   tire.      .About   $300,000. 


<ia.,  .\ugusta  —  The  Y.  JI.  C.  A.,  Green 
and  9th  Sts..  iilans  to  build  a  4  story  Y  M 
C.  .A.  building.  .About  $300,000.  Murphy 
&  Dunn.  331  Madi.son  .\ve,.  New  York  City 
.\rcht..  Y.  M.  C.  .A.  Building  Comn.,  .Au- 
gusta,   Engr. 

C.a.,  Sandersvillc — The  citv  plans  to  im- 
prove power  hou.se.      About  $40,000. 

fia.,  Tybee  Island — The  Bureau  of  Yards 
and  Docks.  Navy  Dept..  AVash.,  D.  C.  plans 
to  build   2   or   more   radio   buildings   here. 

Fla.,  Gainesville  —  Tlie  city  voted  $30.- 
000  bonds  for  improvements  to  the  munic- 
ipal   light    and    power    jilant. 

ta..  New  Orleans  —  Tha  International 
Harvester  Co..  6"6  South  Michigan  .Ave.. 
Chicago.  111.,  plans  to  build  a  storage  ware- 
house for  the  manufacture  of  twine  and 
farm  implements.  Est.  cost.  between 
$3.0(10,(10(1    and    $6,000,000. 

Tenn.,  Millineton  —  The  town  plans  an 
election  to  vote  on  $20,000  bonds  for  a  new- 
electric   light   and   power   plant. 

O.,  Clereland — The  FTd.  Educ,  c/o  F.  G. 
Hogan,  East  6th  St.  and  Rockwell  Ave.  is 
having  plans  prejiared  for  a  2  story  addi- 
tion to  school,  including  a  steam  "heating 
system,  at  East  146th  St.  and  Kinsman  Rd. 
About  $250,000,  W.  R.  McCormack,  East 
6tli  St.,  Archt. 

O..  Portsmouth — The  Bd.  Educ.  plans  to 
build  a  3  story.  110  x  13ii  ft.  high  school 
including  a  steam  heating  system.  .About 
$400,000.  .A.  Pretzinger,  1155  Reibold  Bldg.. 
Dayton,    .Archt. 

O..  West  Park — The  Bd.  Educ.  F.  W. 
Featherstone.  Clk.,  is  having  preliminary 
plans  prepared  for  a  2  story  school  includ- 
ing a  steam  heating  system  in  the  Lenox 
I'ark  district.  About  $250,000.  Fulton. 
Taylor  &  Cahill.  8120  Euclid  Ave..  Cleve- 
land.   .\rchts. 

Ind.,  Soiitli  Bend — The  Fraternal  Kldg. 
.Assn.,  C.  ITell,  Pres.,  plans  to  build  a  6 
story,  75  x  95  ft.  fraternal  building  includ- 
ing a  steam  heating  system  at  109  East 
Wayne  St.  Freyermuth  &  Maurer,  308 
South   Michigan   St..   .Archts. 

Mich.,  Kloise  —  McFarlan.  Jlaul  &  Lenz. 
.\rchts..  1259  David  Whitney  Bldg..  Detroit, 
will  receive  bids  until  Dec.  31  for  a  3  story, 
100  X  200  ft.  hospital  and  home  including 
a  sieam  heating  system  here,  for  the  Wayne 
Co.  Poor  Board,  c'o  E  J.  Jeffries.  18"4 
West  Gd.  Blvd.     About  $300,000. 
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111..  (  lilrimu  —  Th.  W.st  ClilcaKo  Park 
tonin.  Wost  t'liliiiKo  Am-,  will  ni-.-lv.-  I>1<1r 
until  IVo.  ;M.  f.ii  I  Hlorv.  i.T.  x  .t-n  ft 
Boclal  o.nt.-r  IhiIMiiik  Int-lmllnn  a  sti-ain 
li<-aliiiK  My.iii-ni  .Mxmt  $:;.'ici.imim  Challcn 
&   Itatiiinond.  (>  I   Kast   Van  liurrn  Si.  .Xrclilx. 

III..  ('lilruK€>  -  Mi'Corml.k  Kslat.v  i/o 
Itolalilnl  &  lUn-hc.  .An-lils..  Ill  I  South  .Micli- 
iKan  St..  la  having  plaii.s  pnpuivil  for.  a 
5  story.  1(1 1  X  i;tr.  ft.  top  aildltlon  to  olllo.- 
bullilliiK  al  11  South  Im  Salle  St.  huUnliiiK 
a  stoaiu   luatliiK  systi-m.      Ahout    »!.:;.'>". K 

WIh  .  Tuyrhreilah  —  The  Slati-  Ril  of 
Control.  Maillsoii.  will  r<-o<-iv.-  liid.s  iiiilll 
Jan.  11  for  furnishiiiK  eiiuipnu'iit  for  Ihi- 
Industrial  llonu'  for  Wonirn  hiTf.  iiii-lud- 
Ing  two  50-kw.  d.o.  rnKlm-  tvp.-.  2:!ii-voli 
Kt'neratiiiK  s«?ts  with  duplicate  lialamcr  .sol.s 
of  10-kw.  each  :  switchhoard  and  distribu- 
tion system;  two  6"i'-hp.  open  type  feed 
water  heaters:  two  hot  water  converters, 
each  for  20.i>ilO  a<|.ft.  of  radiation;  two 
boiler  feed  pumps  ;  two  hot  water  circulat- 
ing pum|)s :  two  turbine-driven  centrifuKal 
circulating  pumjis.  .UKi  Kp.m..  l.">0  ft.  head, 
or  two  ilirect-actintr  steam  pumps,  same 
service,  etc.  A.  Pcabody,  Capitol.  Madison. 
Rugr. 

Minn..  CrookNton  —  The  Sisters  of  St 
Benedict,  c,  o  liishop  T.  Corbett.  plan  to 
build  a  women's  college.  About  $7iHl,on(i. 
Archt.    not   announced. 

.Minn..  Duluth  —  The  Miller  Memorial 
Hospital  Board.  Mayor  T.  W.  Hug-o.  Chn.. 
plans  to  build  a  :i  story.  lOO  x  200  ft. 
hos|)itai  includinK  steam  heating  plant  ami 
mechanical  ventilating  .system  on  .">th  \ve 
.\bout  $2.'>0.0l)(i.  Cermaii  &  .Tenssen.  Kx- 
change   Hldg.,  Archts.   and   Kngrs. 

-Minn..  Litchfield — The  Hd.  Kduc  .1  T 
-Mullen.  Clk..  plans  to  build  a  2  or  :;  storv 
high  school  including  a  steam  heating  svs"- 
tem.      About  $300.(1(111.  .\rchl.  not  announced. 

Minn..  .Minneapolis — The  Bd  Educ.  G  K 
Womrath.  Bus.  Supl..  :!(i5  City  Hall,  is  hav- 
ing plans  prepared  for  two  2  or  :i  storv 
junior  high  schools  including  a  steam  heat- 
ing system,  at  6th  St.  and  l.Uh  Ave.  and 
at  28th  .\ve..  S.  and  -list  St.  .\bout  $7(iii - 
000.      E.    H.   Enger.   above  address,   Archt. 

Minn..  St.  Paul — H.  D.  Loeh,  30  North  La 
Salle  St..  Chicago.  111.,  plans  to  build  a  :: 
and  4  story.  100  x  157  post  office  here,  in- 
cluding a  steam  heating  system.  About 
$.750,000.  J.  P.  Cowing  Engr'.  Co..  .10  North 
La  Salle  St..  Chicago.  111.,  Engr. 

Kan.,  Wichita — The  Midian  Shrine  o  o 
Col.  T.  G.  Fitch.  Trustee.  i)Ians  to  build  a 
2  story.  200  x  200  ft,  temple  at  1st  St.  and 
St.  Francis  Ave.  About  $1,000,000  Archt 
not  selected. 

Xeb..  Hastings — Hastings  College  is  re- 
ceiving bids  for  a  :!  and  4  storv.  80  x  190 
ft.  memorial  hall  including  a  steam  heating 
system.  About  $4iiii.(iO(>,  Miller.  Fullen- 
weider  &  Dowling,  6  Xorth  Michigan  Blvd 
Chicago.    111.,    .\rchts. 

S.  D.,  Watrrtown  — .  The  Bd.  Educ  .\ 
Herzel.  Clk.,  plans  to  build  a  2  or  S  story 
school  including  a  steam  heating  sys- 
-About  $250.00(1,  .Archt.  not  selected. 
^  Mo.,  St.  Loais  —  The  Mississippi  River 
commission,  c/o  Secy..  1.311  International 
Life  Bldg..  will  receive  bids  until  Jan  17 
for  furnishing  6  retum-Jlue  boilers  for 
steamboat.  Further  information  may  be 
had  on  application. 


high 
tem. 


Ir\.  I'liri  wibi.r  11, e  lliireaii  of  YardH 
and  |)o,k«(.  .N'avy  1  lepi  .  WiiHh  ,  D  C  ro- 
1^!^'-  *"'",''•'"»  oiieratliiK  building  and 
lower  at  the  .\aval  lliidio  Slallon  here 
from  Hyde  Al  llaxlei.  1.111  •!  St  .\  W 
Wanh.,  II  C,  jn.r,f,H.  12(1  daVH.  W  F  Mar- 
I'-Ti."''.  '•"'■""'<"n  S'.  Itoi-hoHlcr,  N.  Y,. 
li.lHK.  Kill  day»;  Itegaii  CoiiMtr  Co..  2 
'';;|»1    '"Xl'iglon    St..    Ibilllinore,    Md  .    $!t.i88, 

Trx.  Huti  Anionio  Th,  Hot  VV.Ilii  Min- 
eral Bath  &  Hotel  Co.  .South  PleHu  St.. 
plans  to  build  a  dam  for  the  development 
or  nil  hii  lour  turblniH  and  olh,-r  ixiuln 
meni    will    be    required  '     ' 

Okla.,  TiilNa— 1>.  Hunt,  c/o  Hunt  Co..  .111- 
..!.!  South  .Main  St.,  In  having  idann  pre- 
pared for  a  111  Mtory,  50  x  110  ft  oHlc«- 
building  .Mioiil  $4.y).00l).  \V  d"  Van 
Hlclen  IIH  South  Detroit  St..  Archt.;  A.  F 
U.m.ld.'WHki.  i:;i9  South  Cheyene  St' 
I'.ngr. 

i.iV"'- I '*'■"' """f''"'""  *  Meyer».  Taber 
BJdg..  has  purcha.sed  site  at  Bway.  East 
.'."'  -^y-  "'"'  1-1'uoln  SI.  for  a  hotel 
.\boul     $5.000, Archt.     not     selected. 

Wjwh..  Ocean  Park  —  The  Bureau  of 
\anls  and  Dock.s.  .Navy  I)e|it..  Wash..  D.  C.. 
plans  to  build  a  radio  liuililing  here. 

Ore..  Astoria— The  Bure.iu  of  Yards  and 
Hocks.  .\avy  Dept..  Wash..  D.  C,  plans  to 
I'Uild  a   raido  building  here. 

ful..  Pasadena — C  W.  Koiiier.  Gen  Mgr 
of  the  municijial  light  plant,  announces  thai 
enlargements  for  the  coming  year  will  cost 
$300,000.  The  initial  unit  will  include  a 
lioiler  and  apiiurteniinces  to  cost  about  $50.- 

,-  *"*!"  ,?'" ««•»"«■»?  —  The  Contra  Costa 
«  ounty  Bank  will  receive  bids  until  March 
^^.''J  story.  50  X  100  ft.  bank  at  4th  St 
and  ILR.  Ave.  A  heating  system  incluiling 
a  low  pre.ssure  gas  burning  boiler  will  be 
installed  in  same.  .About  $85,000.  B  G 
.McDougal.  381  Bush  St.,  San  Francisco; 
-■vrcnt. 

,.., *'"'•;  **""  I-'rancisco— The  Pacific  Ga.s  & 
Kleclric  Co.  applied  to  the  Railroad  Comn. 
for  iiermission  to  issue  $111,11011,11(10  bonds  to 
carry  out  its  hydro-electric  construction 
program,  jiarticularly  for  the  Pit  River  proj- 
ects of  the  Mount  Shasta  Power  Corp  a 
.subsidiary  of  the  Pacific  Company  It  is 
also  estimated  that  betterments  and  addi- 
tions to  the  property  of  tlie  Pacific  Gas  ^ 
Mectric  (  ompany  for  the  years  of  1921  and 
1922  Will  cost   in  excess  of  $211,000,000. 

N.  S..  Halifax — The  Nova  Scotia  Power 
(omn.  iilaiis  to  install  20.000  h)).  for  the 
benefit  of  this  idace  and  other  municipal- 
ities and  to  develoii  additional  power  for 
I  he  iiulj)  and  paper  industry. 

Ont..  I.on<ion--The  Bd.  Educ.  c/o  R.  M. 
.McElheran.  Hydro  Offices,  is  having  plans 
preiiared  and  will  receive  bids  about  Feb 
1  for  three  2  story,  100  x  200  ft.  high 
schools  including  steam  heating  systems 
About  $750,000,  L,  E.  Carrother.s.  above 
address,    Archt. 

Ont..  Tilbury  —  The  Ontario  Flax  Co 
plans  to  rebuild  flax  mill  recently  destroyed 
by  fire  causing  loss  of  $75,000,  and  is  in 
the  market  for  machinerv.  engine  boiler 
etc. 

.*k  *•••  ■^"'i^^  George — C.  Gordon.  Pres. 
of  Dominion  Textile  Co..  112  St.  James  St.. 
.Montreal.  Que.,  is  interested  in  a  project 
which  includes  a  pulp  and  jiaper  plant  to 
cost  $6.0(10.000  and  the  development  of 
water  power  on  the  Eraser  River,  here 
Bids  will  soon  be  received. 

COXTR.A.CTS  AWARDED 
Mass..  Lee — The  Tayford  Co..  Inc.  154 
Nassau  St..  .Xew  York  City,  has  awarded 
the  contract  for  a  hydro-electric  plant  on 
the  Housatonic  River  here,  to  H  W  Tay- 
mo  000    ^'^^^*"    ^^■'    ^^'^    "^"'■'^    Ciity.    at 


<   OMIl..       Mrrlllrll  -     Til.  Hoiii,  \,,|„ 

Bank.    11;   c„|„My   HI,   ban  awanl.il    ihe  Voli 

!::rl,,;:^^„,v,::'';;>•lv•■■ry':'r';;'^•r•r• 

•"!•  Sh,m  St..  HprlnKll.,1,1.  MaH«  ,  „|   iny.o.om). 

■^  ,  ^••,  '•"'"'* '•'^"        ''he    P.iinau    of    YardH 

i.i»  .,w  II riled    the   conirael    for    l|,..    |„„ia||u 

lloM  of  a   refrlK.iator  for    BulldlnK    l"  al     he 

Inc.    -'1   Mone   St..    .\ew    York    C||y.   al    $12  J 

N.     v.,    ilroolclyii — The    V     .M      H       \       «•/. 

',,','      ""I'InHteln.     189    Montague    .SI    '  will 

bill.!     an     H     Hlory     clubliouHe.     lnc|„dl„K      ' 

About  14(1(1.110(1.   Work  wi ,i„„..  ,,/,,•;;,, 

.■ontracl  for  a  I  «tory.  .35  x  :  5  fl  |'o||  r 
aTiTs.iVno."""  *  '""°'"-   ""    ''-i.   a!.':/ 

N.  J..  liloomflrld — C.  F.  Sliefel  60  Or-...«^,. 
SI  has  awarded  the  contract  for  a  ?,Vu,'^ 
;!"  vtl"n '"'■  ''.°'"""  }r  ""•  While  Constr  <V 
9.,  Madison  Ave..  New  York  City,  at  $8((,i,'j(i' 

Pa.,     Pl.ll.Mlclpl,la_The     Amer      Ice     Co 

['■  ct  for  '.^""S"  1-^'"  •  ,'V-'«  awarded  the  con- 
i.ict  for  a  2  story.  75  x  100  fl.  Ice  fiu-tory 
^'l  ■.^,  nnil^^'^iJ?  &  LoBSe,  3016  Chestnut  St..  at 
of  ne  will  f=fl"'l""'nt  for  the  manufacture 
of   ice  will   be   instalb'd   in   same. 

<;a..  Trion— .The  Trion  Co.  will  build  a  :; 
.i""*!.  ^:',.  "  *"  '''■  I'f'Wer  house  addition 
i  il'or      .Vot'ei'l   \,  ^^°'''*   "'"'  '"'  ''""<'  t'y  'lav 

■'«?1'  ,5''**'''*"''  —Jfilling-Belle- Vernon  Co. 
f.ir  an'^S  'v  jV%-.  ha.s, awarded  the  contract 
I-iTi  ^  .  ''^^■'  t^A  ''°''*''"  house  addition  to 
hl-Jaster  Co.,  1900  Euclid  Bldg.  One  200- 
$10  000""  ^'  installed    in   same.    About 

.,?•'  <''^*eland — Keith  Theater  Co  E  F 
Alber.  Mgr.,  1564  Bway..  New  York  (-ity 
,'??  ''^ViJr''^'^  the  contract  for  a  20  storv 
i.io  X  180  ft.  theater  and  office  building  in- 
.iuding    a    steam     heating    system     at    loasl     • 

.'■'I'  '^5;  ^"''  I''UPl"'  Av<-..  here,  to  Lundoff- 
lijcknell   Co.,    5716    Euclid   Ave.,   at    $3.000,- 

O.,  Da.vton  —  The  City  Comrs.  have 
awarded  the  contract  for  installing  heating 
and  plumbing  system  in  buildings  on  city 
":;{r\!.'""«'-.,  f'""m  to  W.  Haas  Plumbing  Co. 
429  East  3rd  St.,   at  $29,875. 

and  BIdgs.,  Srinngfield.  has  awarded  the 
contract  for  2  ho.spitals  here,  including 
.steam  heating  .s.vstems.  to  Simons  &  Dick 
Hloomington.    at    $400,000. 

la..  Newton— The  city  has  awarded  the 
contract  for  a  pump  hou.se  including  2  mo- 
tor-driven centrifugal  jiumps  to  A.  Phelpv 
<  «.,   Knoxville,    at   $44,825. 

Minn..  Elk  Ki>er— The  Elk  River  Power 
A.-  Light  Co.,  M.  E.  Waterman.  Secy.,  has 
awarded  the  contract  for  an  additional  unit 
at  its  power  house  to  Siems.  Helmers  & 
Schaffner,  514  Guardian  Life  Bldg  St 
Paul. 

rat.,  Santa  Monica  —  The  Santa  Monica 
Ice  Co..   12th  and  <'olorado  Aves..  will  build 

*«  ..Mif'",?;  V-  ''•„''i'  "•  ■'=**  "'^"'•.  About 
ix.ooo.     Work  will  be  done  by  day  labor. 

v.  B..  St.  John — The  Water  Power  Comn. 
has  awarded  the  contract  for  dams  on  tlie 
.Musquash  River.  12  miles  west  of  here  to 
the    New    Brunswick   Constr.    Co.,    at    $248,- 

Ont..  Chippawa  —  The  Hydro-Electric 
( onimi.ssion  Toronto,  has  awarded  con- 
tracts for  transformer;?,  electrical  equip- 
ment, and  other  material  needed  in  con- 
nection with  power  development  here,  to 
u  estinghouse  Co..  Hamilton  ;  Canadian 
General  Electric  Co.,  Peterboro ;  AUis- 
thalmers  Co.  and  John  Englis  Co.,  both  of 
Toronto. 
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